
ARTICLE

Multiple cause of death analysis in multiple
sclerosis
A population-based study

Katharine Harding, PhD, Feng Zhu,MSc, MohammedAlotaibi, MD, ThomasDuggan, BSc, Helen Tremlett, PhD,

and Elaine Kingwell, PhD

Neurology® 2020;94:e820-e829. doi:10.1212/WNL.0000000000008907

Correspondence

Dr. Kingwell

elainejk@mail.ubc.ca

Abstract
Objective
To gain a better understanding of the complex patterns of causes that contribute to death due to
multiple sclerosis (MS) by assessing the relationship between MS and other causes of death
listed on death certificates.

Methods
Multiple cause of death data for all adult deaths (aged ≥18 years) in British Columbia, Canada,
between 1986 and 2013 were accessed. All causes, as listed on the death certificate, whether
underlying or contributing, were considered “any mention” causes. The associations between
mention of MS on the death certificate and mention of other causes of death were examined by
logistic regression, adjusted for age, sex, and calendar year (Bonferroni-corrected α level = 0.002).
Findings were also sex-stratified.

Results
Among 771,288 deaths, MS was mentioned on 2,153 certificates. If MS was mentioned (versus
not mentioned), there was a greater chance that specific conditions contributed to the death:
respiratory infection (adjusted odds ratio [aOR], 3.03 [95% confidence interval (CI),
2.73–3.36]), aspiration pneumonia (aOR, 7.15 [95% CI, 6.23–8.22]), urinary tract infection
(UTI) (aOR, 10.2 [95% CI, 8.7–12.0]), other infection including sepsis (aOR, 1.34 [95% CI,
1.15–1.56]), and skin disease (aOR, 5.06 [95%CI, 3.96–6.46]). Sex differences existed for urinary
tract infection (men: aOR, 14.9 [95% CI, 11.5–19.3]; women: aOR, 8.00 [95% CI, 6.53–9.81])
and chronic respiratory disease (men = aOR, 1.36 [95% CI, 1.14–1.63]; women = aOR, 0.97
[95% CI, 0.84–1.13]).

Conclusions
Deaths attributed toMSwere commonly caused by infection (especially respiratory and urinary
tract–related); conditions associated with advanced disability and immobility, such as aspira-
tion pneumonia; and chronic respiratory disease in men. All are potentially modifiable;
interventions that reduce the frequency or severity of these complications could improve
survival in MS.
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Although the management of multiple sclerosis (MS) has
substantially changedwith the advent of new disease-modifying
therapies, a diagnosis ofMS is still associated with a reduced life
expectancy.1,2 Furthermore, comorbidities, particularly ische-
mic heart disease, diabetes mellitus, and chronic lung con-
ditions, are associated with worse disability outcomes and
shorter survival in MS.3 MS is rarely fatal as a cause of death by
itself4; therefore, other causes, including those that directly
result from complications of MS, are expected to explain the
increased mortality risk. A better understanding of these causes
would inform both clinical management and research into
interventions that might affect survival.

According to international standards,5 a death certificate should
specify the underlying cause of death (e.g., ischemic heart dis-
ease) and the conditions arising from it that led directly to death
(e.g., ischemic heart disease leading tomyocardial infarction and
cardiac arrest). The death certificate often also includes the
mode of death listed as the immediate cause; using the previous
example, this would be cardiac arrest that resulted from myo-
cardial infarction and ischemic heart disease. Finally, the cer-
tificate includes other significant conditions that contributed to
the death, even though they are not considered to be in the
direct chain of events leading to the death.5 Multiple cause of
death (MCOD) data6 include all listed causes, and have been
used to examine the contribution of different causes to deaths in
some chronic disease.7–16 They have been underused, despite
their potential value. Because comorbidities and complications
of MS are common, MCOD analysis can provide much-needed
insight into the broader reasons for death due to MS.8,11

We identified causes that contributed to deaths attributed to
MS using MCOD data from all adult deaths in British Co-
lumbia, Canada, over a 28-year period.

Methods
MCOD data for all adult deaths (≥18 years of age) registered
in British Columbia, Canada, from 1986 to 2013 inclusive
were provided by the province’s Vital Statistics Agency.17 In
addition to the underlying and all contributing causes, sex and
dates of birth and death were accessed.

The underlying and contributing causes of death, as de-
termined by the physician and listed on the death certificates,
were provided in the form of ICD codes (version 9 or 10
depending on the year of death).18,19 We grouped all possible
diseases and conditions into specific causes as follows: MS;
other neurologic disease; vascular disease (which included
cardiovascular disease, cerebrovascular disease, and peripheral

vascular disease); venous thrombosis and embolism; chronic
respiratory disease; respiratory infection; aspiration pneumo-
nia; liver disease; gastrointestinal disease; noninfectious kidney
and bladder disease; urinary tract infection; cancer; other in-
fection including sepsis; musculoskeletal disease; pregnancy
and childbirth; congenital disease (surviving into adulthood);
disease of eyes or ears; skin disease; blood disorder; psychiatric
disease; dementia; metabolic and endocrine disturbance;
complications of medical and surgical care; suicide; accident;
homicide; and other cause. In addition, cancer as a cause of
death was further categorized into the 10 most prevalent types
of cancer as defined by theWorld Cancer Research Fund: lung,
breast, colorectal, prostate, stomach, liver, cervical, esophageal,
bladder, and non-Hodgkin lymphoma.20 The mode of death
(i.e., cardiac arrest, respiratory arrest, coma) was not included
as a cause of death for our analysis. The ICD codes used to
categorize cause of death are detailed in table 1.

We calculated the proportion of deaths that were attributed
to MS as the underlying cause and the proportion for which
MS was mentioned as the underlying or a contributing cause
(“any mention”). The ratio of any mention of MS to men-
tion of MS as the underlying cause of death was calculated by
age at death (<40; 40–49; 50–59; 60–69; 70–79; ≥80 years).
We also calculated the proportion of all deaths and the
proportion of MS deaths (i.e., any mention of MS) attrib-
uted to each of the other causes. Only the causes that were
mentioned together with MS on at least 6 death certificates
were analyzed in order to avoid extrapolating from a small
number of events and to comply with data privacy require-
ments of the British Columbia Ministry of Health and British
Columbia Vital Statistics Agency. Logistic regression models
were used to assess the association of any mention of MS
with any mention of each of the other causes of death in
comparison to any mention of the same cause without MS.
Odds ratios (ORs) were adjusted for age at death (as
a continuous variable), sex, and exact calendar year of death.
Sex-stratified analyses, similarly adjusted for age and calen-
dar year, were also performed. A Bonferroni correction was
applied for multiple comparisons, resulting in a threshold for
statistical significance of p < 0.002 for 23 comparisons.

Statistical analyses were conducted using R version 3.4.2 (R
Foundation for Statistical Computing, Vienna, Austria) and
SAS version 7.1 (SAS Institute, Inc., Cary).

Standard protocol approvals, registrations,
and patient consents
This study was approved by the University of British
Columbia’s Clinical Research Ethics Board. Access to ad-
ministrative data from British Columbia was approved by the

Glossary
aOR = adjusted odds ratio;CI = confidence interval; ICD = International Classification of Diseases;MCOD =multiple cause of
death; MS = multiple sclerosis; OR = odds ratio.
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Table 1 Categorization of causes of death using the International Classification of Disease (ICD) codes from death
certificates in British Columbia, Canada

Category ICD-9 codes ICD-10-CA codes

Multiple sclerosis 340 G35

Other neurologic 320–339, 341–359 G00–G32, G36–G99

Vascular disease 390–427.4, 427.6–449, 457–459 I00–I45, I47–I79, I95–I99

Venous thrombosis and
embolism

451–453 I80–I82

Chronic respiratory disease 470–478, 490–506, 508–519 J30–J68, J70–J99

Respiratory infection 460–466, 480–488 J00–J22

Aspiration pneumonia 507 J69

Liver disease 570–576, 456 K70–K87, I85

Gastrointestinal tract 520–569, 577–579 K00–K67, K90–K93

Chronic kidney and
bladder disease

580–589, 591–594, 595.1–598, 599.1–608, 614–629 N00–N30.1–N30.4, N30.9–N37, N39.1–N51, N70–N99

Urinary tract infection 590, 595.0, 599.0 N10, N30.0, N30.8, N39.0

Cancer (all types) 140–239 C00–C97, D00–D48

Lung 162 C34

Breast 174, 175 C50

Colorectal 153, 154 C18–C21

Prostate 185 C61

Stomach 151 C16

Liver 155 C22

Cervical 180 C53

Esophageal 150 C15

Bladder 188 C67

Non-Hodgkin lymphoma 200, 202.0–202.2, 202.7–202.8 C82–C86

Other infection including
sepsis

001–139, 785.52, 995.9 A00–A99, B00–B99, R57.2, R65.0, R65.1

Musculoskeletal 710––739 M00–M99

Pregnancy and childbirth 630–679 O00–O99

Congenital disease 740–759 Q00–Q99

Disease of eyes or ears 360–389 H00–H95

Skin disease 680–709 L00–L99

Blood disease 280–289 D50–D89

Psychiatric disease 290.8–319 F04–F99

Dementia 290.0–290.4 F00–F03

Metabolic and endocrine 240–279 E00–E90

Complications of
medical care

E870–E879, E930–E949 T80–T88, Y40–Y84, Y88

Suicide E950–E959 X60–X84, Y87.0

Accident E001–E869, E880–E929 S00–T79, V01–V99, W00–X59, Y85–Y86

Continued
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BC Ministry of Health and the BC Vital Statistics Agency
Data Stewardship Committees, and facilitated by Population
Data BC (popdata.bc.ca/).

Data sharing
The Vital Statistics data that were used for this study were
accessed through Population Data BC (popdata.bc.ca/) and
reside on a limited access secure research environment. For
legal and ethical reasons, the data cannot leave this secure
research environment.

Results
A total of 771,288 adult death certificates were accessed; of
these, 366,254 (47.5%) were for women. The mean age at
death for the population of decedents was 74.5 years: 77.8
years for women and 71.5 years for men.

MS as a cause of death
MS was mentioned as either the underlying or a contributing
cause of death on 2,153 certificates; of these, 1,868 (86.8%)
included at least 1 additional cause. Approximately twice asmany
death certificates for women (1,359/366,254 [0.37%]) included
a mention of MS compared to death certificates for men (794/
405,034 [0.20%]). However the proportion of all deaths with
a mention of MS during any one calendar year between 1986
and 2013 varied between 0.19% and 0.39%. For deaths attributed
to MS (any mention), the mean age at death was 64.8 years. MS
was recorded as the underlying cause of death on 1,267 certifi-
cates; the mean age at these deaths was 62.6 years. The ratio of
any mention of MS to MS as the underlying cause of death
increased with age, from 1.3 for deaths occurring under 50 years
of age to 2.1 for deaths at age 80 or older (figure 1).

All causes of death
The most frequently mentioned cause of death overall was
vascular disease (n = 388,750), followed by cancer (n =
246,765) and chronic respiratory disease (n = 140,695). These
3 categories were also the most commonly reported in con-
junction with MS (vascular disease with MS: n = 556; cancer
with MS: n = 303; chronic respiratory disease with MS: n =
500). Aside fromMS, the least common causes of death among
all decedents of British Columbia were pregnancy (n = 98),
disease of eyes and ears (n = 2,074), and homicide (n = 2,351)
(table 2); all 3 of these causes were excluded from further
analysis because they were mentioned together with MS in
fewer than 6 deaths.

Compared to deaths with no mention of MS, those that were
due to MS were more likely (p < 0.002) to be caused by
urinary tract infection (adjusted OR [aOR], 10.2 [95%
confidence interval (CI), 8.7–12.0]), aspiration pneumonia
(aOR, 7.15 [95% CI, 6.23–8.22]), skin disease (aOR, 5.06
[95% CI, 3.96–6.46]), respiratory infection (aOR, 3.03 [95%
CI, 2.73–3.36]), chronic respiratory disease (aOR, 1.65
[95% CI, 1.49–1.83]), and other infection including sepsis
(aOR, 1.34 [95% CI, 1.15–1.56]). Of the 68 death certifi-
cates that mentioned both MS and skin disease, the majority
(90%) referred specifically to pressure sores and chronic
ulcers. Several causes were less likely to be mentioned to-
gether with MS, including vascular disease, liver disease,
gastrointestinal disease, cancer (all types combined), meta-
bolic or endocrine disturbance, psychiatric disease, accident,
and suicide (figure 2). All remaining causes were just as likely
to be mentioned with MS as without MS. Generally, the
direction and size of the estimates were similar when men
and women were assessed separately (table 3). However, the
association between death due to MS and death due to
urinary tract infection was greater for men than for women
(men: aOR, 14.9 [95% CI, 11.5–19.3]; women: aOR, 8.00
[95% CI, 6.53–9.81]). In men only, deaths due to MS were
more likely to be also due to chronic respiratory disease

Table 1 Categorization of causes of death using the International Classification of Disease (ICD) codes from death
certificates in British Columbia, Canada (continued)

Category ICD-9 codes ICD-10-CA codes

Homicide E960–E978 X85–Y09, Y87.1, Y89

Other 427.5, 454–455, 610–612, 780–785.51, 785.6–799,
E979–E999

I46, I83, I86–I89, N60–N64, R00–R57.1, R57.8–R64, R65.2–R99,
T90–T98, Y87.2

Figure 1 The number of deaths withmultiple sclerosis (MS)
as the underlying cause compared to the number
with any mention of MS, by age at death in British
Columbia, Canada (1986–2013)

The numbers above each column represent the ratio ofMS as the underlying
cause to any mention of MS.
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(men: aOR, 1.36 [95% CI, 1.14–1.63]; women: aOR, 0.97
[95% CI, 0.84–1.13]).

Deaths due to cancer
Of the 10 types of cancer examined, the most frequently
reported was lung (n = 59,461), and the least frequent was
cervical (n = 1,484). For each of cervical, stomach, liver, and

esophageal cancer, there were fewer than 6 mentions of these
cancers together with MS on the death certificate; these were
excluded from further analysis. There were no positive asso-
ciations between MS as a cause of death and any type of
cancer. Rather, death due to MS was negatively associated
with all cancers, although not all associations reached signif-
icance (table 4).

Table 2 Deaths by mentioned cause in British Columbia, Canada, for all decedents, by sex, and for deaths attributed to
multiple sclerosis (MS) (1986–2013)

All deaths, n (%) Female deaths, n (%) Male deaths, n (%) MS deaths, n (%)

Total deaths 771,288a (100) 366,254a (100) 405,034a (100) 2,153a (100)

Mentioned cause

Multiple sclerosis 2,153 (0.3) 1,359 (0.4) 794 (0.2) 2,153 (100.0)

Other neurologic 59,351 (7.7) 29,936 (8.2) 29,415 (7.3) 144 (6.7)

Vascular disease 388,750 (50.4) 188,040 (51.3) 200,710 (49.6) 556 (25.8)

Venous thrombosis and embolism 3,853 (0.5) 1,997 (0.5) 1,856 (0.5) 17 (0.8)

Chronic respiratory disease 130,559 (16.9) 58,362 (15.9) 72,197 (17.8) 361 (16.8)

Respiratory infection 97,665 (12.7) 48,044 (13.1) 49,621 (12.3) 484 (22.5)

Aspiration pneumonia 17,634 (2.3) 7,390 (2.0) 10,244 (2.5) 238 (11.1)

Liver disease 29,752 (3.9) 11,764 (3.2) 17,988 (4.4) 28 (1.3)

Gastrointestinal tract 59,563 (7.7) 29,106 (7.9) 30,457 (7.5) 107 (5.0)

Chronic kidney and bladder disease 66,834 (8.7) 30,255 (8.3) 36,579 (9.0) 142 (6.6)

Urinary tract infection 10,746 (1.4) 6,416 (1.8) 4,330 (1.1) 176 (8.2)

Cancer (all types) 246,740 (32.0) 113,781 (31.1) 132,959 (32.8) 303 (14.1)

Other infection including sepsis 43,014 (5.6) 18,932 (5.2) 24,082 (5.9) 183 (8.5)

Musculoskeletal 25,731 (3.3) 17,305 (4.7) 8,426 (2.1) 69 (3.2)

Pregnancy and childbirthb 98 (0.01) 98 (0.02) 0 (0.0) <6 (<0.3)c

Congenital disease 2,438 (0.3) 1,159 (0.3) 1,279 (0.3) 6 (0.3)

Disease of eyes or earsb 2,074 (0.3) 1,244 (0.3) 830 (0.2) <6 (<0.3)c

Skin disease 5,730 (0.7) 3,231 (0.9) 2,499 (0.6) 68 (3.2)

Blood disease 19,166 (2.5) 9,644 (2.6) 9,522 (2.4) 43 (2.0)

Psychiatric disease 121,183 (15.7) 57,716 (15.8) 63,467 (15.7) 186 (8.6)

Dementia 23,447 (3.0) 13,793 (3.8) 9,654 (2.4) 31 (1.4)

Metabolic and endocrine 100,166 (13.0) 48,669 (13.3) 51,497 (12.7) 179 (8.3)

Complications of medical care 18,118 (2.3) 7,610 (2.1) 10,508 (2.6) 42 (2.0)

Suicide 12,981 (1.7) 3,013 (0.8) 9,968 (2.5) 12 (0.6)

Accident 57,930 (7.5) 23,462 (6.4) 34,468 (8.5) 134 (6.2)

Homicideb 2,328 (0.3) 642 (0.2) 1,686 (0.4) <6 (<0.3)c

All other causesb 9,070 (1.2) 3,992 (1.1) 5,078 (1.3) <6 (<0.3)c

a Because multiple causes can be listed on a single certificate, the totals of all mentioned causes exceed the total number of deaths.
b These causes were excluded from further analysis because they were mentioned together with MS in fewer than 6 deaths.
c We are unable to report exact numbers due to data restrictions and privacy reasons.
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Discussion
In this study of 771,288 adult deaths recorded over almost 3
decades in British Columbia, Canada, we found that fewer
than 1% of deaths were attributed to MS, either as the
underlying or a contributing cause. The average age at
deaths caused by MS was 10 years younger than that for all
adult deaths in the province. However, MS was rarely cited
as the only cause; more frequently, other causes contributed
to the death, which highlights the value of MCOD data. The
major contributing causes were aspiration pneumonia, re-
spiratory infection, respiratory disease, urinary tract in-
fection, other infection including sepsis, and skin disease
(typically pressure ulcers). Conversely, there was no evi-
dence of increased association between other causes and
MS, including cancer.

The majority of findings were consistent for men and women.
However, the association between death due toMS and urinary
tract infection, while large in both, appeared stronger in men
than women. Urinary tract infections are more common in
women than men in the general population21; our results in-
dicate that the increase in deaths due to urinary tract infection is
relatively greater forMS deaths inmen than inwomen, although
urinary tract infections make an important contributions to MS
deaths in both sexes. Chronic respiratory disease was associated
with deaths attributed toMS for men but not for women. There
have been inconsistent findings regarding the relationship be-
tween chronic respiratory disease and MS; however, it seems to
emerge in people with MS at a younger age than it does in the
general population,22 and might be associated with more rapid
MS-related disability.23 There is evidence that the incidence of
chronic respiratory disease is similar for women and men with

Figure 2 Odds ratios (ORs) and 95% confidence intervals for mention of each cause together with multiple sclerosis (MS),
relative to mention of each cause without MS, British Columbia, Canada (1986–2013), after adjustment for age,
sex, and calendar year of death

The dotted line represents an OR of 1.0. An OR to the right of the dotted line represents an increased association of the cause of death withmention of MS on
the death certificate. An OR to the left of the dotted line represents a reduced association of the cause of death with mention of MS.
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MS, and that it is more prevalent in women22; its role in MS
mortality warrants further consideration and research.

Almost twice as many deaths among women were attributed to
MS than among men, which is in line with the observed sex
differences in MS incidence.24,25 The role of MS in the death
varied by age; MS was more likely to be cited as the underlying
cause for deaths occurring at a younger age. With increasing age,
other conditions were more likely to be cited as the underlying
cause. While this concurs with the increased comorbidity risk
with increasing age that is observed in the general population, the
rate of this age-related increase in risk of comorbidity has been
shown to be higher in MS26; our findings underscore the im-
portance of comorbidities inMS as contributing factors to death.

Neurologic disorders, including MS, are associated with a sub-
stantial burden of disability andmortality on a global scale.27MS

itself confers an increased hazard of death relative to the general
population.2,28–30 However, except for rare and aggressive var-
iants,31MS alone is rarely fatal. MCODdata can provide a more
complete picture because they provide information on all
conditions that the certifying physician considered clinically
relevant to the death,7,11,32 therefore facilitating a broader un-
derstanding of the multiple complex events and conditions that
contribute to the higher mortality risk in MS.

Overall, for the British Columbia population of decedents,
1,267 (59%) of the 2,153 death certificates that mentioned
MS cited it as the underlying cause. This is comparable to the
proportion reported by a study of death certificates in the
United Kingdom, where MS was the underlying cause in
52%–70% of deaths attributed to MS, with these proportions
varying over time.11 While few studies have accessed MCOD
data, our findings concur with, but also extend beyond, a prior

Table 3 Associations between mention of multiple sclerosis and other causes of death for deaths in women andmen in
British Columbia, Canada, in 1986–2013, after adjustment for age and calendar year of death

Cause of death

Women Men

Odds ratio (95% CI) p Valuea Odds ratio (95% CI) p Valuea

Other neurologic 0.86 (0.69–1.08) 0.19 1.15 (0.88–1.50) 0.30

Vascular disease 0.50 (0.44–0.57)b <0.0001b 0.53 (0.45–0.62)b <0.0001b

Venous thrombosis and embolism 1.33 (0.75–2.36) 0.33 1.31 (0.54–3.16) 0.55

Chronic respiratory disease 0.97 (0.84–1.13) 0.67 1.36 (1.14–1.63)b 0.0006b

Respiratory infection 2.85 (2.50–3.25)b <0.0001b 3.19 (2.70–3.77)b <0.0001b

Aspiration pneumonia 6.76 (5.63–8.11)b <0.0001b 7.28 (5.89–9.00)b <0.0001b

Liver disease 0.29 (0.19–0.46)b <0.0001b 0.18 (0.09–0.37)b <0.0001b

Gastrointestinal tract 0.46 (0.35–0.60)b <0.0001b 0.81 (0.61–1.08) 0.14

Chronic kidney and bladder disease 0.87 (0.70–1.07) 0.19 0.84 (0.63–1.12) 0.23

Urinary tract infection 8.00 (6.53–9.81)b <0.0001b 14.9 (11.5–19.3)b <0.0001b

Cancer (all types) 0.23 (0.20–0.27)b <0.0001b 0.32 (0.26–0.39)b <0.0001b

Other infection including sepsis 1.43 (1.18–1.74)b 0.0003b 1.27 (0.99–1.63) 0.06

Musculoskeletal 0.96 (0.72–1.28) 0.77 1.52 (0.97–2.37) 0.07

Congenital disease 0.67 (0.28–1.63) 0.38 0.32 (0.05–2.30) 0.26

Skin disease 4.84 (3.58–6.54)b <0.0001b 5.52 (3.63–8.39)b <0.0001b

Blood disease 0.84 (0.57–1.22) 0.35 0.92 (0.55–1.54) 0.75

Psychiatric disease 0.56 (0.46–0.68)b <0.0001b 0.52 (0.41–0.66)b <0.0001b

Dementia 1.00 (0.66–1.52) 0.98 0.76 (0.38–1.54) 0.45

Metabolic and endocrine 0.64 (0.53–0.77)b <0.0001b 0.64 (0.50–0.83)b 0.0007b

Complications of medical care 0.77 (0.53–1.13) 0.19 0.64 (0.38–1.06) 0.08

Suicide 0.38 (0.19–0.76) 0.006 0.17 (0.06–0.46)b 0.0004b

Accident 0.74 (0.59–0.93) 0.009 0.57 (0.42–0.76)b 0.0001b

Abbreviation: CI = confidence interval.
a p < 0.002 was considered significant as per the Bonferroni correction for multiple comparisons.
b Statistically significant results.
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study from the United States that examined deaths due to MS
over a shorter, 12-year period. Similar to our observations
over 28 years, pressure ulcers, urinary tract infection, pneu-
monia, and septicemia were more likely to contribute to
deaths due to MS when compared to deaths that were not
attributed to MS.9 However, we also found that aspiration
pneumonia was of particular importance, contributing to
more than 10% of the deaths due to MS. This clinically well-
recognized but often understudied condition occurs when
food or drink enters the lungs, causing infection,33 and has not
been specifically reported in the few MCOD studies con-
ducted to date.9,11 While aspiration pneumonia risk can be
elevated for people with advanced neurologic disease gener-
ally, our findings confirm its importance in contributing to
death due to MS.

British Columbia, Canada, is one of the few jurisdictions
worldwide with availability of large population-based adminis-
trative data and detailed MCOD information. The access to
this population-based MCOD data from all adult death cer-
tificates registered in the province over almost 3 decades is
a significant strength of our study. Such a large population of
decedents provided stability for the reference groups even
when stratified by age, sex, and calendar year of death, and also
allowed us to assess relatively rare causes of death. Our study of
deaths attributed to MS in the general population is the first of
its kind from Canada.

Using MCOD data, we have identified additional important
contributing conditions including urinary tract infection, skin
ulcers, respiratory infections, and aspiration pneumonia. These
conditions were not typically cited as underlying causes, but
represented significant contributions to MS-related death:

urinary tract infection, for example, contributed to 8% of deaths
attributed to MS but fewer than 2% of all deaths. People with
MS are at higher risk of urinary tract infection due to neuro-
genic bladder, urinary retention, and incomplete emptying, or
frequent use of catheters.34 Pressure ulcers, which contributed
to 3% of deaths attributed toMS, can develop as a consequence
of immobility with prolonged periods of pressure on a single
area of skin, and may also lead to sepsis and fatal infection.9,35

Respiratory infection is a common cause of death; it contrib-
uted to 12.7% of all deaths, but this contribution increased to
22.5% for deaths attributed to MS. Increased levels of frailty
and a diagnosis of chronic disease (such as MS) are associated
with poorer outcomes in respiratory infection.36 It is important
to note that these conditions (which are often the con-
sequences of severe disability) are not necessarily independent;
one death due to MS can be attributed to more than one of
these conditions. This again underlines the value of MCOD
data to identify all causes contributing to death.

There were a number of deaths for which MS was less likely to
be mentioned as a contributing cause, specifically those at-
tributed to vascular disease, liver and gastrointestinal disease,
common types of cancer, metabolic disturbance, psychiatric
disease, accident, and suicide. The most likely explanation is
that many of these conditions, but particularly cancer and
suicide, are typically considered sufficient and independent
causes of death, and are more likely to be reported alone on
a death certificate regardless of the presence of other conditions
or comorbidities at the time of death.7,32,37 Rather than im-
plying that people with MS are less likely to die of these causes,
it is more likely that the certifying physicians consider deaths
due to these causes in persons with a diagnosis of MS to be
unrelated to their MS.

Table 4 Specific cancers as mentioned causes, for all deaths in British Columbia, Canada, in 1986–2013, and for deaths
associated with multiple sclerosis (MS) (adjusted for age, sex, and calendar year of death)

Type of cancer Total deaths MS deaths Odds ratio (95% CI) p Valuea

Lung 59,461 74 0.38 (0.30–0.48)b <0.0001b

Breast 20,086 44 0.41 (0.30–0.55)b <0.0001b

Colorectal 25,473 34 0.46 (0.33–0.65)b <0.0001b

Prostate 20,484 19 0.69 (0.43–1.08) 0.11

Bladder 7,902 14 0.89 (0.53–1.51) 0.67

Non-Hodgkin lymphoma 9,926 9 0.29 (0.15–0.56)b 0.0002b

Stomachc 6,900 <6d

Liverc 6,402 <6d

Esophagealc 6,144 <6d

Cervicalc 1,484 <6d

Abbreviation: CI = confidence interval.
a p < 0.002 was considered significant as per the Bonferroni correction for multiple comparisons.
b Statistically significant results.
c These causes were excluded from further analysis because they were mentioned together with MS in fewer than 6 deaths.
d We are unable to report exact numbers due to data restrictions and privacy reasons.
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The limitations of death certificate data should be consid-
ered. First, it is important to recognize that this study
assessed deaths attributed to MS on the death certificates
rather than deaths among those diagnosed with MS. Pre-
vious studies have shown that MS is mentioned on the death
certificate in 70%–80% of deaths among people with
MS38–40; it is assumed that the certifying clinician does not
consider MS of relevance to the remaining deaths. Reliable
completion of the death certificate is dependent on the
physician’s training and knowledge of the patient’s history.
Underestimation or overestimation of the true role of other
causes in MS-related deaths may occur if, for example,
a physician misses a contributing condition or has precon-
ceived ideas about the relationship between causes.
Population-based MCOD data can provide information
about causes that are believed by the certifying physician to
contribute to deaths attributed to MS. However, these data
cannot provide answers to questions regarding causes of
death (as recorded on death certificates) among people who
have been diagnosed with MS, for whom MS may not be
mentioned at all.39 Questions regarding causes of death
among people with MS are better addressed by cohort
studies, in which survival and cause-specific mortality can be
compared to that of the general population.41,42 Findings
from population-based MCOD data complement those
from MS cohort studies, which often include clinic-based
samples or rely on a single underlying cause of death.

We found that respiratory disease, respiratory infection, as-
piration pneumonia, urinary tract infection, other infection
including sepsis, and skin disease (specifically pressure
ulcers) contributed to MS deaths more frequently than they
did to deaths not due to MS. While our findings imply that
the complications of severe disability make a substantial
contribution to mortality in MS, many of these conditions
may be preventable or amenable to modification. The
analysis of MCOD data is a useful approach towards a more
complete understanding of the reasons for premature mor-
tality in MS.
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