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Survival and cause of death in multiple sclerosis: a
60-year longitudinal population study

Hanne Marie Boe Lunde,' Jérg Assmus,” Kjell-Morten Myhr,' Lars Bg,"* Nina Grytten*

ABSTRACT

Objective Survival and causes of death (COD) in
multiple sclerosis (MS) provide ultimate endpoints. We
aimed to investigate survival and COD in a 60-year
population-based MS cohort compared with the general
population.

Methods All patients with incident multiple sclerosis
(MS) (N=1388) with onset during 19532012 in
Hordaland County, Western Norway, were included.
Data were obtained from patient records at Haukeland
University Hospital and linked to the Norwegian COD
registry. Survival adjusted for sex, age and disease course
were estimated by Kaplan-Meier analyses from birth and
from disease onset. Mortality and COD in MS relative to
the general population were examined by standardised
mortality ratio (SMR).

Results Of 1388 patients, 291 had deceased, mainly of
MS (56.4%). Median life expectancy was 74.7 years for
MS and 81.8 years for the general population (p<0.001);
77.2 years for women with MS and 72.2 years for men
with MS (p<0.001). Life expectancy for patients with
relapsing remitting MS (RRMS) was 77.8 years and

71.4 years for primary progressive MS (PPMS) (p<0.001).
Overall SMR was 2.7 (p>0.0001); 2.9 in women and

2.5 in men (p=0.0009). SMR was 2.4 in RRMS and 3.9
in PPMS (p<0.0001). SMR from disease onset during
1953-1974 was 3.1; 2.6 during 1975-1996 and 0.7
during 1997-2012 (p<0.0083). No difference in cause-
specific deaths were found (p=0.0871).

Conclusion We found a 7-year shorter life expectancy
and almost threefold higher mortality in MS compared
with the general population. A rise in survival in MS was
observed during the entire observation period.

INTRODUCTION

Longitudinal studies have revealed a promising
change in longevity prognosis in multiple sclerosis
(MS) with increased life expectancies in MS over
the last decades.'™ Similar survival trends have been
seen also in the general population, questioning
whether the gap in survival incidence between MS
and the general population has changed over time.’
Patients with MS, on average, have shortened life
expectancies by 7-14 years.” Gender inequality
for standardised mortality ratio (SMR) in disfa-
vour of females has been reported despite a slower
disability progression rate reported among women
with MS and a longer life expectancy.®” In terms
of disease course and mortality, a higher mortality
rate among patients with primary progressive MS
(PPMS) has been shown with respect to patients
with relapsing-remitting MS (RRMS).> * MS, as

noted on the death certificates has been reported
as the the most common cause of death (COD)
in patients with MS, and this trend has remained
stable over time.”” '’

COD analyses are important to quantify the
nature and magnitude of underlying diseases,
and, where possible, to compare COD in MS
with COD in matched reference subjects. Here,
we present results based on an observation time
of 60 years on MS survival and cause-specific
mortality, the longest follow-up study reported
to date. This population-based study included all
patients with incident MS in Hordaland County,
Western Norway. Our main objective was to
determine life expectancy in MS and to identify
a potential change in survival between patients
with MS and the general population during the
observation period. Second, we aimed to compare
mortality rates of cause-specific deaths in MS to
the matched general population.

METHODS

Settings and study design

All patients with onset of MS during 1953-2012
in Hordaland County were included in the study.
Patient’s identification was obtained from patient
records at the Departments of Neurology at Hauke-
land University Hospital and Haugesund Hospital,
the only departments of neurology in Hordaland
county, Western Norway. Additional records for
patients with optic neuritis at the department of
Ophthalmology, Haukeland University Hospital,
were evaluated. For several decades, repeated
surveys of MS epidemiology have been performed
in these departments to maintain a continuous over-
sight and update of MS incidence and prevalence
data."" Patients were diagnosed as having definite or
probable MS according to the criteria of Poser until
1 January 2001 and according to McDonald diag-
nostic criteria from 2001 and revised McDonald
criteria (2010)."7"* Year of birth, age and age at
onset (first clinical symptom) and at diagnosis,
gender, disease course at onset (RRMS and PPMS),
time period (year) for onset and diagnosis and COD
were registered. Patient records were linked to the
COD Registry at Statistics Norway for obtaining
date and COD, classified according to the Interna-
tional Classification of Diseases (ICD-6, ICD-10).
We used all entries recorded on the death certificates
to ensure inclusion of all COD. However, only the
primary COD was used in the sensitivity analysis,
as all other causes were insufficiently recorded. The
follow-up period ended 31 December 2012.
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Expected life expectancy for the general Norwegian popula-
tion according to age, gender and calendar year was based on
yearly population mortality tables obtained from The Human
Mortality Data Base (http://www.mortality.org/Public/Cita-
tionGuidelines.php).

The study was approved by the Regional Committee for
Medical Research Ethics in Western Norway.

Statistical analysis

Descriptive methods were used to characterise the sample (demo-
graphic and clinic properties) The Fisher’s exact test was used
to compare six categorical COD: MS, cardiovascular and cere-
brovascular diseases, cancer, respiratory and infectious diseases,
accidents and suicide and others according to gender and disease
courses RRMS and PPMS. " Survival curves for the observed MS
population and in MS subgroups (gender, disease course) were
assessed by Kaplan-Meier (log-rank) both from birth and from
disease onset and compared with the (expected) mortality in the
general Norwegian population.

The mortality rates for MS, MS subgroups (gender, initial
disease course), age at onset and diagnosis, time period for
onset and diagnosis and COD were compared with the general
Norwegian population and assessed by SMRs.'® The SMR is the
ratio of the observed patient mortality to the mortality for the
general Norwegian population (expected) corresponding to age,
gender and calendar year.'®

All computation has been done in R."

RESULTS

Demographic and clinical data

Table 1 displays a total of 1388 patients with MS identified, 533
(38%) men and 855 (62%) women. Of these, 1209 (87%) patients
were diagnosed with RRMS and 179 (13%) with PPMS. By 31
December 2012, a total of 291 (21%) patients had died. Of these,
131 (45%) were men and 160 (55%) were women.

Survival and all-cause mortality analyses

All Kaplan-Meier survival analyses are shown in figure 1A-H,
found statistical significant differences at the level of p<0.001.
Median life expectancy for all patients with MS was 74.7 years,
compared with 81.8 years in the general population (figure 1A).
Median survival from disease onset of MS was 40.6 years
compared with 54.6 years in the general population (figure 1B).
Men with MS had a median life expectancy of 72.2 years
compared with 78.9 years among men in the general population
(figure 1C). Median survival age from MS onset for men was 35.7
years compared with 49.6 years for men in the general popula-
tion (figure 1D). Women with MS had a median life expectancy
of 77.2 years, compared with 84.6 years among women in the
general population (figure 1E). From onset, women with MS
had a median life span of 42.6 years compared with 55.6 years
for women in the general population (figure 1F). Patients with
RRMS had longer life expectancy (77.8 years) than patients with
PPMS (71.4 years) (figure 1G). In RRMS, median survival from

Table 1

Observed and expected number of deaths and standardised mortality ratios (SMR) by gender, disease course and periods for disease at

onset, period for diagnosis, age at onset and age at diagnosis for patients with multiple sclerosis (MS) in Hordaland

Group N Observed, n (%) Expected, n (%) SMR (95% CI) p-value (log-rank)
All patients 1388 291 (21.0) 107.3 (7.7) 2.7 24103.0 <0.0001
Gender 0.0009
Male 533 131 (24.6) 52.6 (9.9) 2.5 21t02.9
Female 855 160 (18.7) 54.7 (6.4) 29 25t034
Course of disease at onset <0.0001
RRMS 1209 202 (16.7) 84.4(7.0) 24 211027
PPMS 179 89 (49.7) 23.0 (12.8) 3.9 3.1t04.7
Period for onset 0.0083
1953-1974 237 155 (65.4) 49.8 (21.0) 3.1 2.6t03.6
1975-1996 638 130 (20.4) 49.4(7.7) 2.6 2.2t03.1
1997-2012 513 6(1.1) 8.1(1.6) 0.7 03t01.5
Period for diagnosis <0.0001
1953-1974 136 100 (73.5) 33.4(24.6) 3 251036
1975-1996 602 178 (29.6) 58.3(9.7) 3.1 2.6t03.5
1997-2012 650 13 (2.0) 15.7 (2.4) 0.8 05t01.4
Age at onset (years) <0.0001
20 107 20 (18.7) 2.7 (2.5) 7.3 45t010.9
21-30 471 90 (19.1) 22.3(4.7) 4 33t04.9
31-40 459 90 (19.6) 35.2(7.7) 2.6 2.1t03.1
41-50 246 61(13.4) 28.2 (6.2) 2.2 1.7t02.8
51-60 92 25 (27.2) 15.0 (16.3) 1.7 1.1t024
61+ 13 5 (38.5) 3.9(3.0) 13 05t02.8
Age at diagnosis (years) 0.0043
20 49 6(12.2) 7(1.4) 9 3610183
21-30 327 57 (17.4) 10.6 (3.2) 5.4 4.1106.9
31-40 454 90 (19.8) 25.5(5.6) 35 29t043
41-50 356 81 (22.8) 37.0 (10.4) 2.2 1.7t02.7
51-60 161 42 (26.1) 243(151 1.7 13t023
61+ 4 15 (36.6) 2 (22.4) 1.6 0.9t02.6

PPMS, primary progressive MS; RRMS, relapsing-remitting MS.
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Kaplan-Meier survival curves of patients with multiple sclerosis (MS) in Hordaland county from birth (left column: A, C, E, G) and from disease

onset (right column: B, D, F, H). A, B: Patients with MS versus the general population of Norway. E, F: Women with MS versus women in the general
population of Norway. C, D: Men with MS versus men in the general population of Norway. G, H: RRMS versus PPMS. PPMS, primary progressive MS; RRMS,

relapsing-remitting MS.

onset was 42.8 years, compared with 25.5 years for patients with
PPMS (figure 1H).

Data on mortality of all causes showed an overall SMR of
2.7 in MS compared with the general population (p<0.0001).
SMR was 2.4 in RRMS and 3.9 in PPMS (p<0.0001) (table 1).
In women, SMR was 2.9 and SMR was 2.5 in men (p=0.0009).
SMR was 3.1 for disease onset during 1953-1974, 2.6 for
disease onset during 1975-1996 and 0.7 for disease onset
during 1997-2012 (p=0.0083) (table 1). Similar significant
differences were observed for SMRs for analyses from the year
of diagnosis; SMR was 3.0 for diagnosis during 1953-1974,
3.1 during 1975-1996 and 0.8 during 1997-2012 (p<0.0001).
SMRs for 10-year intervals of age at disease onset were gradually
reduced from 7.3 for those with disease onset before 20 years
of age to 1.3 for those with onset above 60 years (p<0.0001)
(table 1). Similar significant reduction were recorded for SMRs
for 10—year intervals of age at diagnosis; SMR was 9.0 for diag-
nosis before 20 years of age and 1.6 for diagnosis after 60 years
(p=0.0043) (table 1).

Cause of death

Table 2 displays the frequencies of causes of death in MS
according to gender and disease courses and the mortality rate of
cause-specific deaths between patients with MS and the matched
general population. The main COD noted on the death certifi-
cates (immediate COD) was MS in 56.4% (n=164) of patients
with MS. For all six CODs, no gender (p=0.35) or course specific
(p=0.49) trends in death distribution were found. Cardiovas-
cular and cerebrovascular diseases and cancer were in addition
to MS most frequent, accounting for 14.8% (n=43) and 14.1%
(n=41), respectively. Respiratory and infectious causes were
recorded in 3.8% (n=11), accidents and suicide in 4.5% (n=13)
and unknown cause was reported in 6.5% (n=19). There was
no significant difference in SMR for all cause-specific deaths in
MS compared with the general population (p=0.0871) (table 2).

DISCUSSION
In this 60-year incidence-based population cohort from Western
Norway, we demonstrated a median reduction in life expectancy

Table 2 Observed and expected number of causes of death and SMR for MS patients in Hordaland County and the general Norwegian population

with onset during 1953-2012

Observed, p Value Women, PPMS,

Immediate cause of death* N n (%) Expected,n (%) SMR 95%Cl (log rank) Men, n (%) n (%) RRMS, n (%) n (%)
0.0871

MS 164 164 (56.3) 14.8 (34.1)** 111 9510129 69 (52.7) 95 (59.4) 114 (56.4) 50 (56.2)
Cardiovascular and 43 43(14.8)  13.1(30.2) 33 24to44 23 (17.6) 20 (12.5) 25 (12.4) 18 (20.2)
cerebrovascular diseases
Cancer 41 410141 76(17.6) 54 39t07.2 18(13.7)  23(144)  32(158) 9(10.1)
Respiratory and infectious 1" 11 (3.8) 2.4 (5.5) 45 23to7.7 8(6.1) 3(1.8) 8 (4.0) 3(3.4)
diseases
Accidents and suicide 13 13 (4.4) 1.4(3.2) 96 53t015.8 5(3.8) 8(5.0) 10 (4.9) 3(3.4)
Other diseases 19 19 (6.5) 4(9.2) 48 29t07.2 8(6.1) 11(6.9) 13 (6.4) 6 (6.7)
Total 291 291 (100) 43.3 (100) 131 (100) 160 (100) 202 (100) 89 (100)

*International Classification of Diseases (ICD) codes: sixth and seventh editions for deaths before 1969; 8 hour edition for deaths in 1969—1992; ninth edition for deaths in

1993-1998; 10 hours edition for deaths after 1 January 1999.
**All causes of death.

PPMS, primary progressive multiple sclerosis; RRMS, relapsing-remitting multiple sclerosis; SMR, standardised mortality ratio.
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of 7.1 years and overall an almost threefold increase in mortality
rate in MS compared with the matched general population.

Our findings correspond to previous reports of MS mortality,
and recent reports of 6-6.5 years survival reduction in similar
studies in Canada and Spain.* * ' The median survival from
disease onset was 41 years in MS, this is more than twice as long
as reported in the first study on the topic in 1969 (17 years),
reflecting a time trend towards a strong increase in life expectancy.”
1 Similar to others, we also found that patients with younger age at
onset had a higher relative risk of dying (higher SMR) than patients
with an older age at onset.”* Women with MS had S-year longer
life expectancy (77.2 years) than men with MS (72.2 years) irre-
spective of measured from birth or from disease onset. The same
S-year gender age difference in life expectancy was found in the
general population, indicating that the longer survival age found in
women with MS reflects the longer survival age found in women
in the general population. In our study, the SMR for women (2.9)
was significantly higher than for men (2.5), confirming data from
previous studies.”” A Swedish nationwide study found an increased
risk of heart failure and stroke in women with MS, similar to a
previous Danish report.” * Women with PPMS have also been
reported to have an increased hazard compared with men with
PPMS." If women with MS truly have an increased mortality risk
compared with men, further studies designed to investigate such a
difference are, therefore, warranted. Global cardiovascular risk in
MS, estimated by the Framingham Cardiovascular Risk Score, has
recently been associated with increased MS disability and disease
progression.”! With regards to investigating gender differences in
mortality, added insight into the impact of gender-linked disparities
in cardiovascular and lifestyle risk factors as well as treatment strat-
egies and biological disease mechanisms would be warranted.”’ **

Life expectancy has increased enormously in the general
population during the 20th century.”> In most European coun-
tries, the life expectancy at birth was around 50 years in the
early 1900s and has increased to approximately 75 years for men
and 81 years for women in the year of 2000.”> One important
reason for this improved survival has been the marked decline
in cardiovascular diseases in advanced ages observed during the
last decades.”* Multiple other factors have also likely contributed
to this shift, such as general improvement in healthcare, better
disability rehabilitation, socioeconomic development, better
treatment for comorbid disorders, medical advances and lifestyle
changes (smoking, diet, exercise, use of alcohol). In particular,
the observed decline in smoking since the 1970-1980s have had
a favourable impact on life expectancy.”

According to disease course in MS, we found that patients
with RRMS outlived patients with PPMS by almost 7 years
from birth, and the mortality risk (SMR) was twofold higher in
PPMS compared with in RRMS. Consistent with our results, two
previous studies reported similar observations.* > On the other
hand, they found similar survival ages in RRMS and in PPMS,
which was different from the findings of our study.

Whether the increased life expectancy and lower mortality
rate in RRMS is/was influenced by the availability of efficient
disease modifying treatments for RRMS as opposed to in PPMS
is currently unknown.*® %’

Analyses of COD patterns show that MS was the leading
COD in more than half of cases, in line with existing data.””
1827 However, no significant differences regarding the number
of cause-specific deaths were observed between genders or
disease courses. Also, when estimating the mortality (SMR)
of cause-specific deaths no significant differences were found
between the two populations. However, these results are

probably influenced by the limited sample size in each cate-
gory of listed causes of deaths.

The main strength of our study was the long duration of
follow-up of a population-based incidence cohort, which
increases the likelihood of the measured outcome to occur, as
well as completeness and validity of data. The long period of
observation also improves both quantity and quality of data
on competing risks, as health problems can manifest them-
selves at all stages in life, although the occurrence of health
issues more commonly increase with ageing. The main limita-
tion of our study was the limited number of participants. Other
limitations were mainly confined to the lack of information
on lifestyle factors and comorbidities. The use of CODs based
solely on death certificates have some limitations. The physi-
cians responsible for filling out the death certificate forms are
in many instances not the patient’s primary care physician and
may lack relevant clinical information on the patients medical
history. There is variation in coding practices and in accuracy in
identification of COD.*® Moreover, COD listed on death certif-
icates have shown discrepancies to the main diagnosis given at
hospital discharge in patients who had been hospitalised during
their final year of life and are also rarely autopsy confirmed.”’
The time lag from onset to diagnosis of MS have decreased over
recent years, hence, the incidence rates of MS at the beginning
of this study might also have been underestimated. The study
is a population-based study comprising all patients with disease
onset during the study period and may include fewer benign
cases in the first decades and more such cases in the latest years.
However, since MS usually lead to increased disability with time,
benign cases in the first decades were probably diagnosed later
and included in the 60-year follow-up, limiting this possible
bias. Improved diagnostic tools and diagnostic criteria as well
as advancement in general healthcare have made earlier diag-
nosis of MS possible, factors that potentially could play a role
in the observed improvement in MS survival in recent decades.
However, our results are compatible with most previous studies
in showing improved life expectancy in MS over time. Thus,
indicating a probable effect from increasingly effective MS ther-
apies and improved overall MS care, leading to reduction in
complications from MS in advanced disease stages.”

When estimating the overall SMR during this 60-year
follow-up time, a nearly threefold higher mortality rate in MS
compared with the general population was recorded.” Yet, irre-
spective of SMRs being measured from onset or from diagnosis,
an overall significant increase in survival in MS compared with
the general population was observed during the entire 60-year
follow-up period. However, in the most recent time period
(1997-2012), which showed a similar SMR (0.7) to the general
population, the patients were in their early adulthood, and this
SMR result should, therefore, be interpreted with uttermost
caution. We studied the natural course of MS, and the availability
of disease modifying therapies from mid-1990s could likely not
have influenced our results. Also, incomplete treatment data and
heterogeneous treatment strategies would have caused biases on
treatment effect, if analysed. However, recent findings from a
pivotal trial of the first available therapy of interferon beta 1b,
showed a decreased mortality in the active treatment arm 21
years later.”’ The rapid development of new disease therapies
in MS and overall improved caretaking of the disabled during
the last decades are thus promising for future improvements of
survival and life expectancy in MS.

However, to estimate future trends in life expectancy more
accurately, it is crucial to facilitate and take advantage of MS
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registries with detailed information on the use of disease modi-
fying treatment as well as comorbidities and lifestyle factors.
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to the author names and the affiliation the Department of Clinical Medicine, Univer-
sity of Bergen, Norway.

Acknowledgements The authors thank Dr @yvind Torkildsen for helpful
discussions regarding the manuscript.

Contributors H-MBL: study concept and design, acquisition of data, analysis
and interpretation of data, wrote the manuscript. JA: statistical analysis and
interpretation of data. K-MM: study concept and design, critical revision of
manuscript for intellectual content. LB: interpretation of data, critical revision of
manuscript for intellectual content. NG: study concept and design, acquisition and
interpretation of data, critical revision of manuscript for intellectual content, study
supervision.

Competing interests None declared.

Ethics approval The study was approved by the Regional Committee for Medical
Research Ethics in Western Norway.

Provenance and peer review Not commissioned; externally peer reviewed.

Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work
is properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the
article) 2017. All rights reserved. No commercial use is permitted unless otherwise
expressly granted.

REFERENCES

1 Midgard R, Albrektsen G, Riise T, et a/. Prognostic factors for survival in multiple
sclerosis: a longitudinal, population based study in Mere and Romsdal, Norway.
J Neurol Neurosurg Psychiatry 1995;58:417-21.

2 Grytten Torkildsen N, Lie SA, Aarseth JH, et al. Survival and cause of death in
multiple sclerosis: results from a 50-year follow-up in Western Norway. Mult Scler
2008;14:1191-8.

3 Riise T, Grenning M, Aarli JA, et al. Prognostic factors for life expectancy in multiple
sclerosis analysed by Cox-models. / Clin Epidemiol 1988;41:1031-6.

4 Kingwell E, van der Kop M, Zhao Y, et al. Relative mortality and survival in multiple
sclerosis: findings from British Columbia, Canada. J Neurol Neurosurg Psychiatry
2012;83:61-6.

5 Scalfari A, Knappertz V, Cutter G, et al. Mortality in patients with multiple sclerosis.
Neurology 2013;81:184-92.

6 Smestad C, Sandvik L, Celius EG. Excess mortality and cause of death in a cohort of
Norwegian multiple sclerosis patients. Mult Scler 2009;15:1263-70.

7 Brennum-Hansen H, Koch-Henriksen N, Stenager E. Trends in survival and cause of
death in Danish patients with multiple sclerosis. Brain 2004;127(Pt 4):844-50.

8 Bergamaschi R, Berzuini C, Romani A, et al. Predicting secondary progression
in relapsing-remitting multiple sclerosis: a Bayesian analysis. J Neurol Sci
2001;189(1-2):13-21.

9 Manouchehrinia A, Tanasescu R, Tench CR, et a/. Mortality in multiple sclerosis:
meta-analysis of standardised mortality ratios. J Neurol Neurosurg Psychiatry
2016;87:324-31.

0

1

12

20

21

22

23

24

25

26

27

28

29

30

31

Sumelahti ML, Hakama M, Elovaara |, et al. Causes of death among patients with
multiple sclerosis. Mult Scler 2010;16:1437-42.

Grytten N, Torkildsen @, Myhr KM. Time trends in the incidence and prevalence

of multiple sclerosis in Norway during eight decades. Acta Neurol Scand
2015;132:29-36.

Poser CM, Paty DW, Scheinberg L, et a/. New diagnostic criteria for multiple sclerosis:
guidelines for research protocols. Ann Neurol 1983;13:227-31.

Polman CH, Reingold SC, Banwell B, et a/. Diagnostic criteria for multiple sclerosis:
2010 revisions to the McDonald criteria. Ann Neurol 2011;69:292-302.

McDonald WI, Compston A, Edan G, et al. Recommended diagnostic criteria for
multiple sclerosis: guidelines from the International Panel on the Diagnosis of Multiple
Sclerosis. Ann Neurol 2001;50:121-7.

Choi L, Blume JD, Dupont WD. Elucidating the foundations of statistical inference with
2 x 2 tables. PLoS One 2015;10:e0121263.

Andersen PK, Vaeth M. Simple parametric and nonparametric models for excess and
relative mortality. Biometrics 1989;45:523-35.

R Development Core Team. R: a language and environment for statistical computing.
Version 3.3.1. Vienna, Austria: R Foundation for Statistical Computing, 2015. http's://
WWW-projector/ (accessed 21 Jun 2016).

Rodriguez-Antigiiedad Zarranz A, Mendibe Bilbao M, Llarena Gonzélez C, et al.
Mortality and cause of death in multiple sclerosis: findings from a prospective
population-based cohort in Bizkaia, Basque Country, Spain. Neuroepidemiology
2014;42:219-25.

Leibowitz U, Kahana E, Alter M. Survival and death in multiple sclerosis. Brain
1969;92:115-30.

Jadidi £, Mohammadi M, Moradi T. High risk of cardiovascular diseases after diagnosis
of multiple sclerosis. Mult Scler 2013;19:1336-40.

Moccia M, Lanzillo R, Palladino R, et al. The Framingham cardiovascular risk score in
multiple sclerosis. Eur J Neurol 2015;22:1176-83.

Marrie RA, Fisk JD, Tremlett H, et al; CIHR Team in the Epidemiology and Impact of
Comorbidity on Multiple Sclerosis. Differences in the burden of psychiatric comorbidity
in MS vs the general population. Neurology 2015;85:1972-9.

Janssen F, Peeters A, Mackenbach JP, et al; NEDCOM. Relation between trends in late
middle age mortality and trends in old age mortality — is there evidence for mortality
selection? J Epidemiol Community Health 2005;59:775-81.

Bonneux L, Barendregt JJ. Ischaemic heart disease and cholesterol. There's more to
heart disease than cholesterol. BMJ/ 1994;308:1038-41.

Peto R, Darby S, Deo H, et al. Smoking, smoking cessation, and lung cancer in the
UK since 1950: combination of national statistics with two case-control studies. BM/
2000;321:323-9.

Torkildsen @, Myhr KM, Bo L. Disease-modifying treatments for multiple sclerosis — a
review of approved medications. Eur J Neurol 2016;23(Suppl 1):18-27.

Hirst C, Swingler R, Compston DA, et a/. Survival and cause of death in multiple
sclerosis: a prospective population-based study. J Neurol Neurosurg Psychiatry
2008;79:1016-21.

Ragonese P, Salemi G, Aridon P, et al. Accuracy of death certificates for motor

neuron disease and multiple sclerosis in the province of Palermo in southern Italy.
Neuroepidemiology 2002;21:148-52.

Johansson LA, Westerling R. Comparing hospital discharge records with death
certificates: can the differences be explained? J Epidemiol Community Health
2002;56:301-8.

Ragonese P, Aridon P, Salemi G, et al. Mortality in multiple sclerosis: a review. Eur J
Neurol 2008;15:123-7.

Goodin DS, Ebers GC, Cutter G, et al. Cause of death in MS: long-term follow-up of a
randomised cohort, 21 years after the start of the pivotal IFNB-1b study. BMJ Open
2012;2:001972.

Lunde HMB, et al. J Neurol Neurosurg Psychiatry 2017;88:621-625. doi:10.1136/jnnp-2016-315238 625


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1136/jnnp.58.4.417
http://dx.doi.org/10.1177/1352458508093890
http://dx.doi.org/10.1016/0895-4356(88)90041-8
http://dx.doi.org/10.1136/jnnp-2011-300616
http://dx.doi.org/10.1212/WNL.0b013e31829a3388
http://dx.doi.org/10.1177/1352458509107010
http://dx.doi.org/10.1093/brain/awh104
http://dx.doi.org/10.1016/S0022-510X(01)00572-X
http://dx.doi.org/10.1136/jnnp-2015-310361
http://dx.doi.org/10.1177/1352458510379244
http://dx.doi.org/10.1111/ane.12428
http://dx.doi.org/10.1002/ana.410130302
http://dx.doi.org/10.1002/ana.22366
http://dx.doi.org/10.1002/ana.1032
http://dx.doi.org/10.1371/journal.pone.0121263
http://dx.doi.org/10.2307/2531494
http's://WWW-projector/
http's://WWW-projector/
http://dx.doi.org/10.1159/000359971
http://dx.doi.org/10.1093/brain/92.1.115
http://dx.doi.org/10.1177/1352458513475833
http://dx.doi.org/10.1111/ene.12720
http://dx.doi.org/10.1212/WNL.0000000000002174
http://dx.doi.org/10.1136/jech.2004.028407
http://dx.doi.org/10.1136/bmj.308.6935.1038
http://dx.doi.org/10.1136/bmj.321.7257.323
http://dx.doi.org/10.1111/ene.12883
http://dx.doi.org/10.1136/jnnp.2007.127332
http://dx.doi.org/10.1159/000054812
http://dx.doi.org/10.1136/jech.56.4.301
http://dx.doi.org/10.1111/j.1468-1331.2007.02019.x
http://dx.doi.org/10.1111/j.1468-1331.2007.02019.x
http://dx.doi.org/10.1136/bmjopen-2012-001972

