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mortality rate was 2.04 per 100,000 person-years (95% CI
1.95–2.12). Conclusion: This study did not confirm the previously shown association between MS and ALS in Sweden.
Copyright © 2012 S. Karger AG, Basel

Abstract
Background: Multiple sclerosis (MS) and amyotrophic lateral sclerosis (ALS) are chronic neurologic diseases for which
distinct explanations of the pathogenesis are lacking. Two
large Swedish register studies have rather unexpectedly detected a correlation between MS and ALS. The aim of this
study was to investigate if an association between ALS and
MS could be demonstrated as has been shown earlier. Material and Methods: Data on mortality from ALS and MS, 1990–
2010, were collected from the Swedish National Statistics Office. In all there were 5,696 deaths due to ALS and 3,941
deaths due to MS. Age- and sex-adjusted mortality rates
were calculated. Results: There was no correlation between
the mortality rates of ALS and MS in the 21 counties of Sweden for the period 1990–2010 (Spearman’s rho = –0.052; p =
0.822; n = 21). The national mean mortality rate for ALS
throughout the period of 1990–2010 was 2.98 per 100,000
person-years (95% CI 2.87–3.08). For MS the national mean
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Introduction

Multiple sclerosis (MS) and amyotrophic lateral sclerosis (ALS) are chronic neurologic diseases for which distinct explanations of the pathogenesis are lacking. They
have different clinical features and affect different patient
groups regarding age and gender. Two large Swedish register studies have rather unexpectedly demonstrated a
correlation between MS and ALS [1, 2]. The recent article
by Hemminki et al. [1] sheds light on the familial risk of
MS. It contains data from 425,102 patients in the MigMed
database, which has been compiled from several national
Swedish registers provided by Statistics Sweden, including the Multigeneration Register in which persons (second generation) born in Sweden in 1932 and thereafter
are registered shortly after birth and are linked to their
parents (first generation). The familial risks of MS versus
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autoimmune diseases, ALS and asthma were investigated. This study was the first population-based study on
these diseases ever performed. The main finding was an
almost doubled risk of MS for individuals with a parent
diagnosed with ALS (standardized incidence ratio = 1.84;
95% CI 1.23–2.64).
Further, another large register study performed by two
of the authors of this study [2] analyzed the geographical
distribution of the mortality from MS in Sweden (5,425
died of MS, 1952–1992). To interpret the geographical
variation in mortality, the MS data were compared with
the mortality from ALS (5,088 died of ALS, 1961–1992),
a methodological procedure sometimes used to control
for factors that may systematically affect the prevalence
figures, such as for example the access to specialized
medical service. Unexpectedly, a high correlation rate between the mortality rates of MS and ALS in the 24 counties of Sweden was found (Pearson’s r = 0.54, p = 0.006).
In addition, this study showed that MS mortality was very
high in the county of Värmland in western Sweden during four decades [2]. Other reports had previously supported a high occurrence of MS in this area [3], and interestingly, yet another team had demonstrated a high
incidence of ALS in the same region [4, 5].
The aim of this study was to investigate if an association between the geographical distribution of the mortality from ALS and MS, as described above, could be demonstrated at a later period, using the mortality statistics
of both diseases for all counties of Sweden during the
time period following the one included in the previous
study.

Methods
Data on mortality from ALS and MS from the Causes of Death
Register and data from the Total Population Register during the
time period 1990–2010 were collected from the Swedish National
Statistics Office (Statistics Sweden) [6, 7]. During the time period
considered in this study, both the Ninth Revision (ICD-9, for
1990–1996; codes 335C for ALS and code 340 for MS) and the
Tenth Revision (ICD-10, for 1997–2010; codes G 12.2 for ALS and
code 35.9 for MS) of the International Classification of Diseases
were used.
In all there were 5,696 deaths due to ALS, 2,612 women (45.9%)
and 3,084 men (54.1%), and 3,941 deaths due to MS, 2,372 women
(60.2%) and 1,569 men (39.8%). The mortality statistics were
based on death certificates, and the cause of death was registered
as underlying or contributing, both modalities considered in the
analysis.
Age- and sex-adjusted mortality rates were calculated using
the direct standardization method [8] with the population of Sweden 1998 as the reference population [7]. The adjusted mortality
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rates of ALS and MS were calculated for age (10-year groups), gender, and county (21 counties) reported per year (1990–2010). The
correlation between the mean mortality of ALS and of MS in the
Swedish counties during 1990–2010 was estimated by the nonparametric Spearman’s rho. Changes in the crude mortality rates
between the period reported in the previous study and the one in
the present study were tested using 2 test. The Mann-Whitney
test was used when comparing the mortality rates between ALS
and MS.
The SPSS 13.0 software program was used for all statistical
analyses. The study was approved by the Ethical Committee of the
University of Linköping (D-nr 2010/340–31).

Results

Marked variation in the mean mortality rates between
the 21 counties of Sweden was seen for both ALS and MS
during the period 1990–2010 (table 1). There was no overall correlation between the mortality rates of ALS and MS
(Spearman’s rho = –0.052; p = 0.822; n = 21). To adjust for
a possible effect due to the introduction of a new immunomodulating treatment for MS during the last years, we
repeated the analysis for the subperiods 1990–2000 and
2001–2010. No significant correlation was found for any
of these periods (Spearman’s rho = –0.062; p = 0.790; n =
21; and Spearman’s rho = –0.149; p = 0.521; n = 21, respectively).
When comparing the geographical distribution of the
mortality rates of ALS in the time period 1961–1992 with
the later period 1990–2010 there was no correlation
(Spearman’s rho = –0.118; p = 0.610; n = 21). However,
when comparing the mortality rates of MS in the time
period 1952–1992 with the later time period 1990–2010
there was a significant correlation (Spearman’s rho =
0.664; p = 0.002; n = 21).
The national mean mortality rate for ALS throughout
the period of 1990–2010 was 2.98 per 100,000 personyears (95% CI 2.87–3.08), in women 2.72 (95% CI 2.58–
2.86) and in men 3.23 (95% CI 3.07–3.40). The national
mean mortality rate for MS was 2.04 per 100,000 personyears (95% CI 1.95–2.12), in women 2.43 (95% CI 2.31–
2.56) and in men 1.64 (95% CI 1.54–1.74). The mortality
of MS increased significantly in the country from the first
time period, 1.65 per 100,000 person-years [2] to 2.04 in
the second period (2 = 4.36; p = 0.037). There was also a
significant increase of mortality in ALS, between the two
investigated periods, from 1.91 per 100,000 person-years
[2] to 2.98 (2 = 21.93; p ! 0.001). Finally, we found generally higher mortality rates for ALS compared with MS in
the whole country during the time period 1990–2010
(fig. 1, Mann-Whitney p ! 0.001).
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Table 1. Average annual population for each county, number of deaths, adjusted mortality rates per 100,000

person-years and percent of the total national mortality rate for ALS and MS, respectively (during the period
1990–2010) in the 21 counties of Sweden
County

Average
population

ALS

MS

deaths
n

adjusted
mortality rate

%
total

Stockholm
Uppsala
Södermanland
Östergötland
Jönköping
Kronoberg
Kalmar
Gotland
Blekinge
Skåne
Halland
Vä Götaland
Värmland
Örebro
Västmanland
Dalarna
Gävleborg
Västernorrland
Jämtland
Västerbotten
Norrbotten

1,820,917
298,953
260,268
415,115
329,656
179,250
237,511
57,510
151,377
1,142,235
276,884
1,503,701
277,806
275,178
257,283
281,865
281,605
250,445
130,866
257,180
257,724

984
211
148
229
235
124
164
38
108
751
184
904
182
199
184
188
206
181
77
192
207

2.97
3.74
2.49
2.54
3.11
2.97
2.85
2.95
2.96
3.10
3.04
2.95
2.28
3.15
3.19
2.80
3.09
2.99
2.34
3.48
3.49

99.6
125.5
83.5
85.2
104.3
99.6
95.6
98.9
99.3
104.0
102.0
98.9
76.5
105.7
107.0
93.9
103.6
100.3
78.5
116.7
117.1

Sweden

8,943,330

5,696

2.98

100.0

deaths
n

adjusted
mortality rate

%
total

605
122
117
171
150
82
105
16
83
484
126
803
177
147
106
125
142
104
58
104
114

1.70
2.17
2.03
1.92
2.02
2.19
1.94
1.30
2.38
2.02
2.17
2.39
2.76
2.38
1.77
1.92
2.19
1.71
1.98
1.86
2.00

83.3
106.3
99.5
94.1
99.0
107.3
95.0
63.7
116.6
9.0
106.3
117.1
135.2
116.6
86.7
94.1
107.3
83.8
97.0
91.1
98.0

3,941

2.04

100.0
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4.0
ALS

MS

3.5
3.0
2.5
2.0
1.5
1.0
0.5
0

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

This study failed to confirm the previously shown association between the mortality from MS and ALS, respectively, in Sweden. We cannot exclude that our previous finding was an artefact [2], as it was unexpected and
could not be explained from any biological hypothesis.
In fact, ALS and MS do not share many commonly suggested etiological factors that could account for such an
association. Exceptions are cigarette smoking [9, 10] and
exposure to organic solvents [11–13]. Other risk factors
mentioned for MS are Epstein-Barr virus, vitamin D deficiency, female gender, and ethnicity [14] and for ALS,
heavy manual labor [5]. There is also, to our knowledge,
no evidence for an overlap in the genetic basis for MS and
sporadic ALS. In MS there is an overrepresentation of
the genes HLA DR 15, and other recently confirmed
genes are for the alpha chains of interleukin receptors
IL-2 and IL-7 [15], whereas no such association is known
for ALS.

Mortality rate per 100,000 person-years

Discussion

Calendar year

Fig. 1. Mortality rates of ALS and MS in Sweden during the time
period 1990–2010.
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The previous finding of an association between MS
and ALS [2] may have been the effect of differences in
coding of diagnosis between the counties, for example a
high reporting rate of neurological diagnoses during earlier periods in certain counties. However, the counties
with a high frequency of MS, especially Värmland, had
no specific resources for neurological diseases or MS,
which could explain increased reporting. We used in the
present study mortality statistics over 21 years, a rather
long period, but the observation period in the previous
study was even longer (40 and 30 years, respectively).
Mortality statistics represent, however, a crude instrument, and several factors could have influenced the results, both of our present study and the previous one. One
such factor is the improved health care in Sweden with
the availability of specific treatments. This has certainly
had an impact on the outcome of various diseases, including mortality. Importantly, this is likely to affect MS rather than ALS mortality, because there is at present not an
effective drug against ALS. Nevertheless, a better measure of any relation between MS and ALS could be
achieved using incidence rates rather than mortality
rates.
We found higher mortality rates of both MS and ALS
in the present study compared to the previous study. This
probably reflects a general increasing prevalence of the
diseases that has previously been reported for MS [16].
Further, we found a significant correlation in the mortality rates for the counties between the two periods 1952–
1992 and 1990–2010 for MS. No such correlation was
found for ALS. We interpret these findings as an indication of a changed pattern in ALS mortality during the
later period (1990–2010). Furthermore, we see an increased survival in the MS data (higher mean age at
death), which may be an effect of immunomodulatory
drugs. Still, analyzing the periods 1990–2000 and 2001–
2010 separately did not change the results, suggesting that
the lack of association between ALS and MS in this study
was not caused by this increased use of treatment in MS.
Possible diagnostic errors are more likely to concern
MS than ALS, and especially the diagnosis hereditary
spastic paraplegia, which can mimic progressive MS, can
be a problem. Nevertheless, the diagnostic precision in
Sweden is generally high, and one study of the validity of
the underlying cause of death in the Swedish Cause-ofDeath Register in 1995 showed that 77% of the cases in
the register had a correct underlying diagnosis regarding
cause of death [17]. Further, a large Swedish nationwide
incidence study of ALS (1991–2005) showed that 78.6% of
the deceased individuals with ALS as underlying cause of
248
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death were also identified in the Inpatient Register [18].
The incidence study of ALS in the county of Värmland
showed that 95% of the patients were captured by the
death certificates [5].
The mortality statistics in this study included both the
underlying and contributing cause of death, as well as in
our previous study [2], which used both modalities, giving comparable conditions [19, 20].
Our previous mortality study reported crude rates,
while we present age- and sex-adjusted rates in this study.
Nevertheless, we find it unlikely that this difference could
explain a correlation in the previous study that disappeared in the present study.

Conclusion

The results of the present study do not verify a persistent association between ALS and MS in Sweden. The
data is, however, in our judgment, both valid and also
congruent with other studies. Nevertheless, given the indirect measure of the disease used in the present study,
mortality statistics, these data cannot be used to firmly
exclude a possible association, as described in the study
by Hemminki et al. [1]. Their results are hard to ignore
and we encourage further observations and research on
this issue.
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