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Abstract

Previous studies have shown that the risk of multiple sclerosis (MS) is associated with season of birth with a higher proportion
of MS patients being born in spring. However, this relationship has recently been questioned and may be due to confound-
ing factors. Our aim was to assess the influence from season or month of birth on the risk of developing MS in Sweden and
Iceland. Information about month of birth, gender, and phenotype of MS for patients born 1940—1996 was retrieved from the
Swedish MS registry (SMSR), and their place of birth was retrieved from the Swedish Total Population Registry (TPR). The
corresponding information was retrieved from medical journals of Icelandic MS patients born 1981-1996. The control groups
consisted of every person born in Sweden 1940-1996, their gender and county of birth (TPR), and in Iceland all persons born
between 1981 and 1996 and their gender (Statistics Iceland). We calculated the expected number of MS patients born during
each season and in every month and compared it with the observed number. Adjustments were made for gender, birth year,
and county of birth. We included 12,020 Swedish and 108 Icelandic MS patients in the analyses. There was no significant
difference between expected and observed MS births related to season or month of birth in Sweden or Iceland. This was even
the results before adjustments were made for birth year and birth place. No significant differences were found in subgroup
analyses including data of latitude of birth, gender, clinical phenotype, and MS onset of 30 years or less. Our results do not
support the previously reported association between season or month of birth and MS risk. Analysis of birth place and birth
year as possible confounding factors showed no major influence of them on the seasonal MS risk in Sweden and Iceland.

Keywords Multiple sclerosis - Month of birth - Risk factors - Epidemiology - Sweden - Iceland

Introduction

There is accumulating evidence that implies low sun expo-
sure and low levels of vitamin D as risk factors for multiple
sclerosis (MS) [13, 15, 17]. This association may explain the
increasing incidence and prevalence of MS observed with
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the distance from the equator [3, 20]. In fact, a gradient of
increased MS prevalence with north latitude has also been
reported in Sweden [1]. Moreover, low ultraviolet radiation
of pregnant women during winter has been a reasonable
explanation for the increased risk of MS observed in per-
sons born during spring and the reduced risk in those born
during winter [26]. The changed risk of MS related to month
of birth (MOB) has also been reported in the Scandinavian
countries [10, 16, 21] including Sweden [22]. However, this
relationship has recently been questioned, and confounding
factors rather than biology were suggested to generate the
association between MOB and MS risk [7, 8]. The highly
variable birth rate, which is influenced by birth year and
regional (birth county) variations, may be responsible for the
previous findings [7, 8]. Although a recent study of Norway
did take these confounding factors into account for, they
claimed an increased MS risk in persons born in April [25].
In light of this, we conducted a study of association between
season or MOB and the risk for developing MS in Sweden
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and Iceland. Our aim was to compare our results with those
previously published on MOB and MS risk from other popu-
lations and to clarify the effect from birth year and birth
place as confounding factors.

Materials and methods

The study was based on two nationwide population cohorts
of Sweden and Iceland. All patients had clinically definite or
clinically probable MS according to Poser diagnostic criteria
or MS according to the revised McDonalds criteria [18, 19].

Area and population

Sweden lies between latitudes 55° and 69° north in North-
ern Europe. There are 290 municipalities in Sweden. The
population density is considerably higher in the southern
part of the country. During the study period from 1940 to
1996, the Swedish population increased from 6.4 to 8.8 mil-
lion people, the mean age increased from 37.0 years in 1968
(the first year of registration of mean age) to 39.7 years,
the birth rate per 1000 decreased from 15.1 to 10.8, and
the mortality per 1000 decreased from 11.4 to 10.6. (http://
wWww.scb.se).

Iceland lies between latitudes 64° and 66°N. The popula-
tion of Iceland increased between 1981 and 1996 from 0.23
to 0.27 million people, the mean age increased from 31.6 to
33.9 years, the birth rate per 1000 decreased from 19.0 to
16.2, and the mortality rate per 1000 decreased from 7.2 to
7.0. In 1996, approximately 70% of the population lived in
Reykjavik, the capitol of Iceland which lies at 64°N (http://
www.statice.is).

The Swedish registries

The Swedish MS registry (SMSR), started in 1996, became
web based 2004, and 2008 included 14,500 of Sweden’s
estimated 17,500 prevalence patients, giving coverage of
80% [1, 11]. The registry serves as a national quality health
care registry for Swedish MS patients. Patients with MS
according to the Poser [19] or the McDonald criteria [18]
have been prospectively or retrospectively registered (http://
WWWw.neuroreg.se).

The Swedish Total Population Registry (TPR), founded in
1947, registers residence over time for all residents in Swe-
den with some retrospectivity (http://www.scb.se). Before
1961, there was a chance that individuals were not included
in the registry if they lived unmarried together with another
person and without children; however, thereafter, the regis-
try is complete [14].

The Swedish MS cohort

MS patients included in the study were born in Swe-
den between 1940 and 1996. This period was chosen to
decrease the effect of decease bias for patients born before
1940 and the possibility that patients born after 1996 might
not yet have developed the disease. Deceased patients were
included. At 31 January 2016, the day of data export, the
following data were retrieved from the SMSR for every
patient: personal identity number, month, season and year
of birth, gender, date of MS onset, age at MS onset, age at
data export, MS phenotype (relapsing—remitting (RRMS),
secondary progressive (SPMS), progressive relapsing MS
(PRMS), and primary progressive MS (PPMS), date when
patients reach Expanded Disability Status Score (EDSS) 6
[12]. The following data were retrieved from the TPR: place
of birth.

The Swedish control cohort

We created a control group (n = 3,503,550) of every person
born in Sweden 1940-1996, their gender and county of birth
according to TPR.

The Icelandic MS cohort

The Icelandic MS patients were born in Iceland 1981-1996.
There are no data available for persons born prior to 1981 in
Iceland. Identical data as for the Swedish MS cohort were
retrieved for Icelandic MS patients.

The patients were retrieved from different sources to
make the cohort as complete as possible. The diagnosis
searched for was: ICD10 (G35, G37.9), ICD9 (340, 341),
and ICD8 (340, 341).

1. The neurology department at the Landspitali University
Hospital; the only university hospital in Iceland which
handles referrals for the whole country. Information was
retrieved for both inpatients and outpatients.

2. All private practicing neurologists in Iceland.

Smaller hospitals and rehabilitation centers.

4. All patients approved for treatment of MS with disease
modifying therapies, i.e., treatments in need of approval
by a centralized agency.

5. Information from the Icelandic Social Security Agency
to identify all who received disability benefits in Iceland.

et

The Icelandic control cohort
We created a control group (n = 65,114) from the Icelandic

population born 1981-1996, divided according to gender
(http://www.statice.is).
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Statistical methods

All tests were based on the observed numbers of births in
a certain season or month. These observations were com-
pared to adjusted expected means. These adjusted means
where derived from a simple Bernoulli distribution for
each case with probabilities equal to the relative frequency
of births in the MS case specific stratum (gender, birth
year, and county). A central limit argument implies that we
can use normal approximation for the null hypothesis ref-
erence distributions. By assuming independence between
all Bernoulli distributions, we receive marginally larger
variance than we would have got by taking multiple case
correlations inside the strata into account.

Primarily, we look for over-representations, but we also
acknowledge under-representations, if they would show
up, using two-sided tests. The statistical approach was
originally to test for seasonal effects [(March, April, May),
(June, July, August), (September, October, November),
and (December, January, February)]. When we did not find
any signs of effects, there we started an exploratory phase
of testing analyzing gender divided data, months instead
of season, specific MS subgroups including early and late
onset groups, and geographical north—south separation.
Certainly, multiple correction problems arise in this sec-
ond step. However, the purpose of this step was partly to
enable comparisons with findings in the Norwegian study
[25] and confirm the negative findings in the first step. For
more arguments behind this approach, cf. the discussion
section below.

A normal test was used with the null hypothesis that
there is no difference in the probability of getting MS
for male or female depending on the birth date. This null
hypothesis was tested against an alternative hypothesis
that there is an increased risk getting the disease in a
certain period. We used the Bernoulli estimation model
to calculate the expected number of MS patients being
born in every month and compared it with the observed
number with a two-sided T test (p = 0.05). The calcula-
tions were done with and without adjustments for gender,
year of birth, and county of birth as suggested by Fiddes
et al. [7]. This test was also applied when the cohort was
divided according to birth in Southern or Northern Swe-
den. We divided Sweden into two regions, a northern and
a southern region, divided at the geographical middle of
Sweden, i.e., 62”"N. Thereafter, we calculated the observed
vs expected MS MOB in the two regions. Similar tests
were used for subgroup analysis related to gender, MS
phenotype (RRMS, SPMS, PPMS), and early onset age
(< 30 years of age). The statistical testing procedure is
described in Supplement 1.

The calculation was done using Matlab (Mathworks,
Natick, MA, USA).

@ Springer

The study was approved by the regional ethical review
board of Gothenburg, Sweden and Icelandic National Bio-
ethics Committee and Data Protection Authority.

Results
The Swedish MS cohort

We included 12,020 MS patients born in Sweden
1940-1996. The export from the MS registry was made
31st of January 2016. At that date, the SMSR included
15,801 patients, 14,157 of them were born in Sweden,
13,398 of them were born 1940-1996, and 12,020 of
them had information of place of birth. The mean age
of this final cohort was 51 years (median 51 years). The
mean age at MS onset (n = 11,137) was 32.9 years (range
1-70 years). The mean age at MS diagnosis (n = 10,065)
was 37.4 years (range 6—73 years). The female:male ratio
was 2.5:1. MS phenotype was available for 11,412 patients:
RRMS (n = 7087, 62.0%), PPMS (n = 932, 8.2%), PRMS
(n = 154, 1.3%), and SPMS (n = 3239, 28.4%). There
were 87.6% (n = 10,283) living in the Southern region of
Sweden and 12.4% (n = 1458) in the Northern region of
Sweden.

The risk of MS according to season and month
of birth

We found no relationship between season of birth and the
risk of developing MS later in life (Supplement 2). Neither
did we find any difference between observed and expected
number of MS patients when each MOB was analyzed sepa-
rately (Fig. 1) with or without adjustments for birth year and
county of birth. With adjustments, there seemed to be 7%
more MS births in February than expected (1030 vs 961.8
p = 0.0208, Supplement 3). However, when Bonferroni cor-
rection is done, this difference is far from significant. To
reject the null hypothesis for 5% level, we would need a p
value of less than 0.0042 for statistical significance (0.0084
in case of one sided tests).

The risk of MS associated with month of birth
and latitude

When latitude was tested, there were 10% more MS births
in February than expected in the Southern region of Sweden
(900 vs 824.5, p = 0.00574). After Bonferroni correction for
multiple comparisons, the effect was not statistically signifi-
cant (Supplements 4 and 5).
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The risk of MS associated with month of birth
and gender

No significant difference was found in observed vs expected
births when gender was taken into account. There was a
trend towards more MS births in February both in men (303
vs 276.9 p = 0.099) and females (727 vs 685.0 p = 0.0912).

The risk of MS associated with month of birth
and phenotype

No effect of MOB was seen on the risk of MS when the
cohort was divided according to MS phenotype.

The risk of MS associated with month of birth
and early age of MS onset (< 30 years of age)

In spring, there were fewer MS births than expected (1372
vs 1442.0 p = 0.0285), but a p value of 0.0125 or lower
would have been needed to reach statistical significance after
correction for multiple tests (Supplement 6). Nor did we
find any significant differences in the number of MS births
related to month.

The Icelandic MS cohort

At the O1st of January 2016, we included 108 patients born
in Iceland from 1981 to 1996. The mean age of the cohort
was 30.1 years (range 20-35 years), the mean age at MS
onset was 22.5 years (range 10-37 years), and the mean age
at MS diagnosis was 23.7 years (range 13-39 years). The
female:male ratio was 2.1:1.

The risk of MS according to season and month
of birth

We found no relationship between season of birth and the
risk of developing MS later in life (Supplement 7). Neither

did we find any difference between expected and observed
number of Icelandic MS patients when each MOB was ana-
lyzed separately (Supplement 8). In our original analysis,
there seemed to be fewer MS births in the autumn (17.0 vs
26.9, p = 0.028). After correction for multiple tests, this
effect disappeared.

Discussion

Our study showed no influence from season of birth or MOB
on the risk of developing MS later in life in Sweden or Ice-
land with or without adjustments for possible confounding
factors [7]. Even in the subgroup analysis, no observations
remained as statistically significant after correction for mul-
tiple hypothesis testing, which confirms the negative result
in the seasonal analysis. The only month that showed higher
MS births was February, where we observed 7% more MS
cases than expected. This corresponds to a p value of 2.08%
before any multiple corrections. This significance disap-
peared after correction for multiple testing. Although low
vitamin D levels during fetal development might be a risk
factor for developing MS later in life [6], our results did not
support that this risk is associated with season of birth or
MOB.

In a recent study from Norway, including a cohort of
6649 MS patients born 1930-1979 [25], they found a 10%
increase in MS births in April, a 15% increase in Decem-
ber, and, in contrast with our study, a 13% decrease in
February before any cofounding factors adjustments. How-
ever, after correction for birth year, the increase in Decem-
ber disappeared, and after correction for birth county, the
decrease in February became non-significant. However,
a 10% increase in birth of the Norwegian MS patients
remained in April, and this increase was also significant
when comparing the incidence of MS in siblings, moth-
ers, and fathers. Although the authors concluded that there
was an increased risk in April births in the MS population,

@ Springer
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the significance disappeared after correction for multiple
testing. We showed only marginally smaller observed MS
cases in April.

We also found that the MS incidence was higher than
expected in February in the Southern region of Sweden.
The p value is 0.5% but not significant after correction for
months. Moreover, this association was not in line with
the previous hypothesis, suggesting an increased MS risk
with northern latitude, less sun exposure and low D vitamin
levels.

In contrast with our results, a previous study from
Sweden showed more cases of MS than expected in June
(11%) and fewer than expected in December and January
(8 and 10%), respectively [22]. Although their MS patients
(n =9461) were also retrieved from the SMSR registry, their
study population and controls differed from ours in several

Table 1 Owerview over studies of birth month and MS risk

aspects. Their patients had a median birth year of 1957 and
included all patients registered in the SMSR until 2008. Our
study cohort was younger with a median birth year of 1965,
and included only patients born between 1940 and 1996 to
decrease the effect of decease bias for patients born before
1940 and the possibility that patients born after 1996 might
not yet have developed MS. However, even with our study
design, we might have missed patients born after 1940 who
due to severe MS died before 1996 when the SMSR was
established. This limitation in year of birth influenced the
size of the control cohort, and neither did we include con-
trols from municipalities that did not have a case of MS.
Another factor that should be noted is the change of MOB
of patients with MS over recent years. In contrast with the
previous investigation [22], we found no increased MS risk
related to birth in June in patients registered after 2008.

Country Author Publication year Birth years of

MS group

Included
patients (n)

Controls Main findings Adjustment
for birth year/

birthplace

Willer et al. 2005 1926-1970

(Canada)

Canada, Great
Britain, Den-
mark, Sweden
[26]

Sweden [21] Salzer J et al. 2010 1900-2007

Italy [23] Sotgiu et al. 2006 nd?

Scotland [5] Bayes et al. 2010 1922-1992

Australia [24] Staples et al. 2010 1920-1950

Kuwait [2] Akhtar et al. 2015 1950-2013

Portugal [4] Barros et al. 2013 1992-1943

Norway [25] Torkildsen et al. 2014 1930-1979

Finland [21] Saastamoinen 2012 1900-1988

et al.

South America 2013 nd?

(9]

Fragoso et al.

13,675,451
(Canada)

9.1% more in No/no
May, 8.5%
fewer in

November

17,874, 11,502,
6276, 6393
(total 42,045)

9361 12,116,853 11% more in No/no
June, 8 and

10% fewer in
December and

January

More births in
spring months

810 247,612 No/no

1309 6,198,352 17% more in
spring, 13%
fewer in

autumn

1.34 risk for
those born in
November—
December
compared
May—June

Nol/yes

1524 2,468,779 Nol/yes

b

13% more in
December

1035 3,454,222 Nol/yes

No seasonal
difference

421 1,150,362 Nol/yes

6649 No seasonal

difference

2,899,260 Yes/yes

8739 7,014,435 9.4% more in Yes/no
April, 11.1%
fewer in

November

1207 1207 No seasonal

difference

Yes/yes

Not defined

®Incidence rate ratio for two-month period with May—June as the reference period (1.0)

@ Springer
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Moreover, no correction for year of birth or county of birth
was made when analyzing the MS risk in that study. They
used 2 X 2 Chi-squared test for calculating MOB and MS
risk. Applying that test to our data for a direct comparison
did not influence our results.

We searched PubMed and Scopus for studies investigat-
ing the possible influence from season of birth or MOB on
the risk of developing MS (Table 1). Except for the Norwe-
gian study [25], other studies have not adjusted the results
for birth year and birth place. They have made adjustments
for either birth place [2, 4, 5, 24], or birth year [21], or
none of these confounding factors [26]. However, without
adjustments, similar result as we found was found in a South
African study [9] and in a study from Portugal with 1207
MS patients and 1207 match controls, after adjusting the
material for latitude of birth and gender [4]. However, birth
year was not taken into account in this analysis. In all other
studies, an association has been showed between increased
MS risk and birth during spring and/or a decreased MS risk
in persons born during autumn or winter [5, 21-24, 26] or
the opposite in a study from the Southern hemisphere [2].

The main strength of our study is that data was retrieved
from national registries with high patient recovery. The
Swedish MS registry had high coverage, estimated about
80% of all cases according to the National Patient Registry
(NPR) at the National Board of Health and Welfare (http://
www.socialstyrelsen.se) [11]. In a previous study, we found
that the rate of older MS patients might be lower in the
SMSR than in the NPR, while early MS cases are almost
completely included, but there might be regional variation
in the inclusion rate [1]. However, these differences should
not have influenced the result of our study. The Icelandic
data were population based and probably included all MS
patients in Iceland. Although we did not remove MS cases
from the general Icelandic population, this should have mini-
mal effect on the results due to the small number.

In conclusion, our results did not support the previously
reported association between season or MOB and MS risk.
Our results were unaffected by adjustments for possible
confounding factors, and therefore, it remains unclear if
those are responsible for the previously reported relation-
ship between birth during spring and an increased MS risk
[7]. Thus, our results do not support the hypothesis that
pregnancy during autumn and winter with low levels of sun
exposure and low vitamin D levels influence the risk of MS.

Acknowledgements This project was funded by Grants from the Swed-
ish Federal Government (LUA/ALF agreement), the Swedish Society
of the Neurologically Disabled, the Research Foundation of the Multi-
ple Sclerosis Society of Gothenburg, and the Edit Jacobson Foundation
(Grant No. 2015-004).

Compliance with ethical standards

Conflicts of interest JL has received travel support and/or lecture
honoraria from Biogen, Novartis, Teva, and Genzyme/SanofiAventis;
has served on scientific advisory boards for Almirall, Teva, Biogen,
Novartis, and Genzyme/SanofiAventis; serves on the editorial board
of the Acta Neurologica Scandinavica; and has received unconditional
research grants from Biogen, Novartis, and Teva. OE has received un-
conditional research grants from Biogen and Novartis.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creativecom-
mons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Ahlgren C, Oden A, Lycke J (2011) High nationwide prevalence
of multiple sclerosis in Sweden. Mult Scler (Houndmills, Basing-
stoke, England) 17:901-908

2. Akhtar S, Alroughani R, Al-Shammari A, Al-Abkal J, Ayad Y
(2015) Month of birth and risk of multiple sclerosis in Kuwait: a
population-based registry study. Mult Scler (Houndmills, Basing-
stoke, England) 21:147-154

3. Alonso A, Hernan MA (2008) Temporal trends in the incidence
of multiple sclerosis: a systematic review. Neurology 71:129-135

4. Barros P, de SaJM, Sa MJ (2013) Month of birth and risk of mul-
tiple sclerosis in a Portuguese population. Clin Neurol Neurosurg
115:1762-1765

5. Bayes HK, Weir CJ, O’Leary C (2010) Timing of birth and risk of
multiple sclerosis in the Scottish population. Eur Neurol 63:36-40

6. Disanto G, Watson CT, Meier UC, Ebers GC, Giovannoni G,
Ramagopalan SV (2013) Month of birth and thymic output.
JAMA Neurol 70:527-528

7. Fiddes B, Wason J, Kemppinen A, Ban M, Compston A, Sawcer S
(2013) Confounding underlies the apparent month of birth effect
in multiple sclerosis. Ann Neurol 73:714-720

8. Fiddes B, Wason J, Sawcer S (2014) Confounding in asso-
ciation studies: month of birth and multiple sclerosis. J Neurol
261:1851-1856

9. Fragoso YD, Adoni T, Almeida SM, Alves-Leon SV, Arruda WO,
Barbagelata-Aguero F, Brooks JB, Carra A, Claudino R, Comini-
Frota ER, Correa EC, Damasceno A, Damasceno BP, Diaz EC,
Elliff DG, Fiore AP, Franco CM, Giacomo MC, Gomes S, Gon-
calves MV, Grzesiuk AK, Inojosa JL, Kaimen-Maciel DR, Lin K,
Lopes J, Lourenco GA, Martinez AD, Melcon MO, Morales Nde
M, Morales RR, Moreira M, Moreira SV, Oliveira CL, Oliveira
FT, Ribeiro JB, Ribeiro SB, Rodriguez CC, Russo L, Safanelli
J, Shearer KD, Siquineli F, Vizcarra-Escobar D (2013) Multiple
sclerosis in South America: month of birth in different latitudes
does not seem to interfere with the prevalence or progression of
the disease. Arq Neuropsiquiatr 71:573-579

10. Grytten N, Torkildsen O, Aarseth JH, Benjaminsen E, Celius EG,
Dahl OP, Holmoy T, Loken-Amsrud K, Midgard R, Myhr KM,
Risberg G, Vatne A, Kampman MT (2013) Month of birth as a
latitude-dependent risk factor for multiple sclerosis in Norway.
Mult Scler (Houndmills, Basingstoke, England) 19:1028-1034

11. HillertJ, Stawiarz L (2015) The Swedish MS registry—clinical
support tool and scientific resource. Acta Neurol Scand 132:11-19

@ Springer


http://www.socialstyrelsen.se
http://www.socialstyrelsen.se
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

114

Journal of Neurology (2018) 265:108-114

12.

13.

14.

15.

16.

18.

Kurtzke JF (1983) Rating neurologic impairment in multiple
sclerosis: an expanded disability status scale (EDSS). Neurology
33:1444-1452

Lucas RM, Ponsonby AL, Dear K, Valery PC, Pender MP, Tay-
lor BV, Kilpatrick TJ, Dwyer T, Coulthard A, Chapman C, van
der Mei I, Williams D, McMichael AJ (2011) Sun exposure and
vitamin D are independent risk factors for CNS demyelination.
Neurology 76:540-548

Ludvigsson JF, Almqvist C, Bonamy AK, Ljung R, Michaelsson
K, Neovius M, Stephansson O, Ye W (2016) Registers of the
Swedish total population and their use in medical research. Eur J
Epidemiol 31:125-136

Martinelli V, Dalla Costa G, Colombo B, Dalla Libera D, Rubi-
nacci A, Filippi M, Furlan R, Comi G (2014) Vitamin D levels
and risk of multiple sclerosis in patients with clinically isolated
syndromes. Mult Scler (Houndmills, Basingstoke, England)
20:147-155

Menni C, Lowell WE, Bentzen J, Bergamaschi R, Martinelli
Boneschi F, Martinelli V, Bernardinelli L, Stenager E, Davis GE
Jr, Foco L (2012) Short and long term variation in ultraviolet
radiation and multiple sclerosis. Int J Environ Res Public Health
9:685-697

. Munger KL, Zhang SM, O’Reilly E, Hernan MA, Olek MJ, Wil-

lett WC, Ascherio A (2004) Vitamin D intake and incidence of
multiple sclerosis. Neurology 62:60-65

Polman CH, Reingold SC, Banwell B, Clanet M, Cohen JA,
Filippi M, Fujihara K, Havrdova E, Hutchinson M, Kappos L,
Lublin FD, Montalban X, O’Connor P, Sandberg-Wollheim M,
Thompson AJ, Waubant E, Weinshenker B, Wolinsky JS (2011)

@ Springer

19.

20.

21.

22.

23.

24.

25.

26.

Diagnostic criteria for multiple sclerosis: 2010 revisions to the
McDonald criteria. Ann Neurol 69:292-302

Poser CM, Paty DW, Scheinberg L, McDonald WI, Davis FA,
Ebers GC, Johnson KP, Sibley WA, Silberberg DH, Tourtellotte
WW (1983) New diagnostic criteria for multiple sclerosis: guide-
lines for research protocols. Ann Neurol 13:227-231

Pugliatti M, Sotgiu S, Rosati G (2002) The worldwide prevalence
of multiple sclerosis. Clin Neurol Neurosurg 104:182-191
Saastamoinen KP, Auvinen MK, Tienari PJ (2012) Month of
birth is associated with multiple sclerosis but not with HLA-
DRI15 in Finland. Mult Scler (Houndmills, Basingstoke, England)
18:563-568

Salzer J, Svenningsson A, Sundstrom P (2010) Season of birth
and multiple sclerosis in Sweden. Acta Neurol Scand 122:70-73
Sotgiu S, Pugliatti M, Sotgiu MA, Fois ML, Arru G, Sanna A,
Rosati G (2006) Seasonal fluctuation of multiple sclerosis births
in Sardinia. J Neurol 253:38-44

Staples J, Ponsonby AL, Lim L (2010) Low maternal exposure
to ultraviolet radiation in pregnancy, month of birth, and risk of
multiple sclerosis in offspring: longitudinal analysis. BMJ (Clini-
cal research ed) 340:c1640

Torkildsen O, Aarseth J, Benjaminsen E, Celius E, Holmoy T,
Kampman MT, Loken-Amsrud K, Midgard R, Myhr KM, Riise
T, Grytten N (2014) Month of birth and risk of multiple sclerosis:
confounding and adjustments. Ann Clin Transl Neurol 1:141-144
Willer CJ, Dyment DA, Sadovnick AD, Rothwell PM, Murray TJ,
Ebers GC (2005) Timing of birth and risk of multiple sclerosis:
population based study. BMJ (Clinical research ed) 330:120



	A nationwide survey of the influence of month of birth on the risk of developing multiple sclerosis in Sweden and Iceland
	Abstract
	Introduction
	Materials and methods
	Area and population
	The Swedish registries
	The Swedish MS cohort
	The Swedish control cohort
	The Icelandic MS cohort
	The Icelandic control cohort
	Statistical methods

	Results
	The Swedish MS cohort
	The risk of MS according to season and month of birth
	The risk of MS associated with month of birth and latitude
	The risk of MS associated with month of birth and gender
	The risk of MS associated with month of birth and phenotype
	The risk of MS associated with month of birth and early age of MS onset (≤ 30 years of age)
	The Icelandic MS cohort
	The risk of MS according to season and month of birth

	Discussion
	Acknowledgements 
	References




