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Abstract

Season of birth is considered to be associated with multiple sclerosis (MS) although some findings opposing to this assump-
tion raise doubts about the seasonality pattern in MS births. The present work synthesizes the evidence of previous published
studies aiming at examining whether the month of birth is associated with a higher number of MS births. Pubmed and Scopus
were systematically searched and a multivariate meta-analysis of case—control studies was conducted. Data of healthy controls
births were retrieved from census reports when not included in the studies. For comparisons, October was set as a reference
month and autumn (September—October—November) as a reference season. The meta-analysis included studies that provided
the number of MS births for each month or season. Twenty-two eligible studies were included in the meta-analysis involving
twenty-four different populations and overall 145,672 MS patients and 75,169,550 healthy controls. The multivariate analysis
supports that MS births in spring are higher compared to autumn [odds ratio (OR) 1.14, 95% confidence interval (CI) 1.04,
1.24]. Univariate analyses confirm the same for April (OR 1.12, 95% CI 1.05, 1.21), March (OR 1.05, 95% CI 1.00, 1.11)
and May (OR 1.07, 95% CI 1.00, 1.14). A reduction of MS births was found in November (OR 0.96, 95% CI 0.93, 0.99).
The month and the season of birth are significantly associated with MS births.
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Introduction

Multiple sclerosis (MS) is an inflammatory disorder of the
brain and spinal cord that damages myelin (the protective
sheath that covers nerve fibers) and axons [1]. This dam-
age causes communication problems between the brain and
the rest of the body, resulting in a wide range of signs and
symptoms including motor, sensory, visual and autonomic
systems. MS is a complex disease of the central nervous
system that just in the last decades has given full clinico-
pathological characterization whereas its etiology remains
unclear [1].
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Previous studies suggest that the etiology of MS involves
genetic susceptibility, lifestyle, environmental exposure
and their interactions [2]. Heritability has been found to
increase the relative risk of MS [3, 4]. The HLA complex
genes and especially the HLA class I and II genes are most
commonly associated with the incidence of MS [2]. Smok-
ing and passive smoking, Epstein—Barr virus (EBV) infec-
tion and infectious mononucleosis, night shift work, obesity
during adolescent, organic solvent exposure, vitamin D level
<50 nM and low sun exposure have been also suggested to
be associated with MS development [2] while smoking has
been found to interact with HLA risk alleles [5].

Maternal sun exposure in pregnancy and the month of
birth in MS patients have significantly attracted the scien-
tific interest. Evidence shows that people born in spring
or in April have increased risk of developing MS later in
life [6-8]. On the other hand, there are studies supporting
that September [9] and December [10] are associated with
MS development or studies failing to find any association
between month or season of birth and MS development [11,
12]. A relatively recent systematic review and meta-analysis
on this topic [13] concluded that people born in April have

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00415-019-09346-5&domain=pdf
https://doi.org/10.1007/s00415-019-09346-5

2816

Journal of Neurology (2020) 267:2815-2822

an increased risk of MS. Contrariwise, October or Novem-
ber presented a reduced risk of MS. These findings altered
when analysis performed in studies conducted in latitudes
lower than 52°. Nevertheless, the studies included in the
meta-analysis had to be published after 2000, to present data
of both MS patients and healthy controls and to provide the
relative risk of MS for each month of birth compared to
the healthy control population. The effect sizes were cal-
culated using the observed and expected MS birth rate for
each month. Overall, only ten studies were included in the
meta-analysis.

The present systematic review and meta-analysis aims to
provide a synthesis of the available evidence on the associa-
tion of month and season of birth with MS. A multivariate
meta-analytic approach was adopted providing effect size
estimates and considering the potential pairwise correlations
between them.

Materials and methods

Eligibility criteria, information sources and search
strategy

The current systematic review and meta-analysis follows
PRISMA statement [14]. Eligible studies were those pro-
viding the number of MS births in each month or season.

Pubmed and Scopus databases were systematically
searched through August 2018 using the following search
terms: season of birth, seasonal birth, birthdate, month of
birth, timing of birth, and multiple sclerosis. The query of
the Pubmed search was ("season of birth" OR "seasonal
birth" OR birthdate OR "month of birth" OR "timing of
birth") AND ("multiple sclerosis"). Duplicate records on
the two databases were removed. Titles and abstracts were
screened to exclude the irrelevant articles. Full-text versions
of the remaining records were retrieved and verified for eli-
gibility. The references of the eligible studies were also scru-
tinized to identify additional studies for inclusion. Studies
were considered in the meta-analysis when they included
sufficient data and examined different populations. In case
of suspected duplicate populations, the study involved in
the meta-analysis was the one with the largest number of
MS births. There were no imposed restrictions related to the
language or the quality of the studies.

Data extraction

Data were extracted by two independent reviewers (K.P. and
P.B.) who retrieved and examined the articles. Potential dis-
crepancies were resolved by consensus. The retrieved data,
if available, included first author’s last name, year of publi-
cation, country, city and latitude of population studied, MS
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patients’ and controls’ characteristics, and the number of MS
patients’ and controls’ births in each month or season. There
were no study exclusions for low-quality data while quality
scoring was not performed [14, 15] to avoid selection bias
and subjective assignments of points. Instead we performed
subgroup and sensitivity analysis as suggested for reporting
in meta-analyses [16].

Additional data and processing

The seasonal number of births of MS patients and controls
were estimated by the monthly data. Seasons were defined
as winter (December, January, February), spring (March,
April, May), summer (June, July, August) and autumn (Sep-
tember, October, November) according to the UK’s official
weather service definition [17]. For countries in the southern
hemisphere, data were adjusted according to warm and cold
periods of the northern hemisphere. Data were extracted
from graphs where necessary.

When latitudinal data or birth data of controls were not
provided, other sources were searched to determine the miss-
ing data. Google maps (https://www.maps.google.com) was
used to estimate the mean latitude of a country or an extent
geographical area. The monthly or seasonal number of births
in the general population was retrieved by national statistics
services and in accordance with the period of MS patient
births where possible. Data of climate annual dry bulb tem-
perature (7, °C) and annual mean sunshine duration (¢,
h) were calculated by summing up the respective monthly
values and were retrieved mainly from online databases
[18-20]. The ¢, was used as a measure of individual’s expo-
sure to sunlight, to consider the cloudiness of each region.

Statistical analysis

The odds ratio (OR) along with the 95% confidence inter-
val (95% CI) was used as a measure of effect to compare
the number of MS births (cases) and control births (gen-
eral population). A multivariate method for meta-analysis
was adopted using the method of moments [21]. October
and autumn (September—October—November) were chosen
as reference month or season. Previously published studies
have reported a lower proportion of MS births in October or
spring than in the other months or seasons [13]. Given that
all the estimates, i.e., ORs were compared against the same
baseline group (October, autumn), we also considered the
potential pairwise correlations between them [22].

Table 1 presents the layout of the data. The details of the
method used in the present meta-analysis are provided as
supplementary material.

The Wald test was used to test whether any of the
log(ORs) is significantly different from zero [23]. Meta-
regression was used to examine the possible relationship
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Table.1 A layout of thehdata Study MS patients Controls
used in the meta-analysis
Period 1 Period 2 Period p Period 1 Period 2 Period p
1 nyyy ny21 Myp1 No11 Noj Nop1
2 Ny N2 Npa No12 LLv5) L)
k ik ok M pk Mok Mook Nopk

The distribution of the various periods, months or seasons of birth (m=1, 2,..., p) is listed for both case—
controls status whereas the different studies (i=1, 2,..., k) included in the meta-analysis are listed in differ-
ent rows. For months p is equal to 12 and for seasons p is 4

between the estimated risk and longitudinal or climate fac-
tors [24].

Univariate methods of meta-analysis were applied to
detect the between-studies percentage of variability and
publication bias. Each month or season was compared to
all the others (i.e., April versus all other months or spring
versus all other seasons). Heterogeneity was evaluated by
the inconsistency index 1) (ranging between 0 and 100%).
Publication bias was detected based on Egger’s statistical
test [25]. Cumulative meta-analysis was used to examine
the potential time trend of the combined estimates over the
years [26] using the ’first vs. subsequent’ method [27] and
generalized least squares (GLS) regression-based test [28].
The impact of each study on the overall meta-analysis esti-
mate was examined by sensitivity analysis.

The analysis was performed using Stata 13 (Stata Cor-
poration, College Station, Texas, USA) and the command
mvmeta for multivariate meta-analysis and meta-regression.
Statistical significance was set at p <0.05.

Results

The literature search in Pubmed and Scopus databases gen-
erated 80 and 82 results, respectively (Fig. 1). Sixteen papers
were additionally identified through the references of arti-
cles. After excluding duplicates, the titles and abstracts of 80
articles were screened and 49 full-text articles were assessed
for eligibility. Overall, 22 studies were included in the meta-
analysis involving 145,672 MS births and 75,169,550 con-
trol births of 24 different populations. Of these, fourteen
were European and ten non-European populations. The stud-
ies of Becker et al. [29] and Fragoso et al. [30] involved pop-
ulations of the southern hemisphere. Fourteen studies were
conducted in latitudes higher than 52°N and eight in lower
than 52°N. Two studies presented seasonal data only [31,
32] and one missed data of autumn months [11]. Table S1
(supplementary material) presents information of the stud-
ies included in the meta-analysis. Overall, monthly analy-
sis included 19 studies involving 21 different populations.

Seasonal analysis included 22 studies involving 24 different
populations.

Monthly (Wald test: p value=0.001) and seasonal (Wald
test: p value =0.007) multivariate meta-analyses using Octo-
ber and autumn as reference month and season produced
significant results (Fig. 2). MS births were found to be asso-
ciated with April (OR 1.12, 95% CI 1.05, 1.21) and spring
(OR 1.14, 95% CI 1.04, 1.24). The results were marginally
significant indicating also an association with March (OR
1.05,95% C11.00, 1.11), May (OR 1.07,95% CI 1.00, 1.14)
and summer (OR 1.08, 95% CI 1.00, 1.17). Lower risk of
MS compared to October was found in November (OR 0.96,
95% CI10.93, 0.99).

Subgroup analysis by hemisphere or among European and
non-European populations yielded similar results with the
overall analysis. Exceptions were the northern hemisphere
group (OR 1.05, 95% CI 1.00, 1.09; Wald test p=0.002)
and the European populations (OR 1.06, 95% CI 1.00, 1.13;
Wald test p <0.001) in which a marginally significant asso-
ciation was found additionally for June. The results related
to the MS births in April (OR 1.11, 95% CI 1.03, 1.19; Wald
test p=0.0013) remained the same when populations in lati-
tudes > 52° were considered. The MS births in November
were found to be related to a lower risk of MS development
(OR 0.94, 95% CI 0.89, 0.99; Wald test p=0.0115) at lati-
tudes <52°.

Meta-regression produced significant effects of 7, in the
contrasts of winter (p=0.042) and summer (p=0.031) ver-
sus autumn (¢, and latitude yield non-significant results).
Considering separately studies conducted in populations of
the northern hemisphere, we found a significant effect of
latitude, T, and ¢, on the number of MS births during all
three seasons (— 0.02</3<0.009, 0.004 <p <0.045). Fig-
ure 3 presents the odds ratios for the comparison of MS
births in the northern hemisphere in spring versus autumn
weighted with the inverse proportion of the variance of an
observation in relation to latitude (Fig. 3a), T, (Fig. 3b) and
ton (Fig. 3¢). The meta-regression performed on populations
in latitudes > 52° showed an effect of 7., on births during
all three seasons (winter f#=— 0.0008, p =0.023; spring
S=-0.0091, p=0.008; summer S=— 0.0086, p=0.018).

@ Springer



2818 Journal of Neurology (2020) 267:2815-2822
Fig. 1 Summary of the number
of records identified, included c Records identified Records identified Additional records
and excluded in the meta-analy- ,g through Pubmed through Scopus identified through
sis (flow diagram) s database searching database searching references of studies
£ (n =80) (n=82) (n=16)
=
[
=
—
— Records after duplicates removed
(n =80)
o0
£
=
o v
] Records screened | Records excluded
(n=98) g (n=49)
—
y
Full-text articles assessed Full-text articles excluded
> for eligibility > for missing data or
3 (n =49) duplicated populations
) (n=27)
w
N Studies included in
qualitative synthesis
(n=22)
°
(7} A 4
°
‘—5_, Studies included in
£ quantitative synthesis
(meta-analysis)
(n=22)
—

Based on univariate meta-analysis and the random
effect model, an MS patient was 1.11 times (OR 1.11, 95%
CI 1.05, 1.18) more likely to be born in April than in the
other months (Fig. 4a). None of the individual studies were
found to be responsible for this association as indicated
by the sensitivity analysis. The I of heterogeneity was
estimated to be 83.0% (p <0.001). The Egger’s test failed
to detect a publication bias producing non-statistically
significant results for the contrast of April versus all other
months (p =0.072). Cumulative meta-analysis indicated a
potential trend over time that was confirmed by ’first vs.
subsequent’ method and GLS regression-based test pro-
duced statistically significant trend (p < 0.001).

The contrast November versus all the other months
(Fig. 4b) yielded a statistically significant OR 0.93 (95%
CI 0.89, 0.97). This result remained unchanged when
sensitivity analysis was performed. The heterogeneity
observed between the studies was moderate (I2 =55.5%,
p=0.001). Egger’s test suggested an absence of publica-
tion bias (p =0.181). A time trend was detected accord-
ing to 'first vs. subsequent’ method (p =0.001) and GLS
regression-based test (p =0.002).
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Considering seasonal analysis, univariate meta-analysis
showed that a MS patient was 1.06 times (OR 1.08, 95% CI
1.03, 1.14) more likely to be born in spring than all the other
seasons (Fig. 5). Sensitivity analysis showed that there is no
single study to change this association. The heterogeneity
was high (?=90.2%, p <0.001). Heterogeneity was slightly
decreased when only European populations (I*=86.7%,
p <0.001) or populations in the northern hemisphere
(?=89.3% p<0.001) were considered. No evidence of pub-
lication bias was detected (p=0.271). A time trend was identi-
fied according to both ’first vs. subsequent” method (p =0.002)
and the GLS regression-based test (p <0.001), suggesting that
earlier studies probably over-estimated the effect.

The results of univariate meta-analysis for March and May
versus all the other months and summer versus all the other
seasons were non-statistically significant.
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examine the relationship between month of birth and MS.
The results suggest that people born in April or in spring
are more likely to develop MS later in life. This relationship
became weaker when two studies conducted in the southern
hemisphere were involved in the meta-analysis. A significant
decrease in births of MS patients was found in November.
A marginally significant result was found for March, May
and summer that seems to be attributed to populations in
latitudes > 52°.

The effect of season of birth was related to latitude, cli-
mate annual dry bulb temperature and sunshine duration in
the northern hemisphere. This effect was limited to sunshine
duration for populations in latitudes > 52°.

Univariate analysis showed that the overall effect was
relatively small, and the heterogeneity was from moderate

Sunlight duration (h)

Fig.3 Logarithm of the odds ratio (LogOR) for the comparison of
the number of MS births in populations of the northern hemisphere
in spring versus autumn and weighted with the inverse proportion of
the variance of an observation versus a latitude, b climate annual dry
bulb temperature (7, °C) and ¢ annual mean sunshine duration (h)

to high which, however, at least partly could be explained
by latitude, climate annual dry bulb temperature and
sunshine duration variations. No publication bias was
detected. Excluding studies one at a time and repeating the
meta-analysis, no single study to change the results was
found. These results remained the same when European
and non-European populations were separately examined
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Study Study
Year of publication OR (95% Cl) Year of publication OR (95% Cl)
Dobrakowski (2017) +— 1.15(1.01,1.31) Dobrakowski (2017) —: 0.95 (0.81, 1.10)
Villar-Quiles (2016) - 1.01(0.83,1.22) Villar-Quiles (2016) -4 0.86 (0.69, 1.06)
Akhtar (2015) —1= 1.01(0.79, 1.29) Akhtar (2015) i 1.24 (0.97,1.58)
Tolou-Ghamari (2015) . = 1.82 (1.55,2.14) Tolou-Ghamari (2015) - 0.56 (0.43, 0.74)
Sidhom (2015) -+ 1.06 (0.91, 1.24) Sidhom (2015) -+ 0.93(0.78,1.11)
Cendrowski (2014) | —— 1.60 (1.22,2.11) Cendrowski (2014) —t 0.86 (0.59, 1.27)
Becker (2013) E-— 1.35(1.16, 1.56) Becker (2013) -*-5 0.80 (0.68, 0.93)
Barros (2013) —T 0.87 (0.61, 1.24) Barros (2013) - 0.97 (0.68, 1.39)
Araki (2013) —r 0.94 (0.76, 1.15) Araki (2013) -4 0.86 (0.69, 1.08)
Fiddes (2013) a 1.05 (0.96, 1.15) Fiddes (2013) b 0.96 (0.87, 1.06)
Fragoso (2013) —— 1.04 (0.79, 1.38) Fragoso (2013) - 0.97 (0.74,1.28)
Menni (2012) - 1.23 (1.07, 1.40) Menni (2012) - 0.89 (0.77, 1.02)
Menni (2012) - 1.21(1.14,1.28) Menni (2012) R 0.91 (0.85, 0.98)
Menni (2012) i 1.00 (0.97, 1.04) Menni (2012) : 0.97 (0.94, 1.00)
Saastamoinen (2012) ~ 1.06 (0.98, 1.14) Saastamoinen (2012) - 0.88 (0.81, 0.96)
Givon (2012) —_— 1.06 (0.84, 1.33) Givon (2012) - 1.09 (0.87, 1.36)
Grytten (2012) + 1.13(1.04,1.22) Grytten (2012) + 0.95 (0.86, 1.04)
Salzer (2010) o 1.02 (0.95, 1.09) Salzer (2010) i 1.05(0.98, 1.14)
Willer (2005) ti 1.00 (0.95, 1.06) Willer (2005) 1 0.91 (0.86, 0.96)
Salemi (2000) — 0.86 (0.67, 1.10) Salemi (2000) -+ 0.96 (0.76, 1.21)
Bharanidharan (1997) i 2.69 (1.24,5.80) Bharanidharan (1997) ———————————— 0.29 (0.04, 2.09)
Overall (I-squared = 83.0%, p = 0.000) (} 1.11(1.05,1.18) Overall (I-squared =55.5%, p =0.001) 0 0.93 (0.89,0.97)
NOTE: Weights are from random effects analysis i NOTE: Weights are from random effects analysis i
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Fig.4 Graphical representation for the result of month of birth versus all other months: a April and b November. CI confidence interval

Fig.5 Graphical representation Study

for the result of season of birth Year of publication
spring versus all other seasons.

CI confidence interval Eliasdottir (2018)
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0.82 (0.65, 1.03)
0.89 (0.78, 1.02)
1.05 (0.99, 1.11)
1.13 (0.94, 1.36)
1.11 (1.01, 1.20)
1.19 (1.14, 1.23)
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Fernandes de Abreu (2009) L 1.12 (0.94, 1.34)
Willer (2005) 3 1.01 (0.98, 1.05)
Salemi (2000) - 0.86 (0.74, 1.00)
Bharanidharan (1997) —_— 1.34 (0.70, 2.58)
Overall (l-squared = 90.2%, p = 0.000) 0 1.08 (1.03, 1.14)
1
NOTE: Weights are from random effects analysis !
T T T
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for studies conducted in the northern hemisphere or in
latitudes > 52°. A significant increase in MS births in
April and a decrease in November were also found in the
study of Dobson et al. who followed a different method of
meta-analysis.
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Given that lower sun exposure and consequently lower
status of vitamin D is strongly suggested to be related
to MS development [33, 34], low maternal sun expo-
sure could be associated with MS development. Vita-
min D levels and sun exposure are seasonally varied and
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intercorrelated making it difficult to determine the effect
of each one on the incidence of MS. Vitamin D lowest
levels are reached during late winter while early spring
is associated with increased activity, clinical severity and
relapse rates of various autoimmune diseases including
MS [35]. A review on vitamin D, ultraviolet radiation and
MS suggests that past high sun exposure may decrease the
risk and the severity of MS probably through both vita-
min D and non-vitamin D pathways [34]. The latitude has
been positively related to MS prevalence among European
populations although exceptions existed among Italians
and northern Scandinavian populations [36]. This was
attributed to gene—environment interactions [36] or some
other factors related to latitude and ultraviolet radiation,
i.e., temperature [34] highlighting the importance of con-
sidering the environmental factors in the incidence of MS.

This work has limitations. The attempt to exclude dupli-
cate data could not be fully successful. The births of MS
patients—cases—and general population—controls—were
not fully matched for year of birth or regional origin [37].
Only two studies were included in the meta-analysis from
the southern hemisphere highlighting the disproportion-
ately high rate of studies conducted in the northern hemi-
sphere. Finally, the exposure to sunlight is related to the
duration and type of outdoor activity apart from the sun-
shine duration. Thus, annual mean sunshine duration could
be a crude measure of exposure to sunlight.

Nevertheless, this study summarizes the evidence of
the published literature. We conducted a thorough search
to identify all eligible studies in the published literature.
We neither excluded any study based on the design nor
imposed any quality restriction as most recent guidelines
advocate against this. An advanced meta-analytic tech-
nique was used to produce reliable and robust results.

In conclusion, this meta-analysis supports that the
month and season of birth is associated with increased
births of MS patients. However, further investigation is
needed involving matched samples and new studies at dif-
ferent locations and latitudes, especially in the southern
hemisphere. The determination of the environmental fac-
tors affecting MS development is indisputably important
since it may contribute to the development of preventive
measure to decrease the incidence of MS.
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