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ABSTRACT Background: A month-of-birth (MOB) effect has been shown in multiple sclerosis (MS).
Methods: Our �2 analyses looked at whether this MOB effect differed by MS phenotype (“bout onset,”
“primary progressive”). Results: The MOB effect was derived from “bout onset” MS patients (May/
November ratio � 1.43; �2 � 17.32, df � 1, p � 0.000032). Conclusions: An unspecified environ-
mental effect in early development can influence both multiple sclerosis susceptibility and phenotype.
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Within multiplex and simplex families, it is common for multiple sclerosis (MS) outcome to
be discordant for the pace of disability accumulation1 as well as for the simplest of divisions
of clinical phenotype, for example, primary progressive MS (PPMS) vs relapsing–remitting/
bout onset MS (RRMS).2 Factors determining MS phenotype have remained unpredictable
and largely obscure with perhaps the exception of gender and age at onset.3 Whereas female
predominance is less pronounced and age at onset is later in PPMS compared with RRMS,
our understanding of even these simple demographics is insufficient to infer a causal or
definitive relationship.4

Given the steep drop-off in concordance for MS outcome between twins and nontwin
siblings,5 it is reasonable to suppose that genes will influence phenotype, but the role of early
life environment in determining this has scarcely been considered. Recent observations of an
increased MS concordance rate for dizygotic twins compared with nontwin siblings from the
same families5 and a maternal parent-of-origin influence6 have pointed to the importance of
gestational and very early life events in determining MS susceptibility. It has not been clear
whether these are genetic or environmental or represent gene–environment interactions.

A factor influencing MS susceptibility that is more clearly environmental in origin has
come from the study of month of birth (MOB) in which significantly fewer MS patients were
born in November and significantly more in May.7

In this article, we examine the relationship between the MOB effect and MS phenotype.
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METHODS Study groups. The Canadian Collaborative
Project on Genetic Susceptibility to MS (CCPGSMS) has
been described in numerous publications.5-7 Here, we fo-
cused on the CCPGSMS index cases for whom MOB was
known for their unaffected siblings. For the analyses, we
separated index cases into the following two groups2: 1)
PPMS: primary progressive (previously “chronic progres-
sive), with at least 1 year of relapse-free progression from
onset of clinical symptoms; 2) RRMS: “bout onset” with the
presence or absence of later progression (secondary progres-
sive MS).

Analyses. MOB data for the Canadian population (Statistics
Canada for 1926 through 1970) and unaffected CCPGSMS sib-
lings of index cases were used as controls in our earlier study,
which led to the work presented here.7 In the current study, the
unaffected sibling control group was divided according to
whether the index case in the sibship had PPMS or RRMS. We
measured the May/November birth month ratios for 1) PPMS
index cases and their unaffected siblings, 2) RRMS and their
unaffected siblings, 3) PPMS index cases and the Canadian pop-
ulation, and 4) RRMS index cases and the Canadian popula-
tion. As the more stringent random selection of only one sibling
control from each family made no difference to results in our
previous publication,7 here we included all unaffected sibs
within sibships studied. The �2 test was used to compare the
counts between groups of interest.

RESULTS Study groups. Index cases. Of 21,062 in-
dex cases with a diagnosis of probable/definite MS
according to criteria8 and a known MOB, sufficient
data were available to classify 14,799 (70.3%) as ei-
ther PPMS (n � 3,334) or RRMS (n � 11,465) with
the remainder being as yet unclassified. These per-
centages are consistent with expectations from nat-

ural history data on MS.1 Some index cases remain
unclassified because they died or were lost to
CCPGSMS follow-up prior to the accumulation of
sufficient data.

Controls: Unaffected siblings of index cases. Complete
information from the CCPGSMS database was
available for 2,230 unaffected siblings of 831 PPMS
index cases and 11,553 unaffected siblings of 4561
RRMS index cases (table).

Control: Canadian population (MOB data in percentage

from Statistics Canada for 1926 through 1970). The table
shows Canadian census data from Statistics Canada
by MOB (number and percentage of the Canadian
population born in each month) over this period
that closely matches the birth years of the
CCPGSMS index cases.

May births: Comparison of frequencies. “Unaffected”
sibling controls. May births for PPMS index cases
and their unaffected siblings did not differ signifi-
cantly (�2 � 1.56, df � 1). Similarly, 9.60% of
RRMS index cases were born in May compared
with 9.42% of their unaffected siblings. This differ-
ence was not significant (�2 � 0.23, df � 1).

Canadian population controls. The 8.79% PPMS in-
dex cases were born in May, not significantly differ-
ent compared with Canadian controls (�2 � 0.30,
df � 1). Also, 9.60% of RRMS index cases were
born in May compared with 9.06% of Canadian
controls (�2 � 4.11, df � 1, p � 0.043).

Table Distribution by month of birth for MS cases by phenotype and controls

MOB
No. (%) PPMS
unaffected siblings

No. (%)
PPMS

No. (%) RRMS
unaffected siblings

No. (%)
RRMS

% Population
controls (1926–1970)

Jan 181 (8.12) 271 (8.13) 932 (8.07) 901 (7.86) 1,096,651 (8.02)

Feb 169 (7.58) 251 (7.53) 797 (6.90) 878 (7.66) 1,032,882 (7.55)

Mar 167 (7.49) 276 (8.28) 984 (8.52) 1,022 (8.91) 1,187,630 (8.68)

Apr 206 (9.24) 298 (8.94) 1,038 (8.98) 982 (8.57) 1,168,350 (8.54)

May 218 (9.78) 293 (8.79) 1,088 (9.42) 1,101 (9.60) 1,238,935 (9.06)

Jun 166 (7.44) 268 (8.04) 969 (8.39) 969 (8.45) 1,202,046 (8.79)

Jul 180 (8.07) 297 (8.91) 1,011 (8.75) 1,044 (9.11) 1,193,942 (8.73)

Aug 186 (8.34) 305 (9.15) 970 (8.40) 961 (8.38) 1,156,480 (8.46)

Sep 184 (8.25) 287 (8.61) 964 (8.34) 976 (8.51) 1,157,627 (8.47)

Oct 196 (8.79) 249 (7.47) 937 (8.11) 940 (8.20) 1,114,282 (8.15)

Nov 171 (7.67) 254 (7.62) 938 (8.12) 768 (6.70) 1,050,758 (7.68)

Dec 206 (9.24) 285 (8.55) 925 (8.01) 923 (8.05) 1,075,868 (7.87)

Total 2,230 (100) 3,334 (100) 11,553 (100) 11,465 (100) 13,675,451 (100)

May/Nov ratio 1.27 1.15 1.16 1.43 1.18

MS � multiple sclerosis; MOB � month of birth; PP � primary progressive; RR � relapsing-remitting.
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November births: Comparison of frequencies. Un-

affected sibling controls. The frequency of PPMS index
cases born in November did not differ significantly
from their unaffected siblings (�2 � 0.005,
df � 1) (data not shown in table). In contrast,
6.70% of RRMS index cases were born in Novem-
ber, significantly less than the 8.12% for their unaf-
fected siblings (�2 � 16.92; df � 1; p � 0.000039)
(table).

Canadian population controls. RRMS index cases
were significantly less often born in November
(6.70%) compared with controls (7.68%) (�2 �
15.67, df � 1, p � 0.000076). In contrast, the fre-
quency of November births among PPMS index
cases (7.62%) did not differ significantly from con-
trols (7.68%) (�2 � 0.02, df � 1).

MOB distributions: May/November birth ratio. The
May/November birth ratios for RRMS, PPMS, and
Canadian controls were 1.43, 1.15, and 1.18, respec-
tively. There was a significant difference between
the birth ratios for RRMS and Canadian controls
(�2 � 17.32, df � 1, p � 0.000032), with the former
group being born less often in November. The birth
ratios for PPMS and Canadian controls were nearly
identical (�2 � 0.065, df � 1). The birth ratios for
PPMS and RRMS differed significantly (�2 � 4.95,
df � 1, p � 0.026). The May/November birth ratios
for the unaffected siblings of PPMS index cases and
RRMS index cases were 1.27 and 1.16, respectively
(�2 � 0.72, df � 1). There was a significant differ-
ence between the birth ratios for RRMS and their
unaffected siblings (�2 � 10.70, df � 1, p �
0.00107), again with the RRMS being less often
born in November. The May/November ratios for
PPMS and their unaffected siblings were very simi-
lar (�2 � 0.56, df � 1).

DISCUSSION The data presented here for Canada
demonstrate that the November nadir previously re-
ported for MS susceptibility is derived entirely from
individuals with RRMS. These data as well as our
earlier work1 now demonstrate that MS phenotype
and susceptibility are likely influenced by factors
that must occur during gestation or very shortly af-
ter birth. Taken together, the two Canadian studies
on MOB and MS demonstrate that in a geographic
area characterized by distinct seasonality, early life
environmental factor(s) can influence both disease
susceptibility and clinical course. These observa-
tions are not easily explained at present, although
we have proposed a role for a broad population fac-
tor. Maternal vitamin D deficiency and some other
sunlight-related effect in the genesis of the MOB ob-
servations are plausible candidates.7 Nevertheless,
these remain hypotheses, and there are undoubtedly

other mechanisms by which birth timing might in-
fluence or be associated with both MS susceptibility
and outcome. However, “gender” and “age at on-
set” aside, this may be the first observation to make
a meaningful differentiation among risk factors for
PPMS and RRMS.

These findings are consistent with the findings of
a recent Sardinian study9 in which space clustering
was significant in early childhood but most mark-
edly in individuals who had bout onset or RRMS.
As well, a changing sex ratio strongly related to year
of birth has been reported for this same Canadian
population.10

ACKNOWLEDGMENT
The Canadian Collaborative Study Group includes J.J.-F. Oger, D.W.
Paty, S.A. Hashimoto, V. Devonshire, J. Hooge, J.T. Traboulsee (Van-
couver), L. Metz (Calgary), S. Warren (Edmonton), W. Hader (Saska-
toon), R. Nelson, M. Freedman (Ottawa), D. Brunet (Kingston), J.
Paulseth (Hamilton), G. Rice, M. Kremenchutzky (London), P.
O’Connor, T. Gray, M. Hohol (Toronto), P. Duquette, Y. Lapierre
(Montreal), J.-P. Bouchard (Quebec City), T.J. Murray, V. Bhan, C.
Maxner (Halifax), W. Pryse-Phillips, and M. Stefanelli (St. Johns).

Received July 10, 2006. Accepted in final form February 12,
2007.

REFERENCES
1. Ebers GC, Koopman WJ, Hader W, et al. The natural

history of multiple sclerosis: a geographically based study:
8. Familial multiple sclerosis. Brain 2000;123:641–649.

2. Lublin FD, Reingold SC. Defining the clinical course of
multiple sclerosis: results of an international survey. Na-
tional Multiple Sclerosis Society (USA) Advisory Com-
mittee on Clinical Trials of New Agents in Multiple
Sclerosis. Neurology 1996;46:907–911.

3. Bulman DE, Sadovnick AD, Cripps J, Ebers GC. Age of
onset in siblings concordant for multiple sclerosis. Brain
1991;114:937–950.

4. Tremlett H, Devonshire V. Is late-onset multiple sclerosis
associated with a worse outcome? Neurology 2006;67:
954–959.

5. Willer CJ, Dyment DA, Sadovnick AD, Risch NJ, Ebers
GE. Twin concordance and sibling recurrence rates in
multiple sclerosis. Proc Natl Acad Sci USA 2003;100:
12877–12882.

6. Ebers GC, Sadovnick AD, Dyment DA, et al. Parent-of-
origin effect in multiple sclerosis: observations in half-
siblings. Lancet 2004;363:847–850.

7. Willer CJ, Dyment DA, Sadovnick AD, et al. Timing of
birth and risk of multiple sclerosis: population based
study. Br Med J 2004;330:120–124.

8. Poser CM, Paty DW, Scheinberg L, et al. New diagnostic
criteria for multiple sclerosis: guidelines for research pro-
tocols. Ann Neurol 1983;133:227–231.

9. Pugliatti M, Riise T, Sotgiu MA. Evidence of early child-
hood in the susceptibility period in multiple sclerosis:
space-time cluster analysis in a Sardinian population. Am
J Epidemiol 2006;164:326–333.

10. Orton SM, Herrrera BM, Yee I, Sadovnick AD, Ebers GC
for the Canadian Collaborative Study Group. Increasing
sex ratio of multiple sclerosis in Canada. Lancet Neurol
2006;5:932–936.

62 Neurology 69 July 3, 2007


