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ABSTRACT

Background: The ratio of female to male (F:M) MS cases varies geographically,
generally being greater in areas of high prevalence. In many regions, including
Canada, rising MS incidence in women has been implied by the marked increase in
F:M ratio.

Methods: We examined the F:M ratio over time in MS patients in the Canadian
Collaborative Study born outside of Canada, with onset post-migration (n=2531). We
compared the trends to native-born Canadians, by region of origin and age at
migration.

Results: Regression analysis showed that year of birth (y.o.b.) was a significant
predictor of sex ratio in immigrants (y > = 21.4, p<0.001 correlation = 0.61). The rate
of change of sex ratio was increasing in all migrant subgroups (by a factor of 1.16 per
10y period, p<0.001), with the steepest increase observed in those from Southern
Europe (1.27/10y, p<0.001). The overall immigrant F:M ratio was 2.17, but varied by
country of origin. It was significantly lower in migrants from Southern Europe
compared to Northern Europe or USA (1.89 vs 2.14 and 2.86, p=0.023 and p=0.0003,
respectively). Increasing age at immigration was associated with decreasing sex ratio
(p=0.041). The sex ratio of individuals migrating <21 was significantly higher than
those migrating >21 (2.79 vs 1.96, p=0.004).

Conclusions: MS Sex ratio in immigrants to Canada is increasing but variable by
region of origin and influenced by age at migration. The findings highlight the

importance of environmental effect(s) in MS risk, which are likely gender-specific.



INTRODUCTION

In many regions around the world the incidence of MS appears to be rising '°.
Although this had been widely ascribed to improved ascertainment, studies in Canada
showed this was a real increase '*; year of birth (y.0.b.) was a significant predictor of
sex ratio over more than 5 decades (p<1.0"). The sex ratio in Canada, once near
unity, is now in excess of 3.21: 1 '*. There is no evidence to suggest decreasing
incidence in males and time to diagnosis did not differ by gender in the CCPGSMS.
The cause for growing female preponderance is not clear, but its speed implicates

changing environment or gene-environment interactions.

As with incidence, MS sex ratio is geographically variable and there are various
regions worldwide that have much lower sex ratios * "compared to Canada and other

high risk regions '

. If a relative under-representation of women is responsible for
lower prevalence in these locations, this could provide insight into the etiology of sex
differences in MS susceptibility and thus the nature of a major environmental factor in
the disease. Furthermore, there appears to be national or geographic discontinuity in

.. .. 20 . . .
rising incidence rates “°, which surely also provides strong clues to its

environmentally driven or origin.

Given the high proportion of recent immigrants from disparate regions, and the
resources of the Canadian Collaborative Project on Genetic Susceptibility to MS
(CCPGSMY), it provides a suitable population to address questions pertaining to
variability in MS sex ratio among immigrants. Within this longitudinal cohort, we
examined the sex ratio of immigrant MS patients, defined by a birthplace outside of

Canada. We asked whether y.o.b. was a significant predictor of sex ratio in



immigrants and if its rate of change differed from Canadian-born patients. We

assessed whether these trends were variable by country of origin, and as MS risk is
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believed to be largely acquired before adulthoo , we compared the impact of age

at immigration on changing sex ratio.



METHODS

Study population

The Canadian Collaborative Project is an ongoing country-wide longitudinal,
population-based study of MS patients in Canada. Detailed information regarding
demographics, family history, and clinical features of disease is collected. Details on
the study design have been previously published »°. At the time of data collection
(March 2008) we identified 2703 CCPGSMS patients who reported their birth outside

of Canada; these subjects are termed ‘immigrants’ for the purpose of this study.

Sex ratio was calculated simply by dividing the number of female MS cases by the
number of male MS cases for each birth year. Five-year moving averages and
corresponding confidence intervals (CIs) were calculated for both immigrant and
Canadian-born CCPGSMS patients. For illustrative purposes, participants with birth
years after 1975 or before 1930 (n=346, mean of 9.2 cases per y.o.b.) are not
displayed in the graph as the number of observations is small, especially in the early

years. The sex ratios for y.o.b.s <1930 and >1975 were 1.76 and 3.76, respectively.

The F:M ratio of the entire Canadian population and all immigrants to Canada was
calculated from Statistics Canada census data (2001 census, www.statcan.gc.ca *°).
172 cases were excluded from analyses because MS onset occurred prior to
immigration to Canada. Information on birth outside of Canada due to short term

vacation, job transfer, or similar short-term departure during mother’s pregnancy was

not available and thus exclusions could not be made on this basis. Nonetheless the


http://www.statscan.ca/

authors have found (unpublished data) this number would be very small based on

actively searching for such cases by place of birth of MS probands.

Region of Origin and Age at Migration

To consider possible effects of the country from which an individual emigrated,
patients were grouped by the following regional categories, selected based on
subgroup sample size: Northern Europe, Europe, USA and Other (n=1279, 480, 355,
and 417, respectively). Over 75% of immigrants immigrated to Canada before the age
of 25 and over 95% migrated before the age of 35. We compared the mean sex ratio
as well as the rate of change of over time in immigrants from the various regions of
origin using the same regression model described for the entire cohort. Approximate
percentage increase per 10 year periods were estimated to provide a comparison for

the rate of change between regions.

Next we examined the effect of age at immigration to Canada. Age and year at
immigration were available for 1547 individuals with MS onset after immigration to
Canada. We first used linear regression modeling to test the association of age at
immigration with the likelihood of being female. Based on the a priori hypothesis that
most MS risk is acquired before adulthood, we then examined the impact of
immigrating to Canada in adulthood versus childhood/adolescence. To select a
dividing age for adulthood a sliding window approach was used to compare the
difference in sex ratios under and over increasing ages at migration. A Bonferroni
correction was applied for multiple testing (n=5: 12y, 15y, 18y, 21y, 24y). The most

significant difference in sex ratio was observed at <21y versus > 21y, which was then



used as a cut-off age for analyses. Due to sample size limitations, it was not possible

to stratify each age of migration category by y.o.b.

Statistical analysis

Given that ratios do not follow a normal distribution, ratios were converted to
proportions for statistical analyses. To test the significance of birth year as a predictor
of sex ratio in immigrant and Canadian-born CCPGSMS cases, we used binomial
logistic regression (n=2531). This modelled the true proportion (Py) of women with
MS born in each year (y) as: In[Py/(1-Py)] = Pintercept + fYOBYy, such that the sex

.. YOB
ratio increases by a factor of ePYo

per 10 year period and the observed number of
female patients (NFy) is distributed as NFy~Binomial (Py, NFy+ NMy), where NMy
is the corresponding number of men with the disease. The likelihood ratio test was
used to assess whether BYOB was significantly different from zero. All logistic
models were analysed in the statistical package R *’. Fisher’s exact and Chi square

tests were used for dichotomous comparisons of number of males versus females by

region of origin and age at migration.



RESULTS

Immigrant versus Canadian-Born MS patients

A total of 1853 female and 850 male MS cases were identified from the CCPGSMS
with birth reported outside of Canada (“immigrants”). After exclusion for MS onset
prior to immigration, the overall F:M ratio is 2.17 (range 1.0 to 4.5, y.0.b.1902 to
1990 n=2531). The mean age of onset was 35 years and the average time between

immigration and MS onset was 19.6 years.

The rate of change of sex ratio in CCPGSMS immigrants by birth year is illustrated
(Figure 1); the increase is gradual, progressive and similar to Canadian-born
participants, albeit with larger variability in the data. Descriptively, it can be seen that
there is considerable year-to-year variation in both groups (Figure 1). There was a
mean of 51 cases per birth year and 217 cases per 5-year moving average block. The
sex ratio by y.o.b. for the entire Canadian population and immigrant population
(census data 2001 *°) are included. No significant deviations from a F:M ratio of unity

were observed in the general and immigrant populations in Canada (Figure 1).

Logistic regression modeling showed that y.o0.b. is a significant predictor of sex ratio
in immigrants to Canada (* =21.4, p<0.001). The Spearman rank correlation value
was 7 = 0.61 (p<0.001), somewhat lower than for the entire CCPGSMS (r = 0.84,
2<0.001). Individual y.o.b. data were used in the regression, not moving averages.
The exponent of the regression beta coefficient (Byo) represents the factor by which
the sex ratio increases every ten years and the values were similar in the immigrants

and Canadian-born individuals (eByOb: 1.157 and 1.113) . ¥ is used to estimate an



approximate overall percentage increase rate in the F:M ratio every 10 years.
Increases of 3.13%/10y for the immigrants, compared to 2.82% /10y for the

Canadian-born individuals were observed for the time studied.

MS onset prior to Immigration

The characteristics of individuals who immigrated to Canada after MS onset differed
expectedly from those with onset post-migration. The mean y.o.b, year of onset, year
of and age at immigration were all higher than individuals with onset post-migration
(Table 1). Conversely, the mean age of onset and year of onset were both lower. The
overall mean sex ratio was 2.31 (n=172) and the correlation of birth year and
proportion of females was much lower (=0.29, p=0.04). There was an average of 7.6

years between clinical onset and immigration to Canada.

Region of Origin

Sex ratio and its rate of change were variable by immigrants’ country of birth.
Participants with MS onset post-immigration (n=2531) were analyzed in four region
of origin categories (Table 2). Immigrants from the USA and Northern Europe had the
highest mean sex ratio, Southern Europe the lowest. We analyzed y.o.b. as a predictor
of sex ratio for each region of origin. A rising sex ratio was observed for all regional
categories, albeit at different rates (Table 2). Only the increases in sex ratio for
Northern Europe and Southern Europe birth region were statistically significant,

likely a limitation of sample size (Table 2). The sex ratio among Southern European

Byob

immigrants, which had the lowest starting point, was increasing most steeply (e

1.27, corresponding to 5.5% increase per 10y period, Table 2).
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Included in the ‘other’ region of origin category were patients from various countries
in South and North America, Asia, Africa, and Australasia (primarily Australia and
New Zealand). This subgroub was diverse, and the regions were variable with respect
to background sex ratios. However, none of these sub-populations were of sufficient
size for separate analyses, and thus grouped together. Immigrants from Africa and the
Middle East had notably lower sex ratios of 2.0 (n=45) and 1.9 (n=66), respectively.
Individuals emigrating from Asia (2.9, n=124) and Australasia (4.0, n=45) had a high

sex ratio.

The largest group of immigrants was from Northern Europe (50.5%). Within this
group approximately 65% reported UK and Ireland as their region of origin (mean
F:M ratio 2.39, n=657). The next largest category was from Southern Europe (19.0%,
mean F:M ratio 1.89, n=480), including Italy, France, Greece, Portugal and former

Yugoslavia accounting for over 60% of this group.

The F:M ratio was significantly lower in Southern European migrants compared to
those from Northern Europe or USA (p=0.023 and p=0.0003, respectively, Fishers
Exact test). The odds ratio for likelihood of being female versus male in those with
Northern European compared to Southern European country of origin was 1.30 (95%

CI1.042to 1.61, p=0.019).

Age at Immigration

There was an obvious inverse correlation between age of immigration and sex ratio;
the earlier the migration, the higher the sex ratio (Table 2). Individuals who migrated

to Canada before their first birthday had a mean sex ratio of 2.9, and before 5 years it

11



was 2.7, slightly higher than the overall CCPGSMS observations (mean ratio 2.4).
Conversely, those migrating after age 35 had a sex ratio of 1.75 and close to unity

above 50 years old. The mean age at immigration was 16.49y (range 0 to 66 years,

mean year 1967, n=1547).

Using regression analysis, we observed that age at immigration was associated with
proportion of Females (p= 0.041). We next examined the impact of immigrating to
Canada in adulthood versus childhood/adolescence, using 21y as dividing age for
adulthood (Table 2). The most significant difference in sex ratio was observed
between those that migrated under age 21 compared to those over and equal to age 21
(Fishers exact test, corrected p=0.004). Descriptively it can be seen that this trend was
similar for all regions of origin (Table 2). However, it was only statistically
significant for Northern Europe and all immigrants combined, likely due to sample

size.

The overall mean F:M ratio in all immigrants who migrated under age 21 was 2.79
(mean y.o.b. of 1951.7) and at or after age 21 was 1.96 (mean y.0.b.1944.3). By
comparison, if we take all individuals born in the early 1950s and early 1940s,
regardless of age at immigration, the respective sex ratios were 2.27 and 2.09 (see
Figure 1). Therefore age at migration appears to be influencing sex ratio
independently of y.o.b, although the extent to which the effects are acting

independently is unclear.
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Table 1. Characteristics of Dataset

CCPGSMS patients . Onset Post- Onset Prior to .

All Inmigrants . - . . . Canadian-born

immigration Immigration

Number 2703 2531 172 26 775
Sex ratio (Female to Male) 218 217 2.31 2.51
Mean y.o.b. 1947 1947 1951 1952
Min-Max mean sex ratio
per y.o.b. 1.0-4.0 1.0-4.5 -- 1.7-4.0
Mean age at Immigration 18.17 16.49 33.3 --
Mean year of immigration 1967 (1918 - 2005) 1965 (1918 - 2004) 1985 (1946 - 2005) --
Mean age of MS onset 34.3 35 25.26 30
Mean year of MS onset 1982 1982 1977 1982
Spearman Correlation r=10.581 r=0.609 r=20.290 r=0.832
(v.o0.b.. - prop of females) p<0.001 p<0.001 p=0.039 p<0.001

Table 2. Variation in female to male ratio by region of origin and age at migration

Mean Age Sex Ratio
Overall Percent at Mean Comparison’r
Mean X increase Migration Y.O.B.
Total  Sex gByep p- F 110yr* <21yl <21yl <21/>21
Region N ratio (95% CI)  value (%) >21y >21y p-value
Re‘;'i'c';ns 2531 2.17 1.16 <0.001 3.13 8.6/ 1951.7/ 2.87/1.96
(109-1.23) 29.3 19443 p=0.004
Northern | 1279 214 1.17 0.001 33 7.9/ 1950.0/ 2.89/1.94
Europe® (1.06-1.28) 28.6 1941.5 »=0.018
Southern | 480 1.89 1.27 <0.001 5.5 8.7/ 1951.7/ 2.33/1.63
Europe’ (1.10-1.45) 28.6 1945.2 £=0.060
USA 355 2.86 1.07 0.466 1.3 9.0/ 1950.4/ 3.61/2.64
(0.89-1.28) 30.1 1948.1 p=0.395
Other 417 2.53 1.04 0.660 0.8 10.3/ 1960.2/ 2.67/2.32
(0.87-1.23) 30.3 1952.9 p=0.367

*e™° (factor by which sex ratio increases per 10y period) and approximate percentage increase per 10y
are derived from regression modelling of y.0.b as a predictor of sex ratio

tFishers exact test, significance threshold p<0.05

*Included in N.Europe: Belgium, Denmark, Germany, Ireland, Netherlands, Norway, Latvia, Poland,
Sweden, Russia, UK, Ukraine. YIncluded in S.Europe: Austria, Bulgaria, Czech Republic, France,
Greece, Hungary, Italy, Portugal, Romania, Spain, Switzerland, former Yugoslavia
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DISCUSSION

Examining the sex ratio of different immigrant groups upon immigration to Canada
considers how environmental effect(s) may impact MS risk and can shed light on the
timing of these effects and changing risk patterns in different regions of the world.
Canada has welcomed over 13 million immigrants since 1901 and in 2006 19.6% of
the population was foreign-born 2°. Combined with the nation-wide ascertainment of a
large proportion of Canadian MS cases by the CCPGSMS, this provided an ideal
opportunity to study the changes in sex ratio of MS patients immigrating to an area of
high MS risk. MS prevalence in Canada is ~240 per 100 000, one of the highest rates

worldwide 2.

Increasing rates of MS incidence, often ascribed to ascertainment bias, improved
detection methods, or study design, have been clearly shown to represent a real
increase in Canada and elsewhere *° *° *!. Sex ratio serves as an internal variable to
measure incidence changes over time within the same study group. Although changes
in diagnostic methods cannot be completely ruled out, it is unlikely to account for
more than a small effect of the observed changes. Presumably any ascertainment
changes over time would be equally applicable to both sexes, at least over the longer

term, and in Canada time to diagnosis does not differ by sex.

Year of birth was found to be a significant predictor of sex ratio in the immigrants and
the rate of change was slightly larger than for the Canadian-born individuals
(increasing by a factor of 1.16 versus 1.11 per 10y period). The rising F:M ratios may

be suggestive of an increasing risk for females in the country of origin, an underlying
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worldwide background increase, or that the female risk is increased upon immigration

to Canada. It may also be a combination of these.

Mean sex ratios and rates of change varied by region of origin. The overall mean sex
ratios were highest for immigrants from the USA, Northern Europe (>60% from UK),
and Australasia, regions which generally have relatively high sex ratios °**. The rate
of increase was steepest for migrants from Southern European countries, although the
overall mean F:M ratio remained relatively low for this group. Mean sex ratios were
also low for Africa (excluding South Africa) and the Middle East, although higher

than previously reported ratios for these regions **°

, suggestive that some female risk
protection is acquired from the country of birth. Overall these findings suggest a
modification of risk upon immigration to Canada which does not complete override
protective effects which may result from genetic background and/or epigenetic effects
3637

, and/or possible environmental factors acting around the time of birth in the

country of origin.

There is evident year to year variation in the increasing sex ratio, which may be
resulting from natural variability and chance, or year-to-year temporal changes in
environmental factors. Comparing peak and nadir y.o.b.’s to other datasets from non-
Canadian patients would be insightful in deciphering these trends. Changes in lifestyle
factors of women could account for the overall increase by birth year, as well as the
variability in rates by birthplace. These include sunlight exposure, timing of
childbearing, increase in women in the workplace, dietary changes, and smoking,
among others. These are alterations that could apply to a given country/region over

time or in the case of immigration, to a given individual whose demographic profile
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changes after emigrating. Upon settling in Canada, many immigrant groups will
experience shifts in demographic characteristics, some of which have been considered
susceptibility factors in MS ***. For some immigrants these include increased socio-
economic status, decreased annual sunshine, living in city/urban area, and higher

. 3839
education level )

The timing of exposure to infection in childhood is also to be considered. Although
not applicable to all immigrant groups, as socioeconomic status improves and
lifestyles change (become more ‘westernized’), an associated decrease in exposure to
certain infections in early life could increase the risk of autoimmune disorders. This
has been previously suggested for individuals in southern USA and Europe, which
have been traditionally more exposed to infections in childhood, but recent

improvements in lifestyle may have decreased the early life exposure ***°.

A higher tendency for females or males to settle in Canada, would serve to inflate or
decrease the ratio. Furthermore, if the proportion of females immigrating over time
was increasing, this would have the effect of an apparent increasing sex ratio, or vice
versa. To control for this variable we investigated Canadian census data on
immigration from 1905 to present *°. We found that the sex ratio in immigrants was

close to unity for most of the time period studied.

The influence of age at immigration to Canada was considered. With the recognition
that environmental factors in MS act at a broad population level, we considered the
impact of being raised in the Canadian environment versus being introduced to it later

in life, presumably after most MS risk is acquired. We observed that earlier ages of
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immigration, of those destined to get MS, were significantly associated with higher
risk of being female versus male. In addition, the sex ratio in immigrants migrating in
adulthood (>21) was significantly lower than in individuals immigrating early in life
(<21). It has been previously reported that earlier age of migration increases
individuals’ risk of MS when migrating to countries with relatively higher MS

222340 Here we found the case to be similar for female risk in Canada.

prevalence
For analyses, adulthood was defined as 21 years, however this does not imply some
critical cut-off age before which all MS risk is acquired. This dividing age was
selected by a methodological approach to determine the immigration age at which
differences in sex ratio were most significant. The overall findings indicated that the
impact on changing female incidence could be extended later than this, and without a
larger sample size it remains challenging to resolve the possibility of critical ages of
MS risk exposure. Another challenge in interpretation of age at immigration effects
on risk is that they are intertwined with the concomitant effect of birth year on sex
ratio; individuals that migrated later in life inherently have an earlier mean y.o.b. than
those with early age at migration. Secondly, it is most likely that the effects
responsible for increasing sex ratio are the same as those influencing higher female
risk with early migration age, limiting the ability to decipher the extent to which they

are acting independently.

It is likely that MS incidence is changing in various countries of origin studied here, if
not worldwide. This makes it difficult to interpret the extent to which the risk effects
altering the sex ratio are specific to Canada. To decipher the reasons for geographical

differences further studies on sex ratio and incidence changes in more regions are
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warranted. This proves difficult in many countries however, as nation-wide access,
consistent methods for serial sampling over time and/or large datasets are not often

available.

The mechanism for the growing female preponderance is still not clear, but it appears
be environmental in nature, perhaps due to gene-environment interactions. It is
notable that epigenetic effects are also often gender-specific. The results of the current
study show that the sex ratio in immigrants to Canada is increasing. This was true
generally of migrants from all regions of origin. The rate of increase was highest in
immigrants of Southern-European origin. The findings suggest that moving to Canada
- an area of relatively high socio-economic status, low seasonal UV exposure,
immigrant distribution mainly in city or urban settings - has effects on MS incidence
in females. Expanding the current study to look specifically at incidence and sex ratio
over time in the regions considered here is a logical future direction. Examining
change, or lack of change, in incidence rates in different regions worldwide could
provide clues as to the nature of environmentally based risk factors. Moreover,
elucidating such environmental influences is a clear step in defining preventable

actions to decrease MS risk.
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Figure 1. Sex ratio and 95% Cls of MS patients that were born outside of Canada (immigrants) by
year of birth from 1930 to 1975 (blue). Logistic regression analysis showed the increasing sex ratio
trend was significant (p<10-°) and Spearman rank correlation was r=0.61 (p<0.001). For comparison,
the sex ratio of Canadian-born MS patients (red), the general population (black,) and the general
Immigrant population in Canada (green line) are illustrated (2001 census, Statistics Canada?8).





