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Abstract

We analyze how birth month and seasonality of births are associated with health and mortality
above age 50 in Norway. Utilizing the geographic, climatic and socioeconomic diversity of
Norway, we investigate possible pathways linking birth month to mortality at older ages. In
particular, we investigate whether birth month effects in mortality and health operate trough
social mechanisms such as relative age class effects (i.e., educational differences related to
relative age within the school cohort). The analyses use data from the Norwegian population
register that provides detailed information about demographic and socioeconomic character-
istics of the cohorts born prior to 1965. Our results show that Norway is characterized by a
strong seasonal pattern in births. We estimate strong association of birth month with mortality
for the cohorts born between 1900 and 1914, but only for the southern and eastern part of the
country. Controlling for completed level of education does not alter this pattern suggesting
that birth month effects do not reflect differences in relative age class. The geographic pattern
of birth month effects in mortality in Norway suggests that environmental differences such
as exposure to infectious diseases may explain the association of birth month with health and
mortality in late life.

Additional analyses, yet to be completed, will utilize the detailed information on causes
of death, historical patterns on infant mortality and climatic data to further investigate birth
month mortality patterns in Norway.

Preliminary version

1 Introduction

The hypothesis that a person’s month or season of birth has important consequences on events or
outcomes, occurring—often decades—later during adult or even old age, is intriguing and has been
the focus of investigation across different disciplines. Epidemiological studies, for example, ex-
tensively document the association of birth month with diseases of the mental and nervous system
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such as schizophrenia (Davis et al. 2003), autism (Ticher et al. 1996), anorexia (Waller et al. 2002),
Parkinson’s disease (Mattlock et al. 1988), epilepsy (Procopio and Marriott 1998), or multiple scle-
rosis (Miura 1987). In economic and sociological research, birth month has been associated with
performance at school (Helsen et al. 2005; Miller and R. 1967; Thompson et al. 2004) or other
outcomes later in life such as years of completed education or wages (Plug 2001). In this context,
the effect of birth month has been linked to differences in the relative age and the resulting relative
advantages older individuals accumulate over time compared to their younger cohort mates. For
example, students who are oldest in the class attain almost a year more education than the youngest
and as a result have higher wages later in life (Plug 2001).

The focus on birth month effects in demography has been twofold. Demographers have exten-
sively documented the relatively stable seasonal patterns of births across time and regions (Dobl-
hammer et al. 2000; Lam and A. 1994; Lam and Miron 1991; Rogers and Udry 1988) and linked
these patterns to behavioral, social or economic differences across places and populations. In
addition, several attempts have been made to explain the seasonality of births by climatic and pho-
toperiod differences during the year or across time (Cummings 2002, 2003, 2007; Lam and Miron
1996).

Recently, several studies have linked birth month to mortality and differences in life span
(Doblhammer 1999, 2004; Doblhammer and Vauel 2001; Rau 2007). These studies have demon-
strated a very strong association of birth month with the risk of death—individuals born in late
fall and winter (October-December) live longer than those born in the spring and early summer
(April-June). This association is independent of the seasonal distribution of deaths or associated
social differences. Moreover, the reverse pattern has been found in the Southern hemisphere (Dobl-
hammer 2004). Doblhammer et al. (2005) have also shown that the birth month effect persist for
supercentenarians, where it is generally believed that survival to these very old ages is to a large
extent driven by genetic factors (Herskind et al. 1996).

Doblhammer (2004) provides a more general interpretation for the association of birth month
with mortality. Namely, birth month measures variations in the critical environment during preg-
nancy and early infancy such as seasonal nutritional variations, and thus reflects differences in risk
factors that imprint on the early physiological development of the fetus and the small child. Dif-
ferences in the risk of death by birth month are small, but nevertheless persistent and important to
understand since these effects are central to our understanding of how early-life conditions affect
late life outcomes. In particular, the following pathways may link birth month to health in late life:
a) birth month reflects nutritional differences in the in-utero environment; b) birth month reflects
differential exposure to infectious diseases either in-utero or in early infancy; c) birth month may
operate through social mechanisms such as relative age class effect.

The goal of this paper is to shed light on these three possible pathways linking birth month
to late life health by using data from Norway. Norway represents an interesting case to study
patterns in birth month seasonality and its association with mortality for several reasons. First,
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this is the geography of the country and the resulting climatic and photoperiod differences across
regions. The country shares the same latitude as Alaska, Greenland and Siberia, and between
the southernmost point, Lindesnes, and the northernmost point, North Cape, there is a span of
13 degrees latitude which is the same span as from Lindesnes to the Medetirenean Area (see
for example http://www.met.no/english/climate/index.html). Given its long geographical stretch,
the country is characterized by large climatic variations and differences in light intensity across
regions. The most extreme example is the North that has midnight sun during the summer and
no light in the winter months. In addition, the mountainous topography of Norway creates large
climatic variations in relatively short distances. These country’s characteristics are associated with
substantial nutritional, social, economic and behavioral differences across regions. We hypothesize
that these regional variation will result in large differences in the seasonality of births in Norway
and the association of month birth with mortality. In particular, we hypothesize that the largest
variations will be observed in the North of Norway, and the amplitude of seasonal variation will
decrease when moving to the Southern regions.

Historically and at present as well, Norway was characterized by a great economic disparity
across regions with the South representing the economically better developed and more urbanized
areas. In contrast, the North is less populated, had higher mortality, especially infant mortality
(Thorvaldsen 2002), and is poorer than the remaining parts of the country. If the effect of birth
month on mortality reflects in fact differences in nutritional status and nutritional deficiencies, we
hypothesize that its effect would be strongest in the worse-off parts of the country (i.e., the North)
that were historically much more dependent on seasonal nutritional patterns.

If birth month reflects relative age class differences, we would expect that its association with
the risk of death will weaken or even disappear once we control for education in the models. We
will also expect differences in the mean years of education by birth month. The Norwegian data
allow to test this hypothesis.

Last, to the author’s best knowledge, seasonality of births and the effect of birth month on the
risk of death have not been studied in Norway.

2 Data and methods

2.1 Data

The present analyses are based on data from the Norwegian Population Register that includes
individual-level information about everyone who has lived in Norway after 1960. The register
provides detailed information about the demographic and socioeconomic characteristics of all men
and women born after 1965. In order to complement the available data for the older cohorts born
before 1960, a personal identification number was used to link this register to other sources of
information. For instance, data on county of birth for those born before 1960 and their completed
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Table 1: Summary statistics for cohorts born 1900-1914 included in the present study.
Men Women

Total number of observations (1971) 272,014 299,569

Emigrated between 1971-2003 200 162

Deaths (1971-2003) 262,652 273,036

Alive (end 2003) 9,162 26,371
(3%) (8.8%)

education were obtained from the 1960 and 1970 Population Censuses and Statistics Norway’s
Education Register.

The focus of the present analyses is on cohorts born between 1900 and 1914 in Norway. These
cohorts have been followed up from ages 50-65 years1 until the end of 2003, when especially for
the oldest cohorts born in the beginning of the 20th century we have observed more or less their
completed mortality experience.

The sample includes only men and women born in Norway. Those, who were born outside of
the country, but migrated later to Norway, were excluded from the data. In addition, the analyses
are conditional on survival to the end of the year 1970 when the individuals considered in the
present analyses were 55 to 70 years old.2 The analyses for men are based on 272,014 individuals
who were alive in the beginning of 1971. Of these, 262,652 were dead at the end of 2003, 200
have emigrated and only 9,192 (3%) were alive at the end of the observation period. For women,
the respective numbers as following: 299,569 women born between 1900-1914 were alive in the
beginning of 1971 and included in our analysis. Of those, only 26,371 (8.8%) survived until the
end of the observation period in 2003, 162 have emigrated and 273,036 women have died (see
Table 1).

Part of our analyses focuses on regional differences in the seasonality of births and the birth
months effects on mortality. We define five regions based on the municipality of birth—East,
South, West, Central and North, and the regional devision that is used further in this paper is
depicted in Figure 1.

1This corresponds to the age range these cohorts had when the Norwegian Population Register was introduced in
1965.

2This requirement is somewhat arbitrary and based on the fact that we use information on education from the 1970
Population Census which implies that the individuals had to be alive at Census day. Alternatively, we can condition
the analyses on survival to 1965, when the Population register was established. In this latter case however, we will not
have a detailed educational information as the once obtained from the 1970 Census.
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Figure 1: Definition of regions in Norway. Map source: Statistics Norway. Map is available
at: http://www.ssb.no/english/yearbook/2005/kart/fylkesinn.gif. The regional bound-
aries are drawn by the author.
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2.2 Methods

Existing research, (e.g. Doblhammer 2004), has frequently analyzed age-specific mortality rates
for cohorts defined by month of birth by applying different partially non-standard statistical ap-
proaches, where the choice of the method is in part determined by the limitation of the data used in
these previous studies. In this paper, we adopt the uniform event-history approach that optimally
uses the available cohort data for Norway and properly adjusts the analyses for left and right cen-
soring. Besides estimating the effect of birth month on mortality, the event-history approach allows
also including the month-of-year period effects and controlling for the effects of other confounding
demographic and socioeconomic characteristics such as education.

In particular, we estimate a standard event-history model where the baseline mortality hazard is
specified parametrically by a Gompertz function. The Gompertz model is appealing in the present
analysis for several reasons. It has been widely shown that the Gompertz model describes well the
age-specific mortality patterns at older ages where the risk of death increases exponentially with
age. Exploratory analyses (not presented here) have confirmed that the age-specific death rates
of the Norwegian cohorts investigated in this paper follow a Gompertz function and the model
provides a good fit to the Norwegian data.

In addition, using the parameter estimates obtained from the model, we can calculate age-
specific death rates by various demographic and socioeconomic characteristics such as sex, month
of birth and/or education. These rates in turn can be converted to age-specific probabilities of dying
and can then be used to calculated various life table functions such as remaining life expectancy at
age 50 and over.3

Rather then choosing a specific birth month as a reference category, we impose a linear con-
straint on the model specification so that the sum of the coefficients pertaining to the effects of
birth months equals zero. Hence, the birth month coefficients reflect the deviation of the mortality
level observed for a specific birth month from the cohort average.

We also perform a post-estimation test of whether the mean effect from the months March,
April, May and June (i.e., late spring—early summer) is equal to the mean effect of the months Sep-
tember, October, November and December (i.e., late fall—early winter). That is, we test whether
the risk of death for those born in the spring months is statistically different from the risk of death
observed for those born in the fall/early winter months.

We estimate several sets of these event-history models in which we first include only the effects
of birth months and birth cohorts, followed by a model in which we control in addition also for
the effects of current month of calendar year (i.e., period effects); as last in addition to all previous
variables we include level of completed education. All models are estimated sex-specific, for the
entire country or by region.

3This has not been done at the current stage of the analysis, thus results cannot be presented.
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Figure 2: Proportion of births by birth months and cohorts, Norway.

3 Seasonality of births in Norway

In order to draw a preliminary picture of seasonal patterns in the number of births in Norway, we
first focus on the analyses of seasonality of births and its variation across regions and time. Even
though there is no clear agreement what its underlying causes are, it has been often emphasized that
these patterns reflect existing climatic, biological and/or socioeconomic differences across regions
and people. Norway is characterized by substantial variation in these latter factors. Thus, it is of
a particular interest to investigate whether systematic similarities and differences in seasonal birth
patterns persist across geographic regions and to which extent they mirror patterns observed in
other countries.

Figure 2 shows the proportion of births by birth month and 15-years birth cohorts for the entire
country. These analyses are based on data for all individuals born between 1855 to 1963 in Norway.
The estimates combine both sexes as preliminary analyses have shown no differences by sex.

Norwegian birth cohorts born before 1920 are characterized by a peak in the number of births
in the fall months, in particular in September. In sharp contrast to this, younger cohorts born after
1920 experience a peak in the number of births in the spring months, with a second and much more
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Figure 3: Proportion of births by birth months, birth cohorts and regions.

modest peak in September. This shift in the seasonal patterns of births over time is striking given
the fact that the variation in the number of births by season, time and place shows relatively stable
patterns (Rogers and Udry 1988). In contrast to the observations made in other countries (Lam and
A. 1994), Norway underwent a cohort change in the seasonal patterns of births and switched from
the U.S. pattern with a fall peak and April-to-May low to the European pattern with a spring peak.

Figure 3 shows the variation in seasonal fluctuations in births by regions. The cohort trends
described for the whole country, are observed across regions as well, with the exception of the
North. In contrast to all other parts of the country, the Northern region did not experience a switch
in cohort patterns in the seasonality of births historically. Seasonality of births in the North of
Norway, is remarkably stable by birth cohorts, and is characterized by only a modest peak in May
and even a smaller peak in September. Two main features distinguish the North from other parts of
the country. First, although seasonality of births is only modestly pronounced, the North seems to
follow historically the European pattern rather than switching later into it as the remaining parts of
Norway did. Second, the North region resembles most closely the patterns observed for the State
of Washington, U.S., and Canada that are characterized by relatively constant number of births
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from March to July Lam and A. (1994).

4 Birth Month Mortality in Norway

Figure 4 shows the effects of birth month on male mortality for the cohorts born between 1900-
1914. These analyses are based on models that in addition to estimating the effect of birth month
control also for current month of the year (period effect) and 5-years birth cohorts. In this figure,
we also compare whether the birth month effect changes once level of education is considered as a
covariate in the models. The upper left graph in Figure 4 presents the results for the entire country,
while the remaining graphs show the regional variation in the birth month effects across the five
regions we defined for this analysis.

The pattern depicted in the upper left graph indicates that in Norway as a whole country birth
month is associated with mortality in the way it has been shown already in previous studies. In
particular, men born in May and June have higher risk of death compared to the average mortality
observed during the year. Moreover, controlled for education, the statistical significance of this
effects and the depicted pattern remain. In addition, we have tested whether the difference in
mortality between those born in the spring (March to June) and those born in the fall/early winter
months (September to December) is statistically significant and the test confirmed that men born
in the spring have statistically higher risk of death than the fall-born (see Table 5).

Similar pattern in the birth month effects has been observed for the East region that includes
the Oslo area. In particular, the estimates indicate that men born in this region in April have higher
risk of death than the average observed for the year, while the significance for this effect for the
months may and June is borderline significant. Once education is included in the model, only men
born in June have statistically higher risk of death than the average mortality observed across all
months in the year. In the East region, men born in the spring have also statistically higher risk of
death than men born in the fall.

In contrast to this, in none of the other four regions we were able to estimate statistically
significant (at the 5%-level) birth month effects on mortality. The patterns of the birth month
effects for the South, West, Central and North regions are quite erratic and there is no significant
difference between those born in the spring and those born in the fall/early winter months.

With few exceptions, the estimates for women depicted in Figure 6 are similar to the results
shown for men. In Norway as a whole, only women born in September have statistically lower risk
of death than the average mortality observed during the year. In addition, similar to men, women
born in the spring have higher risk than those born in the fall and this difference is statistically
significant at the 5%-level (see Table 5. The same pattern can be found also in the Eastern region.
In this part of the country, however, the risk of death for women born in May is higher than the
observed average during the year, while women born in September have statistically lower risk
of death than the average mortality. The only other region, where birth month has statistically
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Effect of birth month on mortality for male cohorts 1900-1914, Norway
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Effect of birth month on mortality for male cohorts 1900-1914, South
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Effect of birth month on mortality for male cohorts 1900-1914, West
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Effect of birth month on mortality for male cohorts 1900-1914, Central
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Effect of birth month on mortality for male cohorts 1900-1914, North
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Figure 4: Birth month effects on mortality for men, Norway and five Norwegian regions.
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different effect compared to the average mortality is the West, where women born in August have
higher risk of death compared to the average mortality during the year. In all other parts of the
country, no significant birth month effects could be found, independently of whether control for
education was included or not in the models.

5 Discussion

The current paper draws a broad picture of how birth month is associated with demographic out-
comes such as fertility (i.e., seasonality of births) and mortality in Norway. Our results show that
Norway is not an exception from the global picture and there is a strong seasonal pattern in the
distribution of births in the country. What distinguishes Norway from other parts of the world is the
cohort change in this pattern that occurred in the 1930s. The country underwent a dramatic shift
in the seasonal distribution of births switching from the U.S. pattern with a peak in September to
the European pattern with a peak in the Spring. In contrast to our expectations, this change in the
fertility behavior did not occur in the far North of the country. Moreover, the northern region of
Norway is characterized by very modest seasonal patterns in the distribution of births.

Previous research has associated the seasonality of births and its variation across place with
environmental factors such as temperature and photoperiod. In addition, researchers have linked
the seasonal variation in the number of births to differences in marriage patterns, holidays, tem-
poral migration, economic factors such as agricultural cycles, etc. (Lam and A. 1994). The most
reasonable explanation for the time trend in the seasonality of births in Norway is related to eco-
nomic changes in the country, and in particular to the shift from agriculture as the primary source
of living and employment to a heavier industrialization of the country, especially in the southern
regions. Agriculture is associated with strong seasonal pattern of heavy work concentrated within
short period of time (summer—fall months). Assuming that people increased the frequency of
intercourse at the end of the agricultural work cycle, and conditional on the time lag between inter-
course and pregnancy, the September peak of births for the older cohorts can be easily explained.
With progressing industrialization in the country people’s work became less depended on seasons
and thus it may have resulted in a change of intercourse patterns reflected in the change of the
seasonal distribution of births. Why this provides reasonable explanations for the cohort switch
in parts of the country, changes in behavioral and economic factors cannot explain why the North
behaves differently and puts a real puzzle for the researchers. Interestingly enough, the most pro-
nounced patterns in seasonality of births is found in places with extreme changes in temperature
and with extreme latitude. This suggests that it is worth to further explore to which extend the
seasonal patterns observed in the distribution of births are related to differences in temperature for
example. Considering environmental factors may help to solve the puzzle observed in the North.

Birth month is associated with mortality in Norway for the cohorts born between 1900 and
1914. In contrast to our expectations, however, we find this effect being statistically significant
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Effect of birth month on mortality for female cohorts 1900-1914, Norway

-0.05

-0.04

-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

1 2 3 4 5 6 7 8 9 10 11 12

Birth month

Co
ef

fic
ie

nt

Birth month effect Birth month effect controlled for education

Effect of birth month on mortality for female cohorts 1900-1914, East

-0.05

-0.04

-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

1 2 3 4 5 6 7 8 9 10 11 12

Birth month

Co
ef

fic
ie

nt

Birth month effect Birth month effect controlled for education

Effect of birth month on mortality for female cohorts 1900-1914, South
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Effect of birth month on mortality for female cohorts 1900-1914, West
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Effect of birth month on mortality for female cohorts 1900-1914, North
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Figure 6: Birth month effects on mortality for women, Norway and five Norwegian regions.
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only in the eastern and southern part of the country. In particular, we find no association of birth
month with mortality in the North, a region that historically, economically, and geographically
differs substantially from the rest of the country. This finding questions whether the effect of birth
month can be explained through differences in the nutritional patterns of mothers by season. We
anticipate that nutritional patterns in the North in the beginning of the 20th century were much
more seasonably dependent compared to the more industrialized south parts of the region. What
however distinguishes the North is the low level of urbanization, especially in the first half of the
20th century and the much more sparsely concentrated population there. Previous research has
shown that level of urbanization was associated with the spread of infectious diseases. As a result,
we hypothesize that the birth month effect is not related to seasonal differences in nutrition, but
to differences in exposure to infectious diseases during pregnancy. (Crimmins and Finch 2005;
Finch and Crimmins 2004) for example have recently shown early-life infectious effects on old-
age mortality, which provides indirect support for our hypothesis. That is, our results do not reject
that it is the early environment that imprints on adult and old age mortality, but it suggest a different
mechanism of how birth month may be associated with the risk of death. Future research in this
context will focus on the differences by causes of death, infant mortality to find an additional
support for this hypothesis.

Last, including control for education did not alter our estimates and thus contradicts the hy-
pothesis that birth month reflects relative age differences. This hypothesis however is worth inves-
tigating further as we find some indication that those born in the fall months tend to have slightly
higher level of education than those born in th spring.
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