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The idea of fetal origins of adult
degenerative diseases and early-life
programming of late-life health and
survival is being actively discussed in the
scientific literature (Lucas, 1991;
Barker, 1992; 1998; Kuh & Ben-
Shlomo, 1997; Leon et al., 1998; Lucas
et al., 1999; Blackwell ez al., 2001). The
historical improvement in early-life
conditions may be responsible for the
observed significant increase in human
longevity through the process called
‘technophysio evolution’ (Fogel &
Costa, 1997; Fogel, 1997; 1999). Addi-
tional arguments suggesting the impor-
tance of early-life conditions in later-life
health outcomes are coming from the
reliability theory of aging and longevity
(Gavrilova, Gavrilova, 1991; 2001a).
According to this theory, biological
species (including humans) are starting
their lives with extremely high initial
load of damage, and, therefore, they
should be sensitive to early-life condi-
tions affecting the level of initial damage
(Gavrilova, Gavrilova, 1991; 2001a). All

Acknowledgments

The results of this study were presented at the
2001 Annual meeting of the Social Science and
History Association and we would like to thank
the participants of this meeting as well as

these ideas require further testing, more
studies, and more data.

There are two major goals in this
exploratory study: (1) To find out
whether early-life conditions may have
significant effects on adult lifespan. We
also tried to determine whether our data
set on European aristocratic families
could be useful to explore the role of
early-life conditions, and to be used in
future more detailed studies. (2) To
determine whether early-life conditions
may have significant effect on sex
disparities in adult health and longevity.
These sex disparities are well docu-
mented (Van Poppel, 2000), but they
still have to be explained and fully
understood. For example, the following
research question could be posed: are
the long-lasting effects of early-life
conditions identical for both sexes, or,
on the contrary, they are sex-specific?
This question stimulated us to conduct
this study on the sex specificity of the
effects of early-life conditions on adult
lifespan.

three anonymous reviewers for valuable
comments and suggestions.

We are most grateful to Mr. Brian Whiteley for
useful editorial suggestions. We would also like to
acknowledge partial support from the National

Institute on Aging grants.

177



NATALIA S GAVRILOVA, LEONID A. GAVRILOV, GALINA N. EVDOKUSHKINA, VICTORIA G. SEMYONOVA

The study of sex differences has also
important methodological implications
for research work on early-life effects.
This is because in many cases the avail-
able data sets are limited in their size
and/or the studied outcomes are rare
events, thus creating a temptation to pool
the data for both sexes together in order
to increase the statistical power (Black-
well ez al., 2001). It is important, there-
fore, to find out whether gender differ-
ences in response to early-life conditions
are indeed similar (so that the data could
be pooled together with simple adjust-
ment for sex just by one indicator vari-
able), or they are fundamentally and
qualitatively different (so that each sex
should be studied separately).

In this study we addressed these scien-
tific  problems (fundamental and
methodological) by studying the effects
of early-life conditions on adult lifespan
of men and women separately, using the
methodology of historical prospective
study of extinct birth cohorts. We found
significant sex differences in adult lifes-
pan responses to early-life conditions
that justify the need for further full-scale
research project on related topic.

DATA AND METHODS

Main Data Source

In this study we collected, computer-
ized, cross-checked and analyzed the
detailed genealogical records on lifespan
of over 16,000 adult persons (8,052
men and 7,979 women survived by age
30) and their parents, using particularly
reliable and complete data on European
royal and noble families for extinct birth
cohorts (born 1800-1880). The main
advantage of these data is their high
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accuracy, reliability and completeness
(to be discussed later). Another advan-
tage of this kind of data is the relative
homogeneity of this Caucasian popula-
tion regarding social class and educa-
tional background. Since this privileged
social group lived in favourable condi-
tions for many centuries, one could
expect less influence of adverse social
factors (poverty, for example) on life
span and hence lower bias caused by
these factors. This kind of data allows us
to minimize the social heterogeneity of
the population under study. Thus,
although the sample analyzed in this
study does not represent the whole
human population (as laboratory
animals do not represent species in the
wild), it is one of the best possible
samples to test biodemographic hypo-
theses since the effects of population
heterogeneity are minimized with regard
to social status.

The database on European royal and
noble families (a family-linked database)
was developed as a result of 6 years of
our continued efforts because of exten-
sive data cross-checking and data quality
control. The earlier intermediate
versions of this database were already
used in our previous studies (Gavrilov,
Gavrilova, 1997a; 1997b; 1999a;
2000a; 2001b; Gavrilov et al., 1997;
Gavrilova, Gavrilov, 2001; Gavrilova ez
al., 1998). To develop this database we
have chosen one of the best professional
sources of genealogical data available—
the famous German edition of the
"Genealogisches Handbuch des Adels"
(Genealogical Yearbook of Nobility).
This edition is known world wide as the
"Gotha Almanac" "Old Gotha"
published in Gotha in 1763-1944, and
"New Gotha" published in Marburg

since 1951 (see Gavrilova, Gavrilov,
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1999, for more details). Data from the
Gotha Almanac were often used in early
biodemographic studies of fertility (see
Hollingsworth, 1969, 199-224, for
references) and proved to be useful now
in the studies of human longevity
(Gavrilov, Gavrilova, 1997a; 1997b;
1999a; 2000a; 2001b; Gavrilov ez al.,
1997; Gavrilova, Gavrilov, 2001;
Gavrilova et al., 1998).

Each volume of the New Gotha
Almanac contains about 2,000 genealogi-
cal records dating back to the xtv&-xvi®
centuries (to the founder of a particular
noble genus). More than 100 volumes of
this edition are already published, so more
than 200,000 genealogical records with
well-documented genealogical data are
available from this data source. The high
quality of information published in this
edition is ensured by the fact that the
primary information is drawn from the
German Noble Archive (Deutsches Adel-
sarchiv). The Director of the German
Noble Archive (Archivdirektor) is also the
Editor of the New Gotha Almanach. Our
own experience based on cross-checking
the data, has demonstrated that the
number of mistakes (mostly misprints) is
very low in the "New Gotha Almanac"
(less than 1 per 1000 records), so this
source of data is very accurate compared to
other published genealogies.

The information on noble families in
the New Gotha Almanac is recorded in a
regular manner. The description of each
particular noble genus starts with infor-
mation on 2-3 generations of founders of
male sex only. Then three to four the most
recent generations are described in more
detail, including information on individ-
uals (e.g., first and last names; event data:
birth, death, marriage dates and places;
descriptive data: noble degrees, occupa-
tion if available, information on death

circumstances if available), information
on parents (e.g., first and last names;
event data: birth and death dates and
places), information on spouses (e.g., first
and last names; birth and death dates and
places; first and last names of parents) and
information on children (detailed as for
each individual).

The process of data computerization
is not yet completed—instead this is an
ongoing project because of tremendous
amounts of published data available for
further computerizing. The present
study represents, therefore, our interme-
diate findings.

Supplementary Data Sources

Some other supplementary sources of
data were used in the development of
database. These data sources included:
(1) computerized database on European
royalty named "Royal92" and distrib-
uted on the Internet by Brian C.
Tompsett at University of Hull, UK; (2)
computerized database on British Peer-
age distributed on CD by S&N Geneal-
ogy Supplies; (3) relevant computerized
data for European aristocratic families
available in World Family Tree Archive
CDs (Gavrilova, Gavrilov, 1999); (4)
over 100 genealogical publications on
Russian  nobility listed elsewhere
(Gavrilov et al., 1996).

These data were used as a supplement
to the main data source since their qual-
ity was not as high compared to the
Gotha Almanac. Although data on
European royalty were recorded in
computerized data sources ("Royal92",
British Peerage CD, see above) with
sufficient completeness, data on lower
rank nobility (landed gentry) were less
complete and accurate. The same was
true for the data on Russian nobility. All
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supplementary data were matched with
the Gotha Almanac data, in order to
cross-check the overlapping pieces of
information. This cross-checking proce-
dure allowed us to increase the
completeness of the database by
complementation of information taken
from different sources.

The Structure of the Genealogical
Database

The database approach used in this
study is similar to the approach used for
existing family-linked databases, such as
the Utah Population Database (Skolnick
et al., 1979), Laredo Epidemiological
Project (Buchanan ez al., 1984) or other
historical databases (Gutmann ez a4l.,
1989).

Each record in the database represents
an individual’s event data (birth and
death dates and places) and individual’s
descriptive information, that is, identifi-
cation number, sex, first and last names,
nobility rank, occupation, birth order,
cause of death (violent/nonviolent),
ethnicity, marital status, data source
code number, data source year of publi-
cation. Individual information is
supplemented by data for parents (iden-
tification numbers, first and last names,
birth, death and marriage dates, cause of
death) and spouses. Thus, the database
that is used in this project is organized
in the form of triplets (referred to as the
"ego" and two parents). This structure
of records is widely used in human
genetics and is adequate for studies of
parent-child relationships. Similar data-
base structure was used in the recent
study of kinship networks (Post ez al.,
1997).
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Data Quality Control

Data quality control was an important
part of our study designed to develop
high quality family-linked database and
to use it for scientific research.

The genealogical data sources were
checked for the following: (1) complete-
ness, in reporting birth and death dates,
which is crucial for calculating individual
life span, the variable of particular inter-
est in our study; (2) accuracy, whether the
percentage of mistakes and inconsisten-
cies between reported dates (such as, for
example, birth by the dead mother) is
low enough to be acceptable; (3) represen-
tativeness, whether the characteristics of
investigated data sets (distribution by
age, sex, marital status, age at death, etc.)
is close to demographic characteristics of
populations in similar geographic areas,
historical periods and social groups. In
our study we referred to the well-known
publication by Thomas Hollingsworth
(1962) on British peerage as a standard
for European aristocracy, to check for
data representativeness.

The completeness in birth and death
dates reporting in the New Gotha
Almanac was very high: dates of all vital
events were reported for nearly 95% of
all persons. Such high completeness is
not common for many other genealogi-
cal data sources. For example, for British
Peerage data published by Burke
almanac in most cases there are no birth
dates for women, which makes calcula-
tion of their life span impossible. In fact,
this problem (with British aristocratic
women) was first noticed a century ago
by Karl Pearson (Beeton and Pearson,
1899, 1901). He used the British Peer-
age data to study the longevity inheri-
tance and had to exclude women from
his consideration for the following
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reason: "The limitation to the male line
was enforced upon us partly by the prac-
tice of tracing pedigrees only through
the male line, partly by the habitual reti-
cence as to the age of women, even at
death, observed by the compilers of
peerages and family histories." (Beeton
and Pearson, 1901, 50-51)

The accuracy of data published in the
New Gotha Almanac is also very high:
the frequency of inconsistent records is
less than 1 per 1000 records while for
many other genealogical data sources it
falls within 1 per 300-400 records.

As for representativeness, the comparison
of our data with Hollingsworth's analysis
of British peerage (Hollingsworth, 1962)
revealed good agreement between his
findings and our data on mortality
patterns, including male/female gap in
life expectancy (up to 7-10 years of female
advantage in lifespan).

The genealogies for the members of
European aristocratic families presented
in the "Gotha Almanac" are of descend-
ing type, tracing almost all the descen-
dants of relatively few founders. This is
an important advantage of this data
source over other genealogies that are
often of ascending type (pedigrees). It is
known in historical demography that
the ascending genealogies are biased,
over-representing more fertile and
longer-lived persons who succeed to
become ancestors, and for this reason
such genealogies should be treated with
particular caution (Jetté and Charbon-
neau, 1984; Fogel, 1993).

Another important advantage of this
data set is that the data are not spoiled by
selective emigration (common problem
for local registers), because every person is
traced undil his/her death in this data set.

Thus, the genealogical data published
in the Gotha Almanac are characterized

by high quality and accuracy. We have,
however, encountered two problems
regarding the data completeness, which
are discussed below, along with
proposed solutions.

Censored, truncated observations and
missing death dates

Our study revealed that the percent-
age of cases with unreported death dates
is rather small in our main data sources
(Gotha Almanac), and is caused mainly
by right censoring of long-lived persons
who were still alive by the date of data
collection and publication. The percent-
age of non-reported death dates varies
from 0 to 7% in extinct birth cohorts
(1800-1880), while it is higher in later
birth cohorts (1880-1899)—23% for
women and 8% for men, since some
individuals were still alive by the date of
data collection and volume publication.
Note that women, who live longer, have
a higher proportion of right-censored
observations. The high proportion of
censored observations in genealogies is
not desirable, since the exact dates of
censoring are often unknown. This
uncertainty creates problems for data
analysis, so the researchers working with
genealogies prefer to use non-censored,
extinct birth cohorts in their studies
(Mayer, 1991; Pope, 1992; Kasakoff and
Adams, 1995). We also used extinct
(non-censored) birth cohorts in our
study. For this purpose only those birth
cohorts were used in the study that were
born at least 100 years before the year of
data publication (to be sure that the
birth cohort under study is almost
extinct). In addition to that, we focused
our study on old cohorts born in 1800-
1854 to exclude censored data from the
analysis whenever possible.
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Underreporting of women and children

In many genealogical books and data-
bases non-married women as well as chil-
dren died in infancy are often missed or
reported with less completeness. Since
genealogical records are focused on
family names which are transmitted by
males only, women could be lost in
genealogies when they marry and change
their family names (Hollingsworth,
1976). Also, in many cases data for
women do not contain information on
their birth and death dates resulting in
biased sex ratio in the sample with
complete dates. We have also encoun-
tered this problem in our studies
although for somewhat different reason.
Our analysis revealed that the main cause
of the sex bias in the New Gotha
Almanac is related to the manner of data
representation: more recent generations
are presented completely, while the
earlier generations are limited mainly to
the male ancestors (in order to avoid
repetitive publication of individuals
already presented in previous volumes).
That is why, the sex ratio among early
birth cohorts (1800-1860) is biased in
favor of males while for more recent birth
cohorts (1880-1899) it is within normal
range. Since in our previous studies the
most recent volumes of the New Gotha
Almanac (published after 1980) were
computerized and analyzed (in order to
avoid censoring), the proportion of males
in extinct birth cohorts (early genera-
tions) was substantially higher than
expected (Gavrilov, Gavrilova, 1997a; b;
1999a; 2000a; 2001a; Gavrilov ez al,
1997; Gavrilova ez al., 1998)). Sex bias is
an important issue, particularly when
gender differences are studied (as it is
done in the present study). Therefore,
every effort is made to ensure that the
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data set used in this particular study is
sex-balanced (Table 1).

Data presented in Table 1 demonstrate
no significant sex bias in our data set.

The underreporting of children who
died in infancy may be also a serious
problem, especially for studies that
include fertility analysis. Fortunately, in
the Gotha Almanac the families that
belong to the higher nobility rank
(kings, princes, earls) are described with
remarkable completeness. In particular,
all ever born children are recorded,
including those who died the same day
when they were born. Another indicator
of data completeness is the normal sex
ratio at birth (101 to 108) observed
among these families (based on analysis
of our sample). In our database, over 90
aristocratic genuses belonged to the
upper nobility were recorded comple-
tely, although data for lower rank nobil-
ity were not yet completed. Underre-
porting of children is not a problem for
this particular study that is focused on
adult life span for those who survived by
age 30 years.

Analytical Methods

Since the data collected for this study
are characterized by remarkable accuracy
and completeness, it was possible to
apply simple and straightforward meth-
ods of data analysis without making
heavy assumptions. In particular, since
the length of life is known for every
person (there were no right censored
observations) it was possible to analyze
the duration of life directly as a depend-
ent, outcome variable in multivariate
regression model. There was no need to
apply the Cox proportional hazard model
and to make a heavy assumption about
multiplicative effects of co-variates on
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hazard rate. Instead, the persons' lifespan
is studied directly as a dependent
outcome variable and a function of other
explanatory and potentially confounding
predictor variables (see below).

In this study we applied a multivari-
ate regression analysis with nominal
variables, which is a very flexible tool to
control for effects of both quantitative
and qualitative (categorized) variables.
This method also allows researchers to
accommodate for complex non-linear
and non-monotonic effects of predictor
variables. The beauty of this method is
that it does not require any assumptions
about the analytical function describing
the effects of predictor variables.
Instead, the model allows researchers to
calculate directly a conditional mean
lifespan in a group of individuals with a
particular set of predictor variables
values. The regression coefficients
obtained in this model (named as
differential intercept coefficients) have
a clear interpretation of additional years
of life gained (or lost) due to change in
a particular predictor variable.

We applied the methodology of
prospective historical study to the data
for extinct birth cohorts, free of
censored observations. We focused our
study on old cohorts born in 1800-
1854, for which secular changes in life
expectancy were minimal. We also
tested a long list of explanatory and
potentially confounding variables
(described below) to avoid possible
artifacts.

Life span of adult (30 +) progeny
(sons and daughters separately) was
considered as a dependent outcome
variable in multivariate regression
with dummy (0-1) variables using the
SAS statistical package (procedure
REQG).

In this study we used the following

multivariate model:
Ji=Po+Prxi+ri

The independent predictor variables
included 14 types of binary variables:

(1) calendar year of birth (to control
for historical increase in life expectancy
as well as for complex secular fluctua-
tions in lifespan). The whole birth year
period of 1800-1854 was split into 5-
year intervals (11 intervals) presented by
11 binary (0-1) variables with reference
level set at 1850-1854 birth years. For
data set of more recent birth cohorts
(born in 1855-1880) five 5-year inter-
vals were used with reference level at
1875-1880 birth cohort.

(2) maternal lifespan (to study mater-
nal lifespan effects through combined
genetic effects and shared environment).
The maternal lifespan data were
grouped into 5-year intervals (14 inter-
vals) with the exception of the first (15-
29 years) and the last (90 + years) longer
intervals with small number of observa-
tions. The data were coded with 13
dummy variables with reference level set
at 55-59 years for maternal lifespan.

(3) paternal lifespan (to study paternal
lifespan effects through combined
genetic effects and shared environment).
The data were grouped and coded in a
way similar to maternal lifespan (see
above).

(4) maternal age when a person
(proband) was born. This variable is used
to control for possible confounding
effects of maternal age on offspring lifes-
pan. The data for mother's age were
grouped in 5-year intervals (6 intervals
to cover the age range of 15-60 years)
with the exception of the last longer
interval of 40 + years with small number
of observations. Maternal age of 25-29
years is selected as a reference category.
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(5) father's age when a person was born.
This explanatory variable is used to
study paternal age effects on offspring
lifespan. The data were grouped and
coded in 5-year intervals (9 intervals to
cover the age range of 15-80 years) with
the exception of the first (15-24 years)
and the last (60-79 years) longer inter-
vals with small number of observations.

(6) birth order. This variable is repre-
sented by 8 binary variables with the
first birth order initially taken as the
reference level.

(7) nationality. The nationality of
individual is represented by a set of 6
categories—Germans, British, Italians,
Poles, Russians and 'others'. Germans
(the largest group in our sample) is
selected as a reference group.

(8) cause of death ('extrinsic' versus
'natural’). The death is coded as extrin-
sic or premature in the following cases:
(1) violent cause of death (war losses,
accidents, etc.), (2) death in prison and
other unfavorable conditions (concen-
tration camp, etc.), (3) death from acute
infections (cholera, etc.) and (4) mater-
nal death (for women only). Deaths
from all other causes combined were
considered as a reference outcome. The
proportion of reported ‘extrinsic’ deaths
in our data set was about 5% for males
and about 1% for females.

(9) loss of the father in the formative
years of life (before age 10). This is a
binary variable coded as 1 when father
was lost before the age 10 and coded as
zero otherwise.

(10) loss of the mother before age 10.
This binary variable is coded as 1 in
those cases when mother was lost before
the age 10 and coded as zero otherwise.

(11) month of birth. This variable was
included into analysis, because previ-
ous studies indicated that month of

184

birth may be an important predictor of
adult lifespan (Gavrilov, Gavrilova,
1999a; Doblhammer, Vaupel, 2001),
particularly for daughters (Gavrilov,
Gavrilova, 1999a). This variable was
represented as a set of 11 dummy vari-
ables with those born in February
considered as a reference group. The
main focus of this particular study is on
sex-differences in the month-of-birth
effects that were not well studied
before.

(12) death of sibling before age 18. This
variable was included into analysis,
because previous studies demonstrated
that death of siblings during childhood
may be an important predictor of late-
life mortality (Alter ez al., 2001). This
binary variable is coded as 1 in those
cases when at least one sibling died
before age 18 and coded as zero other-
wise.

(13) nobility rank of the father. Fami-
lies are categorized in groups of ruling
royal families, non-ruling princes, dukes
and counts (coded as 1) and other nobil-
ity (coded as 0).

(14) family size. Families are catego-
rized in groups according to sib ship
sizes: 1-2, 3-4, 5-6, 7-8,9-10, and 11 + .
Later some categories were collapsed
together during an iterative fitting
procedure.

Sensitivity analysis

In order to determine how robust are
our findings, the sensitivity analysis was
made. Specifically, the data were re-
analyzed in several different ways, when
either the initial data set was partially
changed, or the set of predictor variables
was modified. Changes in the data set
included separate analyses for German
and Russian nobility, or separate analyses
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for old (born in 1800-1854) and more
recent birth cohorts (born in 1860-
1880). Changes in predictor variables
included consideration of such additional
variables as nobility rank, sib ship size,
and reproductive lifespans (ages at last

childbirth) both for mother and father.

RESULTS AND DISCUSSION

The characteristics of analyzed data
set are presented in Table 1. There are
several notable features to mention here:

First, the numbers of males and
females are rather similar in all studied
birth cohorts (no apparent sex bias).
The sex ratio in the entire data set is
1.01 (8,052 males/7,979 females). In
the data set of cohorts born in 1800-
1854 the sex ratio is 3,994/3,879 =
1,03. This is close to the normal sex
ratio, in contrast to the sex ratio of 1.42,
observed in the British peerage database
with many missing records for women
(Gavrilov, Gavrilova, 1999b). Thus, it
seems to be possible to study sex differ-
ences in response to early-life conditions
without particular concerns about selec-
tive sex bias in this data set.

Second, the values for mean lifespan
are rather high—more than 63 years for
males and 65 years for females. It indi-
cates that lifespan in this socially elite
population is to some extent compara-
ble with modern lifespan values
observed now in some countries of the
world.

Third, there is a significant increase in
lifespan over studied historical period,
in particular for females (10 years gain).
Therefore, the data should be adjusted
for secular trends in lifespan (which has
been done in this study) and/or
analyzed for more narrow time periods
(which was also done in this study).

Finally, the temporal changes in lifespan
are clearly not linear (no significant
improvement in lifespan during the first
30 years of the Xix" century birth
cohorts), and sometimes even not
monotonic which justifies the method
of analysis used in this study (multivari-
ate regression with nominal variables
and treating the year of birth as catego-
rized predictor variable).

Season of birth and human longevity

Table 2 presents data suggesting that
the month of birth is an important
predictor for the life expectancy of adult
women (30 years and above) born in
1800-1854. The dependence has M-
shaped form with two peaks (bimodal
distribution). In particular, women born
in July and December tend to live 2-3
years longer on average compared to
those born in February (significant at p
< 0.05). The effects of months of birth
are expressed in Table 2 as a difference
from the reference level in February and
are point estimates of the differential
intercept coefficients adjusted for effects
of other variables. It is interesting that
life expectancy of women from more
recent birth cohorts demonstrates simi-
lar M-shaped pattern with May and
December as “good” months to be born
(Table 3). It is important to emphasize
that the month of birth continues to be
an important predictor for women's
lifespan, even after adjustment for the
effects of all other explanatory variables
mentioned earlier in the “Data and
Methods” section.

It is interesting to note that the months
of February and August are “bad” months
to be born, and this finding corresponds
well with some previous published data.
For example, a similar bimodal month-of-
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birth distribution was found for birth
frequencies of cystic fibrosis disease with
peak births in February and August
(Brackenridge, 1980). Further studies are
required to find out whether this is just a
coincidence of findings or a general
seasonal pattern.

Seasonal effects on human survival in
historical population were demonstrated
for infant mortality in Sardinia (Breschi,
Livi Bacci, 1986). However, the fact that
such an early circumstance of human
life as the month of birth may have a
significant effect 30 years later on the
chances of human survival at adult ages
is particularly intriguing. It indicates
that there may be critical periods early
in human life particularly sensitive to
seasonal variation in living conditions in
the past (e.g., vitamin supply, seasonal
exposure to infectious diseases, etc.)
with long-lasting effects in later life.

It is known that the deficiency of vita-
mins B, folic acid, By, niacin, C,orE,
appears to mimic radiation in damaging
DNA by causing single- and double-
strand breaks, oxidative lesions, or both,
and may contribute to premature aging
(Ames, 1998). The seasonal lack of these
vitamins in late winter/early spring, in
coincidence with one of the two critical
periods in fetus or child development
(the third critical month of pregnancy
and the first months after birth), may
explain a dramatic life span shortening
among those born in August and Febru-
ary. This finding is also consistent with
the reliability theory of aging, which
empbhasizes the importance of the initial
level of damage that determines the
future length of human life (Gavrilov,
Gavrilova, 1991; 2001Db).

These general explanations, however,
do not match well with data for males
presented in Table 4. In contrast to
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females, the male lifespan does not
depend on month of birth, at least in
this particular data set. Males born in
1855-1880 also do not demonstrate any
relation between their lifespan and
month of birth (Table 5). This observa-
tion is the first example in our study
when sex differences in response to
early-life conditions are observed.

The sex specificity of the month-of-
birth effects on adult lifespan is a
puzzling observation, but it is also a
reassuring one from the methodological
point of view. Indeed, the data for men
and women are taken from the same
sources and are represented by the same
set of parental variables (because they
are brothers and sisters to each other).
Therefore, any possible flaws in data
collection and analysis (such as omission
of important predictor variable, for
example) should produce very similar
biases both in males and females data.
Instead we observe a clear-cut sex-
specific effect, which is reassuring from
the methodological perspective.

While discussing the greater response
of female lifespan to the season of birth,
it is interesting to see whether other traits
such as female childlessness are also
affected by the month of birth. Indeed,
studies on Dutch women found that the
birth distribution of childless women, as
compared with fecunds, was best repre-
sented with bimodal curve with zeniths
in January and July (Smits ez 4., 1997). It
is interesting to note that the two peaks
for childlessness (January and July) seems
to correspond well with the two observed
minimums for female adult lifespan
observed in our study (February and
August—ijust only one month shift
compared to childlessness findings).

Our finding that the month of
February is “bad” month to be born for
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female corresponds well with schizo-
phrenia studies. The risk of schizophre-
nia is higher for persons, whose birth
date is close to February, and this
seasonal effect is more marked among
females (Dassa et al., 1995). It was also
found that pre-natal exposure to
influenza epidemic is associated with
later development of schizophrenia in
females but not in males (Takei ez 4/,
1993; 1994).

While discussing studies of month-of-
birth effects, it is important to be aware
of methodological problems and pitfalls.
In some cases a simplistic approach is
applied to study the effects of month of
birth on human lifespan: mean ages at
death are calculated for people born in
different months using cross-sectional
data, 7.e., death certificates collected
during a relatively short period of time
(Doblhammer, Vaupel, 2001). This
methodology can produce both false
positive and false negative findings. For
example, if the seasonality of births and
infant mortality were more expressed in
the past, then the month-of-birth distri-
bution of people would differ in differ-
ent age groups of the population, thus
producing a spurious month-of-birth
effect on lifespan (if erroneously esti-
mated through mean age at death). This
mistake happens because the mean age
at death depends on the age distribution
of living people, which may differ
depending on month-of-birth. Thus,
even if the month of birth does not
affect adult lifespan, nevertheless a false
positive finding may occur, simply
because the effects of population age
structure are not taken into account. On
the other hand, month-of-birth effects
could be overlooked by this cross-
sectional method if the seasonal effects
on age-specific mortality rates are

proportional. This false negative finding
happens because proportional changes
in death rates produce a proportional
changes in the numbers of deaths in all
age groups, and such proportional
changes in numbers have no effect on
the mean age at death. Thus, a false
negative finding may occur, because
cross-sectional analysis of death records
is blind to proportional changes in age-
specific death rates. In our study we
avoided this simplistic cross-sectional
analysis of death records as a flawed
methodology. Instead we applied a
cohort approach by following people
born in the same calendar years until the
last person died (method of extinct
generations).

Finally, we would like to comment on
the importance to control for socioeco-
nomic status while studying the effects
of month of birth. This is very impor-
tant issue because there are significant
differences in birth seasonality between
different social classes (Smithers,
Cooper, 1984; Bobak, Gjonca, 2001).
Therefore, studies of aggregated data for
whole countries (Doblhammer, Vaupel,
2001) may simply reflect the well-
known differences in procreation habits
of different socioeconomic classes. In
our study we control for socioeconomic
status by stratification (only aristocratic
families are included into analysis).

Paternal age at person’s birth and
longevity

The dependence of female lifespan on
paternal age at reproduction (when
daughter was born) is presented in Table
6. Note that there is an optimal age to
father a daughter, which is rather late —
about 35-39 years (considered as refer-
ence level in this study). Daughters born

187



NATALIA S GAVRILOVA, LEONID A. GAVRILOV, GALINA N. EVDOKUSHKINA, VICTORIA G. SEMYONOVA

to older or younger fathers tend to live
shorter lives on average (significant for
older fathers at P<0.01, see Table 6).
These are the net effects of paternal age,
when all other co-variates (see “Data
and Methods” section) are taken into
account, including maternal age effects
that surprisingly proved to be less
important.

Shorter  lifespan  of  daughters
conceived to older fathers could be
explained by age-related accumulation
of mutations in DNA of paternal germ
cells (Crow, 1997; Gavrilov, Gavrilova,
2000a; 2001a). Advanced paternal age
at person’s conception is an important
risk factor for such disease of adult age
as schizophrenia (Malaspina, 2001;
Malaspina ez al., 2001), and such disease
of old age as sporadic (non-familial)
Alzheimer disease (Bertram et al,
1998).

The practical importance of these
findings is obvious: the age constrains
for the donors of sperm cells in the case
of IVF (in vitro fertilization) perhaps
need to be revised to exclude not only
the old donors, but also those donors
who are too young. Of course, more
detailed studies are required, before such
an important practical recommendation
could be made.

Again, all these interesting ideas and
suggestions seems to fail when data on
males are analyzed (Table 7).

In contrast to females, the male lifes-
pan does not depend on paternal age at
person's birth, at least in this particular
data set. This observation is the second
example in our study when sex differ-
ences in response to early-life conditions
are observed.

Since only daughters inherit paternal
X-chromosome, a hypothesis was sug-
gested that mutation accumulation in
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X-chromosome of old sperm cells may
be responsible for specific lifespan short-
ening of daughters conceived to older
fathers (Gavrilov, Gavrilova, 1997a;
1997b; 2000a; 2001b).

Death of siblings in early life

Previous studies by other authors
found that the disease load in early life
(estimated through infant mortality
rate), is an important early predictor for
mortality in later life (Alter ez al., 2001;
Bengtsson, Lindstrom, 2000; 2001;
Costa, 2000). In particular, study of
Alter and colleagues found that death of
siblings (a proxy for exposure to infec-
tious diseases) has positive impact on
late-life survival suggesting either selec-
tion of the most fit or early immuniza-
tion against infectious diseases (Alter ez
al., 2001). Other studies found that
exposure to infections early in life has
negative effect on health many years
later (Costa, 2000; Bengtsson, Lind-
strom, 2000). The results of our analyses
are presented in Table 8. They suggest
that in early birth cohorts (1800-1854)
the effect of sibling death on adult lifes-
pan is not significant both for males and
females. On the other hand, in more
recent birth cohorts (1855-1880), when
mortality declined, sibling death
became significant negative predictor of
survival later in life (Table 7).

Prospects for future research

There are several interesting directions
for further development of these studies.
The first research direction is related to
the finding by George Alter and his
colleagues that early-life conditions
might have different effects in different
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periods of later life (Alter ez al., 2001).
We plan to elaborate on this issue by
applying hazard modeling to our data
set in future studies.

The second research direction is
related to the finding made by Frans van
Poppel and his colleagues that women’s
fecundability is associated with month
of birth (Smits ez al., 1997). We plan to
replicate this finding and to include
fecundability variable in the future data
analyses as the outcome variable, as well
as the predictor/confounding variable
for adult lifespan.

The third possible research direction
is related to findings of George Alter
and his colleagues on the importance of
interfamily differences in adult mortal-
ity (Alter ez al., 2001). It would be inter-
esting to take into consideration the
“family effects” using the random effects
model and to see how it affects our
preliminary findings made in this study.

Finally, we acknowledge that the find-
ings presented in this study should be
interpreted with caution and need to be
replicated on other data sets and with

variety of analytical methods. However,

the results of this study clearly indicate

the need for separate analysis of data for

males and females when late-life conse-

quences of early-life conditions and

events are explored. There is a definite

need for subsequent full-scale studies of

the effects of early-life conditions on

sex-specific health outcomes in later life,

and our pilot study presented here justi-

fies the need of further work in this
direction.
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Tab. 1 Characteristics of the data set

Mean Age at Death*

Birth cohort + Standard Error (years)

(year of birth) Daughters Sons
(sample size) (sample size)

1800-1809 65.8+0.7 63.8+0.6
(539) (543)

1810-1819 66.4 0.7 63.5+0.6
(563) (629)

1820-1829 66.5 + 0.6 64.0 + 0.6
(684) (668)

1830-1839 67.8+0.6 63.6+0.5
(684) (587)

1840-1849 69.5 + 0.6 63.7+0.5
(834) (890)

1850-1859 71.3+0.5 64.1 £0.5
(1,015) (1,081)

1860-1869 739+ 04 66.3 + 0.4
(1,414) (1,472)

1870-1880 76.0+0.3 65.8+0.4
(1,968) (1,840)

*Mean age at death is calculated for those persons who survived by age 30. This variable refers to “adult lifespan”
in this study. The study data set consists 8,052 of males and 7,979 females.

Tab. 2 Effects of month-of-birth on female lifespan. Birth cohorts: 1800-1854

Net effect

Month-of-birth on adt;l;lrlsfesp 4N Standard Error P value

(point estimate)

February 0.00 Reference level

March 0.88 1.29 0.4956
April 1.51 1.31 0.2494
May 2.21 1.31 0.0914
June 1.99 1.29 0.1212
July 3.08 1.29 0.0173
August 1.24 1.27 0.3297
September 1.29 1.33 0.3301
October 2.26 1.32 0.0861
November 2.07 1.29 0.1092
December 2.86 1.30 0.0276
January 1.01 1.30 0.4348
February 0.00 Reference level

*Net effect corresponds to additional years of life gained (or lost) compared to the reference category. The data are
point estimates of differential intercept coefficient adjusted for other predictor variables using multivariate regres-
sion with nominal variables.
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Tab. 3 Effects of month-of-birth on female lifespan. Birth coborts: 1855-1880

Net effect
Month-of-birth  on adult lifespan, years Standard Error P value
(point estimate)

February 0.00 Reference level

March 0.51 1.14 0.6577
April 239 113 0.0348
May 2.51 1.10 0.0222
June 1.17 1.11 0.2913
July 0.94 1.11 0.3913
August 1.39 1.12 0.2142
September 1.12 1.10 0.3120
October 1.20 1.10 0.2765
November 2.00 1.18 0.0909
December 232 1.14 0.0408
January 0.57 1.14 0.6198
February 0.00 Reference level

*Net effect corresponds to additional years of life gained (or lost) compared to the reference category. The data are
point estimates of differential intercept coefficient adjusted for other predictor variables using multivariate regression
with nominal variables.

Tab. 4 Effects of month-of-birth on male lifespan. Birth coborts: 1800-1854

Month-of- Net effect
birth on adult lifespan, years Standard Error P value
(point estimate)

February 0.00 Reference level
March 0.21 1.19 0.8576
April -0.23 1.20 0.8473
May 1.21 1.15 0.2945
June 0.90 1.18 0.4437
July -0.84 1.16 0.4716
August -0.53 1.16 0.6459
September -0.12 1.16 0.9168
October 0.21 1.21 0.8647
November -0.41 1.20 0.7297
December 1.50 1.20 0.2106
January -0.31 1.17 0.7936
February 0.00 Reference level

*Net effect corresponds to additional years of life gained (or lost) compared to the reference category. The data are
point estimates of differential intercept coefficient adjusted for other predictor variables using multivariate regression
with nominal variables.
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Tab. 5 Effects of month-of-birth on male lifespan. Birth cohorts: 1855-1880

Net effect
Month-of-birth  on adult lifespan, years ~ Standard Error P value
(point estimate)

February 0.00 Reference level
March 0.71 1.12 0.5244
April -0.94 1.13 0.4059
May 132 1.13 0.2439
June 0.83 1.12 0.4610
July -0.33 1.09 0.7608
August -0.37 1.12 0.7414
September 0.44 1.09 0.6888
October -0.09 1.12 0.9330
November -0.16 1.13 0.8851
December -0.90 1.16 0.4391
January 1.29 1.14 0.2557
February 0.00 Reference level

*Net effect corresponds to additional years of life gained (or lost) compared to the reference category. The data are
point estimates of differential intercept coefficient adjusted for other predictor variables using multivariate regres-
sion with nominal variables.

Tab. 6 Effect of paternal age at person's birth on female lifespan. Birth coborts: 1800-1854

Paternal Net effect
A on adult lifespan, years  Standard Error P value
8¢ (point estimate)

15-24 -1.27 1.38 0.3588
25-29 -0.98 0.86 0.2566
30-34 -0.18 0.76 0.8105
35-39 0.0 Reference level
40-44 -0.31 0.85 0.7184
45-49 -0.10 1.08 0.9285
50-54 -4.08 1.44 0.0046

*Net effect corresponds to additional years of life gained (or lost) compared to the reference category. The data are
point estimates of differential intercept coefficient adjusted for other predictor variables using multivariate regres-
sion with nominal variables.
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Tab. 7 Male lifespan as a function of paternal age at reproduction. Birth cohorts: 1800-1854

Net effect
Paternal Age  on adult lifespan, years Standard Error P value
(point estimate)

15-24 -2.06 1.28 0.1106
25-29 -0.62 0.81 0.4436
30-34 -0.58 0.69 0.4056
35-39 0.0 Reference level

40-44 -1.22 0.79 0.1207
45-49 0.27 0.95 0.7789
50-54 -0.07 1.31 0.9600

*Net effect corresponds to additional years of life gained (or lost) compared to the reference category. The data are
point estimates of differential intercept coefficient adjusted for other predictor variables using multivariate regres-
sion with nominal variables

Tab. 8 Effect of sibling death (before age 18) on adult lifespan

Net effect
Birth cohort on adt;}et;risfesp s Standard Error P value
(point estimate)
Females:
1800-1854 -0.13 0.61 0.8371
1855-1880 -1.87 0.61 0.0022
Males:
1800-1854 -0.21 0.55 0.7090
1855-1880 -1.69 0.62 0.0062

*Net effect corresponds to the years of life lost in a group with deceased sibling compared to the reference category
when no siblings died before age 18. The data are point estimates of differential intercept coefficient adjusted for
other predictor variables using multivariate regression with nominal variables.
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EARLY-LIFE PREDICTORS OF HUMAN LONGEVITY: ANALYSIS OF THE XIX™ CENTURY BIRTH COHORTS

SUMMARY

The idea of fetal origins of adult degenera-
tive diseases and early-life programming of
late-life health and survival is being actively
discussed in the scientific literature. This
idea is also important for understanding the
historical changes in human lifespan
through the mechanism of technophysio
evolution as suggested by Robert Fogel and
Dora Costa. Can this new concept also be
useful to understand (at least partially) the
observed sex disparities in adult health and
longevity? Are the long-lasting effects of
early-life conditions identical for both sexes,
or, on the contrary, are they sex-specific?
These questions stimulated us to conduct
the present exploratory study on the sex
specificity of late-life health outcomes for
carly-life effects.

In this study we explored the effects of early-
life conditions on adult lifespan of 16,000
individuals (members of European aristocra-
tic families born in 1800-1880) using
methodology of historical follow-up study
of extinct birth cohorts. Applying method
of multivariate regression analysis with
nominal predictor variables for individual
lifespan as outcome variable, we found that

sex differences in adult life span are indeed
modulated by early-life events and condi-
tions. Specifically, we found that such varia-
bles as (1) month of birth and (2) father's
age at person's conception have statistically
significant effects on adult lifespan (life
expectancy at age 30) in females, but not in
males. Female lifespan has bimodal distribu-
tion according to the month of birth (M-
shaped curve), while male lifespan is less
affected by the season of birth in our histori-
cal dataset. Similar M-shaped pattern of
month-of-birth effects on adult lifespan was
observed for females born in 1855-1880.
Daughters born to old fathers (above 45
years) live significantly shorter lives, while
sons are less affected by paternal age at
conception. Death of siblings during child-
hood (often used as a proxy for childhood
infections in family) had significant negative
impact on adult lifespan of males and fema-
les for more recent birth cohorts (1855-
1880), indicating possible increased selecti-
vity of early mortality. The findings of this
study provide scientific justification for the
need of further more detailed studies on
early-life programming of adult lifespan.

RESUME

Les idées d'une origine fétale des maladies
dégénératives adultes et d'une programma-
tion dés I'aube de I'existence de la santé du
grand 4Age ou de la survie sont au cceur d'un
vaste débat scientifique. Ces idées sont
importantes pour appréhender les variations
historiques de la longévité humaine, selon les
perspectives suggérées par Robert Fogel et
Dora Costa. Peut-on y déceler une maniére
de rendre compte (au moins partiellement)
des disparités existant entre sexes ? Cet article
a pour objectif de mener une étude explora-
toire sur les spécificités sexuelles de la santé
adulte, congues comme des effets de la situa-
tion prévalant aux jeunes Ages.

Dans cet article, nous travaillons sur un
échantillon de 16 000 individus, issus de
familles aristocratiques européennes et nés

dans les années 1800-1880, pour lesquels
nous utilisons une méthode de suivi histo-
rique des cohortes de naissances. Grace a
une analyse régressive multivariée ou l'espé-
rance de vie individuelle est congue comme
une variable expliquée par un certain
nombre de variables prédictives nominales,
nous obtenons confirmation du fait que
I'espérance de vie adulte est modulée par les
éveénements et les conditions du début de
vie. Nous voyons notamment que des varia-
bles telles que le mois de naissance ou 1'dge
du pere lors de la conception de 'enfant ont
des effets statistiquement significatifs sur
I'espérance de vie 4 30 ans des femmes, mais
non sur celle des hommes. La distribution
des longévités féminines selon le mois de
naissance obéit 4 une courbe bimodale (ou
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en M), alors que le facteur saisonnier affecte
peu les hommes. En outre, les filles congues
par un pere Agé de plus de 45 ans ont des
espérances de vie adulte significativement
raccourcies, ce qui n'est pas le cas de leurs
homologues masculins. L'existence de déces
d'enfants dans la fratrie (souvent congue
comme un indicateur approximatif de la
présence d'infections enfantines dans la
famille) affecte négativement et significati-
vement 'espérance de vie adulte des filles et
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des garcons, du moins pour les cohortes les
plus récentes (1855-1880), suggérant un
accroissement possible de la sélectivité de la
mortalité précoce. De fait, les résultats de
cette étude plaident en faveur d'un appro-
fondissement des recherches scientifiques
sur I'idée d'une programmation au début de
I'existence de la longévité adulte.



