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It has recently often been claimed that our longevity — at least partly — is determined already
during intra-uterine life or during infancy.' The idea of early life conditions affecting later life
health is not new, and earlier studies based on aggregated data have shown such a relationship
during the general mortality decline.> However, data on contemporary populations for testing
this hypothesis is hard to find, but recent studies of historical populations have established
such links with family reconstituted data,’ where the relationship is formally tested with Cox-
regressions based on life-histories of real individuals. This is a huge improvement compared
to the tabulations methods used in the early studies. Generally, the use of individual data has
several advantages over using aggregated data. The nature of micro data makes it possible to
test hypotheses using multivariate statistical tools that allow control for individual
characteristics as for example sex, birth-place, family-specific characteristics, and socio-
economic group simultaneously in an empirical model. However, even if the life-histories of
individuals are known, the conditions in early life per se are not known. Nutrition intake and
disease histories are usually unknown even in modern data compilations. Hence, in most
cases early life conditions has to be measured by some proxy variable or variables,
approximating nutrition and/or disease load. This paper discusses such measures, and their
advantages/disadvantages, and how to improve them. A major issue dealt with here is that
many studies have been able to establish a link between disease in infancy and later life
mortality — what could be called the Fridlizius link from early life conditions to health in later
life,* but have failed to establish the Barker link from nutrition in the foetal stage to health in
later life.” In this paper, some new and improved measures for early life conditions are
suggested and discussed relative to what has been commonly have been used. The suggested
improved measures are both supposed to be theoretical and practical improvements compared
to earlier measures. Further, one measure approximates foetal stage nutrition and disease
effects on later life mortality; thus, the “true” Barker hypthesis.®

Some commonly used measures for early life conditions

One measure commonly used is birth season, and this is supposed to be a combined proxy
measure of nutrition and disease load during early life. This method has been used as the sole
measure of early life conditions in some studies,” but also controlling for birth season while
measuring conditions in early life with other proxies.® A drawback with the birth season
measure is that it is a summary measure — it does not measure any direct link from early life
conditions to later life health or mortality, but is rather a summary of everything related to the
season/month of birth connected to later life health, just as place of birth and antropomethric
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measures as adult height.” To avoid the summary measure problem, a more direct method of
measuring the link between early life conditions and later life health or mortality should be
preferred.'

One frequently used method is based on a model that combines individual data with
aggregated data on community food prices; '' i e, what can be called a combined micro and
macro analysis model. It uses data on community aggregates as fixed food prices during early
life as a proxy for nutrition intake in early life.'* A natural extension of this method is to use
local mortality rate as a proxy for disease load. Several investigations have used this approach
for measuring the connections between early life disease load conditions and mortality later in
life."* The method uses individual life histories that could for example be based on church
record family reconstitutions. In a survival regression framework, this means that this fixed
covariate can be used to test if there is a significant relationship between the price of food
during infancy and mortality later in life; thus, testing an extra-uterine conditions variant of
the Barker hypothesis.'* In the same way it is possible to test the infancy disease load early
life condition hypothesis, as has for example been suggested by Fridlizius."” The standard
way of approximating infancy disease load is by the use of local infant mortality rates.' It is
reasonable to assume that local infancy mortality rates gives an indication of how strong the
disease load is if we are considering the conditions before the age of sulpha/antibiotics; thus,
before WWIL If infants were exposed to many infectious diseases and without any cure for
these diseases (thus; antibiotics), many infants would die since no cure was available, making
the infant mortality rate a good indicator of the general local disease load.

A further extension of both the food price proxy for nutrition intake and the infant
mortality rate proxy for disease load is to use these for approximating foetal stage conditions.
This can be made by assuming that foetal nutrition intake can be approximated by the price of
food during pregnancy, since maternal nutritional intake should be affected by food prices; at
least in a historical context.'” This would then be a test of the Barker foetal origin of later life
disease hypothesis.'® In the same way, it is possible to use local mortality rates for foetal stage
exposure to disease. Regarding such exposure, any foetal disease load must be argued to stem
from the mother."” Thus, it seems quite straightforward to use local female reproductive age
mortality rate as a proxy for foetal stage disease load. It can however be hard to use the sex-
specific mortality rates since mortality in — say — the age span 15 to 45 is rather low even in
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historical populations, which can induce problems with too few cases when calculating sex-
specific mortatlity rates, and mortality rates for both sexes have often been used.”® Also, it is
not unlikely that mortality in adult ages seldom is related to infectious disease but rather to
accidents, work- and alcohol-related mortality, ete.”! Hence, these measures are not
unproblematic and improvements will therefore be suggested in the following section.

New ways of using infant mortality rates to approximate early life conditions

Infant mortality includes all deaths from 0 to 365 days of age, which means that also the
deaths occurring in the first month(s) of life are also included in this measure. Mortality
during first month is usually considered to be endogenous, which means that the first-month
deaths should not have any exogenous causation.” These deaths should rather be considered
as endogenous mortality, most likely caused by congenital defects or disadvantageous
conditions during the foetal stage. Hence, the first-month fraction of the infant mortality rate
should not reflect any exogenous conditions, and should thus not be related to any infancy
infectious diseases. Does this mean that the local mortality rate is not a good approximation of
local disease load since at least a fraction of it consists of endogenous mortality, not
dependent on exogenous conditions? Since empirical evidence shows that first-month
mortality accounts for quite a large fraction of infant mortality, this may be a more important
issue than what one might initially think. Hence, to be a good proxy for disease load, the
infant mortality rate should be reduced by a substantial fraction of deaths. A useful name for
this mortality measure could be the exogenous infant mortality rate. An implication is that a
reduction in the order of — say — 20 to 40 % of the 0-365 day infant mortality cases can affect
the measure in a negative way (thus, more random variation) since many cases will be lost. In
larger samples, this would not be any major issue, but in small samples, there is reason to be
cautious with the endogenous infant mortality measure.

If the standard 0-365 day infant mortality rate is reduced by mortality during the first
months and used as proxy for infancy disease load, this would — as discussed above — be the
exogenous infant mortality rate. Thus, what could be called the endogenous infant mortality
rate would be left out from the infant mortality rate. Since it is seldom a good idea to waste
information, it might be a good thing not to just throw this endogenous infant mortality rate
away before at least considering what it actually contains. Again, according to the discussion
above, mortality during the first month(s) after birth is usually considered to be due to
congenital defects or maternal conditions during the foetal stage, for example low nutrition.
But the conditions for the foetus during pregnancy is exactly what the “true” Barker
hypothesis is about, and if endogenous mortality stems from foetal conditions, this measure
could then be used as an approximate measure of foetal conditions during the foetal stage.
Since a quite large fraction of the deaths actually — as stated above — occur in the first
month(s) after birth, the number of cases should be enough to make this a good proxy
measure for foetal stage conditions.
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This new measure of early life conditions should be a better proxy for foetal stage
conditions than the standard measure of foetal stage conditions, the maternal disease load,
approximated by the local adult-age mortality, and nutritional status, approximated by foetal
stage food prices. It is not only that it more generally should measure the conditions during
the foetal stage, but also that since it is common that mortality in ages 15 to 45 is quite low, so
mortality for both sexes has to be used and not female mortality only. Since most male
mortality in this age group is due to accidents and drinking, and not due to infectious diseases,
at least the male part of the mortality rate in this age group does not reflect any general
disease load.*® To a certain extent, it is likely to be the same with women. Most deaths were at
least not due to infectious diseases as in the case with infants,”* which means that this
measure most likely is not a good proxy for foetal disease load, or maybe even of general
foetal conditions. These doubts about the usefulness of the adult mortality rate during foetal
stage have been raised before, and the discussion above could explain the meagre outcome
when the foetal stage disease load hypothesis has been tested empirically with the local adult
mortality rate.”” The same is of course true for the nutritional link approximated by foetal
stage food prices, where the link is rather far-fetched.*

To summarise, this new foetal stage condition measure would be theoretically correct, and
also more accurate than the adult age mortality proxy (for example, local male and female
mortality in age 15 to 45). It should also be empirically applicable without any practical
problems if the deaths in the data sample are reasonable numerous. The measures could be a
solution to some of the problems with approximating foetal stage early life conditions and
testing the “true” Barker hypothesis: the investigations that have tested this hypothsis using
the local adult mortality rate as a proxy for foetal stage disease load have not been able to
show such a relationship. Hence, the reasons to use these new measures are that

1) the exogenous infant mortality rate is a better measure of early life conditions since it
i1s more pure disease load approximation than with the full 0-365 day infant mortality
rate, and

2) the endogenous infant mortality rate provides a measure of nutritional conditions in
utero, and can replace the indirect measuring of nutrition and disease load in the foetal
stage via food prices and adult mortality, and test the “true” Barker hypothesis.

Data: the data used are family reconstitued data from Scania, Sweden, from the Scanian
Demographic Database at the Department of Economic History, Lund University.

Method: the suggested new and improved measures will be used in a Cox survival regression
model for adult mortality with shared frailty at the family level for Scania, Sweden 1814-

1894.

Results: are yet not available since data is still in preparation.
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