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The importance of early life conditions for health in later life has been known for many years. Recent
developments in modelling techniques have given rise to a series of in-depth studies which have
focused, amongst other things, on educational attainment, labour market outcomes, adult health, the
incidence of particular diseases and old-age mortality. Not many studies, however, focus on the
impact on health during early adulthood and, in particular, the literature that analyses the effect of
early life conditions on female reproductive health by taking a life course approach is scant and often
inconclusive. Using data from the Scanian Economic Demographic Database, which is based on family
reconstitutions from church records on births, deaths and marriages for five rural parishes for the
years 1813 to 1968, this work studies the impact of nutrition during the fetal stage and of the disease
load experienced in infancy on the fertility outcomes of women by analysing the sex ratios at birth
and the probability that her offspring will die perinatally. We find that exposure to disease in a
female’s early life reduces her likelihood of giving birth to a boy for second and higher order parities

and increases the probability that her female offspring will die in the early neonatal stage .
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Introduction

Wide attention has been given in the recent literature to the understanding of the way in which early
life conditions influence later life outcomes. Associations have been found between the level of
nutrition and the disease load experienced during the fetal stage and infancy and the development
of chronic diseases later in life (for nutrition see for example: Barker 1994; 1995a; 1995b; 1997;
2001; for inflammation see for example: Bengtsson and Lindstrom 2000; 2003; Finch and Crimmins
2004; Liuba 2003), as well as with attainments in education (Almond 2006; Case and Paxson 2010;
Palloni et al. 2009), height (Bozzoli et al. 2009; Chen and Zhou 2007), socioeconomic status (Almond
2006; Bengtsson and Brostrém 2009) and abilities to accumulate wealth (Bengtsson and Mineau

2009).

The majority of the works analysing the impact of early life conditions on later life health focus on
the elderly and there is still a need for further analyses on early and mid-adulthood. Today about
15% of couples are unable to become pregnant and although current environmental factors are
important determinants of subfecundity, much of these effects are product of the conditions
experienced in early life and the result of early programming (Nohr et al. 2009). Besides fecundity,
adverse exposures during the periods of rapid development may also impose an impact on other
aspects of reproductive health more closely linked to the ability of carrying a pregnancy to term and
to offspring health and survival. However, the literature measuring the effects of early life conditions
on female reproductive health is both scant and inconclusive. Moreover it primarily concentrates on
evaluating the impact of exposure to famines or of other situations of inadequate nutrition during
the mother’s gestation. Although many scholars have demonstrated the wide effects that exposure
to disease in early life impose on later life health and survival (see for example: Bengtsson and
Lindstrom 2000; 2003; Finch and Crimmins 2004; Liuba 2003), there are no studies analysing the

impacts of these same exposures on reproduction.

Using data from the Scanian Economic Demographic Database for women born between 1813 and
1898, this work attempts to contribute to the literature by analysing the effects of exposure to
disease during the first year of life on the sex ratio of a woman’s offspring and on the probability that
they will be stillborn or experience neonatal mortality. Early life conditions are measured by
considering whether the woman was born in a year with high infant mortality as an indicator of the
disease load experienced in infancy. Exposure to a high disease load is considered both generally and
also specifically for the epidemics of measles, scarlet fever and whooping cough. The results show
that women exposed to a high disease load in their first year of life have, for parities above the first,

a reduced probability of giving birth to a boy relative to those born in a year with a low-medium



disease load. Moreover, male offspring of these women have a lower risk of being stillborn and a
slightly reduced likelihood of dying in the early neonatal stage. Female offspring, on the other hand,
have higher early neonatal mortality. These results are mainly driven by women born in years with
epidemics of whooping cough and partly also scarlet fever. No significant effects are seen for those

exposed to measles in their first year of life.

In previous studies that considered the same data and methodological approach significant effects
on the probability of dying was observed for men and women exposed to epidemics in infancy. A
passage from a dominance of selection in early childhood to a dominance of scarring in old age was
observed, while gender differences were seen during childbearing/working ages. During these stages,
in fact, women who had been exposed to a high disease load in infancy displayed a lower likelihood
of dying than their peers born in more favourable periods, while the opposite was true for males.
When distinctions were made by the type of disease environment experienced in early life, relative
to women born in years with a low-medium disease load, during childbearing/working ages mortality
was lower amongst females exposed in infancy to measles or scarlet fever, while it was higher for
those exposed to whooping cough. These findings may help to understand how individuals are
selected to survive until reproductive ages but at the same time the results of the current work may
provide some explanations to the patterns observed for mortality during adulthood and old age.
Reproductive endocrinology is, in fact, both an outcome of programming but also one of the
components of the pathways that should be taken into account when analysing gender differences in

the development of chronic disease in later life (Davies and Norman 2002).

Measures of reproductive health and possible causes

Sex ratio at birth

One important measure of a woman’s fitness and health during gestation is the sex ratio of her
offspring. The primary sex ratio is the proportion of males to females at the time at conception, while
the secondary sex ratio is the proportion at the time of birth. The average sex ratio at birth for
humans is roughly about 105 males per 100 females, although variations occur both between and
within populations (Sieff et al. 1990). The sex ratio at birth depends on the sex ratio at conception

and of the sex-specific fetal mortality (Tremblay et al. 2003).

Evolutionary theorists also explain that the sex ratio at birth may be altered by organisms in order to
raise reproductive success as a mean of adaptation to environmental changes (Williams and Gloster
1992). According to the Trivers and Willard hypothesis ( 1973), natural selection favours parents that

bias their investment to offspring of the sex possessing the highest reproductive success (see Brown



2001; Cronk 2007 for a review of works that test the Trivers and Willard hypothesis). These authors
state that the highest number of grand-offspring is achieved when more sons are produced by
parents experiencing above-average conditions and more daughters by parents who are experiencing
poor conditions. Sons of mothers in good conditions can, in fact, produce more offspring than their

sisters while the opposite is true for sons of mothers in poor conditions (Trivers and Willard 1973).

James ( 2008) argues that parental fertility may influence the sex ratio. It is claimed by this author
that there is a U-shaped relationship between sex ratio and the time of conception within the
woman’s fertile interval, with a higher proportion of girls for conceptions that occur in the middle of
the menstrual cycle and of boys for those that occur earlier or later. Due to this relationship, the sex
ratio is also linked to the duration of gestation, with a higher proportion of boys being born following
gestations shorter than or equal to 39 weeks or longer than 42 weeks, as well as to the duration of
the time taken to achieve conception and to coital rate, although the latter variation is small and has

not been proven by clinical evidence (James 2008).

The sex ratio at birth is also influenced by fetal mortality, which is higher for male embryos during
earlier stages of gestation, in particular the phase of organogenesis (Kellokumpu-Lehtinen and
Pelliniemi 1984). In fact the primary sex ratio is estimated to be at least 120:100 (McMillen 1979).
The initial part of gestation is also the stage where total fetal mortality is highest, with about half of
all fetal deaths occurring in the first 12 weeks (Shapiro et al. 1962). Age of mother and length of birth
interval also influence fetal mortality, with the highest rates being experienced for older mothers and
for short and long extremes in birth intervals (Shapiro et al. 1962). Furthermore, rates of fetal death
vary by parity in relation to the week of gestation, for example within the first 12 weeks fetal
mortality is lower for gravida one than for gravida two, while the opposite is true after 20 weeks
(Shapiro et al. 1962). The risk of a fetal loss is double if the previous pregnancy also ended by a loss

(Shapiro et al. 1962), thus indicating a clustering amongst mothers.

Evidence of adaptive changes in the sex ratio has been found across several animal groups (Clutton-
Brock 1986; Clutton-Brock and Lason 1986). There are also various studies describing factors which
have altered the sex ratio at birth in human populations, some of which are linked to an adaptation
to environmental changes. The sex ratio at birth is lower for higher birth orders (James and Rostron
1985; James 1987; Ruder 1985) or multiple births (Bulmer 1970; James 1975), which could be related
to sibling competition for resources (Williams and Gloster 1992). The proportion of male children is
also lower for older fathers and, to a lesser extent, for older mothers (James and Rostron 1985;
James 1987; Ruder 1985). After wars there is a lower male-male competition for mates and more

males are born (James 1987; MacMahon and Pugh 1954).



Several studies have analysed possible associations between nutrition and sex ratio at birth. In a
work that used aggregate level data from different countries, significant positive correlations were
observed between food availability and the percentage of male births, and greater mortality of male
embryos and fetuses was described as the possible physiological mechanism resulting in these
patterns (Williams and Gloster 1992). Association between maternal nutrition and the sex ratio at
birth were also found in two studies using individual level data of different African populations
(Andersson and Bergstrom 1998; Gibson and Mace 2003). Another work evaluated whether
exposure to the Dutch Hunger Winter of 1944-45 at the time of conception or during late gestation
resulted, respectively, in lower conception and/or implantation rates for male embryos or in
selective miscarriages (Stein et al. 2004). No evidence was found for either of these effects and,
instead, an increase in the sex ratio at birth was observed for women who were exposed to the

famine prior to conception.
Stillbirth and neonatal mortality

Further measures of a woman’s health during pregnancy are the rates of stillbirths and neonatal
mortality experienced by her offspring. According to the Wold Health Organization (WHO) a stillbirth
or fetal death is a “death prior to the complete expulsion or extraction from its mother of a product
of conception, irrespective of the duration of pregnancy; the death is indicated by the fact that after
such separation the fetus does not breathe or show any other evidence of life, such as beating of the
heart, pulsation of the umbilical cord or definite movement of voluntary muscles” (World Health
Organization 2006). The perinatal period starts when 22 complete weeks of gestation have passed
and culminates seven completed days after birth, while the neonatal period begins with births and
ends 28 complete days after birth (World Health Organization 2006). Since they are often related to
different causes, neonatal mortality is subdivided into early and late neonatal deaths, which occur,
respectively, in days 0-6 and 7-27 of life (World Health Organization 2006). Perinatal mortality is the
term used for all deaths arising from obstetric events, which lead to stillbirth or early neonatal
deaths (World Health Organization 2006). Neonatal deaths and still births are often caused by poor
maternal health, inappropriate care and handling of complications during pregnancy, problems
during delivery and poor hygiene both during parturition and in the first hours after birth (World
Health Organization 2006). The rates of neonatal deaths and stillbirths are currently falling, partly as
a result of improvements in reproductive health, socioeconomic status and quality of obstetric and

neonatal care (World Health Organization 2006).

Stillbirths can occur before the start of labour (intra utero) because of complications of the

pregnancy or of diseases acquired by the mother, or during labour (intrapartum death) (World



Health Organization 2006). Ante partum deaths could be related to an insufficiency of the placenta,
which limits the supply of oxygen and nutrients to the fetus and the removal of its metabolic waste,
resulting in hindered growth (Bound et al. 1956). Other common causes of stillbirths are antepartum
asphyxia, which could be due to an unexpected arrest of the supply of oxygen to the fetus, often
caused by premature placental separation with antepartum haemorrhage (Bound et al. 1956).
Prolonged or complicated labour may also result in intra-partum asphyxia or birth trauma (Bound et
al. 1956), leading to a damage of the brain and other organs and to death during or soon after birth
(World Health Organization 2006). Fetal death from asphyxia can also occur due to of obstructed
labour, a problem often linked to small pelvises in women resulting from poor nutrition during their

childhood and which is also an important cause of maternal deaths (Neilson et al. 2003).

Data from the Wisconsin Stillbirth Service Programme shows that identifiable causes can only be
found in about 25% of stillbirths, and of these about 40% are related to multiple malformation
syndromes, about 40% single fetal malformation syndromes and the remainder either fetal
disruptions or dysplasias, the latter term referring to abnormal development or growth of organs,
tissues or cells (Wapner and Lewis 2002). When these deaths are categorized by cause, one third are
related to defined sporadic conditions, one quarter to abnormalities of the chromosomes, 12% to
presumed multifactorial processes, 5 % to mendelian disorders, which are disorders of a single-gene,

and less than 5% to environmental events (Wapner and Lewis 2002).

Early neonatal mortality is often related to maternal health and nutrition during gestation, other
types of pregnancy complications, obstetric problems before or during birth, premature birth, low
birth weight, malformations, or a lack of adaptation of the newborn child to the extrauterine
environment (World Health Organization 2006). Late neonatal deaths are, instead, more frequently
linked to infections and bad care after birth (World Health Organization 2006). Today about 1% of all
newborn infants have a major congenital malformation and about 15% weigh less than 2500 g, and
these complications are especially common in developing countries (World Health Organization
2006). Although maternal nutrition and health at conception are very important determinants of
birth weight, it is often a result of preterm birth and of the complications that arise from it (World
Health Organization 2006). Preterm infants are, in fact, at high risk of developing illness and of dying
(World Health Organization 2006). Compared with singleton pregnancies, multiple pregnancies cause
higher risks both for the mother and for the fetus, the latter partly because of preterm birth (World
Health Organization 2006).

Mortality in the early neonatal period is higher for boys (World Health Organization 2006). Females

may be less vulnerable to stress in early life because X-linked immunoregulatory genes provide



greater resistance to infectious diseases (Waldron 1983) and also since males are usually born at
younger gestational ages (Hall and Carr-Hill 1982) and for a given gestational age with less
developed respiratory systems (Torday et al. 1981). These biological differences might, however, be
counteracted in areas with a strong preference for boys, where girls can experience a higher

neonatal mortality (World Health Organization 2006).

Mechanisms through which early life conditions can affect female
reproduction

The fetal stage and infancy are the periods with the most rapid development of organs and cells and
any adverse conditions perceived during these stages leave a permanent damage which lasts
throughout the entire life course and which cannot be reversed by later experiences (Ben-Shlomo
and Kuh 2002; Kuh and Ben-Shlomo 2004). As a reaction to a negative stimulus during these critical
stages, through developmental plasticity one same genotype can give rise to different phenotypes
(Bateson et al. 2004), programming disease in later life (Lucas 2007). Although a consensus has not
always been reached on the aetiology (Blackwell et al. 2001), it has been shown that poor health in
later life may result from malnutrition during gestation, as is stated by the fetal origins hypothesis
(Barker 1994; 1995a; 1995b; 1997; 2001), or from exposure to disease in the first year of life, as is
claimed by the infancy inflammation hypothesis (Bengtsson and Lindstrém 2000; 2003; Finch and
Crimmins 2004; Liuba 2003). These two effects are not necessarily competing but may be
complementary (Finch and Crimmins 2004), since during illness the body requires more nutrients for

recovery, while it has less capacity to utilize for growth the energy obtained from food.

The rate of cell division, which under normal conditions is very rapid during the fetal stage, may be
lowered as an adaptive mechanism to insufficient supply of nutrients or oxygen, primarily affecting
the tissues which are undergoing ‘critical’ development when undernutrition occurs (Barker 1995a).
Through these changes in the distribution and number of cells and of organ structure and the
resetting of hormonal feedback and metabolic activity, the structure, physiology and metabolism of
the body are permanently affected (McCance and Widdowson 1974) and gene expression is
permanently altered (Lummaa and Clutton-Brock 2002). In addition, through inflammatory
mechanisms short-term adaptive responses to infections or injury may become maladaptive in the
long run (Finch and Crimmins 2004), causing deranged immunological balance between specific

infectious agents and the human host (Fridlizius 1989) and leading to chronic disease in older ages.

The possible impact of early life conditions on female reproductive health and success could be
mediated through both direct effects on organs and hormonal systems involved in reproduction and

through indirect pathways connected to selection. Adverse exposures during the fetal stage and first



year of life could result in only stronger individuals surviving to reproductive ages. An impact could
also be observed on the development of disease and therefore on the subsequent survival
probability in adulthood, thus influencing the length of the reproductive lifespan of each woman
(Lummaa and Tremblay 2003). Selection could also be inferred through educational outcomes,
socioeconomic status, probability of marriage and partner selection, all aspects which have been
shown to be affected by early life conditions but which, at the same time, are important

determinants of the fertility of a couple.

Early life conditions can also influence females” fecundity through effects on the hormonal systems
and the organs involved in reproduction. A correct functioning of the hypothalamus-pituitary-
gonadal axis is necessary in order to achieve regular ovulatory cycles (Elias et al. 2005). Two
dimensions of the ovarian function which are important for female fecundity are the production and
maturation of gametes and the production of the steroid hormones estradiol and progesterone
(Ellison 1996). Levels of follicular estradiol are correlated with the size of the follicle (Apter et al.
1987) and the fertilizability of the oocyte (Yoshimura and Wallach 1987), while luteal progesterone
has a crucial role in the success of implantation and in the maintenance of a pregnancy (Ellison 1996).
A female’s ability to carry a pregnancy to term may also be hindered by malformations of the

morphology of the uterus (Lumey and Stein 1997).

The development of the reproductive system occurs through stages, beginning with prenatal sex-
specific organogenesis, and continuing with further maturation in the perinatal period and at puberty
(Lemasters et al. 2000). Following birth the hypothalamus-pituitary-gonadal axis continues its
maturation until menarche and the first years of menstruation (Elias et al. 2005). Oocytes are formed
during the fetal stage and their number declines rapidly after birth and more moderately following
puberty and therefore adverse exposures both prior to and after birth may have a negative impact
on reproduction (Lemasters et al. 2000). A lack of adequate growth of specific organs at critical
stages of gestation and early childhood can also lead to hormonal deregulation (Barker 1995b). A
woman’s endogenous hormonal environment is not only an important factor for the correct
functioning of the menstrual cycle but has also been shown to influence the long-term risk of
development of chronic diseases such as cancer, cardiovascular diseases and osteoporosis (Harlow

and Ephross 1995).

Survival and reproduction are two processes which are closely interconnected. In fact, according to
the theory of life history regulation fertility and maintenance of the body are in mutual balance and
an increased investment in one can only be achieved at the expense of a reduced investment in the

other (Stearns 1992). Through natural selection adult ovarian hormonal function is linked to the rate



of growth in childhood and to maturation in adolescence, therefore shaping the reproductive system
of women (Ellison 1996). The effects of the processes of adaptation are not only limited to the
female’s chances of survival and reproductive success, but may also affect the health and survival of
her offspring. Moreover, alterations in gene expressions occurring in reaction to conditions of stress
during a woman’s cell development are also passed to the next generation (Lummaa and Clutton-

Brock 2002).

The effects of the different mechanisms described above have been observed in studies that use
historical or contemporary data. Higher age at first birth and reductions in the probability of
experiencing a birth were observed for women born with very low birthweight (Ekholm et al. 2005)
or preterm (Swamy et al. 2008). For couples planning a pregnancy, associations were also found
between high or low birthweight and increased time to achieve a pregnancy, another commonly
used measure of fecundity (Nohr et al. 2009). These effects are largely mediated through
gynecological disorders, some of which relate to malformations of reproductive organs. For example,
girls born small for gestational age have smaller uterus and reduced ovarian volumes (lbanez et al.
2000). Others are linked to malfunctioning in the hormonal system, to some extent in connection to
body fat, which has a regulatory role in reproduction (Frisch 1988). Increased probabilities of
experiencing menstrual problems have been demonstrated for underweight or overweight females
(Lake et al. 1997), or in the higher/lower age at menarche for underweight/overweight women
(Frisch 1994). An earlier cessation of menstruation has also been shown for females who experienced
a reduced weight gain during their first year of life or who were short at birth (Cresswell et al. 1997).
Obese women also present greater risk of hypertension during pregnancy, which is a well-known
reproductive risk (Lake et al. 1997). Maternal birthweight, weight gain during pregnancy and length
of gestation were found to be associated with a baby’s birthweight and need for neonatal intensive

care (Hackman et al. 1983).

Studies that measure associations between measurements at birth and later life reproductive success
might not be able to determine causal relationships since confounding factors could be the cause of
both of these characteristics. In fact the same genotype can be the underlying cause of both low
birthweight and health problems in adulthood (Hattersley and Tooke 1999). Other works have,
instead, used exposure to famines or to years of low crop yield as indicators of early life nutrition.
Women exposed to the severe famine of the Dutch Hunger winter gave birth to offspring of low
weight and who experienced higher perinatal mortality (Lumey and Stein 1997). Concerning
fecundity, discordant results have been shown, with one study pointing to no effects on age at
menarche, proportion remaining childless, age at first birth, total number of children and inter-birth

intervals (Lumey and Stein 1997) while when adopting a slightly different definition of the sample in
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another work exposed women presented a greater reproductive success (Painter et al. 2008). A yet
different work which considered women exposed to this famine during childhood and adolescence
showed a decreased probability of experiencing a birth, and these females also presented greater
likelihood of not achieving their desired number of children due to medical reasons (Elias et al. 2005).
In a study using data from 18th Century Finland associations were found between crop yield during
the year of birth and the probability of marrying, giving birth to at least one child and offspring
viability for men and women born into landless families but not for the landed (Rickard et al. 2010).
Moreover, while the survival of these individuals to adulthood was not significantly affected by crop

yield, that of their offspring was.

Season of birth, another indicator which is free of confounders, has also been shown to be associated
with reproduction. Month of birth has an influence on the probability of experiencing menstrual
disorders, earlier menarche and early or late menopause (Jongbloet et al. 1994) as well as on
fecundability (Nonaka et al. 1990). In a study based on the Canadian rural parish of Saguenay on the
nineteenth century, women born in the best month of the year had seven more grandchildren than
those born in the worse month as a result of longer reproductive lifespans, a higher total number of
live births and a more likely survival of offspring to adulthood (Lummaa and Tremblay 2003). In
another historical analysis using a population-based French Canadian database, the sex ratio at birth
was associated with the season of birth of the child itself and even more significantly with the that of
his/her mother (Nonaka et al. 1999). Furthermore, work conducted in Gambia has shown that
individuals born during the hungry season were more likely to die from infection and pregnancy

complications (Moore et al. 1997; Moore et al. 1999).

Data and methods

Source material

The source material used for this work is the Scanian Economic Demographic Database (SEDD)?,
which comprises births, deaths, marriages and migrations occurring in the years 1813 to 1968 in the
parishes of Halmstad, Hog, Kavlinge, Kagerdd and Sirekdpinge, located in the southernmost part of
Sweden in the region of Scania. The quality of the parish register material is high and the gaps for

births, deaths and marriages are limited”. The five parishes were located near one another and they

! The SEDD was created in a collaborative project between the Regional Archives in Lund and the Centre for
Economic Demography at Lund University (Bengtsson et al. 2012) and it is currently structured following the
format suggested by the Intermediate Data Structure (Alter et al. 2009). The data used in this work was
extracted on February 6, 2012, using the applications developed by Andersson (2012) and Quaranta (2012).

? Calculations showed that for all occupational groups at least 40% of all infant deaths occurred within the first
month of the life of babies.
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present variations that were common in peasant societies with regards to topography, size, and
socio-economic conditions. The entire area was open farmland, except the northern part, which was
more wooded. The southern localities became industrialized and urbanized in the last decades of the
nineteenth century. The individuals considered are women born between 1813 and 1898, giving birth

in the period 1828 to 1948.

Occupational information from poll-tax and census registers is also employed. All occupations were
coded into HISCO (van Leeuwen et al. 2002) and, following a condensed version of HISCLASS,
categorized into five groups: higher occupations, skilled, farmers, lower skilled and unskilled.
Furthermore, when constructing the SEDD immigrants were traced in registers of their previous

residences in order to determine the occupation of the head of each individual’s family of origin.

Measures of early life condition

To identify years with a high disease load, local infant mortality rates were calculated from the data
and decomposed into trend and cycle components using the Hodrick Prescott filter with a filtering
factor of 6.25. High disease years were defined as those having a relative deviation from the trend in
IMR that exceeded 20%. For each of these years the major cause of death was specified. Due to small
numbers all children deceased in ages 0-10 rather than only infants were considered. As a result of
these steps 1821, 1846, 1862 and 1874 were identified as years with epidemics of measles, 1838 of
smallpox, 1860, 1869 and 1877 of scarlet fever, and 1816, 1826, 1831, 1835, 1853, 1859 and 1894 of
whooping cough, while years with a low relative deviation from the trend in IMR were considered as
having a low-medium disease load. Although the threshold level to indicate high IMR were not
exceeded in 1862 and 1877, they were considered as epidemic years since more than 50% of all
deaths of children resulted, respectively, from measles and scarlet fever. Instead, even if IMR was
high in 1832, 1881 and 1886, the main causes of death could not be determined due to indications of
symptomatic conditions (dropsy, pain, etc.) rather than specific pathologies or to missing data,
reason for which these years were excluded from the study. The single smallpox epidemic was also

removed because of small numbers.

Methods

In this work the reproductive health of women is evaluated by measuring the probability that a
newborn child is a male as well as the likelihood that her offspring are born alive and survive the
early and late neonatal stages. Early neonatal mortality is considered as a death occurring between
day 0 and 6 of life of a child who was born alive, while late neonatal mortality concerns children who

survived the first 6 days but die between day 7 and 27. Each of these outcomes is modelled by using
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a logistic regression and separate analyses are conducted for boys and girls, with the exception of the
probability of giving birth to a boy, which in itself has a gender dimension. Twins are excluded from

the studies and all analyses besides that of stillbirths consider only live births.

The main explanatory variable introduced is the disease environment experienced by each woman in
her year of birth. At a first stage this is considered through an indicator variable signalling high or
low-medium disease load. The models later include a categorical variable distinguishing the specific
type of disease environment that was observed in the year of birth of each women, in particular low-
medium disease load, or epidemics of measles, scarlet fever or whooping cough. Control variables
are also added to the model, more specifically the birth period of the child (1830-1849, 1850-1869,
1870-1889, 1890-1909, 1910-1929 and 1930-1941), the SES of the mother’s family of origin (higher
occupations, skilled, farmers, lower skilled, unskilled or unknown occupation) and the age of the
mother at birth (15-24, 25-34, 35-50). Current SES is not considered since it can be correlated with
the woman'’s early life conditions. However, as a sensitivity analysis the same estimations are run by
using current SES instead of SES of the woman’s family of origin. The study on the probability of
giving birth to a boy is conducted separately for the first and successive parities, while in the other

models a control for parity is introduced (first, second-fourth, fifth and above).

Results

Sex ratio at birth

Women experiencing a high disease load in infancy have a lower tendency to give birth to boys for
second and higher order births. More specifically, as can be seen in Table 2 they experience a 14%
lower and statistically significant odd that their new-born child is a boy (0.86, p-value = 0.025). This
result remains constant when considering both live and still births and also when including a control
for parity (results not shown). When distinguishing the specific types of disease environments, it is
mainly those who were born in a year with scarlet fever or whooping cough epidemics that show
lower probabilities of bearing boys, although neither of these results is statistically significant.
Women exposed to measles do not display any significant differences in the sex ratio of their
offspring. The probability that the first born child was a boy is constant across all disease

environments.

Still births

Women who were born in a year with a high disease load have a lower risk that their offspring will be
stillborn. This pattern was constant for both gender groups, although, as can be seen in Table 3,

statistically significance was only observed for boys (girls OR 0.60, p-value 0.168; OR 0.55, p-value
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0.076). The results are constant when current SES is considered instead of SES of the mother’s family
of origin (not shown). For boys the results were stronger both in term of magnitude and statistical
significance when only second and higher order parities are considered, (OR of 0.29 and a p-value of
0.037; results not shown). Similarly to what was seen for the sex ratio at birth, also in the case of
stillbirths the results described are mainly driven by women who were exposed to scarlet fever or
whooping cough, although these results lack statistical significance. Women who were exposed to
measles in infancy, instead, evidence a higher risk of bearing a dead child, again lacking statistical

significance.

Early neonatal mortality

Female offspring of women who were exposed to a high disease load in their first year of life have a
higher risk of experiencing early neonatal mortality (OR 1.70, p-value 0.030), as can be seen in Table
4. For males the ratio is slightly under one and not statistically significant. These results are constant
when considering current SES rather than SES of the woman’s family of origin and the magnitude of
these effects is particularly important for the first parity (girls OR 2.32, p-value 0.014; boys OR 0.83,
p-value 0.673). Interesting patterns can also be observed when considering all children in the same
model and introducing an interaction between maternal early life conditions and offspring’s sex.
Whereas boys generally experience higher neonatal mortality than girls (OR is 1.54, p-value 0.006),
the opposite is true amongst offspring of mothers born in a year with a high disease load. The
interaction term is, in fact, statistically significant even if only slightly (OR 0.55 and p-value 0.083).
When studying neonatal mortality according to the specific type of disease environment experienced
by mothers in their infancy, significantly higher risks of dying are observed for daughters of females
who were born in a year with whooping cough epidemics, and when studying all children in the same
model the interaction between male and whooping cough is statistically significant. In the model for
boys even if no statistically significant results are observed, in relation to mothers born in a year with
a low-medium disease load the risk of dying in the early neonatal stage is slightly higher for offspring
of mother’s born in a year with whooping cough epidemic and lower for offspring of mothers born in
years with measles or scarlet fever epidemics. These patterns remain constant when controlling for

current SES instead of SES of the mother’s family of origin (results not shown).

Late neonatal mortality

Children born from mothers who experienced different types of disease environments in infancy do
not exhibit statistically significant differences on their likelihood of dying in the late neonatal stage.
In relation to offspring of mothers born in a year with a low-medium disease load, daughters of

mothers born in a year with high infant mortality have slightly higher odds of dying between day 7
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and 27 of their lives, while the odd is slightly reduced for sons. These patterns remain constant when

controlling for current SES instead of SES of the mother’s family of origin (results not shown).

Discussion

This work was aimed at measuring the impact of exposure to disease in early life on the reproductive
health of women by analysing as outcome variables their offspring sex ratio at birth and rates of
stillbirth and neonatal mortality. Women born in a year with a high infant mortality rate were
compared to those born in other years and subsequently the effect of experiencing specific types of

epidemics in infancy, in particular measles, scarlet fever, and whooping cough, were confronted.

Females exposed to epidemics in early life presented worse reproductive health. For parities above
the first those born in a year with a high disease load showed a lower risk of giving birth to boys.
Moreover boys had a reduced likelihood of being stillborn and a slightly decreased probability of
dying in the early neonatal stage. For girls, on the other hand, higher rates of early neonatal mortality
were observed amongst those born to mothers who were exposed to a high disease load during their
infancy. When the specific types of epidemics experienced by the woman were studied separately, it
became evident that these results were primarily driven by females exposed to whooping cough. The
patterns were also rather similar, although slightly weaker, for those exposed to scarlet fever, while
no evident impacts on reproductive health were observed for those born in a year with measles. In
the models that analysed late neonatal mortality as outcome no statistically significant results were

observed, although the direction of the effects were similar to those of early neonatal mortality.

These results could partly be explained by a greater propensity of women exposed to epidemics in
early life to be affected by problems linked to hormonal regulation and to organs that are involved in
reproduction. The lower sex ratio at birth observed for women exposed to a high disease load during
infancy is supported by the Trivers and Willard hypothesis, which states that less fit mothers are
more likely to give birth to girls in order to increase their reproductive success. This could be
mediated through ovulatory problems affecting the timing of conception and therefore the primary
sex ratio or through complications in pregnancy increasing the rate of early fetal loss. As was said
earlier, fetal mortality is particularly high during the initial parts of gestation, particularly for males.
Moreover, it was stated that in the first part of gestation fetal mortality is lower for first parities,
something that could perhaps explain why reduced sex ratios are only observed for offspring of

women who had already given birth to one child.

The significantly higher rates of neonatal mortality observed for offspring of women exposed to a

high disease load during their first year of life also provides evidence of worse reproductive health.
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The fact that when making gender distinctions these patterns are only observed for girls could be an
artefact of selection of only healthier women being able to conceive males and to carry these
pregnancies to term, and of only stronger male fetuses being born alive. These same selective
mechanisms could be the reason for males also having lower probabilities of being stillborn. Why
female offspring of women exposed to a high disease load in infancy also show reduced stillbirth
rates but increased neonatal mortality is somewhat puzzling. On the other hand, the lack of
significant effects when considering late neonatal mortality as the outcome variable is not
unexpected given that these types of deaths are believed to be more strongly related to infections

and maternal care rather than to maternal health and nutrition during gestation.

Concerning the impacts of exposure to different types of disease environments, compromised
reproductive health is primarily seen for women who were born in a year with whooping cough. In
another work strong evidence of poor health was also found for these females; more specifically they
experienced higher rates of mortality from the mid-twenties until old age than those born in a year
with low-medium disease load (Quaranta, unpublished results). In the same study females exposed
to measles and scarlet fever in infancy presented reduced probabilities of dying during
childbearing/working ages, while the opposite was true for males. The reduced mortality of females
exposed to measles as well as the lack of any adverse impacts on their reproductive health that was
shown here could both be an artefact of selection, with only the healthier women surviving to
reproductive ages. On the other hand the results for females exposed to scarlet fever are somewhat
discordant since increased survival as well as worsened reproductive health were observed.
Extending this study to also analyse other aspects more closely related to fecundity and reproductive

success may provide a better understanding of these patterns.
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Tables and figures

Table 1: Aggregate sex ratio at birth and rates of stillbirth and neonatal mortality

Low-med disease load  High disease load Measles Scarlet fever Whooping cough

Sex ratio at birth 109.43 102.25 115.00 101.00 103.85
Stillbirth rate - females 13.78 10.96 20.41 4.48 12.53
Stillbirth rate - males 17.48 9.90 17.48 4.52 10.37
Neonatal mortality rate - females 32.01 43.30 20.83 58.56 48.63
Neonatal mortality rate - males 43.56 38.00 56.94 27.27 39.83
Early neonatal mortality rate - females 16.01 25.18 12.50 27.03 31.71
Early neonatal mortality rate - males 25.56 23.00 24.91 18.18 27.25
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Table 2: Odds ratio that a birth will be a male.

Parity 1 Parity > 1 Parity 1 Parity > 1
Disease load in mother’s year of birth
Low-medium disease load 1.00 1.00 (--) (--)
[ref.] [ref.]
High disease load 1.07 0.86** (--) (--)
[0.90,1.27] [0.76,0.98]
Type of disease environment in mother’s year of birth
Low-medium disease load (-) (-) 1.00 1.00
[ref.] [ref]
Measles (-) (-) 11 1.01
[0.80,1.51] [0.80,1.27]
Scarlet fever (-) (-) 1.05 0.83
[0.76,1.44] [0.63,1.09]
Whooping cough (-) (-) 1.12 0.88
[0.88,1.43] [0.74,1.05]
Child’s birth period
1830-1849 1.11 1.12 1.1 1.11
[0.82,1.50] [0.86,1.44] [0.81,1.48] [0.86,1.44]
1850-1869 1.00 1.00 1.00 1.00
[ref.] [ref.] [ref.] [ref.]
1870-1889 1.20* 0.91 1.19 0.91
[0.98,1.48] [0.79,1.04] [0.96,1.46] [0.79,1.04]
1890-1909 1.03 1.03 1.04 1.05
[0.84,1.28] [0.89,1.20] [0.83,1.29] [0.90,1.22]
1910-1929 1.11 0.98 1.07 1.01
[0.88,1.40] [0.82,1.17] [0.85,1.36] [0.84,1.21]
1930-1941 1.23 0.93 1.22 0.94
[0.68,2.22] [0.62,1.40] [0.68,2.21] [0.63,1.42]
SES of mother’s family of origin
Higher Occupations 1.46 1.23 1.48 1.16
[0.91,2.36] [0.89,1.70] [0.90,2.42] [0.83,1.62]
Skilled 1.03 0.83 1.05 0.82
[0.71,1.50] [0.65,1.05] [0.72,1.53] [0.64,1.05]
Farmers 1.00 1.00 1.00 1.00
[ref] [ref.] [ref.] [ref.]
Lower skilled 1.03 0.96 1.02 0.93
[0.83,1.27] [0.84,1.11] [0.82,1.27] [0.81,1.07]
Unskilled 0.86 1.06 0.84 1.04
[0.62,1.19] [0.84,1.33] [0.61,1.16] [0.83,1.31]
Unknown occupation 0.98 0.95 0.99 0.94
[0.80,1.21] [0.82,1.10] [0.80,1.23] [0.81,1.09]
Age of mother at birth
15-24 0.93 0.81** 0.98 0.81**
[0.80,1.08] [0.66,0.99] [0.84,1.13] [0.66,1.00]
25-34 1.00 1.00 1.00 1.00
[ref.] [ref.] [ref.] [ref.]
35-50 0.96 0.94 0.97 0.93
[0.80,1.14] [0.85,1.04] [0.81,1.16] [0.83,1.03]
Observations 3799 6420 3664 6230
Number of male births 2008 3301 1935 3215

Notes: Exponentiated coefficients; 95% confidence intervals in brackets; i p<0.10, ” p <0.05, ™ p<0.01
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Table 3: Odds ratio of a still birth

Girls Boys Girls Boys
Disease load in mother’s year of birth
Low-medium disease load 1.00 1.00 (--) (-)
[ref.] [ref.]
High disease load 0.61 0.55* (--) (-)
[0.30,1.23] [0.28,1.06]
Type of disease environment in mother’s year of birth
Low-medium disease load (-) (--) 1.00 1.00
[ref.] [ref]
Measles (-) (--) 1.42 1.09
[0.56,3.62] [0.43,2.73]
Scarlet fever (-) (-) 0.51 0.46
[0.07,3.84] [0.06,3.47]
Whooping cough (-) (-) 0.61 0.49
[0.24,1.56] [0.20,1.23]
Child’s birth order
Birth order 1 2.31%** 1.58%* 2.28%** 1.55%
[1.34,3.96] [1.00,2.51] [1.33,3.92] [0.97,2.46]
Birth order 2-4 1.00 1.00 1.00 1.00
[ref.] [ref.] [ref.] [ref.]
Birth order 5+ 0.84 0.39** 0.78 0.40%*
[0.40,1.79] [0.19,0.81] [0.36,1.69] [0.19,0.83]
Child’s birth period
1830-1849 0.6 1.21 0.57 1.14
[0.18,2.03] [0.51,2.89] [0.17,1.93] [0.48,2.74]
1850-1869 1.00 1.00 1.00 1.00
[ref.] [ref.] [ref.] [ref]
1870-1889 0.66 0.98 0.62 0.97
[0.36,1.22] [0.59,1.63] [0.33,1.15] [0.58,1.61]
1890-1909 0.31*** 0.33%** 0.31%** 0.34***
[0.14,0.67] [0.16,0.68] [0.14,0.68] [0.17,0.70]
1910-1941 0.35%* 0.25%** 0.37** 0.26%**
[0.15,0.81] [0.10,0.61] [0.16,0.86] [0.11,0.64]
SES of mother’s family of origin
Higher Occupations 1.09 1.7 1.22 1.87
[0.14,8.54] [0.63,4.56] [0.15,9.67] [0.69,5.05]
Skilled 2.71% 0.95 2.92* 0.98
[0.92,7.92] [0.32,2.78] [0.98,8.71] [0.33,2.89]
Farmers 1.00 1.00 1.00 1.00
[ref.] [ref.] [ref.] [ref]
Lower skilled 2.33%* 1.12 2.50%* 1.18
[1.13,4.80] [0.64,1.96] [1.18,5.29] [0.67,2.06]
Unskilled 1.29 0.81 1.38 0.83
[0.35,4.72] [0.28,2.37] [0.37,5.12] [0.28,2.43]
Unknown occupation 1.75 0.96 1.87 0.99
[0.78,3.91] [0.51,1.81] [0.82,4.28] [0.52,1.88]
Age of mother at birth
15-24 0.30** 1 0.31%* 1.01
[0.10,0.85] [0.51,1.98] [0.11,0.87] [0.51,1.99]
25-34 1.00 1.00 1.00 1.00
[ref.] [ref.] [ref.] [ref]
35-50 1.47 2.89*** 1.41 2.79%**
[0.86,2.53] [1.79,4.66] [0.82,2.44] [1.72,4.51]
Observations 4975 5399 4808 5239
Number of stillbirths 69 91 68 90

Notes: Exponentiated coefficients; 95% confidence intervals in brackets; i p<0.10, ” p <0.05, ™ p < 0.01. The child birth periods 1910-
1929 and 1930-1941 were merged together because no stillbirths occurred in 1830-41 therefore predicting failure perfectly.
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Table 4: Odds ratio that a child will die in the early neonatal stage

All children Girls Boys All children Girls Boys
Disease load in mother’s year of birth
Low-medium disease load 1.00 1.00 1.00 (-) (-) (-)
[ref.] [ref.] [ref.]
High disease load 1.65%* 1.70%* 0.92 (-) (-) (-)
[1.03,2.65] [1.05,2.73] [0.57,1.49]
Type of disease environment in mother’s year of birth
Low-medium disease load (-) (-) (-) 1.00 1.00 1.00
[ref.] [ref.] [ref.]
Measles (-) (-) (-) 0.82 0.82 0.86
[0.25,2.63] [0.26,2.66] [0.37,1.99]
Scarlet fever (-) (-) (-) 1.64 1.85 0.63
[0.69,3.89] [0.76,4.49] [0.22,1.75]
Whooping cough (-) (-) (-) 2.25%** 2.23%** 1.12
[1.24,4.08] [1.22,4.08] [0.59,2.13]
Child’s gender & disease load in mother’s year of birth
Female 1.00 (-) (-) 1.00 (-) (-)
[ref.] [ref.]
Male 1.54%** (-) (-) 1.56%** (-) (-)
[1.13,2.09] [1.14,2.14]
High disease load & male 0.55* (-) (-) (-) (-) (-)
[0.28,1.08]
Measles & male (-) (-) (-) 1.09 (-) (-)
[0.26,4.59]
Scarlet fever & male (-) (-) (-) 0.42 (-) (-)
[0.11,1.55]
Whooping cough & male (-) (-) (-) 0.48* (-) (-)
[0.20,1.13]
Child’s birth order
Birth order 1 1.13 1.82%* 0.8 1.08 1.61* 0.82
[0.83,1.55] [1.12,2.97] [0.52,1.22] [0.79,1.49] [0.98,2.65] [0.54,1.26]
Birth order 2-4 1.00 1.00 1.00 1.00 1.00 1.00
[ref.] [ref.] [ref.] [ref.] [ref.] [ref.]
Birth order 5+ 1.27 1.02 1.46 1.24 1.08 1.35
[0.87,1.84] [0.55,1.92]  [0.91,2.34] [0.84,1.82]  [0.57,2.02]  [0.83,2.19]
Child’s birth period
1830-1849 1.17 1.16 1.19 1.12 1.11 1.16
[0.58,2.36] [0.38,3.53] [0.48,2.97] [0.55,2.28] [0.37,3.38] [0.46,2.89]
1850-1869 1.00 1.00 1.00 1.00 1.00 1.00
[ref.] [ref.] [ref.] [ref.] [ref.] [ref.]
1870-1889 1.02 1.09 0.98 1.02 1.13 0.93
[0.68,1.55] [0.58,2.04]  [0.56,1.72]  [0.67,1.55]  [0.60,2.12]  [0.52,1.64]
1890-1909 1.41* 0.91 1.87** 1.45% 0.88 1.98**
[0.94,2.13] [0.47,1.74]  [1.11,3.15] [0.96,2.20]  [0.45,1.74]  [1.16,3.39]
1910-1929 1.22 0.84 1.58 1.16 0.75 1.57
[0.75,1.98] [0.40,1.78] [0.83,2.98] [0.70,1.92] [0.34,1.65] [0.82,3.02]
1930-1941 2.22* 2.1 2.14 2.20* 2.03 2.15
[0.93,5.29] [0.63,6.97] [0.59,7.73]  [0.92,5.27]  [0.61,6.74]  [0.59,7.78]
SES of mother’s family of origin
Higher Occupations 1.28 0.57 1.69 1.36 0.6 1.79
[0.58,2.87] [0.08,432]  [0.69,4.13]  [0.61,3.04]  [0.08,4.53]  [0.73,4.38]
Skilled 0.5 0.51 0.48 0.48 0.49 0.47
[0.20,1.25] [0.12,2.22] [0.14,1.59] [0.19,1.21] [0.11,2.14] [0.14,1.55]
Farmers 1.00 1.00 1.00 1.00 1.00 1.00
[ref.] [ref.] [ref.] [ref.] [ref.] [ref.]
Lower skilled 0.89 0.77 0.97 0.84 0.79 0.88
[0.59,1.33] [0.39,1.53]  [0.58,1.62]  [0.55,1.28]  [0.39,1.56]  [0.52,1.49]
Unskilled 1.2 1.62 0.89 1.2 1.67 0.87
[0.67,2.13] [0.70,3.76] [0.40,1.98] [0.67,2.14] [0.71,3.91] [0.39,1.94]
Unknown occupation 0.89 1.15 0.76 0.89 1.23 0.72
[0.60,1.33] [0.61,2.16] [0.45,1.28] [0.60,1.34] [0.65,2.33] [0.43,1.23]
Age of mother at birth
15-24 1.05 1.24 0.97 1.11 1.37 0.97
[0.69,1.60] [0.66,2.32]  [0.55,1.73]  [0.73,1.69]  [0.73,2.58]  [0.55,1.72]
25-34 1.00 1.00 1.00 1.00 1.00 1.00
[ref.] [ref.] [ref.] [ref.] [ref.] [ref.]
35-50 1.38%* 2.07*** 1.05 1.3 1.88** 1.02
[1.01,1.89] [1.26,3.41] [0.69,1.59] [0.94,1.79] [1.13,3.14] [0.67,1.55]
Observations 10214 4906 5308 9889 4740 5149
Number of early neonatal deaths 224 91 133 216 87 129

Notes: Exponentiated coefficients; 95% confidence intervals in brackets; i p<0.10, ” p <0.05, ™ p <0.01.
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Table 5: Odds ratio that a child will die in the late neonatal stage

Girl Boy Girl Boy
Disease load in mother’s year of birth
Low-medium disease load 1.00 1.00 (--) (--)
[ref.] [ref.]
High disease load 1.21 0.86 (--) (--)
[0.69,2.11] [0.49,1.50]
Type of disease environment in mother’s year of birth
Low-medium disease load (-) (-) 1.00 1.00
[ref.] [ref]
Measles (-) (-) 0.59 1.59
[0.14,2.47] [0.75,3.36]
Scarlet fever (-) (-) 1.63 0.65
[0.62,4.29] [0.15,2.74]
Whooping cough (-) (-) 1.44 0.68
[0.67,3.08] [0.29,1.58]
Child’s birth order
Birth order 1 0.92 1.47%* 0.92 1.57*
[0.56,1.52] [0.94,2.31] [0.55,1.54] [1.00,2.49]
Birth order 2-4 1.00 1.00 1.00 1.00
[ref.] [ref.] [ref.] [ref.]
Birth order 5+ 0.86 0.9 0.87 0.95
[0.42,1.77] [0.48,1.72] [0.41,1.84] [0.50,1.81]
Child’s birth period
1830-1849 2.18* 2.87*** 2.15* 2.85%**
[0.91,5.22] [1.39,5.91] [0.89,5.15] [1.37,5.92]
1850-1869 1.00 1.00 1.00 1.00
[ref] [ref.] [ref.] [ref.]
1870-1889 1.03 1.21 0.86 1.23
[0.52,2.04] [0.68,2.15] [0.42,1.76] [0.69,2.22]
1890-1909 1.33 1.19 1.25 1.16
[0.67,2.63] [0.63,2.23] [0.61,2.56] [0.60,2.23]
1910-1941 1.03 1.09 1.07 1.2
[0.45,2.32] [0.50,2.41] [0.47,2.45] [0.54,2.66]
SES of mother’s family of origin
Higher Occupations 0.79 0.5 0.39 0.54
[0.18,3.38] [0.12,2.09] [0.05,2.88] [0.13,2.28]
Skilled 0.55 0.66 0.51 0.68
[0.17,1.85] [0.23,1.88] [0.15,1.71] [0.24,1.95]
Farmers 1.00 1.00 1.00 1.00
[ref] [ref.] [ref.] [ref.]
Lower skilled 0.42** 0.71 0.33*** 0.74
[0.21,0.85] [0.42,1.20] [0.15,0.71] [0.43,1.26]
Unskilled 0.62 0.48 0.62 0.49
[0.21,1.81] [0.17,1.37] [0.21,1.80] [0.17,1.41]
Unknown occupation 0.63 0.43*** 0.58* 0.43***
[0.34,1.17] [0.23,0.79] [0.31,1.10] [0.23,0.79]
Age of mother at birth
15-24 1.02 0.62 0.99 0.63
[0.56,1.89] [0.33,1.19] [0.53,1.85] [0.33,1.21]
25-34 1.00 1.00 1.00 1.00
[ref] [ref.] [ref.] [ref]
35-50 0.63 0.97 0.56* 1.00
[0.35,1.15] [0.59,1.61] [0.30,1.05] [0.60,1.66]
Observations 4815 5175 4653 5020
Number of late neonatal deaths 80 98 76 96

Notes: Exponentiated coefficients; 95% confidence intervals in brackets; i p<0.10, ” p <0.05, ™ p < 0.01. The child birth periods 1910-
1929 and 1930-1941 were merged together because no late neonatal deaths occurred in 1830-41 therefore predicting failure perfectly.
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