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Abstract

We provide new historical evidence on the developmental origins of health and disease in a cohort
of boys born between 1907 and 1922 in Wellington, New Zealand. Using a dataset of 1,523 birth
records that include birth weight and length we find 852 (58%) of the adult cohort in World War 11
records measuring stature, body mass and blood pressure. On average, the boys weighed 3.5kg at
birth, similar to Australian and American babies of the era, and nearly identical to full-term New
Zealand babies in the 1990s. Using OLS regression models we estimate the effect of birth weight
on adult stature and systolic blood pressure. We find an increase in birth weight of 1kg is
associated with an increase in stature of 2.6cm (95% confidence interval [C1] 1.6cm to 3.6cm),
and a decrease in systolic blood pressure of 2.1 mm/Hg (95% CI —-5.00 to 0.67). This is the earliest
cohort by fifty years for whom the fetal origins hypothesis has been examined in early adulthood.
Our estimates of the effect of birth weight on blood pressure are towards the upper end of the
range of published estimates in modern cohorts.

Introduction

The hypothesis that conditions in early life—social, economic, environmental, nutritional, or
experiencing illness—can have long run effects on individual and population health can be
traced to at least the early twentieth century (Kermack et al., 1934). Social and medical
scientists have given increasing attention to this idea since the late 1980s. The work of
David Barker and colleagues was particularly influential in drawing attention to the potential
connections between nutrition before birth, birth weight, later adult health and subsequent
cardiovascular mortality (D. Barker et al., 1989a; D. J. P. Barker & Osmond, 1986; D. J. P.
Barker et al., 1989b). Barker’s influence on the field is acknowledged in the widespread use
of the term “Barker hypothesis” to denote the idea that adult diseases and mortality can have
fetal origins (Almond & Currie, 2011). The fetal origins hypothesis does not posit that adult
health outcomes are predestined by fetal conditions, and thus closely related, but slightly
broader literatures investigate the “developmental origins of health and disease” (Gluckman
et al., 2010) and life course influences on health (Ben-Shlomo & Kuh, 2002).

A significant amount of the literature on the fetal origins hypothesis by Barker and others
has addressed the specific question of how birth weight is associated with blood pressure in
later life. Evidence from modern studies has shown that increases in birth weight of 1kg are
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associated with declines in systolic blood pressure of between 1-4 mm/Hg (Gamborg et al.,
2007b). Conversely, increases in birth weight are associated with increases in adult stature
(Sorensen et al., 1999). With lower blood pressure and increased stature both associated
with lower adult mortality, there is strong evidence that increased birth weight is associated,
at least indirectly, with improved health in later life even for babies well over the clinical
low birth weight threshold of 2.5 kilograms.

The fetal and developmental origins literature and life course epidemiology emphasize that
health conditions at any point in life are influenced by experience over a person’s life from
conception on. Accumulated experience will differ among individuals within a similar
cohort, and at a population level across socio-economic and environmental contexts. An
important and under-recognized implication of this literature is that the relationship between
early life health and later life outcomes may change over time and differ across geographic
areas as different cohorts are exposed to infer alia different environmental conditions,
nutritional practices, disease exposure, and medical care. Because the fetal origins literature
has largely developed since the 1980s scholars have been able to measure cohorts born
before World War 1l in later life, and only been able to measure younger cohorts born since
the 1960s.

This paper provides the earliest ever evidence on the fetal origins hypothesis in young
adults. Our cohort was born in Wellington, New Zealand between 1907 and 1922. We use
maternity hospital records linked to military enlistment records for men enlisting in World
War 1l to obtain information on size at birth and health in early adulthood. Combining the
information from these records allows us to address several closely related questions about
birth weight and early-adult health. Specifically, we measure the

»  Size at birth of infants in New Zealand as an indicator of child health during the
New Zealand infant mortality decline,

« Association of birth weight and birth length, with adult height

» Association of birth weight and birth length, with adult blood pressure: the fetal
origins hypothesis

While modern studies collecting data prospectively can go beyond body composition to
more precise measures of nutrition, growth and health, only anthropometric data is available
in historical populations. Our data combines accurately measured—rather than recalled—
birth weight and reliable measures of blood pressure. Although other authors have examined
the fetal origins hypothesis in cohorts born in the early twentieth century (Eriksson et al.,
2004), our study is the first to test the hypothesis in these cohorts in young adulthood.
Indeed, our cohort is born at least 45 years earlier than any group for whom the fetal origins
hypothesis has been studied in young adults (Jarvelin et al., 2004).

Evidence from New Zealand is especially interesting because of its apparently very healthy
population in the early twentieth century. New Zealand, like Scandinavia, had the earliest
sustained infant mortality decline in the industrialized world (Edvinsson et al., 2008;
Woodbury, 1922). Contemporary commentators attributed New Zealand’s decline to the
establishment in 1907 of the infant welfare group: the Plunket Society (Bryder, 2003). But
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the New Zealand infant mortality decline started in the 1880s, and there is no demographic
evidence Plunket caused the decline. A similar trajectory of decline was seen in
Scandinavia, which like New Zealand was wealthy with low population density (Edvinsson
et al., 2008; Mein Smith, 1988). Thus, this paper also brings overdue attention to measured
health outcomes among cohorts in the New Zealand infant mortality decline.

Results of prior studies: 1. Association of birth weight and length with adult height

The relationship between birth and adult size has interested physical anthropologists and
others for several centuries (Baldwin, 1921; Bogin & Kapell, 1997; Tanner, 1981) But there
were few large studies of growth from birth to maturity until the twentieth century (Young et
al., 1991). Many early twentieth century studies of childhood growth recruited samples in
schools, rather than at birth. Both the early twentieth century growth studies, and research
since the 1970s have provided significant evidence that weight and length at birth are
correlated with adult height. For example, a study of Danish conscripts born in the 1970s
found that average stature of men weighing 2.5-3kg at birth was 4cm less than men who
weighed 3.75 — 4kg at birth (Sorensen et al., 1999). Similar results were observed in a large
study of Norwegian conscripts (Eide et al., 2005). In the 1958 British birth cohort an
increase in birth weight of 1kg was associated with a 2cm increase in adult height (Li et al.,
2004).

The association between size at birth and adult stature is important because stature is
associated with morbidity and mortality (Engeland et al., 2003a; Engeland et al., 2003b;
Karri Silventoinen, 2003; Waaler, 1984). The association between height and mortality risk
reflects that adult height summarizes environmental conditions—particularly caloric intake
and disease burden—experienced during the growth period. A significant amount of
research has focused on the inverse relationship between height and coronary heart disease
(Paajanen et al., 2010; K Silventoinen et al., 2006). Similarly, there is an inverse association
between height and diabetes, with shorter men having a higher prevalence of diabetes, and
greater levels of insulin resistance (Asao et al., 2006). Height is also inversely related to
stroke, respiratory disease, and stomach cancers (Smith & Lynch, 2004). But if stature itself
is associated with birth weight, then analyses of stature and health outcomes that do not
control for birth weight will over-estimate the effect of conditions in childhood (measured
by stature) compared to conditions in-utero (measured by birth weight).

Results of prior studies: 2. Association of birth weight and length with blood pressure

The relationship between birth weight and blood pressure in adulthood is central to research
on the developmental or fetal origins hypothesis (Almond & Currie, 2011). Since Barker’s
early work in the 1980s there has been significant medical and epidemiological research into
the connection (D.J.P. Barker, 1998). Recent comprehensive summaries of modern literature
by Huxley et a/, and Lawlor and Davey-Smith suggest that for each one kilogram increase in
birth weight systolic blood pressure decreases of 1.5 to 2 mm/Hg (Huxley et al., 2002;
Lawlor & Smith, 2005). Much of the modern literature studies the relationship when
subjects are aged 50 or older, significantly older than our sample aged 18-35 at enlistment.
Because blood pressure changes throughout the life course it is unclear whether the
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association between birth weight and blood pressure changes over time (Davies et al., 2006;
Huxley et al., 2002).

Our sample comes from births at Wellington’s St Helens Hospital between 1907 and 1922.
The St Helens Hospitals were established during an era of concern about high maternal and
infant mortality. Following the 1904 Midwives Act seven St Helens hospitals were
established in New Zealand cities between 1905 and 1920. They provided state-subsidised
maternity care for working-class women whose husbands earned less than £3 (1905-1912)
or £4 (1912 on) a week, and a place for training midwives. In order to be eligible to birth at
the hospital, parents contributed half a week’s wages. For most of the period covered by our
data, average weekly wages for unskilled general laborers and skilled workers were
significantly below these limits (Figure 1). The hospital records lack information on
individual fathers” occupations. Previously published research tracing a selection of the
families into city directories that listed fathers’ occupations showed the majority of fathers
had semi-skilled or skilled occupations, including laborers, trades such as carpentry and
clerical workers (Wood & Foureur, 2007). However, we know nearly all families lived in
Wellington. As the national capital and the country’s major port the city grew rapidly
between 1907 and 1922 with growth in exports and government administration during
World War I. Approximately 60% of Wellington men worked in tertiary services, and
another 31% in manufacturing.

The first St Helens Hospital was established in Wellington in May 1905. Women were
attended by midwives and the medical superintendent was only called in for complicated
cases. On all indices of safe maternity care, including overall maternal mortality rates, the St
Helens hospitals were the safest birthing locations in New Zealand (Parr et al., 1921; Wood
& Foureur, 2007). “Indoor” casebook records survive for births between 1907 and 1922.
The volumes containing births in parts of 1907, 1910 and 1911, 1922 are missing, because
the books containing these records were lost when the hospital’s records were moved
between buildings. While their loss is regrettable, the cause of the missing data suggests it
will not bias the sample in any particular way.

The surviving casebooks provide information on 3,166 births. On admission to the hospital,
the woman’s name, address, age, date of admission, parity and physical appearance were
noted, as well as any comments on her general health. Ethnicity and marital status were not
noted — all women were given the title “Mrs” and nearly all were married. The baby’s
presentation at birth, the length of each stage of labour, the date and time of delivery, the
sex, weight and length of the infant, and any complications were added after birth. The
names of those attending the birth were also recorded. Midwives also commented on the
mother’s and baby’s progress and care, and any complications or treatments. At discharge,
the infant’s weight and mode of feeding were recorded with remarks about the mother’s
condition. The St Helens records are very similar to contemporaneous records from other
Anglophone countries (Dye, 1987; Morley et al., 2006; Nuttall, 2007).
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Sample construction

Between 1907 and 1922 there were 3,166 births at the Wellington St Helens Hospital.
Between a birth at St Helens and enlistment in World War 1l there were several stages at
which an individual could drop from the sample.

The first stage in constructing our sample was to focus on live, singleton male births. Our
record of early adult health comes from military records, limiting our ability to trace women
to maturity. While several thousand New Zealand women served in auxiliary or nursing
roles in World War 11, they were a small fraction of women in this birth cohort. By contrast,
based on overall levels of World War 11 service we expected approximately half the men
would have surviving military medical examination records.

The early introduction of national conscription in New Zealand reduces the potential for
selection bias from a sample constructed from military records. From August 1940, all New
Zealand men between the ages of 19 and 45 were conscripted for military service, after an
initial period of voluntary enlistment after September 1939. By mid-1942 all men in our
birth cohort who had survived to early adulthood should have been registered and medically
examined for service (Baker, 2000). Just 5% of men were judged “permanently incapable ...
[and] unfit for any military service,” but only men who served in the military have extant
medical records (Table 3).

We matched 58% of boys to military records in World War Il (Table 1). The St Helens
records recorded the mother’s full name, so we obtained children’s names using mother’s
names, the known birth location (Wellington) and residence (mostly Wellington), and the
exact date of birth. We matched these details to official birth registers maintained by the
Registrar of Births, Deaths and Marriages. We matched 98% of target boys from hospital
records to birth registers, with just 37 of 1496 singleton, live male births not found in the
registers. This result confirms contemporary views that New Zealand had a highly effective
civil registration system (Children’s Bureau, 1914).

We linked individuals to World War |1 records by matching variables available in maternity,
civil registration, and enlistment records: full given name of the subject, exact date of birth,
location of birth, and full parental names. The combination of these variables uniquely
identified all children within the dataset, and allowed straightforward identification of the
subjects in World War Il records. In a country as small as New Zealand with between
24,000 and 30,000 annual births (thus approximately half that number of male births) in any
year between 1907 and 1922, this information allowed us to make exact matches with a high
degree of confidence. The recording of exact dates of birth, and middle names for both
parents and children, was particularly critical in distinguishing between people with
common names. We traced individuals into all three branches—Army, Navy, and Air Force
—of the military.

All forces collected similar information on men enlisting including socio-economic
information, principally occupation and educational achievement, and an extensive medical
examination. The most consistently collected medical information was on height, blood
pressure, and weight. Military medical examinations were conducted by two general
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practitioners, assisted by a recording clerk and supervised by a military officer. Instructions
for the examinations required all shoes and clothing to be removed for measuring height and
weight. Blood pressure measurements were to be taken in a seated position (Watt, 1940).

Our analysis focuses first on the characteristics of the sample at birth as an indicator of
infant health in New Zealand, and then on the association between birth size and adult
height, and birth size and systolic blood pressure. To facilitate comparison with modern
studies we follow the convention in the literature of measuring birth weight as a continuous
variable (Hardy et al., 2004a). Models of adult height and blood pressure included controls
for educational attainment and occupation at enlistment where these were available in order
to examine whether results were confounded by socio-economic differences. In modern
studies blood pressure has been found to vary across socio-economic groups, measured by
occupation and education (Schnall et al., 1994; Strike & Steptoe, 2004). However, variable
non-response for education and occupation reduced sample sizes, without substantively
affecting coefficient estimates for early-life health variables. Therefore, we report analyses
including the larger sample without controls for education and occupation at enlistment. All
analyses were conducted in Stata 12. Summary statistics for the sample at birth and
enlistment are presented in Table 3.

Birth weight and length in early twentieth century New Zealand

Babies born at St Helens Hospital between 1907 and 1922 averaged a healthy 3467 grams at
birth. There was no time trend towards increasing or decreasing birth weight. Consistent
with nearly all prior research, boys weighed more than girls. Across the 15 years of records,
boys at St Helens averaged 3531 grams at birth, while girls averaged 3403 grams at births
(Table 4).

Length at birth varies less than weight, and is less useful as an indicator of fetal nutrition.
Under nutrition while in utero is manifested in being lighter than the potential weight, rather
than being shorter. Length was also not as consistently measured at St Helens. Whereas 112
of the 3023 live, singleton births at St Helens were missing weight measurements, 263 were
missing length. The St Helens babies averaged 51.9 cm at birth, with males averaging 52.2
cm and females 51.6 cm.

Selectivity of the linked sample

Selectivity of the sample of men linked to their World War 11 enlistment records is a key
issue in how far the results from this analysis can be generalized. If there is significant
selectivity by birth weight in the men we find in World War 11, then the results are not as
generalizable to a wider population.

The overall results of the medical examinations of the national cohort suggest that while
men who served in the military were fitter than average, the majority of men who did not
serve were also healthy. We expect this sample selected into the military from a working
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and lower-middle class background to have biases in offsetting directions. Men of working
class background are likely to be slightly less healthy, while selection into the military will
likely include the healthiest of these men. The men linked to World War 1l records averaged
172cm, identical to overall mean stature of New Zealand soldiers (K. Inwood et al., 2009),
suggesting the sample is not noticeably biased. In comparison, the mean stature of American
World War Il soldiers was 173cm (Karpinos, 1958).

There were small differences in birth weight between men who enlisted, and those who did
not. On average, men who enlisted weighed 3564 grams at birth, compared to 3487 grams
for men who did not enlist in World War I1. The difference is statistically significant
(p=0.008), but there were not large differences in the distribution of birth weights across the
groups. Kolmogorov-Smirnov tests for equality of the distribution functions cannot reject
the hypothesis the two distributions were equal. Probit models of World War Il service show
being 1kg heavier at birth increased the chance of enlisting by 6.4%. A boy at the low birth
weight margin of 25009 had a 52% chance of World War 1l service, while a boy of 4kg (one
standard deviation larger than the mean) had a 60% chance of World War 11 service.
Maternal age and birth weight did not differ significantly by enlistment status, suggesting
the group enlisting in World War Il was representative of the initial population (Table 1).

of size at birth with adult height

Consistent with modern research birth weight was strongly related to final adult height. For
the 98 men who weighed less than 3000 grams at birth, the average height on enlistment in
World War Il was 169.6cm. For men between 3000 and 3500 grams average height was
1.5cm greater, and men weighing up to 4000 grams averaged 172.6cm when they finished
growing. Controlling for maternal age, birth order, marital status of the mother, and year of
birth we estimate that for every one-kilogram increment in birth weight, a man was 2.6cm
(approximately one inch) taller in adulthood (Table 5).

Length at birth had a smaller impact on adult height. For every 1cm increment in birth
length, a man was 0.15cm taller in adulthood. A man who was one standard deviation
heavier than average at birth grew up to be 1.5cm taller in adulthood. By comparison, men
one standard deviation longer at birth were just 0.5 cm taller in adulthood. This finding is
consistent with modern studies (Sorensen et al., 1999).

There is some evidence that men born later in the cohort were slightly taller. Coefficients for
individual years of birth relative to the 1907 baseline were larger for boys born after 1915.
Partitioning the sample into boys born 1907-1915 and 1916-1922, the later group was 1cm
taller on average (p=0.025). Men in both groups were 21 or older when measured, but there
is a much greater chance men born later were still growing since 73% of those born after
1916 were aged 21-23 at enlistment. This suggests nutritional conditions across the growth
period were better for men born later in the cohort.

Relationship of birth weight to adult systolic blood pressure

Mean systolic blood pressure at enlistment was 135 (Table 3). A quarter of recruits had
systolic blood pressure above 140, the conventional threshold for high blood pressure. These
values are higher than modern population means for the same age group in New Zealand and
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North America, but similar to modern levels in Europe (Danaei et al., 2011; Metcalf et al.,
2006; Williams & Poulton, 2002; Wolf-Maier et al., 2003).

We find a slightly larger association between birth weight and systolic blood pressure than
most modern studies (Table 6). Without controlling for current weight, we estimate that
every one Kilogram increase in birth weight is associated with a decrease in systolic blood
pressure of 2.4 mm Hg (Model 1, 95% CI —4.90 to 0.01). Controlling for current weight or
body mass index marginally decreases the size of the inverse association to 2.3 mm Hg/kg
(Model 2). Addition of further controls for education and occupation at military enlistment
also attenuates the effect of birth weight on systolic blood pressure to —2.2 mm Hg/kg
(Table 7, Model 4. 95% CI1 -5.00 to 0.67).

However, not all recruits measured in World War Il provided all measurements of height,
weight, and social standing. Therefore, we estimate the model again without controlling for
current BMI on the group that did provide all measurements (Table 7, Model 3), and
perform a similar analysis for social status (Table 7, Model 5). The strength of the
association between birth weight and blood pressure attenuates further when we omit
controls for BMI in the group that was weighed at enlistment. This result is consistent with
modern studies, and shows the importance of controls for adult body composition when
testing the effect of birth weight on adult outcomes.

Discussion

Using a novel sample of maternity records linked to World War Il enlistment records we
provide evidence on three important questions: infant health in New Zealand during the
early twentieth century infant mortality decline; and the earliest historical measurements
ever of the association between birth size and adult stature, and the earliest ever
measurements of the fetal origins hypothesis in young adults. In this sample of children born
in a hospital serving working class families we find babies averaged 3.5kg at birth. Having
traced a representative sample through to World War Il enlistment records we find that the
association of size at birth with adult stature and systolic blood pressure was higher than in
modern studies.

Infant health in early twentieth century New Zealand

Despite the great interest in New Zealand infant welfare in the early twentieth century, there
has been no historical evidence on birth weight in New Zealand compared to overseas.
Comparison with babies born at a similar time in similar countries shows Wellington babies
were a similar size to babies born in the United States and Australia, and larger than British
babies (Table 4). Slightly fewer of the New Zealand babies were less than 2500 grams than
at the New York Lying-in Hospital studied by Costa for a similar time period. The St Helens
babies averaged 52cm at birth, which was slightly longer than observed in other similar
populations (Costa, 1998). Because we cannot know precisely how selectivity by socio-
economic status varied between the various countries, it is important not to make too much
of small differences. The evidence is clear that babies of working class parents in New
Zealand were as well-nourished as those in similar hospitals in Australia and the United

Soc Sci Med. Author manuscript; available in PMC 2015 April 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Roberts and Wood

Association

Association

Page 9

States, and that all three “new world” countries had significantly heavier babies than the
United Kingdom.

Comparison of our unconditional mean birth weights with modern data is slightly
complicated because modern studies report sex and gestation-specific means, while we lack
information on gestation. The median birth weight of live male singletons in our study
(3574q) is nearly identical to the New Zealand median male birth weight at 40 weeks
gestation in 1990/91, and midway between European birth weight medians at 39 and 40
weeks gestation in the late 1990s in Auckland (McCowan & Stewart, 2004; Thompson et al.,
1994). These comparisons suggest that maternal nutrition in New Zealand in the early
twentieth century was similar to modern standards.

of size at birth with adult height

Our estimates of the association between size at birth and adult height similar to the range of
published values in the modern literature. Whereas we found a 1kg increase in birth weight
associated with a 2.6cm increase in adult height, modern studies have found associations
between 2 and 3cm (Li et al., 2004; Sorensen et al., 1999). The effects of birth weight on
stature are significant, and larger than social class differences in stature. For example,
studying New Zealand soldiers Inwood et al found urban professionals and managers were
approximately 1.25 cm taller than urban manufacturing workers and laborers (Kris Inwood
etal., 2010).

Consistent with modern research, we also found that parity progression reduced adult
stature, even after controlling for maternal age. Each subsequent pregnancy reduced stature
by just under one-third of a centimeter. These effects are of a somewhat larger magnitude
than modern studies (Eide et al., 2005). This is consistent with the hypothesis that as
population averages for birth weight and stature increase, the relationship between these
variables and later-life outcomes will be weaker. In poorer historical cohorts, families had
less economic capacity to provide for subsequent children.

of size at birth with adult systolic blood pressure

This study investigates the fetal origins hypothesis in the earliest cohort for which it has
been investigated, with the earliest previous cohorts beginning in 1910. Our study pushes
back measurement of the fetal origins hypothesis in young adults at least 45 years, with
previous studies of young adults being limited to men born after 1966 (Gamborg et al.,
2007a). Our estimates of the effect of birth weight on adult height and blood pressure are in
the same direction as modern studies. However, we tend to find slightly larger magnitudes
for our estimates than in most modern studies. Our preferred estimate from a model adjusted
for current BMI and social status suggests that an increase in birth weight of 1kg is
associated with a decrease in systolic blood pressure of 2.1 mm Hg. In comparison, reviews
of the literature suggest the association lies between -1.5 and -2 (Lawlor & Smith, 2005).

But the majority of modern studies examining the fetal origins hypothesis have studied
subjects in middle age and later life. Both cross-sectional and longitudinal studies suggest
the relationship between birth weight and blood pressure is amplified with age (Davies et al.,
2006), even after controlling for current BMI. Thus, it is important to compare our results
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with other studies of men in early adulthood. Our estimates of a 2.1 to 2.4 mm/Hg increase
in systolic blood pressure with a 1kg decrease in birth weight lie towards the upper end of
the results from other studies of young men. The most directly comparable modern studies
to ours are of Swedish conscripts aged 18-24. These studies have estimated an inverse
association of around 1 mm/Hg (Bergvall et al., 2005; Nilsson et al., 1997). Our estimates
lie closer to the size of the association found in adults in their late 30s and early 40s in both
British and Nordic studies (Hardy et al., 2003; Hardy et al., 2006; Hardy et al., 2004b). In
this context, our results lend support to the argument that the association between birth
weight and systolic blood pressure has weakened in the last century (Gamborg et al., 2007b).

A further context for understanding these results is comparison to mean systolic blood
pressure levels over time (Adair & Dahly, 2005). The change in systolic blood pressure of 1
or 2 mm Hg due to decreases in birth weight is small relative to historical changes in blood
pressure levels. Mean systolic blood pressure in our sample was approximately 10 mm/Hg
higher than men of a similar age in New Zealand or North America today. In concert with
our finding that male birth weights in New Zealand have not changed significantly, this
suggests that only a small fraction of population-wide changes in blood pressure levels and
hypertension incidence can be due to changes in fetal nutrition and birth outcomes.

However our finding that blood pressure was more strongly related to birth weight than in
modern studies is significant. It suggests that adult outcomes were more sensitive to health
at birth than in modern studies, and is consistent with evidence our cohort grew up in
challenging economic circumstances. The cohorts examined here grew up during a long
period of economic uncertainty in New Zealand (Greasley & Oxley, 2009). In particular,
growth in New Zealand was weak during the 1920s, and economists have characterized the
period from the end of World War | through the Great Depression as a long depression.
Only boys born later in our cohort—from about 1916 to 1922—would have experienced at
least part of their adolescent growth spurt after 1934 when the New Zealand economy
recovered strongly from the Great Depression. Our finding that the younger men in our
sample were taller is consistent with this hypothesis.

Conclusion

The fetal origins hypothesis has attracted significant attention in the past two decades, but
has not been frequently tested on historical birth cohorts. Using a unique data set of
measured birth weights and health measurements in early adulthood, we examine the
relationship of size at birth with adult height and blood pressure in the earliest cohort ever
studied. The successful linking of maternity records to military enlistment records opens up
new possibilities for historical research on early life conditions and later life health.

Consistent with modern studies we find that birth weight has a statistically significant
association with adult height and blood pressure. Our estimates are consistent in direction
with modern research, but are larger in magnitude for blood pressure. Overall our findings
suggest early adult health was more sensitive to health at birth in an historical cohort than in
modern research. This suggests that while the association between size at birth and adult
health may vary over time and space with social and economic conditions, it probably does
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so in a biologically determined range. Being smaller at birth had significant consequences in
the past, and continues to have significant consequences to the present day.
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