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Summary

Objectives: The fetal origins of adult disease hypothesis

describes associations found for fetal or early-life expos-

ures with cardiovascular risk and disease in adulthood. The

extension or not of these associations into old age has

received less attention. We investigated if maternal health

and family circumstances were associated with cardiovas-

cular risk factors and cardiovascular disease (CVD) in late

life and discuss results in light of possible selection effects

and measurement error.

Design: A retrospective cohort study based on community

survey. We examined 224 possible associations between

anthropometric measures, maternal health information

and family socioeconomic status at birth versus CVD and

CVD-related risk factors 72–74 years later.

Participants: Of 3341 participants in a community survey

of people aged 72–74 years, we were able to trace birth

records from a historical archive in a broadly representa-

tive subsample of 480.

Setting: Bergen, Norway

Main outcome measures: Established cardiovascular risk

factors and indicators of CVD.

Results: Only 11 (4.9%) of these associations were found

to be statistically significant, and no strong or consistent

patterns in the associations between exposures and out-

comes were found.

Conclusions: There was little evidence in this relatively

elderly sample for an association between early life factors

and CVD outcomes of clinical or public health relevance.

Further research is required to confirm the extent to which

a diminution of early life influences into old age, if genuine,

can be accounted for by selective mortality, systematic bias

or by dilution of effects due to competing risk factors.

Keywords
fetal origins of adult disease, public health, cardiovascular

disease, early life factors, birthweight, old age

Introduction

The fetal origins of adult disease (FOAD) hypoth-
esis1,2 suggests that early influences, especially intra-
uterine environmental exposures, affect individuals
irreversibly during particular periods, and conse-
quently increase the risk of specific diseases in adult
life. Early studies in this field investigated if weight
and head circumference at birth could predict cardio-
vascular disease (CVD)-related outcomes in adult
life,1 such as increased blood pressure and increased
mortality from CVD and stroke.1,2 Lower birth-
weight3,4 and paternal social class5 have been found
to be associated with incident CVD in adulthood.
Inverse relationships have also been found between
birthweight and adult serum cholesterol concentra-
tions, risk for type-II diabetes and hyperlipidaemia.2

It has, however, been more challenging to extend
this paradigm and examine the same factors as risks
for disease in old age. For one, there has been a lack of
reliable data combining exposure status at birth and
health outcomes in late life. The few studies that have
investigated the hypothesis in relation to old age (�65
years of age)6–14 have often had limitations such as
self-reported birth information6,8 or restriction by
gender.6,8,11,14 To the best of our knowledge, no pre-
vious studies have investigated the FOAD hypothesis
in a population above 70 years of age specifically.

Taking advantage of a birth record archive in an
area covered by a community survey of older
people, we constructed a retrospective cohort study
by linking information from the survey of people
aged 72–74 years with participants’ birth records.
Based on this linkage, our aim was to investigate
the extent to which birth measures, maternal
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health and family circumstances were associated
with cardiovascular risk factors and CVD in old
age. Given the long temporal gap between exposure
and outcome, and the paucity of any intervening
information, a secondary aim was to consider the
methodological challenges involved in this type of
study design and use the present results to highlight
and discuss these.

Methods

Study population

The sampling frame for this study comprised all 3341
participants in the old age cohort of the population-
based Hordaland Health Study (HUSK) which has
been previously described.15 In summary, all resi-
dents of Bergen city or neighbouring areas born
between 1925 and 1927 were invited to participate
in a general physical examination and to complete
questionnaires on sociodemographic status, general
health and health-related behaviour. HUSK was con-
ducted from 1997 to 1999 as a collaboration between
the National Health Screening Service, the University
of Bergen and the local health services.

In the Norwegian Population Registry, all inhab-
itants of Norway are registered with a personal iden-
tification number. Using this individual identifier,
the names (and maiden name for females), date of
birth, place of birth and parents’ names (if available)
of HUSK-participants were retrieved. This informa-
tion was used to retrospectively trace the partici-
pants born in Bergen to their birth records located
at the Regional State Archives of Bergen. These rec-
ords contain detailed information about the preg-
nancy, the birth and the mother’s health recorded
contemporaneously by midwives and obstetricians.
As these records were used in the educational train-
ing of midwives, they are considered to be of a high
quality.16 Of the 3341 participants from the old age
cohort, we were able to trace 480 (14.4%), which
constituted the final study sample aged 72–74 years
(mean 72.3). More details about the establishment
of the retrospective cohort has been previously
described.17

During the late 19th century and early 20th cen-
tury, Bergen city expanded geographically and went
from a semi-rural city to a city with more modern
characteristics, and the secondary and tertiary indus-
try expanded.18 This industrial change was mostly
due to growing manufacturing but also related to
an increase in commerce, shipping, transport and ser-
vice industry.18 As a consequence, three social classes
began to dominate in Bergen during the same period,
upper, middle and lower, with large differences in

income, housing standard and diet. The upper class
was characterised by industry proprietors, importers,
wholesale dealers and financers. The middle class
consisted primarily of merchants, craftsmen and offi-
cials, while the lower class comprised regular workers
or artisans.18

During the summer of 1918, the Influenza pan-
demic reached Bergen, and it is estimated that
45.3% of the population became infected between
July 1918 and March 1919.19 For Norway as a
whole, the excess mortality was 5.7 deaths per 1000
inhabitants,20 and 65% of those who died were
between 15 and 40 years of age.21 For births in
1925–1927, life expectancy in Norway has been esti-
mated as approximately 67 years for males and 74
years for females.21

Early life factors – information obtained at birth,
1925–1927

The available birth records in the Regional State
Archives of Bergen were viewed and coded blind
to all HUSK measures. The following information
was abstracted from the records: gestational age
(weeks), birthweight (kg), birth length (cm), head
circumference (cm) at birth, ponderal index (PI; cal-
culated from weight and length) and mother’s mean
pelvic size (cm). The following binary variables were
derived from individual free text fields: any recorded
disease in the mother (yes/no), family history of cor-
onary heart disease (yes/no) and tuberculosis (yes/
no), the state of mother’s teeth (poor/good),
mother’s condition after birth (poor/good), compli-
cations during birth (yes/no), mother’s general som-
atic state at discharge (poor/good), marital status
(married/unmarried), socioeconomic status (SES,
based on father’s occupation; lower/middle) and
type of payment for the hospital stay (health insur-
ance/other). Date of birth was also available for all
of the participants, and this information was used to
differentiate between being born during the summer
(March–August) and winter (September–February)
season.

Demographic information – follow-up from
HUSK at age 72–74

As a crude assessment of potential demographic dif-
ferences between the participants we were able to
trace and the rest of the HUSK-participants, self-
reported level of educational attainment and general
health was obtained from HUSK. Level of educa-
tional attainment was divided into ‘compulsory
only’ and ‘post-compulsory’, while general health
was divided into ‘poor’ and ‘good’.

2 Journal of the Royal Society of Medicine Open 5(7)



CVD and risk factors for CVD – follow-up from
HUSK at age 72–74

The following outcomes from HUSK were analysed:
measures of body mass index; hip and waist circum-
ference; systolic and diastolic blood pressure; non-
fasting serum levels of triglycerides, total cholesterol,
high-density lipoprotein (HDL) cholesterol and glu-
cose; self-reported diabetes, previous CVD incidents
(including stroke, infarction, embolus and any
CVD-related surgery) and use of nitroglycerin or
antihypertensive medication. Based on the measured
information available, we defined a metabolic score
according to a modified version of the US National
Cholesterol Education Program (NCEP) criteria for
metabolic syndrome.22 As information about fasting
glucose was unavailable, this criterion was excluded.
The participants were given a score from 0 to 4 for
each fulfilled criterion according to NCEP, with �3
indicating a ‘high metabolic score’.22

Statistical analyses

A post hoc power analysis indicated that we would be
able to detect a small to medium effect size for con-
tinuous (a correlation of 0.13), binary associations
(Cohen’s w of 0.16) and the combination of the two
(Cohen’s d of 0.35), given a power of 80%.17 The
sample was described and HUSK participants with
traceable birth records were compared to the remain-
der of that sample. Age- and gender-adjusted associ-
ations were then investigated between exposures and
outcomes employing linear regression models. In
addition to the age- and gender-adjusted associations,
crude associations and gestation-adjusted associ-
ations were computed, yielding similar results (data
not shown). Because of criticisms of publication bias
concerning previous FOAD findings,2 our approach
was to investigate and report all associations between
exposures and outcomes, taking into account the
number of significant associations that would
be expected through chance alone but also investigat-
ing any consistency across a given exposure or
outcome.

Results

Comparison between the analysed sample and the
remainder of the HUSK sample

In relation to demography, no differences between
the HUSK participants with birth journal informa-
tion and participants without were found on gender
(p¼ 0.510) and self-reported health (p¼ 0.662).
However, participants we were able to trace had a

significantly higher educational attainment
(p¼ 0.037) than the untraced remainder. In relation
to the study outcomes, the participants we were able
to trace to the birth registry had a significantly higher
waist (mean difference 1.69 cm, 95% CI 0.53–2.85)
and hip circumference (mean difference 0.85 cm,
95% CI 0.13–1.57) and higher levels of HDL choles-
terol (mean difference 2.20mg/dL, 95% CI 0.74–3.67)
compared to the rest of the participants (Table 1).
Furthermore, the traced participants were more
likely to report antihypertensive medication use
(odds ratio (OR): 1.45, 95% CI 1.19–1.77) and were
more likely to have a high metabolic score (OR: 1.27,
95% CI 1.02–1.58). No other significant differences
were observed.

Sample characteristics

Birth characteristics of the analysed sample are
described in Table 2 and characteristics at the
HUSK-examination in Table 1. More than half
were female, and the mean (SD) birthweight and
length were 3.47 (0.52) kg and 50.3 (2.1) cm, respect-
ively. In old age, the mean (SD) body mass index
(BMI) was 26.5 (4.0) kg/m2, 12.8% reported any pre-
vious CVD-incident and a high metabolic score was
present in 28.0% (Table 1).

Association between early life factors and
CVD-related outcomes at age 72–74

Of the 224 associations examined, only 15 (6.7%,
95% CI 4.1–10.8%) crude associations were signifi-
cant at �¼ 0.05 (data not shown). When adjusting for
age and gender, only 11 (4.9%, 95% CI 2.8–8.6%)
were significant (Tables 3 to 5). Considering expos-
ures where more than one age- and gender-adjusted
association was found, season of birth was associated
with waist circumference (p¼ 0.029), systolic blood
pressure (p¼ 0.002), CVD (p¼ 0.045) and metabolic
score (0.041). Specifically, being born during the
winter was associated with increased waist circumfer-
ence, higher systolic blood pressure, and less likeli-
hood of reporting any CVD and a higher likelihood
of a high metabolic score. A larger head circumfer-
ence at birth was also associated with lower glucose
blood levels (p¼ 0.010) and lower likelihood of dia-
betes (p¼ 0.006).

Considering outcomes where more than one age-
and gender-adjusted association was found, increased
glucose blood levels were associated with mother’s
condition after birth being reported as bad
(p¼ 0.042), in addition to the association with head
circumference. Also, increased hip circumference in
old age was associated with increased mother’s
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pelvic (p¼ 0.006) size and reports of tuberculosis in
mother’s family (p¼ 0.045).

In addition, a higher paternal SES was associated
with decreased BMI in old age (p¼ 0.029), and

mother’s condition at discharge being rated as bad
was associated with decreased systolic blood pres-
sure. The point estimates of the crude associations
did not differ substantially from the age- and

Table 1. Differences on outcomes between HUSK participants with birth journal information and participants without.

Traceable Non-traceable

Continuous variables Total, N Mean [CI 95%] SD Total, N Mean [CI 95%] SD p

BMI 478 26.44

[26.08, 26.81]

4.04 2854 26.09

[25.95, 26.24]

3.94 0.071

Waist circumference (cm) 479 90.82

[89.71, 91.93]

12.43 2854 89.13

[88.69, 89.56]

11.86 0.004

Hip circumference (cm) 479 101.38

[100.68, 102.09]

7.85 2854 100.53

[100.26, 100.80]

7.40 0.021

Systolic BP 479 148.17

[146.30, 150.04]

20.89 2858 147.03

[146.27, 147.78]

20.52 0.260

Diastolic BP 479 78.57

[77.56, 79.58]

11.26 2858 77.68

[77.24, 78.12]

11.93 0.128

Triglyceride* 480 160.38

[152.90, 167.86]

83.60 2858 161.68

[158.54, 164.82]

85.50 0.757

Cholesterol* 480 240.26

[236.46, 244.05]

42.42 2858 242.68

[241.05, 244.31]

44.43 0.266

HDL cholesterol* 480 54.54

[53.01, 56.08]

17.19 2858 52.34

[51.80, 52.88]

14.76 0.003

Glucosey 480 103.74

[100.70, 106.78]

33.99 2858 101.37

[100.24, 102.50]

30.83 0.126

Binary variables Total, N

Proportion

[CI 95%] Total, N

Proportion

[CI 95%] p

Diabetes (% yes) 472 6.6%

[4.3, 8.8]

2819 6.8%

[5.9, 7.7]

0.846

Any CVD (% yes) 399 12.8%

[9.5, 16.1]

2447 10.5%

[9.2, 11.7]

0.166

Use of nitroglycerin (% yes) 408 10.8%

[7.8, 13.8]

2494 9.1%

[8.0, 10.3]

0.291

Use of antihypertensive

medication (% yes)

469 40.5%

[36.1, 45.0]

2797 31.9%

[30.2, 33.7]

<0.000

High metabolic

score (NCEP)

479 28.0%

[23.9, 32.0]

2858 23.4%

[21.8, 24.9]

0.029

Significant associations in bold.

NCEP: The US National Cholesterol Education Program Adult Treatment Panel III.

*mg/dL.
yNon-fasting glucose, mg/dL.
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gender-adjusted associations presented in Table 3
to 5.

Discussion

In this study, we examined 224 possible associations
for anthropometric measures, maternal health infor-
mation and family socioeconomic status at birth with
established CVD and related risk factors 72–74 years
later. A mere 4.9% of these associations (n¼ 11) were
statistically significant (p<.05) in age- and gender-
adjusted analyses, and no strong or consistent pattern

of associations was found with respect to exposures
or outcomes. As with any empirical study, chance,
bias and confounding should be considered as poten-
tial explanations. The significant associations were in
summary no more than would be expected by chance,
applying an alpha level of 0.05. Our analysis had suf-
ficient statistical power to detect small to medium
effects sizes, but by testing 224 associations, we
increased the risk of type I error. The data, taken
as a whole, suggest no substantial association
between early life factors and cardiovascular health
in late life in our sample. Employing Bonferroni

Table 2. Sample characteristics at birth obtained from medical records.

Summary statistics

Continuous variables Total, N Mean Standard deviation

Gestational age (weeks) 480 39.65 1.24

Birthweight (kg) 480 3.47 0.52

Birth length (cm) 480 50.32 2.09

Head circumference (cm) 473 34.44 1.68

Ponderal Index (mass/height3) 480 2.64 0.23

Mean pelvic size (cm)* 448 26.01 1.27

Binary variables Total, N Proportion (%)

Gender (% female) 480 55.8 –

Mother’s condition after birth (% poor) 480 9.6 –

Tuberculosis in family (% yes) 480 11.7 –

CVD in family (% yes) 480 11.0 –

Mother’s appearance (% poor) 480 24.0 –

Complications birth (% yes)y 480 10.2 –

Socioeconomic status (% middle) 480 40.6 –

Unmarried (% yes) 480 4.2 –

Teeth lower jaw (% poor) 469 58.0 –

Payment (% insurance) 339 57.2 –

Number of diseases (%>1) 480 29.4 –

Season of birth (% summer)z 480 51.0 –

*The mean of the interspinous distance, the intercristal distance and the external conjugate in centimeters.
yIncluding, but not limited to, prolonged labour, abnormal presentation, manual extraction and episiotomy, uterine rupture, discoloured amniotic fluid,

abnormal fetal souffle and placenta praevia.
zDate of birth was available for all of the participants in the old age cohort of HUSK.
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adjustments for multiple testing would render even
more of the significant associations non-significant
and further strengthen the likelihood that there are
few substantial associations between early life factors
and late life CVD health. There are, however, a range
of design challenges and selection effects that may
have influenced our results, and these will be dis-
cussed in depth later.

Strengths of the present study

Having access to birth records from the 1920s and the
possibility to link this information to a population-
based health survey in the late 1990s enabled a
follow-up in the range of 72–74 years which, as men-
tioned, was longer than has been available in any
previous cohort. Both the exposure and the outcome
sources contained detailed information and the gath-
ering of information was unlikely to have been biased
in any particular direction. The birth records were
used in the education of midwives under the supervi-
sion of the head physician and included detailed
anthropometric measures, as well as information
about maternal health and circumstances, the birth
process and the early postnatal period. The HUSK
study included many physiological measures in add-
ition to self-reported diagnoses and medication.
Furthermore, in contrast to several previous studies
with follow-up into old age,6,8,11,14 both genders were
represented.

Traceability

A key limitation was that, despite considerable effort,
we were only able to trace 14.4% of the HUSK par-
ticipants to their birth records. There are several rea-
sons for this: in particular, not everyone who
participated in HUSK was born in the Bergen area,
and others were born at home or at other hospitals.
Two issues of generalisability can be considered
here – the first is whether the analysed sample repre-
sented people present in the birth register; the second
is whether the analysed sample represented people of
their age group in the source population.

Considering the second issue, the 480 participants
were broadly representative of the HUSK sample, the
only substantial differences from the remainder being
that they had higher educational attainment, higher
values for waist and hip circumference, were more
likely to be taking antihypertensive agents and more
likely to have a higher metabolic score. The anthropo-
metric and physiological differences suggest a higher
vascular risk status in the analysed sample; however,
other important indices such as resting blood pressure,
total cholesterol levels, previous CVD and diabetesT
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prevalence did not differ significantly or substantially
between the groups, and HDL cholesterol was higher
rather than lower. Furthermore, the HUSK sample
itself has been shown to be representative of its
sampled population. It is therefore unlikely that the
presence or not of birth record information will have
accounted for the observed findings.

Selection effects

It is important to bear in mind that most survival
influences will have affected comparison groups
equally in the analysed sample, because all people
in the analysed sample were participants in the old
age cohort of HUSK and all had there survived to
those ages. However, selection effects need some con-
sideration. Intrauterine and early influences which
potentially increase the likelihood of adult diseases
are likely to have influenced mortality in the time
between exposure and outcome ascertainment.23

Therefore, the same exposures that possibly increase
risk of late-life outcomes may also have exerted some
selection on the sample through increased mortality.
In general, this would lead to positive selection of
healthier survivors.23 In order to detect any effects
of early influences on the CVD health in old age,
the negative effects of the early influences would
have to be ‘sufficiently strong among the survivors
to overwhelm the positive effect of selection’.23(p.165)

As the temporal distance between exposure and out-
come increases, these survival effects are likely to lead
to progressively weaker associations of interest due to
increasing positive selection, thus diluting potential
exposure-outcome associations towards the null-
hypothesis. This dilution could explain our null-find-
ings, without necessarily invalidating the FOAD
hypothesis for shorter follow-up periods. Of note,
Koupilová et al.11 found stronger associations
between lower birthweight and hypertension at age
50 than at age 70, lending some support to this asser-
tion. These potential dilution effects would have been
interesting to explore in more detail, but this was not
possible within the restriction of the present study
(only two time points and a relatively small sample
size). Selection effects may therefore have biased the
findings through a healthy survivor effect previ-
ously described in occupational epidemiology.24

Therefore, as well as the sample overall being heal-
thier in earlier adult life than the general population,
those with (for instance) a lower birthweight and
increased risk for CVD may be less likely to have
survived than those without these factors in
combination.

Also, our analysis is based on participants in a
population-based health survey. As health survey

participants generally are more healthy than
non-participants,25 this might also have contributed
to a selected healthier population than other studies
investigating the FOAD hypothesis. It is, however,
unlikely that such selection effects would obliterate
all of the exposure-outcome associations, especially
since CVD and diabetes was present in 12.8% and
6.6% (compared to 10.5% and 6.8% among the rest
of the HUSK participants) of the sample, respectively.

Bias due to measurement error

Bias due to measurement error might have obscured
the associations investigated. While a differential
measurement bias is unlikely, as reporting in HUSK
was unlikely to be influenced by birth circumstances,
a non-differential bias might have biased the findings
towards the null-hypothesis.26–28 However, we feel
that measurement error is unlikely to be so substan-
tial as to invalidate our findings entirely. Some of the
outcomes are especially vulnerable to measurement
bias, such as measurement of non-fasting glucose,
and reliance on self-reported diabetes, CVD and
medication. Also, information on maternal health
and family circumstances were relatively crude in
the birth records, and therefore more prone to error.

In conclusion, despite potential methodological
challenges, the findings presented here suggest that
the hypothesised associations between early life fac-
tors and later CVD outcomes do not appear to be
substantial in later life. Specifically, the fact that we
were not able to detect many associations in a rela-
tively well-characterised sample suggests that the
underlying effects are small and, in this elderly popu-
lation at least, unlikely to be of major clinical or
public health importance.29,30 The most likely explan-
ation we feel is that associations between early life
factors and later CVD outcomes in adulthood dimin-
ish in older age groups due to differential survival or
dilution of effects through the emergence of compet-
ing risk factors. Our findings require confirmation in
larger samples with higher tracing rates, and future
research may benefit from focusing on other meas-
ures of early life factors, and where possible, also
adopting a life-course perspective, rather than
merely investigating gestation and birth.
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