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Prenatal exposure to wartime stress — long-term effect on coronary
heart disease in later life
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Abstract
Background. Increased rates of coronary heart disease (CHD) and cerebrovascular disease in later life have been repeatedly
observed in subjects with low birth-weight. One possible reason for low birth-weight is prenatal stress. Little is known

about the influence of prenatal stress on lifelong health outcomes.
Aims. In this study we investigate the influence of prenatal stress on CHD and cerebrovascular disease incidence in

adult life.

Methods. We analysed data originating from the Helsinki Birth Cohort Study including hospital data from all men and
women born between 1934 and 1944 (n = 13,039) in two hospitals of Helsinki. We estimated the hazard function
based on Weibull distribution. We compared those exposed and unexposed to bombings while iz uzero in terms of

lifelong CHD and cerebrovascular disease hazard.

Results. In women exposed to bombings while i uzero, we observed higher survival rates of both CHD and cerebrovascu-
lar disease than in those unexposed. In men, the results were ambiguous.
Conclusions. Our findings suggest that prenatal exposure to severe stress may be associated with protective effects on the

development of CHD in later life.
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Introduction

Increased rates of coronary heart disease (CHD)
and cerebrovascular disease in later life have been
repeatedly observed in subjects with low birth-weight
(1-3). One possible reason for low birth-weight is
prenatal stress. Prenatal stress has been reported to
cause higher prevalence of unfavourable psychologi-
cal health outcomes in the offspring (4).There is also
evidence that major stressful events are associated
with a lower birth-weight. For example, studies of
the effects on birth outcomes in term deliveries after
the World Trade Centre disaster in 2001 showed that
birth-weight in the offspring was significantly lower
for those who lived close to the event site (5,6).

A study of the Belgrade bombings in 1999 showed
similar results (7). This could have far-reaching
health consequences because of the link to non-op-
timal growth in wutero—which is reflected by low
birth-weight in relation to the length of gestation—
and the incidence of CHD in adulthood (8-10).
Little is known about the influence of severe pre-
natal stress on lifelong health outcomes in the off-
spring. There are some studies focusing upon
long-term consequences of malnutrition and stress
during the Dutch Hunger Winter, the Leningrad
Siege, and the Channel Island famine. The findings
regarding the influence on CHD and its risk factors
were conflicting (11-14). Interestingly, prenatal
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exposure to the 1918 influenza pandemic apparently
increased the rate of ischemic heart disease (14,15).
However, in these extreme conditions it is difficult
to differentiate between the effect of stress and that
of malnutrition. Animal studies suggest that prenatal
stress may cause the offspring to be more sensitive
to diseases in later life even in absence of the
association with birth outcomes (16).

During the Second World War, Finland fought
two wars with the Soviet Union: The ‘Winter War’
between 30 November 1939 and 13 March 1940,
and the ‘Continuation War’ from 25 June 1941 to 19
September 1944. During these time periods, Helsinki
was bombed several times.

The bombings of Helsinki provide a good basis
for assessing the influence of severe prenatal stress
on the lifelong health outcome. In this study we
investigate the influence of prenatal stress on CHD
and cerebrovascular disease incidence in adult life
and whether this potential effect is mediated through
low birth-weight.

Patients and materials

The study cohort originates from the Helsinki Birth
Cohort Study (HBCS), a cohort study with 13,345
men and women, of whom 4,585 were born at the
Helsinki City Maternity Hospital and 8,760 at the
University Hospital in Helsinki between 1934 and
1944, who attended child welfare clinics in the city
and who lived in Finland in 1971 when a unique per-
sonal identification number had been allocated to each
resident of the country (17). The cohort data include
birth characteristics and data on the mothers such as
age, parity, height, and date of last menstrual period
(10,18). The death registry data contain International
Classification of Diseases (ICD) codes of causes of
death, and the hospital discharge registry lists ICD
codes of the diagnoses made during hospital visits
of the individuals. Using the personal identification
number, all hospital admissions and deaths could be
obtained from the Death Register and the Hospital Dis-
charge Registry maintained by the National Research
and Development Centre for Welfare and Health from
1964 onwards (1,19). The following ICD codes were
used in this study: CHD: ICD8 and ICD9: 410414,
ICD10: 121-125; and cerebrovascular disease: ICDS8
and ICD9: 430-438, ICD10: 160-169 (19).

Data on bombings have been gathered from his-
torical sources and conserved records of the exact
dates and times of the bombing raids from the mili-
tary archive in Helsinki. Damage and destruction of
buildings, loss of human lives, and number of injured
persons have been brought together from historical
sources (20,21).

During the Winter War and the Continuation War,
Helsinki was bombed several times. The first raids
initiated the Winter War in November 1939 (20). Dur-
ing these raids 97 people died and 60 were wounded.
The second wave of raids happened during 2 days in
January 1940, with no further raids during that war.
In the Continuation War, Finland was frequently
bombed but generally with lower intensity than in the
Winter War (21). There were 9 raids in 1941, 17 in
1942, and 13 in 1943, with a total of 104 dead and
398 wounded (20). Three very intensive raids took
place within a short time period in February 1944;
due to the successful air defence of the city, the extent
of damage and number of dead and wounded could
be kept to a minimum. Nevertheless, there were 146
fatal casualties and 364 wounded (20). At the time of
the Second World War, Helsinki was concentrated on
a peninsula surrounded by the sea and was relatively
compact with about 275,000 inhabitants (22). There-
fore we can assume that the threat of losing one’s life,
friends, family, or property to have been equally present
for everyone living in the city during that time.

Methods

The incidence of both CHD and cerebrovascular
disecase was assumed to follow a Weibull hazard
model (23). A Bayesian conditional autoregressive
model (CAR) (24) was fitted to the Weibull median
with time of birth as a spatial co-ordinate. The model
assumes that people born closer in time to each other
would have a more similar hazard than people born
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Figure 1. The mean posterior 10th quantile of the age-to-event
for coronary heart disease based on CAR Weibull distribution
fitted separately for men (below) and women (above) with a 95%
envelope. The vertical dashed lines indicate “all bombing™ dates,
including the non-dashed “major bombing” dates.



further apart. This conditioning also allows to ‘bor-
row strength’ from the neighbouring observations,
making the analysis more powerful than, for exam-
ple, comparison of individual months of birth. The
model was estimated using an MCMC algorithm
run on C. A total of 500,000 iterations were run after
an initial burn-in of 100,000, which was deemed to
be sufficient to achieve convergence.

The study subjects were divided into groups
based upon the exposure to bombings while i
utero. The time in utero was assessed to be 2 weeks
after the last menstrual period of the mother and
ending with the birth date. During the study period
from 1934 to 1944, there were 48 days when bomb-
ings occurred. These are grouped into ‘all bomb-
ings’, including all 48 days. This is illustrated in
Figure 1. We also divided the bombings into ‘major
bombings’, based upon dates with high numbers of
causalities (deaths and injuries) compared to the
other bombings. These major bombings took place
on the following days during the study period: 30
November 1939, 9 July 1941, and 6, 7, 16, and 17
February 1944.
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The Weibull model was estimated for each
group separately by gender. The survival curves
adjusted for birth-weight, socio-economic status
(SES) characterized by father’s occupation, and parity
were then evaluated together with the corresponding
pointwise age-specific 95% credible intervals (Bayesian
version of confidence intervals). Birth-weight, gesta-
tional age, birth-weight adjusted for gestational age,
ponderal index, length at birth, and socio-economic
status according to the father’s occupation were also
compared between the groups.

Results

We used a total number of 13,039 individual records
of which 52% were male for the unadjusted autore-
gressive analysis. Of the study subjects, 7,493 (57%)
were exposed to at least one bombing while in uzero,
and 5,198 (40%) were exposed to at least one major
bombing while i wurero. Of these, 12,209 had
information on both SES and parity. There was no
statistically significant difference in birth-weight, ges-
tational age, birth-weight adjusted for gestational age,

Table I. Birth characteristics of exposed and unexposed individuals.

All bombings

Major bombings

Unexposed Exposed Unexposed Exposed
Men n = 2694 n = 3689 n = 3834 n = 2549
Birth-weight (g), mean (SD) 3454 (488) 3495 (485) 3464 (487) 3499 (487)
Birth length (cm), mean (SD) 50.5 (1.9) 50.7 (2.0) 50.5 (1.9) 50.7 (1.9)
Gestational age (weeks), mean (SD) 39.7 (2.1) 40.0 (2.0) 39.7 (2.0) 40.1 (1.9)
Ponderal index (kg/m?) 26.7 (2.2) 26.7 (2.3) 26.7 (2.2) 26.7 (2.3)

CHD cases (% within group)
Cerebrovascular disease cases (% within group)
SES

1 = higher official

2 = lower official

3 = labourer
Parity

1st child

2nd child

3rd child

4th or later child

Women
Birth-weight (g), mean (SD)
Birth length (cm), mean (SD)
Gestational age (weeks), mean
Ponderal index (kg/m?)
CHD cases (number, % within group)
Cerebrovascular disease cases (number, % within group)
SES

1 = higher official

2 = lower official

3 = labourer
Parity

1st child

2nd child

3rd child

4th or later child

371 (13.8%)
166 (6.2%)

279 (10.4%)
617 (22.9%)
1798 (66.7%)

1320 (49.0%)
749 (27.8%)
342 (12.7%)
283 (10.5%)

n = 2484

3324 (472)
49.8 (1.9)
39.8 (2.0)
26.8 (2.2)
110 (4.4%)

99 (4.0%)

233 (9.4%)
605 (24.4%)
1646 (66.3%)

1224 (49.3%)
696 (28.0%)
301 (12.1%)
263 (10.6%)

343 (9.3%)
182 (4.9%)

517 (14.0%)
771 (20.9%)
2401 (65.1%)

1725 (46.8%)
1077 (29.2%)
516 (14.0%)
371 (10.1%)
n = 3342
3362 (453)
50.0 (1.7)
40.1 (1.9)
26.8 (2.3)
71 (2.1%)
86 (2.6%)

416 (12.4%)
724 (21.7%)
2202 (65.9%)

1476 (44.2%)
1055 (31.6%)
462 (13.8%)
349 (10.4%)

484 (12.6%)
224 (5.8%)

443 (11.6%)
859 (22.4%)
2532 (66.0%)

1846 (48.1%)
1081 (28.2%)
509 (13.3%)
398 (10.4%)
n = 3509
3336 (468)
49.9 (1.8)
39.9 (2.0)
26.8 (2.2)
134 (3.8%)
125 (3.6%)

373 (10.6%)
828 (23.6%)
2308 (65.8%)

1683 (48.0%)
1001 (28.5%)
453 (12.9%)
372 (10.6%)

230 (9.0%)
124 (4.9%)

353 (13.8%)
529 (20.8%)
1667 (65.4%)

1199 (47.0%)
745 (29.2%)
349 (13.7%)
256 (10.0%)
n = 2317

3361 (451)
50.0 (1.7)
40.1 (1.9)
26.7 (2.3)

47 (2.0%)
60 (2.6%)

276 (11.9%)
501 (21.6%)
1540 (66.5%)

1017 (43.9%)
750 (32.4%)
310 (13.4%)
240 (10.4%)
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Figure 2. The mean posterior 10th quantile of the age-to-event
for cerebrovascular disease based on CAR Weibull distribution
fitted separately for men (below) and women (above) with a 95%
envelope.

ponderal index, length at birth, or socio-economic
status according to the father’s occupation between
exposed and unexposed subjects, in either the major
or all-bombing group (Table I). The distributions of
SES and parity were somewhat different. However,
the Weibull regression modelling has shown no effect
of parity on the risk of either CHD or cerebrovascu-
lar disease. The male children of labourers appeared
to have, on average, a higher risk of both CHD and
cerebrovascular disease than do the male children of
higher office workers. No such effect was found for
women. The birth-weight only had an effect on CHD
risk for men (posterior P = 0.0013).

Figures 1 and 2 illustrate the mean posterior 10th
quintile of the age-to-event for CHD and cerebro-
vascular disease, respectively. This means that in the
absence of competing risks, an average 10% of the
individuals will get the disease by the age shown on
the y-axis, provided they survived until then. Higher
quintile value thus corresponds to longer disease-
free survival and lower age-specific risk for all ages.
If there was an adverse effect of bombings on the
CHD lifelong outcome, we would expect the curve
to go upwards after a bombing event, which is not
the case. The 95% credible intervals show that there
are no exceptional tendencies; therefore we can con-
clude that the disease risk has stayed level over the
years. The higher values for women correspond to
fewer CHD and cerebrovascular disease cases.

Fitting survival curves for CHD and cerebrovas-
cular disease separately by sex and exposure to all and
major bombings, we detected better survival rates for
CHD in both exposed women and men (Figures 3
and 4). In the all-bombings group, the survival rates

were significantly higher in women between 63 and
80, for men between 50 and 54 years of age. In the
major bombing group, the rates for CHD were sig-
nificantly higher only in women between 62 and 80,
and for cerebrovascular disease also only in women
between 70 and 80 years of age. Subdivision into
pregnancy trimesters did not show differences in the
result by trimester (data not shown).

Discussion

Among subjects exposed to bombings while i uzero,
we observed higher CHD survival rates from the age
of 64 and above in women, and between 50 and 54
in men, when all bombing dates were taken into
account. If we take only the major bombing days—
with considerably higher numbers of causalities and
more damage to buildings than other bombings—
into account, the figures for women do not change
markedly, while the significant effect on men disap-
pears. However, an additional significant effect on
cerebrovascular disease in women was found. There
were no significant differences in birth-weight, ges-
tational age, birth-weight adjusted for gestational
age, ponderal index, and length at birth between the
exposed and unexposed groups.

We observed a difference in the ages at which
women and men have higher survival rates for CHD.
Women start to have health problems due to CHD
at a later age than do men, which explains the gen-
der-specific shift in the age range of the significant
higher survival rates for exposed subjects.

In the present study we divided the bombings into
two categories. Major bombings include bombings
that caused a considerably higher number of
causalities and more damage to buildings than the
other bombings. We expect major bombings to be
more stressful and therefore to show a potential effect
more clearly. Several studies on the effect of birth
outcome in term deliveries have shown decreased
birth-weights, for example, after the terrorist attack
on the World Trade Centre in 2001 and the Belgrade
bombings in 1999 (5-7). However, we did not observe
any effect of prenatal exposure to the bombings on
birth-weight adjusted for gestational age. This indi-
cates that there was no detectable restriction of
growth in uzero associated with the bombings.

In opposition to our original hypothesis we
observed higher CHD survival rates among both
men and women exposed to bombings while 2 utero.
Previous studies, such as the Dutch Hunger Winter
study, the Channel Island famine study, and the Len-
ingrad Siege study focused upon the long-term health
effects of malnutrition (11-14). In these studies the
severe malnutrition was also found to be a stress fac-
tor for pregnant women. However, the findings with
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Figure 3. Posterior 95% envelopes and mean survival curves of coronary heart disease and cerebrovascular disease adjusted for birth
weight, parity and father’s occupation, and fitted separately for individuals unexposed (solid line) and exposed (dashed line) to all bombing
events. The thick horizontal lines indicate significant differences in survival.

regard to influence of prenatal stress on coronary
heart disease and its risk factors varied between the
studies. In the Leningrad Siege study and the Chan-
nel Island famine study, little effect of prenatal stress
and malnutrition was seen on later coronary heart
disease and cardiovascular diseases in general, respec-
tively. In contrast, findings from the Dutch Hunger
Winter suggest that malnutrition during prenatal life
would have a long-term effect by increasing the risk
of coronary heart disease and type 2 diabetes in later
life. This effect was not always mediated by a small
body size at birth (25). A paper on the impact of the
economic crises due to the US embargo in Cuba on
health indicates that despite food and medicine
restrictions, Cuba showed health gains through low-
ered infant and maternal mortality, and reduction of
other diseases (26). This indicates that milder food
shortages, possibly similar to those that occurred in
Finland during the Second World War, may also be
protective regarding the long-term health outcome.

Miscarriages caused by stress may affect ‘geneti-
cally weaker’ embryos (27). Due to the severe stress
of the bombings, miscarriages could have been more
frequent and therefore lead to a selection bias of our
sample of the exposed group. Stronger and therefore
healthier embryos in later life—also regarding
CHD-——could have been more likely to survive.
However, since we have no data on miscarriages, we
cannot test this hypothesis.

During the ContinuationWar of 1941-1944, bomb-
ing raids were more frequent but with lower intensity
than in the Winter War. This could induce some degree
of adaptation to the alarms and to the raids so that the
actual threat is not big enough any more to have an
effect in urero. This adaptation could also influence the
hormonal axis. However, even if this were the reason,
we should still see an effect when concentrating only
on major bombings. This was not the case; the effects
of stress at a specific point in pregnancy may, however,
not be visible due to limited statistical power.
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Figure 4. Posterior 95% envelopes and mean survival curves of coronary heart disease and cerebrovascular disease adjusted for birth
weight, parity and father’s occupation, and fitted separately for individuals unexposed (solid line) and exposed (dashed line) to major
bombing events. The thick horizontal lines indicate significant differences in survival.

We focused our study on CHD and cerebrovascu-
lar disease. Both diseases occur during later adult life.
Our study cohort consists of individuals who were
mostly between 60 and 70 years of age when these
outcomes were assessed. A longer follow-up period
would increase the statistical power of the study. On
the other hand, already at this age morbidity is fairly
common especially among men.

Both exposed and unexposed subjects while 72 uzero
to bombings experienced many other stressors during
that time such as food shortages, concern for family
members at the front, threat of invasion by the enemy,
and related war strains, which could mask and hide
a potential effect of the bombings. Compared to the
World Trade Centre disaster and the health out-
comes, in our study there is not just a single extreme
event. Furthermore, the bombing events in Helsinki
might not have been always comparable in intensity.
We tried to solve this problem by introducing exposed
groups only for major bombings, which included only

bombings where there were a lot of casualties and a
high number of destroyed buildings. However, the
results for major and all bombings were not different
from each other. A more optimal way to study this
would be to compare a wartime group with a post-war
control group. Unfortunately, there is no such data
available in the Helsinki Birth Cohort Study. One rea-
son for not finding a positive association between pre-
natal stress and later CHD could be that only stress
severe enough to lower birth-weight would have
adverse effects on the development of CHD.

Findings from the Dutch Hunger Winter sug-
gested that the trimester during which the individual
was exposed matters (28). We investigated this in our
cohort but did not find any support of this hypothesis in
relation to the bombings and later health outcomes.

In conclusion, our findings suggest that prenatal
exposure to severe stress may be associated with
protective effects on the development of CHD in
later life.
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