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Aims Low birth weight and low placental weight predict later coronary heart disease and hypertension. This has led to the
hypothesis that these diseases are initiated by foetal programming, the process by which foetal malnutrition leads to
permanent changes in the body in ways that lead to chronic disease in later life. Here we examine the association
between body and placental size at birth and later chronic heart failure.

Methods
and results

We identified 187 patients taking medications for chronic heart failure in a birth cohort of 13 345 people born in
Helsinki, Finland during 1934–44. Chronic heart failure was associated with a small placental surface area. In
people born with a placental area less than 225 cm2, the odds ratio for chronic heart failure was 1.7 (1.1–2.5), com-
pared with people born with a placental area greater than 295 cm2. The risk of heart failure was further increased by
rapid gain in body mass index after the age of 2 years, a path of growth known to be linked to insulin resistance in
later life. In a simultaneous regression, low body mass index at 2 years and high body mass index at 11 years were
each associated with chronic heart failure (P ¼ 0.008 and 0.001, respectively).

Conclusion Chronic heart failure in adult life may be initiated by impaired placental growth which adversely affects cardiac devel-
opment. People born with a vulnerable heart are more likely to develop chronic heart failure if they become insulin
resistant.
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Introduction
Nearly five million people in the USA are being treated for chronic
heart failure: some 500 000 new cases are diagnosed every year.1,2

Heart failure is the most common reason for hospitalization among
elderly adults.1 It results from functional cardiac disorders that
compromise the ability of the ventricle to fill with blood or eject
it.1 The initial haemodynamic and neurohormonal responses to
ventricular dysfunction are compensatory. Over time, however,
they become maladaptive and lead to myocardial fibrosis and
further myocardial dysfunction.1,2

Half of all cases of heart failure are the result of coronary heart
disease.1 Type 2 diabetes predisposes to the disorder because it
increases the risk of coronary heart disease and because it has
adverse effects on the myocardium.3 There is now a body of evi-
dence that coronary heart disease, type 2 diabetes, and hyperten-
sion originate through malnutrition during prenatal life. The
disorders are more common in people who had low birth
weight,4 –7 which is usually the result of inadequate foetal nutrition.8

The association between the disorders and low birth weight has led
to the hypothesis that the disorders are initiated by foetal program-
ming. This is the process by which foetal malnutrition leads to
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permanent changes in the body’s structure and function in ways that
lead to chronic disease in later life.9 These changes include perma-
nent alterations in organ structure, in glucose-insulin and lipid
metabolism, and in hormonal feedback systems.

The placenta regulates the transport of nutrients from mother
to baby.8 Low birth weight is generally correlated with low placen-
tal weight.10 Coronary heart disease is associated with low placen-
tal weight as well as low birth weight.11 This association could
reflect the effects of foetal malnutrition on cardiac development
or it could be the result of a reduced placental vasculature. The
placenta receives 40% of the foetal cardiac output. The architec-
ture of the placental vasculature has a major effect on loading
the foetal heart. Excessive loading associated with a small placenta
programs permanent changes in the developing myocardium.12–15

Usually weight is the only measurement of placental size
recorded in birth records. Variations in the weight of the placenta
at birth may reflect differences in either its surface area or its thick-
ness. The surface area reflects the spread of nutrient exchange
tissue across the inner wall of the uterus: its thickness represents
the volume of tissue.16,17 In the Helsinki Birth Cohort, the records
of each subject include not only the weight of the placenta but also
two measures of the width of its surface, a maximal width, and a
lesser one at right angles to it. These widths allow the placental
surface area to be estimated. We have previously reported that
a small placental surface area predicts hypertension in the offspring
in later life. This association was strongest in people whose
mothers were poorly nourished as indicated by short stature
and low socioeconomic status.18

We have examined placental size among people taking medi-
cation for chronic heart failure. We hypothesized that small pla-
cental surface area at birth would be linked to chronic heart
failure. Because the risk of coronary heart disease and hyperten-
sion associated with small placental size is further increased by
rapid weight gain after birth, we have examined the effects of child-
hood weight gain on later heart failure.7,19

Methods

Study population
The Helsinki Birth Cohort comprises 13 345 men and women who
were born between 1934 and 1944 in either the Helsinki University
Central Hospital or the Helsinki City Maternity Hospital and who
visited infant welfare clinics in the city. Most of them also went to
school in the city. Details of the birth records, child welfare clinic
records, and school health records have been described.19 The birth
records included the baby’s body size at birth, the mother’s height
and weight in late pregnancy, and the date of her last menstrual
period. The records also included the weight of the placenta, together
with the maximal width of its surface, and a lesser width measured at
right angles to it. These widths were referred to as diameters and we
have preserved this terminology. Assuming an elliptical surface, we
estimated the surface area of the placenta as maximal × lesser
diameter × p/4. Assuming a constant density, we estimated the thick-
ness of the placenta as weight divided by area.

Socioeconomic status
Each of the birth records included the father’s occupation which, using
a classification from Statistics Finland, we classified as either middle

class or manual worker. In order to obtain data on the people’s
own occupations in their adult lives, we accessed the 1980 census
data, through Statistics Finland.

Chronic heart failure
Tracing of the cohort assembled from the birth and infant welfare
records was made possible by the unique personal identification
number assigned to all residents of Finland by 1971. One source of
information on chronic disease in the cohort is the Social Insurance
Institution’s Register of people on medication for chronic disease. In
Finland, the cost of medication, including drugs for chronic heart
failure, type 2 diabetes, coronary heart disease, and hypertension, is
partly reimbursed by the government. This is subject to the approval
of a physician who reviews each case and writes a statement about
the patient. The statement must describe the aetiology of chronic
heart failure, its clinical presentation, and the clinical situation before
the start of the treatment. In addition, the statement must describe
the diagnostic criteria and a treatment plan based on good clinical
practice. If the diagnosis is unclear, a second specialist opinion is
required. The statements may be re-evaluated. For example, if medi-
cation for heart failure was initiated after a myocardial infarct, the
need for medication is re-evaluated 6 months later. We do not have
access to these individual case statements, and we are therefore
unable to determine the aetiology of heart failure or assign our
cases to New York Heart Association classes. The Ethics Committee
at the National Public Health Institute, Finland approved our study.

Hospital admissions and deaths
We used the personal identification number to trace all the subjects who
had been admitted to hospital or had died from 1971 onwards. All hos-
pital discharges in Finland are recorded in the national hospital discharge
register; all deaths are recorded in the national mortality register.

Statistical analysis
Because the date when reimbursement for medication began does not
coincide with the clinical onset of chronic heart failure, we assessed
associations with the prevalence of chronic heart failure using multiple
logistic regression always adjusted for the year of birth and sex. The
measurements of body size, placental and maternal size were analysed
as continuous variables although presented in the tables as groups.
Tests for interaction used the product of the variables being studied.
We examined height, weight, and body mass index for every child at
each birthday until 11 years of age.19 We converted each measure-
ment to a Z-score. A Z-score represents the difference from the
mean value for the whole cohort and is expressed in standard devi-
ations. We used a Cox proportional hazards model to calculate the
hazard ratios for death in people with chronic heart failure.

Results
We identified 187 people, 138 men and 49 women, who were
taking medication for chronic heart failure. One hundred and
seventy-six had been admitted to hospital on one or more
occasion. The three most common discharge diagnoses were
cardiac dysrhythmia, chronic heart failure, and myocardial
infarction.

Size at birth
Table 1 shows odds ratios for chronic heart failure according to
birth size. Chronic heart failure was not related to birth weight,
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length, body mass index (birth weight/length2), or the duration of
gestation. Odds ratios tended to be higher in people with smaller
head circumferences at birth (P ¼ 0.09). Chronic heart failure was
not related to the weight of the placenta or its maximal diameter
(Table 1). Odds ratios increased, however, as the lesser diameter
and area of the placenta decreased. There were no trends with pla-
cental thickness or with the ratio of the two diameters. The trends
with placental size were similar in men and women.

Mother’s body size
The mean age of the mothers at delivery was 28(5) years. Forty-
nine percent of them were primiparous. Their median height was
160 cm and their median body mass index in late pregnancy was
26 kg/m2. The heights and weights of all except 16 mothers of
people with chronic heart failure were recorded. Chronic heart
failure was not related to the mother’s age, parity, height, weight,
or body mass index. As in previous analyses of the effects of pla-
cental size, we divided the mothers into two groups around
their median height.18 Table 2 shows that the trends in chronic
heart failure with the lesser placental diameter and area were con-
fined to people whose mothers’ heights were below the median.
Among these people, odds ratios tended to rise with increasing
mother’s body mass index, though the trend was not statistically
significant (P ¼ 0.06).

Father’s occupation
The fathers of 41 of the people with chronic heart failure were in
middle class occupations and 135 were manual workers. The occu-
pations of 11 fathers were not recorded. Table 3 shows that the
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Table 2 Odds ratios for taking medication for chronic
heart failure according to placental size and maternal
height

Placental
measurement

Mother’s height (cm)

≤160, odds ratio
(95% CI)

>160, odds ratio
(95% CI)

Weight (g)

–550 1.2 (0.6–2.7) 1.3 (0.5–2.9)

–650 1.7 (0.9–3.4) 2.0 (1.0–4.2)

–750 1.6 (0.8–3.3) 0.9 (0.4–2.0)

.750 1.0 (baseline) 1.0 (baseline)

P for trend 0.4 0.1

Maximal diameter (cm)

–18 1.3 (0.8–2.3) 0.9 (0.5–1.6)

–19 1.0 (0.5–1.9) 0.9 (0.4–1.9)

–20 1.3 (0.7–2.2) 0.6 (0.3–1.1)

.20 1.0 (baseline) 1.0 (baseline)

P for trend 0.1 0.7

Lesser diameter (cm)

–15 2.5 (1.3–4.9) 1.0 (0.5–2.2)

–17 1.3 (0.7–2.7) 1.2 (0.6–2.4)

–18 2.0 (1.0–4.1) 1.0 (0.5–2.1)

.18 1.0 (baseline) 1.0 (baseline)

P for trend 0.05 0.4

Area (cm2)

–225 2.3 (1.2–4.2) 1.2 (0.6–2.4)

–255 1.1 (0.6–2.2) 0.9 (0.5–1.9)

–295 1.8 (0.9–3.3) 1.1 (0.6–2.1)

.295 1.0 (baseline) 1.0 (baseline)

P for trend 0.05 0.5

CI, confidence interval.
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Table 1 Odds ratios for taking medication for chronic
heart failure according to body size and placental size at
birth

Measurement No. of cases/no. of
subjects

Odds ratio (95%
CI)

Birth weight (kg)

–2.5 6/452 1.0 (0.4–2.5)

–3.0 32/2083 1.2 (0.7–2.2)

–3.5 77/5336 1.1 (0.7–1.8)

–4.0 53/4203 0.9 (0.5–1.6)

.4.0 19/1271 1.0 (baseline)

P for trend 0.3

Head circumference (cm)

–33 25/1789 1.4 (0.8–2.4)

–34 40/2781 1.4 (0.8–2.2)

–35 55/3495 1.4 (0.9–2.2)

–36 38/3019 1.0 (0.6–1.6)

.36 29/2123 1.0 (baseline)

P for trend 0.09

Placental weight (g)

–550 39/3140 1.3 (0.8–2.1)

–650 74/4506 1.7 (1.0–2.6)

–750 53/4203 1.4 (0.8–2.2)

.750 24/2163 1.0 (baseline)

P for trend 0.2

Maximal placental diameter (cm)

–18 68/4478 1.1 (0.7–1.6)

–19 26/2022 0.9 (0.5–1.5)

–20 50/3726 1.0 (0.6–1.4)

.20 43/3045 1.0 (baseline)

P for trend 0.1

Lesser placental diameter (cm)

–15 58/3182 1.7 (1.0–2.6)

–17 58/4482 1.2 (0.7–1.8)

–18 43/3050 1.3 (0.8–2.1)

.18 28/2566 1.0 (baseline)

P for trend 0.04

Placental area (cm2)

–225 60/3122 1.7 (1.1–2.5)

–255 42/3647 1.0 (0.6–1.5)

–295 48/3267 1.3 (0.8–1.9)

.295 37/3229 1.0 (baseline)

P for trend 0.05

CI, confidence interval.
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associations between chronic heart failure and the lesser placental
diameter and area were confined to people whose fathers were
manual workers. In these people, chronic heart failure was also
associated with low placental weight and a small maximal diameter.
The trend with the maximal diameter became statistically non-
significant (P ¼ 0.4) in a simultaneous regression with the lesser
placental diameter. Father’s occupation and mother’s height had
separate effects so that the strongest trend with the lesser placen-
tal diameter was in the offspring of short mother’s married to
manual workers (odds ratio per cm decrease in lesser diameter ¼
1.13, 95% CI 1.02–1.26, P ¼ 0.02).

Post-natal growth
Figure 1 shows the growth of children who as adults had chronic
heart failure. At birth their mean height, weight, and body mass
index was below the average. Thereafter, it fell further below
the average. After around 2 years of age, however, their
mean weight and body mass index increased rapidly so that by
11 years both measures were above the average. At no age from
birth to 11 years did weight or body mass index predict chronic
heart failure in later life. Rather it was the change between 2 and

11 years that predicted the disease. In a simultaneous regression,
chronic heart failure was associated with a low body mass index
at 2 years and a high body mass index at 11 years (P ¼ 0.008
and 0.001, respectively). These trends were similar for people
with and without type 2 diabetes. Low body mass index at age 2
was strongly correlated with a small lesser placental diameter
and area (P , 0.001 for both). We examined the combined
effects of the lesser placental diameter and body mass index at 2
and 11 years. In a simultaneous regression, each was statistically
significant (P ¼ 0.02, 0.01, and 0.001).

Type 2 diabetes, coronary heart disease,
and hypertension
Ninety-two of the people taking medication for chronic heart failure
were also taking medications for coronary heart disease; 55 were
taking medications for type 2 diabetes mellitus; 49 were taking medi-
cations for hypertension. Table 4 shows the trends in odds ratios for
chronic heart failure with placental size in people with and without
type 2 diabetes. The trends with the lesser placental diameter and
area were confined to people with diabetes (P for interaction ¼
0.05 for both). There were no similar interactions for coronary
heart disease or hypertension. We examined the combined effects
of type 2 diabetes and father’s occupation. Among people with
type 2 diabetes who were born into the families of manual
workers, a 1 cm decrease in the lesser placental diameter was associ-
ated with a odds ratio for chronic heart failure of 1.28 (95% CI 1.11–
1.48, P , 0.001). The association between rapid gain in body mass
index after the age of 2 years and later chronic heart failure was
similar in people with and without type 2 diabetes.

Adult socioeconomic status
Although chronic heart failure was associated with low socioeco-
nomic status and income in adult life, the trends with the lesser
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Table 3 Odds ratios for taking medication for chronic
heart failure according to placental size and father’s
occupational status

Placental
measurement

Father’s occupational status

Manual worker,
odds ratio (95% CI)

Middle class, odds
ratio (95% CI)

Weight (g)

–550 1.7 (0.9–3.2) 0.6 (0.2–1.6)

–650 1.9 (1.1–3.4) 1.1 (0.5–2.5)

–750 1.6 (0.9–3.0) 0.9 (0.3–2.2)

.750 1.0 (baseline) 1.0 (baseline)

P for trend 0.04 0.3

Maximal diameter (cm)

–18 1.3 (0.8–2.1) 0.5 (0.2–1.1)

–19 1.2 (0.7–2.1) 0.5 (0.2–1.5)

–20 1.1 (0.7–1.8) 0.8 (0.4–1.6)

.20 1.0 (baseline) 1.0 (baseline)

P for trend 0.02 0.1

Lesser diameter (cm)

–15 2.8 (1.5–5.0) 0.4 (0.2–1.1)

–17 1.5 (0.8–2.7) 0.9 (0.4–1.9)

–18 2.2 (1.2–4.1) 0.4 (0.1–1.1)

.18 1.0 (baseline) 1.0 (baseline)

P for trend 0.004 0.5

Area (cm2)

–225 2.5 (1.5–4.1) 0.5 (0.2–1.2)

–255 1.1 (0.6–1.9) 0.8 (0.4–1.7)

–295 1.8 (1.0–3.0) 0.6 (0.3–1.5)

.295 1.1 (baseline) 1.0 (baseline)

P for trend 0.004 0.2

CI, confidence interval.

Figure 1 Mean standard deviation scores for height, weight,
and body mass index (BMI) in the first 11 years after birth
among children who had chronic heart failure as adults.
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placental diameter and area were little changed by adjustment for
these variables. In a simultaneous regression, there were significant
associations between chronic heart failure and low social class
(P ¼ 0.02), short lesser placental diameter (P ¼ 0.02), low body
mass index at age 2 years (P ¼ 0.01) and high body mass index
at 11 years (P , 0.001).

Mortality
Seventy-three of the 187 subjects with chronic heart failure had
died. Twenty-five of these subjects also had type 2 diabetes. Com-
pared to people with neither condition the hazard ratios for death
were 1.12 (95% CI 0.93–1.36, P ¼ 0.2) in those with type 2 dia-
betes, 2.45 (1.84–3.27, P , 0.001) in those with chronic heart
failure, and 3.53 (2.38–5.26, P , 0.001) in those with both type
2 diabetes and chronic heart failure.

Discussion
We found that people taking medication for chronic heart failure
were born with a small placental surface area and gained weight
rapidly after 2 years of age (Table 1, Figure 1). The association

with a small placental surface area was the result of reduced
growth along the lesser axis of the surface. The effects of a
reduced surface area were confined to people whose mother’s
were below the median height and whose father’s were manual
workers (Tables 2 and 3). They occurred in people who were
also taking medication for type 2 diabetes, but not in people
taking medication for hypertension (Table 4).

Placental surface area
Since the placental surface is more oval than circular, the birth
records of each subject in the Helsinki Birth Cohort included
two measures of the placental surface, a maximal diameter, and
a lesser diameter at right angles to it.16,17 The length of the two
diameters was highly correlated (correlation coefficient ¼ 0.63).
Only the length of the lesser diameter predicted chronic heart
failure. We have previously examined these two diameters in preg-
nancies complicated by preeclampsia, a disorder that is initiated by
impaired implantation and reduced placental growth.20 We found
that preeclampsia was associated with a short lesser diameter
but not with the maximal diameter. This finding led to the con-
clusion that growth of the placental surface is polarized, and that
failure of growth along the major and minor axes may have differ-
ent causes. The present study suggests that they have different
functional consequences on the developing heart. We speculate
that chronic heart failure may originate through impaired growth
along the minor axis of the placental surface and consequent
adverse effects on the developing heart.

Mother’s height and father’s occupation
We found that the effects of a short lesser diameter and small pla-
cental surface area on chronic heart failure were confined to
people whose mothers’ heights were below the median
(Table 2). We have found a similar relationship with mother’s
height and the development of hypertension in the offspring.18

The strong effects of small placental size on chronic heart failure
in people born to short mothers suggest a link with the lifetime
nutrition of the mother. Short adult stature is a product of poor
foetal or childhood nutrition, or recurrent exposure to infections,
though there are also genetic influences.21 We speculate that some
aspect of poor nutrition among girls results in metabolic incompe-
tence, which amplifies the adverse effects of impaired placentation
on the foetus. Women who are short are known to have lower
rates of protein synthesis during pregnancy.22

These adverse effects may be exacerbated by poor maternal
nutrition during pregnancy. There were food shortages in Helsinki
before and during the Second World War, the time when our sub-
jects were born.23 These may have been more severe in families of
low socio-economic status. We found that the effects of small pla-
cental size on chronic heart failure were stronger in people born
into the families of manual workers (Table 3).

Animal studies support the relationship of maternal malnutrition
to heart failure in the offspring. When pregnant rats were given a
low protein diet, their adult offspring had cardiac dysfunction.24

They also had altered beta-adrenergic responsiveness and attenu-
ated adrenergic and insulin signalling, both of which increase the
risk of heart failure.25 When ewes were undernourished during
early pregnancy, their lambs had cardiac hypertrophy.26 Also in
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Table 4 Odds ratios for taking medication for chronic
heart failure according to placental size and type 2
diabetes in the offspring

Placental
measurement

Type 2 diabetes

Present, odds ratio
(95% CI)

Absent, odds ratio
(95% CI)

Weight (g)

–550 2.5 (0.8–7.7) 0.9 (0.5–1.7)

–650 2.7 (0.9–8.1) 1.4 (0.9–2.1)

–750 2.1 (0.7–6.5) 1.2 (0.7–2.1)

.750 1.0 (baseline) 1.0 (baseline)

P for trend 0.08 1.0

Maximal diameter (cm)

–18 1.8 (0.8–3.9) 0.9 (0.6–1.4)

–19 1.1 (0.4–3.2) 0.8 (0.5–1.4)

–20 1.7 (0.7–3.9) 0.9 (0.5–1.4)

.20 1.0 (baseline) 1.0 (baseline)

P for trend 0.1 0.7

Lesser diameter (cm)

–15 2.9 (1.1–8.0) 1.3 (0.7–2.2)

–17 1.8 (0.6–4.9) 1.0 (0.6–1.7)

–18 2.0 (0.7–5.9) 1.2 (0.7–2.1)

.18 1.0 (baseline) 1.0 (baseline)

P for trend 0.01 0.8

Area (cm2)

–225 2.4 (0.9–5.7) 1.4 (0.9–2.2)

–255 2.1 (0.8–5.1) 0.7 (0.4–1.2)

–295 1.8 (0.7–4.7) 1.2 (0.7–1.9)

.295 1.0 (baseline) 1.0 (baseline)

P for trend 0.01 0.7

CI, confidence interval.
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sheep, pressure loading the foetal heart stimulates premature
maturation and loss of generative capacity.15 Increased loading of
the heart in foetuses with a small placenta is likely to reduce car-
diomyocyte numbers for life and hence make the heart vulnerable
to developing chronic failure.

Post-natal growth
Chronic heart failure was not associated with body size at birth or
at any age in childhood. Rather, it was associated with a rapid
increase in body mass index after the age of 2 (Figure 1). We
have previously shown that, in this cohort, this pattern of
growth is linked to two markers of insulin resistance at ages
around 62 years, raised fasting plasma insulin and pro-insulin con-
centrations.19 Insulin resistance in a known risk factor for chronic
heart failure.3,27,28

In a simultaneous analysis, a short lesser placental diameter and a
rapid increase in body mass index after the age of 2 years were
both associated with chronic heart failure. The combination pre-
dicted chronic heart failure more strongly than either of them
alone. We hypothesize that impaired placental growth creates a
vulnerable heart and that insulin resistance is a second stressor,
which develops postnatally and further increases the likelihood
of chronic heart failure. Consistent with this, we found that the
association between a short lesser placental diameter and
chronic heart failure occurred in people taking medication for
type 2 diabetes but not in people taking medication for hyperten-
sion (Table 4).

Adult socioeconomic status
Consistent with previous observations, we found that chronic
heart failure was associated with low socioeconomic status in
adult life.29 In a simultaneous regression, however, the effects of
a short lesser placental diameter and rapid gain in body mass
index after age 2 years were little changed by adjustment for socio-
economic status. The strength of the effect of the lesser placental
diameter on chronic heart failure was similar to that of socioeco-
nomic status.

Limitations
We ascertained chronic heart failure, through the use of medi-
cation for the disorder. The prevalence of the disorder ascertained
in this way was 1.4% which is slightly below recent estimates of
around 2% in Europe and the USA.30,31 Our cohort, however,
has only a few people who have reached the age of 75, as they
were born during 1934–1944. The prevalence of chronic heart
failure rises steeply with increasing age. We found that people
taking medication for chronic heart failure were at increased risk
of dying, especially if they also had type 2 diabetes. This suggests
that chronic heart failure in our study defines a group of people
who were seriously ill. Our data, however, do not include detailed
clinical measurements or the cardiovascular risk profiles. In
addition, our data on the occurrence of type 2 diabetes, hyperten-
sion, and coronary heart disease were obtained from the medi-
cation register. Although we do not have the detailed clinical
history, the case notes of each subject were reviewed by a phys-
ician before payment for the medication was approved. The pla-
cental measurements in our study were made during routine

obstetric practice 70 years ago. The mean placental weight was
above the median recorded in a recent series of deliveries in
Europe.32 Routine measurements of the placental diameters
ceased in Helsinki in the 1970s. We have discussed these simple
procedures with people who worked as midwives at that time.
There were no routine checks of the quality of the measurements,
just as there are no routine checks of the quality of blood pressure
and other measurements made in current clinical practice.
Measurement errors would tend to diminish the associations
between the placental diameters and chronic heart failure in
later life. Our study was restricted to people who had visited
child welfare clinics. Although the majority of children visited
these clinics, which were free, the visits were voluntary. The
people in our study may not be representative of all people now
living in Helsinki, although at birth their social class distribution
was similar to that in the city as a whole.

Conclusion
We found that people taking medication for chronic heart failure
were born with a small placental surface area. The reduced
surface area resulted from failure of growth along the minor axis
of the placental surface. We found that the effects of a short
lesser placental diameter on chronic heart failure were confined
to people whose mothers were likely to have been the least well-
nourished through their lives. Rapid increase in body mass index
after the age of 2 further increased the risk of chronic heart
failure. This pattern of weight gain is known to be associated
with insulin resistance. Consistent with this, we found that the
association between a short lesser placental diameter and
chronic heart failure occurred in people taking medication for
type 2 diabetes but not in people taking medication for hyperten-
sion. We therefore postulate that people with a vulnerable heart,
as a result of prenatal programming, develop chronic heart failure if
they become insulin resistant.
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