INDIAN PEDIATRICS

Editorial

The Fetal Origins of Coronary
Heart Diseas e and Non-Insulin
Dependent Diabetes in India

Coronary heart disease (CHD) is com-
mon in India and rates are rising(l). Death
rates from the disease are expected to over -
take those due to infectious disease by
the year 2010(2). Already, cardiovascular
deaths account for half the deaths occur -
ring under 70 years. These high rates of
CHD in India are not explained by known
risk factors including obesity, raised blood
pressure, smoking and raised cholesterol.
CHD in Indian populations is, however, as-
sociated with a particular metabolic profile
that is known to be unfavorable, which in-
cludes impaired glucose tolerance or non-
insulin-dependent diabetes (NIDDM), in-
sulin resistance, raised serum triglyceride
and low HDL-cholesterol concentrations,
abnormal plasma clotting factors and cen-
tral obesity(3). This metabolic profile,
which has been called the ‘'Insulin Resis-
tance Syndrome ', is common in India and
is often associated with NIDDM requiring
treatment. CHD in India has other particu-
lar characteristics. It ismorec ommoninur-
ban areas and among lower socio-economic
groups(4,5), and rates in women are similar
to those in men, even though women in
many partsof Indiado not smoke.

When people fr om Indiamigrate to oth-
er countries they take their high rates of
coronary heart disease with them. Indeed,
theratesrise dtill further(6). A recent study
comparing migrants from the Punjab living
in London with their siblings who re-
mained in | ndia showed that the migrant
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men and women had higher serum choles-
terol and blood glucose concentrations and
lower HDL-cholesterol concentrations®).
Serum Lp(a) concentratio ns, which are be-
lieved to be determined geneticaly, were
similar in both groups. The observat ions
raise the possibility that Indian people have
a genetically determined susceptibil ity to
CHD which is enhanced on exposure to a
sedentary lifestyle, high energy intake and
other aspects of westerni zation(7-9). The
genes responsible for this have not been
identified, but it is hypothesized that they
conferred a survival advant age to Indian
people in past times when food supplies
were unreliable and physical work was de-
manding. The implications of this specula-
tion are that Indian people will continue to
have high rates of coronary heart disease
unless they return to a more primitive way
of life. This conflicts, however, with experi-
ence elsewhere in the world, where epi-
demicsof coronary heart disease have been
followed by declining rates(10) which,
though perhaps assisted by health educa-
tion are largely unexplained.

Isthere an alternative to the genetic hy -
pothesis? Recently, CHD has been shown
to be associ ated wi th small size at birth. In
a study of 16,000 men and women born in
Hertfordshire, England during 1911-1930,
death rates from coronary heart disease fell
two-fold between the upper and lower
ends of the birthweight distribution(11,12).
A study in Sheffield showed that it was
peopl e who were small for dates, rather
than born prematur ely, who were at in-
creased risk of the disease(13). The associa-
tion between low birthweight and coronary
heart disease has now been confirmed in
the USA; among 88,000 women in the
Nurses study therewas a similar twofo ld
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fal in the relative risk of non-fatal CHD
across the range of birthweight(14). Recent
findings from Hertfordshire and Sheffield
show that death from stroke is also associ -
ated with low birth weight(15). These asso-
ciations are independent of adult lifestyle
including smoking, obesity and socio-eco-
nomic status. They ha ve led to the hyp othe-
sis that cardiovascu lar disease is 'pro-
grammed' in utero. Programming is the
process, well documented in animals,
whereby undernutrit ion and other adverse
influences acting during early life perma-
nently change the structure and function of
the body. If pregnant animas are under -
nourished their offspring show permanent
changes, which include raised blood pres-
sure and altered lipid and glucose metabo-
lism(16). The ‘fetal origins hypothesis' pro-
poses that undernutrition in utero leads to
fetal adaptations that permanently alter the
physiology and metabolism of the body in
ways which lead to cardiovascular disease
inadult life.

We are beginning to understand the
mechanisms by which cardiovascular dis-
ease is programmed. The trends in cardio-
vascular disease with birthweight have
been found to parallel similar trends in the
major risk factors, including non-insulin-
dependent diabetes, hypertension, and dis-
ordered lipid metabolism and blood coagu-
lation(16). These are strong trends. For ex-
ample, the prevalence of non-insulin de-
pendent diabetes and IGT fall threefold be-
tween people who weighed 2.5 kg or less at
birth and tho se who weighed m ore than 4.3
kg(17,18). Obesity in adult life adds to the
effect of low birthweight, so that the high-
est prevalence of NIDDM is seen in people
who were small at birth and obese as
adults. There is evidence that people who
have low growth rates in utero have are-
duced number of pancreatic beta cells, and
thus have an impaired capacity to secrete
insulin. There is stronger evidence that
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they became resistant to the action of insu-
lin. Insulin resistance is associated with a
particular pattern of fetal growth which
leads to a reduced jponderal index
(birthwe ight/birth length®) at birth. Men
and women who had a low ponderal index
have been shown to be insulin resistant as
children and adults, and they have a mark-
edly increased susceptibility to the Insulin
Resistance Syndrome(19-21). The thin neo-
nate lacks muscle aswell as fat, and muscle
is the main peripheral site of insulin action,
which has akey role in stimulating cell di-
vision in fetal life. It is thought that at some
point in mid-late gestation the thin neonate
became undernoursihed, and that in re-
sponse its muscles became resistant to insu-
lin. Muscle growth was therefore sacri-
ficed, perhaps to spare brain growth. Other
components of the Insulin Resistance Syn-
drome may similarly be persisting effects
of adaptations which enabled the fetus to
continue fetal growth in the face of alimit-
ed nutrient supply, and to protect key or-
gans and tissues, amongst which the brain
is paramount. Thirty two studies world-
wide have shown that low birthweight is
associated with raised blood pressure in
childhood and adult life(22). This associa-
tion may reflect persisting loss of elasticity
in arteries, or permanent resetting of hor-
monal axis including the growth hormone/
IGF axis and the renin-angiotensin sys-
tem(23). A reduced abdomina circumfer-
ence at birth, rather than low birthweight,
has been shown to predict persisting ab-
normalities in systems which are regulated
by the liver such as cholesterol and blood
coagulation. One interpretation of these
findings is that reduced abdominal circum-
ference at birth reflects impaired liver
growth and consequent programming of
liver metabol ism. Animal studies demon -
strate that both blood pressure and liver
metabolism are readily programmed by
undernutrition in intrauterine life(24,25).
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The possibility that these new explana-
tions for the origins of adult disease may
have important implications for the epi-
demic of CHD and NIDDM in India has
not gone unremarked(7,26), but until re-
cently there has been no firm evidence. A
recent study in South India, however, has
shown that, as in other countries, low birth
weight and CHD are linked(27). Five hun-
dred and seventeen men and women who
were born during 1934-1953 in the Mary
Calvert Holdsworth Hospital, Mysore,
were traced. The occurrence of CHD and
the related disorders was linked to
birthweight and body proportions at birth
which were recorded at the time. Among
men and women aged 45 years and over
the prevalence of CHD fell from 15% in
those who weighed 2.5 kg or less at birth to
4% in those who weighed 3.2 kg or more.
CHD was also related to low maternal
weight in pregnancy so that the highest
rates were found in people who had low
birthwei ght and whose mothers were thin.
Average birthweights and maternal
weights were low by European standards
though consistent with values from other
parts of India (mean birthweight 2.8 kg,
and mean maternal weight 47 kg). A study
in Pune suggests that components of the in-
sulin resistance syndrome that are estab-
lished in utero may already be apparent in
early childhood. Among 201 four-year old
children those with lower birthweight had
higher plasma glucose and insulin concen-
trations after an oral glucose load, indepen-
dently of their current size(28).

Clearly these early findings in India
need to be replicated and extended. In this
context, in a recent meeting in Khandala a
group of obstetricians, pediatricians, cardi-
ologists, diabetologists and nutritionists
met to discuss the recent advances and fu-
ture possibilities. A strategy to develop the
initial epidemiologic al observations is now
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in place, and studies have begun in anum-
ber of centers in India. Perhaps the health
of future generations in India will depend
on improvements in the nutrition and
health of girls an d young women.
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Universit y of Southampton,
Southampton General Hospital,
Southampton S016 6YD, U.K.
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