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~ne Insulin Resistance Epidemic in India:
' Small at Birth, Big as Adult?

Dr CS Yajnik

The Spreading Epidemic of Diabetes in India and other Developing Countries

ot long ago Tvpe 2 diabetes, as well ever, the last 3 decades have seen a rap- ical Research showed thatin India. 2.3%

. as Coronary Heart Disease (CHD), idly increasing epidemic in the develop- of the urban adults and 1.5% of the ru-
re considered problems of the afflu- ing countries as well. In 1973, a survey  ral adults had diabetes (1). Since then,
 obese in the Western world., How- carried out by the Indian Council of Med- the clinical burden of this condition has
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rapidlv increased in the urban areas. In

1988, 8.2% of adults in Madras, {(which
is situated in the state of Tamil Nadu.
India) had diabetes. This figure rose to
11.6% in 1994. This represents a rise of
40% within six vears (2). However, the
prevalence in rural Tamil Nadu is com-
paratively low at 2,4%.

Today an estimated 18-20 million
people in India have diabetes. It is pro-
jected that by the vear 2025 the number
of people with diabetes in the world will
double, rising from a figure of 120 mil-

# -lion to 250 million. Of this )

Table I
Vital Statistics of India.
1951 1991 =
Poputation 360 million B30 million 23
Life expectancy (vrs) | 41 vrs b1 vrs
Infant Mortality Rate 160 95
(Per 1000 live births)
Severe PEM in children COmmon uncommon
Per capita income (U'SS) <50 365
Leading causes of mortalitv Infections ' Infections and eardiovascular
Prevalence of diabetes Urban<1.5% Urban 8.5%
in adults Rural <1% Rura) 2.5%
PEM = Protein Energy Malnutrition (kwashiorkor. marasmus. keratomalacia, eic)

nants of Type 2 diabetes in India and oth-
er developing countries.

-

figure, 75% will be from
the developing countries
and the largest number
of people with diabetes in
any single country will be
in India (3).

The clinical profile of
an average Indian with
Type 2 diabetes usually
defies the Western text-
book descriptions (4). At
diagnosis, they are a dec-
ade vounger, shorter,
considerably thinner
(particularly in the limbs)
% hut centrally more obese
“(see Figure 1). Surpris-

ingly, despite their thin-
ness, Indians are more
insulin resistant and hy-
perinsulinaemic. Meta-
bolic components of the
‘insulin resistance svn-
drome’, ie. high circulat-
ing triglveerides and a
low level of high-density-
lipoprotein cholesterol

Today an esti-
mated 18-20
million people in
India have diabe-
tes. It is projected
that by the year
2025 the number
of people with
diabetes in the
world will double,
rising from a
Sfigure of
120 million to
250 million. Of
this figure, 73%
will be from the
developing coun-
tries and the
largest number of
people with
diabetes in any
single country
will be in India.

Genes, Environment,
Early Malnutrition,
or a Combination?
The high susceptibility of
Indians to Type 2 diabe-
tes is largely unexplained
and we remain mute
spectators to the rapidly
rising epidemic. One the-
ory suggests that a phe-
nomenon we call the
‘thrifty genotvpe’ may be
responsible, e, genes
once evolved to help
store energy in the
‘hunter-gatherer’ socie-
ties of long ago. that tend
lo cause obesity and in-
sulin resistance in the
present modern days of
plentiful food and re-
duced physical activity.
Although no such genes
have vet been specifical-
lv identified. it remains a
useful telenlogical con-
cept. Perhaps the only

(HDL-cholesterol), are

prominent in Indians, thus increasing
their risk of CHD. Such a profile raises
questions about the possible determi-

24

way o counter the detri-
mental effects of these genes would be
to revert to the ancient way of life. On
the other hand. the extreme rapidity

with which the rise in diabetes pre-
valence has occured, as well as the
statistical urban-rural gradient, over-
whelmingly suggests that environmen-
tal determinants are plaving a major role
in this diabetes and CHD epidemic. The
environmental situation in India is full
of paradoxes and is in the midst of rapid
change, and this change has coincided
with the diabetes explosion. Although
India remains one of the poorest coun-
tries in the world (with a gross national
product per capita of approximately
5350) there have been substantial
socioeconomic achievements since
independence (Table 1). The ‘green
revolution’ has made the country self
sulficient in food production.
Nevertheless, undernutrition still
prevails, but this is now largely due to
inequitable distribution. Today 70% of
Indians live in villages and are chroni-
cally energy deficient. with a mean Body
Mass Index (BMI) of 19.5 kg/m?. Also,
the population has swollen to over 900
million, with an ever increasing rate of
urbanization where large numbers of
villagers are migrating to cities in search
of jobs. and often end up living in
crowded slums and squalid conditions.
The fact that the urban lifestvle is fast
becoming 'westernized' also adds to the
problem. The intake of fast food is in-
creasing, causing people’s fat-intakes to
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increase bevond acceptable levels. Rapd
mechanization and advancement in
technology have both served to reduce
the general level of physical acuvity.
Environmental pollution is also plaving
havoc. As a result of all these changes.
the country is [aced with a double bur-
den of diseases: communicable and non-
communicable. Communicable diseases
become rife where the living conditions
are less hyveienic. and non-communica-
ble diseases come as a result of west-
ernization. In cities. the brunt seems to
be borne by the lower and middle class
prlf;pi{l

: Aaving said all this, one should add
# the number of cases of the extreme
ante]n-ﬂnergy malnutritional condi-
tions known as kwashiorkor and mar-
asmus has fallen considerably. Control
of many deadly infections and improved
health practices have reduced childhood
mortality and increased life expectancy.
This has increased the size of the popu-
lation susceptible to non-communicable

diseases.

Another sugaestion for the epidem-
¢ lies in the recently proposed “thrifty
phenotvpe’ hvpothesis, which ascribes
adult diabetes 1w nutritional diswurbanc-
es in the few days of gestation (3). There
exists considerable data from dilTerent
parts of the world which

of diabetes and CHD in the developing

COUNLTies.

Indian Studies of the “Thrilty

Phenotype’.

In India, birth records are poorly kept,
so tracing individuals is

supports a link between
intra-uterine growth pat-
tern and adult diabetes,
as well as CHD. Maternal
nutrition in India is
amongst the poorest in
the world and Indian
babies are amongst the
smallest.

A third of Indian
babies are born with low
birth weight (<2300 g}

The high
susceptibility of
Indians to Type 2
diabetes is largely
unexplained and
we remain mute
speclators to the
rapidly rising
epidemic.

difficult. Health [iles are
practically non-existent
and death
particularly inadequate,
Therefore, cohort studies
of the type which led to
the "thrifty phenotvpe’
hypothesis are difficult

registers

Up till now, only three
formal studies in India
have been done to inves-
tigate the ‘thrifty pheno-

maostly due to dispropor-

tionate intra-uterine growth retardation
{IUGR). A priori, ‘thrifty phenotype’
could be responsible for the Indian epi-
demic of the insulin-resistance syn-
drome. If proven, it would have
profound implications for the prevention

type’.
In collaboration with Professor Barker
and his team, we studied children born
at the K.E.M. Hospital, Pune. At four
vears of age, circulating glucose and in-
sulin concentrations 30 minutes after an
oral glucose load were related inversely

Figure 1.
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the life of searcity in utero. This is the
515 for the adaptation-dvsadaptation
vpothesis of insulin resistance and di-
abetes (100, This explains the high risk
of diabetes in India tand other develop-
ing populations) at a refatively Jow BMI
it obese by ‘international’ criteria)
Beine small at birth predisposes to dia-
betes and the subseguent ‘overgrowth’
brings on diabetes later in life.
Premature deaths due to undiag-
nosed diabetes and CHD are a major
concern in India. Previous studies on the
ifty phenotype’ are inadequate due
‘he ahsence of reliable mortality data,
«ich can seriously affect our conclu-
sions and mislead us in our preventive
strategies, Answers o many such vex-
ing questions will come only from pro-
spective studies. In collaboration with
Professor Barker we have initiated a
prospective study involving mothers of
six villages near Pune, as to the relation-
ship of maternal nutrition before and
during pregnancy with the pattern of ba-
bies’ growth in utero and the phenotype
at birth. These babies will be followed-
up to study cardiovascular risk factors
and disease pattern in later life. Already,
['Q:-rv]iminar_i' analvsis of the mater-
\.-_:-ﬁ(H!'léﬂ relationships in India in com-
_.ion to Professor Barker's findings
nave given surprising results
The rural Indian mothers were small
and thin and babies born to these moth-
ers were small in all respects compared
to the white Caucasian babies (see Ta-
ble 2). There was a pattern in their
smallness, sugoesuve ol a differential
body building in utero. An average In-
lian newborn weighed only 77% of an
average Western baby but the brain
ihead) and skeletal (length) growth was
substantially preserved. as was body fat,

dtapproximately 93%. The major deficit
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occured in non-fat soft tissues like the
abdomen (at 86 % that of Caucasian ba-
bies) and the muscle content (84 % that
of the Caucasian babies). This suggests
that besides the obligatory preservation
of brain and skeleton, a malnourished
foetus favours adipose tissue deposition

Type 2 diabetes (11). Poor development
of the liver, pancreas and kidneys could
be a highly relevant factor in the occur-
rence of a number of disorders in later
life. Metabolic imprinting could also pro-
vide an explanation for the interesting
phenomenon of 'ketosis resistance’ in
malnourished people

at the expense of muscle
and abdominal viscera

with diabetes (the so-

(including liver. pancreas Premature called malnutrition-relat-
and kidneys). In metabo- deaths due to ed diabetes, MRDM) {12).
lic terms lipogenesis undmgrwsed To conclude, the ever
rather than structural diabetes and CHD increasing epidemic of

protein syvnthesis was
favoured in the small
babies of small mothers.

are a major
concern in [ndia.

diabetes (and CHDJ in the
developing world re-
mains unexplained. [f

Such metabolic adapta-

tions could have profound implications
for the development of insulin resist-
ance (muscle and adipose tissue are
main plavers in this gamel. The adult
Indian phenotype, thin but centrally
obese. appears 1o be a continuation of
the body composition at birth. and this

is exagaerated in those that develop

thriflty genes are respon-
sible we know little about them. The
thrifty phenotype’ is the exciting new
explanation which could be very rele-
vant 1o India and other developing coun-
tries where maternal nutrition is poor
and babies are born small. Both the
thrifty genes and the thrifty phenotvpe
ultimately predispose to harmful effects
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of the modern lifestvle especially obesi- G L O S S ‘A R Y

v Infections, atmospheric pollution and
T]_‘".,'-:'I‘I(Pf-il'lfi.ill stress, t]-.IrE.'(‘ mﬂjf.’r accom-
Coronary Heart Disease

pamments of urbanization, could also
This is the name given w any disease of the coronary arteries. Coronary heant

have important roles to play in this epi-
demic disease causes strain on the heart

Which ever way, the health of voung
Insulin Resistance - is a condition which leads to Tvpe 2 diabetes and obes-

ity. in which the body fails to respond to insulin. As a result, food cannot be
properly converted to energy. To compensate for this, the pancreas produces
excess amounts of insulin, Therefore, insulin resistance is usually diagnosed
by the detection of elevated insulin levels. as well as elevated blood-glucose

women and mothers may well become
important targets for prevention of dia-
betes and CHD in near future. Perhaps
Mahatma Gandhi's vision of a self-suffi-
cient rural India supported by the "spin-
 ning wheel’ would appear more
'appruprmm than the 'automobile’ {not
1o mention “atomic’) model of develop-
ment borrowed from the West,

levels.

Alfter a time. the pancreas cannot continue to produce insulin at such a high
rate, and ultimately fails. Blood sugar levels then rise. At a certain point, the
condition is no longer considered to be insulin resistance, but fully-fledged Type
2 diabetes.

Both genetic and environmental factors are involved in the onset of insulin
resistance. Of the environmental factors, smoking, a sedentary lifestyle, and

IrErECEnE obesity are the biggest players.
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What is Diabetes Mellitus?

There are two mafor types of diabetes _n.l:*e'a’;'ms: Type I [Insulin-Dependent
Diabetes Mellitus (IDDM)], and Type 2 [Non-insulin Dependent Diabetes Mel-
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glucose-lowering drugs. Both types of diabetes have a genetic compunent.
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