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Further insight into the thrifty phenotype

Jaquet D, Gaboriau A, Czernichow P, Levy-Marchal C. (U-457,
INSERM, Hopital R. Debre, Paris, France.) Insulin resistance
early in adulthood in subjects born with intrauterine growth
retardation. J Clin Endocrinol Metab 2000;85:1401-6.

SUMMARY
This case-control study assessed insulin sensiuvrty in 26 non-
diabetic young adults (aged 21-25 years) with intrauterine growth
retardation (IUGR) and compared it to 20 controls with normal birth
weight. IUGR was identified from a population-based registry, and
was defined as a birth weight below the third percentile (based on
local standard growth curves). All patients underwent a clinical
evaluation. Other factors studied were plasma glucose and oral
glucose tolerance test (OGTI), insulin-stimulated peripheral glu-
cose uptake by euglycaernic-hyperinsulinaemic clamp technique,
insulin-stimulated suppression of free fatty acid (FFA), levels body
fat mass percentage derived from bioelectrical impedance analysis
and first-phase insulin response (FPIR) by an intravenous glucose
stimulating test.

The two groups were similar with respect to age, current body
weight, body mass index (BMI), waist-hip ratio, parental history (of
type 2 diabetes, cardiovascular risk factors and dyslipidaemia),
blood pressure and smoking habits. The mean height was signifi-
cantly lower (p=0.02) in the IUGR group, who also had a higher
(p=0.02) body fat mass (%) as compared to controls. The mean
fasting insulin level was significantly higher in the IUGR group,
even after adjusting for BMI. All the IUGR subjects (except one who
had impaired glucose tolerance) and all controls had normal glucose
tolerance as per the World Health Organization (WHO) criteria. The
insulin-glucose ratio (for area under curve on a GTI) was higher in
the IUGR group. This suggests that insulin secretion was not
subnormal in the IUGR group. Insulin-induced glucose uptake was
lower (p=0.05) in the IUGR group, even after adjusting for BMI,
total body fat or waist-hip ratio. Insulin-induced suppression ofFFA
was similar in the two groups, but the FFA suppression correlated
with glucose uptake only in the IUGR group and not in the controls.
FPIR did not vary between the groups. Eight patients in the IUGR
group had insulin-stimulated glucose uptake below the normal
range, and were regarded as insulin resistant. The study concluded
that: (i) IUGR subjects have reduced insulin-induced glucose uptake
in young adulthood; (ii) these subjects had no impairment of insulin
secretion; and (iii) the correlation between FFA suppression and
glucose uptake (on insulin stimulation) suggests that adipose tissue
is the major site of insulin resistance. The authors propose that
altered adipose tissue programming (related to foetal undernutri-
tion) could lead to progression of the insulin-resistant state.

COMMENT
The increasing occurrence of type 2 diabetes and coronary artery
disease (CAD) in the Indian subcontinent has been attributed to
the insulin resistance syndrome (IRS: hypertension, insulin resis-
tance, glucose intolerance and dyslipidaemia). The explanation
for IRS, in turn, has been sought in the 'thrifty genotype' hypoth-
esis, which proposes that these subjects have inherited a thrifty
gene which predisposes to visceral fat deposition in times of

plenty, i.e. in a modem urban atmosphere. I However, recent
studies have linked insulin resistance to low birth-weight. This
link, termed the 'thrifty phenotype' hypothesis, suggests that IRS
is due to faulty metabolic programming consequent to intrauterine
undernutrition.'

Animal experiments have shown that poor nutrition during
critical periods of intrauterine life may permanently alter struc-
tural and functional aspects of tissue and organ function. This was
later confirmed by epidemiological studies in the United King-
dom, where the occurrence of the IRS has been correlated with low
birth-weight.' India, with a mean birth-weight of 2.6-2.7 kg,
could be an obvious target" for this IRS 'epidemic'.

How does IUGR lead to IRS? Though the exact mechanisms
are unknown, it has been suggested that IUGR is associated with
abnormalities in muscle structure and function which result in
insulin resistance.' Thus IUGR could explain the genesis and
progression of IRS. Insulin resistance itself has been incrimi-
nated, being a foetal growth factor, and deficiency of or resistance
to insulin can lead to IUGR at birth and IRS in adult life.'

Indian studies have confirmed this association. It has been
reported that at 4 years, Indian subjects (n=20) with low birth-
weight had higher glucose and insulin concentration after glucose
loading." In a second study of 477 Indian children at the age of 8
years (including the previous cohort), lower birth-weight was
associated with higher blood pressure, fasting plasma insulin,
insulin resistance (HOMA) and cholesterol levels,' Interestingly,
the highest IRS variables were found in children who had a low
birth-weight, but were taller at eight years of age, a phenomenon
which is an area for future research. Does low birth-weight result
in a greater catch-up growth that links the latter to IRS? Or is the
'tall at 8' phenomenon only a measure of an early menarche or
adrenarche that is often associated with IUGR? Clearly, further
studies are needed to explain this phenomenon.

This study by Jaquet et al. confirms the onset of insulin
resistance in subjects with IUGR at as early as 25 years. What are
the implications of this study? First, the conclusive link between
IRS and IUGR emphasizes that steps need to be taken to improve
maternal nutrition and preserve maternal health. Second, steps
must be taken to prevent obesity' in childhood as well as in early
adulthood in order to prevent development of IRS. Follow up
studies of IUGR subjects after the pubertal years may answer the
'small at birth, tall at 8' riddle. If 'tall at 8' is due to early puberty
or excess catch-up growth, then the final adult height may be
normal or low, as in the IUGR group of the study by Jaquet et al.
where IUGR patients had a significantly lower adult height.
However, a different mechanism may operate in Indian subjects,
who are much more malnourished. The present study has postu-
lated an adipose tissue defect in the development of IRS. Adipos-
ity correlates strongly with leptin concentration." Leptin levels
have been linked to the onset of puberty," and with the innate
immune response in type 2 diabetes and insulin resistance.' Does
leptin explain the link between IRS and the 'tall at 8' pheno-
menon? Increasing leptin (as the fat mass accumulates) may be
linked to the immune response and insulin resistance associated
with type 2 diabetes; leptin levels may also trigger an early
puberty, resulting in the 'tall at 8' phenomenon. This needs
confirmation by properly conducted trials.

Another theory, that of 'foetal glucocorticoid exposure' pro-
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poses that maternal dietary factors could alter the activity of
placental l l-betahydroxy steroid dehydrogenose (an enzyme that
converts cortisol into cortisone). The ensuing excess foetal expo-
sure to steroids could result in IRS during adulthood." Finally,
IUGR has also been reported to produce endothelial dysfunction;
it has been suggested that this endothelial damage could result in
vascular complications associated with IRS.9 However, these
hypotheses need confirmation by further studies, the results of
which may yield fascinating insights into the 'epidemic' of type 2
diabetes and CAD in the Indian subcontinent.

REFERENCES
I NeelJV. Diabetes mellitus: A thrifty genotype rendered detrimental by progress. Am}

Hum GeneI1962;14:357-61.
2 Hales CN, Barker DIP. Type 2 (non-insulin dependent) diabetes mellitus: The thrifty

phenotype hypothesis. Diabetologia 1992;35:595-60 I.
3 Barker DIP, Hales CN, Fall CHD, Osmond C, Phipps K, Clark PMS. Type 2 diabetes

mellitus, hypertension and hyperlipidemia (syndrome X): Relation to reduced fetal
growth. Diabetologia 1993;36:62-7.

4 Bavdekar A, Yajnik CS, Fall CHD, Bapat S, Pandit AN, Deshpande V, et al. Insulin
resistance syndrome in 8-year-old Indian'children: Small at birth big at 8 years or both?
Diabetes 1999;48:2422-9.

THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 13, NO. 6, 2000

5 Barker DIP. The intrauterine origins of non-insulin dependent diabetes and cardiovascular
disease. Int J Diab Dev Counlries 1993;13:43-51.

6 Yajnik CS, Fall CHD, Vaidya U, Pandit AN, Bavdekar A, Bhat DS, et al. Fetal growth
and glucose and insulin metabolism in 4-year-old Indian children. Diabel Med
1995;12:330-6.

7 Pickup IC, Chusney GD, Mattock MB. The innate immune response and type 2
diabetes: Evidence that leptin is associated with a stress-related reaction. Clin Endocrinol
2000;52: 107-12.

8 Mantzoros CS, Flier IS, Rogol D. A longitudinal assessment of hormonal and physical
alterations during normal puberty in boys. V. Rising leptin levels may signal the onset
of puberty.Z Clin Endocrinol Metab 1997;82: 1066-70.

9 Tooke JE, Hannemann MM. Adverse endothelial function and the insulin resistance
syndrome.Z Intern Med2000;247:425-31.

A. G. UNNIKRISHNAN

R.K.SAHAY

D. V. S. REDDY

S. K. SINGH
Department of Endocrinology
Institute of Medical Sciences

Banaras Hindu University
Varanasi

Uttar Pradesh

Rs 1300
$200

Attention Subscribers
The subscriptions for The National Medical Journal of India are being serviced from the
following address:

The Subscription Department
The National Medical Journal of India
All India Institute of Medical Sciences
Ansari Nagar
New Delhi 110029

The SUbscription rates of the journal are as follows:

One year Two years Three years

Personal subscriptions paid from personal funds are available at 50% discounted rates.

Please send all renewals and new SUbscriptions along with the payment to the above address.
Cheques/Demand Draft should be made payable to The National Medical Journal of India.
Please add Rs 20 for outstation cheques.

If you wish to receive the Journal by registered post, please add Rs 60 per annum to the total
payment and make the request at the time of subscribing.

Rs 500
$80

Rs 900
$140

Indian
Overseas


