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Early life factors encompassing parental, foetal and
postnatal characteristics, have an important influence
on individual disease risk. Of particular importance is
the role of maternal lifetime nutrition and metabolic
reserves, and the impact on offspring birth outcomes.
Birth weight, in turn, affects disease risk in later life.
Being born small and showing rapid weight gain during childhood are especially important risk determinants for impaired glucose tolerance, higher blood
pressure, dyslipidaemia, overweight and obesity in
later life. Postnatal growth patterns, socio-environmental factors and genetic influences thus act in concert to increase the predilection for chronic diseases,
including type-2 diabetes.
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Introduction
E PIDEMIOLOGICAL transitions over the last few decades
have affected populations worldwide with current manmade or lifestyle disorders replacing the earlier burden of
infectious diseases in most parts of the world1. Chronic
non-communicable diseases (NCDs), including cardiovascular diseases, type-2 diabetes (T2D), chronic respiratory disorders, cancers, mental illness and injuries
account for a huge burden of morbidity and mortality2 .
Diabetes has particularly debilitating consequences
given its propensity to affect all populations, both genders, children and adults, with every organ system in the
body eventually affected under uncontrolled glycaemic
states3 .
In India and worldwide, the diabetes epidemic is a
leading cause for morbidity, mortality and life-long disease burden, thereby causing health systems to face an
increasing challenge in providing care. Population-based
data from 751 studies in 146 countries showed the
worldwide trends in diabetes in 4,372,000 subjects aged
over 18 years from 1980 to 2014 (ref. 4). Age-standardized adult diabetes prevalence increased from 4.3%
(95% CI 2.4–7.0) to 9.0% (7.2–11.1) in men and
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from 5% (2.9–7.9) to 7.9% (6.4–9.7) in women worldwide. In absolute numbers, adults with diabetes increased
from 108 million in 1980 to 422 million in 2014, with
East Asia and South Asia estimated to have had the largest increase and largest number of people with diabetes in
2014 – 106 million and 86 million respectively. Five
countries accounted for half the diabetes in the world –
China, India, USA, Brazil and Indonesia, with low and
middle-income countries like Indonesia, Pakistan, Mexico and Egypt replacing European nations like Germany,
Ukraine, Italy and the United Kingdom in the top 10
countries having most people with diabetes4–8.
India till recently, was projected as the ‘diabetes capital’ of the world with nearly 69 million people suffering
from the disease8,9. The projected burden is that it will be
nearly 80 million by 2025 (ref. 8). The WHO Global
Monitoring Framework endorsed by member states aims
to establish action to achieve a 25% reduction in premature mortality from the four leading NCDs – diabetes,
cardiovascular diseases, cancer and chronic lung diseases,
and their risk factors10. Since these are conditions that
share a number of common and modifiable risk factors, a
coordinated multi-sectoral approach would be critical in
combating the rising trends in NCDs and their risk factors. The present review aims to summarize the role of
early life events in diabetes and related metabolic disorders as an important first step in planning appropriate
programmes, interventions and policies to curb the rising
levels of T2D across populations. But what constitutes
early life events and influences? Figure 1 categorizes
these as parental, foetal and post-natal factors, and a
review of evidence of these concepts is presented here.

What constitutes early life influences?





Maternal/paternal factors – own birth weight, nutrition,
growth, socio-environmental conditions, toxic stress, maternal (intrauterine) influences.
Foetal factors – nutrition, growth trajectory, placental factors.
Post-natal factors – birth weight, nutrition, growth trajectory, socio-environmental conditions.
? Genetic factors
? Environmental factors
? Both
Figure 1.

Early life influences.
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Pathogenesis of type-2 diabetes
Extensive epidemiological research has provided evidence of the association between early life factors and
later metabolic diseases. Impaired glucose tolerance, high
blood pressure and abnormal lipid levels leading to high
rates of T2D and cardiovascular disease have been shown
to originate early in life11–14.

Early life growth and development
Foetal growth and development is a complex and dynamic
process that is dependent on adequate maternal nutrition,
placental function and the appropriate intrauterine milieu
to foster healthy growth. Poor intrauterine growth affecting weight at birth has been linked to adverse outcomes
later in life15–20. This ‘developmental programming’
hypothesis propounded by David Barker and colleagues
posits that a stimulus or insult during a critical period of
foetal growth and development that causes perturbations
of the maternal–placental–foetal unit can cause permanent changes in metabolism, structure and function of
foetal organs and systems15,21. These in turn can cause
long-term effects in the affected individuals with
increased susceptibility to later life diseases and their risk
factors. According to the ‘thrifty phenotype’ hypothesis,
the foetus learns to adapt itself to such metabolic disturbances caused by maternal malnutrition or placental insufficiency by developing trajectories of growth suited to
survival13. These adaptive responses may be suited for
immediate survival, thereby protecting vital organs like
the brain while down-regulating overall growth of less
vital muscular and skeletal tissues. However, the ‘predictive adaptive responses’ by the foetus may sometimes
result in a ‘mismatch’, if the postnatal environment is different from that predicted by the foetus22. This mismatch
can result in unhealthy patterns of postnatal growth, some
of which can result in greater levels of risk factors for
chronic diseases, including diabetes. Birth weight has
been used as a proxy marker of intrauterine growth and in
turn, lower weight at birth has been linked to increased
propensity of adverse outcomes later in life15,16,18. This
paradigm, at the centre of the ‘developmental origins’
hypothesis, has been the focus of research for nearly four
decades, in assessing mechanistic pathways for metabolic
and lifestyle disorders like T2D and cardiovascular disease23–25.
Figure 2 depicts the maternal–placental-foetal unit and
the metabolic perturbations with their resultant consequences.

Animal studies
Experimental studies in mice provided the earliest evidence of the impact of changes in maternal nutrition
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states on the foetus. Total caloric restriction of mothers to
nearly 50% during late pregnancy was shown to affect
pancreatic beta-cell mass in the offspring with consequent effects on insulin production and glycaemic states.
Similarly, rats fed with high saturated fat diets delivered
offspring with foetal insulin resistance, endothelial dysfunction and increased adiposity. Low-protein diets
resulted in offspring with reduced birth weight and later
age-dependent decline in glucose tolerance, possibly
related to effects on beta-cell number and size26–28.
Studies on global under-nutrition, high-fat and lowprotein diets leading to metabolic disorders in the offspring have been corroborated by similar studies in
guinea pigs, sheep, pigs, horses and primates29,30. These
informative findings from animal models have served as
useful hypothetical evidence for research on mechanistic
pathways in humans.

Human studies
Research on the early life influences that predispose to
disease risk in later life in humans has been conducted in
both developed and developing country settings.

Prenatal nutrition
Nutritional adversities in earlier generations lead to poorer health outcomes in subsequent generations of humans
as well. The vicious intergenerational cycle of maternal
malnutrition affecting offspring growth and development
has been studied in diverse settings.
A classic example of this comes from the Dutch
Hunger Winter study where depending upon the timing of
exposure of mothers to famine during gestation, there was
increased susceptibility to glucose intolerance, coronary
heart disease, atherogenic lipid profiles, obesity, disturbed blood coagulation and increased stress responsiveness in the next generation 31. The Dutch Hunger Winter
study was a natural experiment that examined the effects
of poor calorie intake in the Nazi-occupied Netherlands
during November 1944–May 1945. An embargo on food
supplies reduced the caloric intake of the Dutch people to
less than 1000 calories per day. All children (n = 2414)
born in a single hospital, Wilhelmina Gasthius, between
November 1943 and February 1947 were retraced between the ages of 52 and 58 years, and invited for a detailed clinic examination. This allowed assessment of
adult outcomes in children born before and after the famine, in comparison to those exposed to the famine during
different stages of gestation. All children born during the
year 1945 (n = 1380) were considered as exposed. Exposure was measured as the average official daily rations
provided for adults greater than 21 years in Amsterdam,
and those who received less than 1000 calories during
any 13-week period of gestation were considered
CURRENT SCIENCE, VOL. 113, NO. 7, 10 OCTOBER 2017
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Figure 2.

Maternal–placental–foetal unit and pathways to diseases.

exposed. Those exposed to the famine in early gestation
(n = 87) were typically found to be more prone to coronary heart disease, obesity, atherogenic lipid profiles and
breast cancer, mid-gestation (n = 137) to obstructive
airways disease and micro albuminuria, while poor nutrition at any stage of gestation, including late stage
(n = 140) was associated with glucose intolerance. The
Dutch Hunger Winter was followed by a period of almost
immediate food abundance with calorie intake reaching
2000 calories per day by the summer of 1945. The transition from a well-nourished population to a period of acute
starvation during the famine, followed by nutritional
abundance could be an explanation for metabolic conflict
and disease in later life. The small sample sizes prevent
generalisability of these findings, although they provide
insightful views on long-term consequences of nutritional
deprivation during pregnancy.
In contrast, the Leningrad (now St. Petersburg) Siege
study which examined 169 individuals exposed to in utero undernutrition during 1941–1944, did not show any
associations of poor nutrition during gestation or infancy
with later risk factors for coronary heart disease and
diabetes mellitus. There were no differences in glucose
and insulin concentrations, lipid levels, blood pressure,
obesity or coagulation factors in subjects exposed to
under nutrition in utero or during infancy, compared
CURRENT SCIENCE, VOL. 113, NO. 7, 10 OCTOBER 2017

to unexposed individuals born before the siege or during
these same study periods in an area outside the siege32.
The fact that subjects in the Leningrad area were not
exposed to better nutrition after the period of acute starvation, unlike in the Dutch study, provides some clue to
the possibility of the role of the ‘thrifty phenotype’ and
rapid postnatal catchup growth in the Netherlands study.
This suggests that in addition to intrauterine programming due to sub-optimal nutrition in foetal life, the mismatch imposed by later nutritional excess possibly affects
long-term disease risk.
Several studies around the world have since assessed
the critical role of maternal nutrition on offspring outcomes at birth and in later life33–41. In India too, studies
on maternal pre-pregnancy nutrition have contributed to
the developmental origins evidence base. Among the
most extensive prospective maternal nutrition studies are
those from Pune. In the early 1990s, about 800 pregnant
women from a rural farming community were assessed
for nutritional status, physical activity, metabolism and
foetal growth by ultrasound studies. The women in this
Pune Maternal Nutrition Study (PMNS) had an average
weight of 42 kg, body mass index of 18.1 kg/m2 (underweight by standard norms) and gave birth to babies with
an average birth weight of 2.6 kg with an overall prevalence of 26% low birth weight (birth weight < 2.5 kg) in
1313
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the study population 42. Amongst PMNS mothers, dietary
quality and macro- and micronutrient intake were assessed. Women were short, underweight, with low protein
and energy intake at 18 and 28 weeks, but these (low protein and energy intake) were not predictive of birth
weight, though maternal fat intake was associated with
birth weight, length and skinfold thickness, a measure of
fatness or adiposity. Those who had a higher frequency of
intake of green leafy vegetables, fruit and milk, however,
had heavier offspring. Micronutrients were therefore implicated as greater determinants of offspring growth and
development16,43 Maternal levels of folate, vitamin B12,
total homocysteine and methylmalonic acid (MMA; a
specific indicator of vitamin B12 deficiency) were measured at 18 and 28 weeks of gestation. The mothers had
high levels of vitamin B12 deficiency (nearly 70%), with
90% of these women showing high MMA levels
(0.26 mol/l). These were correlated with offspring anthropometry, body composition and insulin resistance
measures using HOMA-IR (homeostasis model assessment of insulin resistance) at 6 years. A combination of
low maternal vitamin B12 and high folate concentration
predicted offspring adiposity and insulin resistance at 6
years. The low B12 levels, rather than folate levels were
associated with prevalence of high homocysteine levels
(30%), and the higher maternal total homocysteine levels
in turn predicted lower birth weight for gestational age44.
The role of 1-carbon (1-C) metabolism that involves the
donation and regeneration of 1-C groups, including the
methyl group has since been widely debated 45. Maternal
nutrition should provide adequate supply of methyl donors such as folate, vitamin B12, betaine, methionine and
choline – all important nutrients essential for optimal foetal organogenesis, growth and development46. Whether
the sub-optimal intrauterine nutrition affects pancreatic
development and predisposes to beta-cell dysfunction in
early life has not been extensively studied and is a potential area for future research in Indian settings.

Indians, the prevalence of diabetes in infants born between 1940 and 1972 was assessed by a glucose tolerance
test at 20–39 years. Both low and high birth weight were
related to greater levels of T2D (30% and 32% respectively) and this was related to parental diabetes48. The
Mysore Parthenon cohort, for example, detected a gestational diabetes mellitus (GDM) prevalence of 6.2% in a
cohort of 785 women enrolled from a single maternity
unit. Of the 663 babies born in this cohort, those born to
women with GDM were heavier, with greater measures of
fat, muscle and bone mass, when assessed at 5 and 9.5
years49. The ‘fuel-mediated teratogenesis’ hypothesis38 is
being studied in a more recent pre-pregnancy cohort
study in Bengaluru. The glycaemic status of mothers during pregnancy is being assessed in relation to skinfold
measures in infants at six weeks, third and ninth months.
Hyperglycaemic status of mothers can lead to foetal
hyperinsulinaemia, increase in fat cells and adiposity at
early ages, which in turn can enhance the risk of diabetes
in later life50. Thus, maternal undernutrition and over nutrition can both predispose to the diabetes epidemic
through the U-shaped association with offspring birth
weight.

Parental body size
The size of the mother throughout her life-course can
affect her offspring birth size, growth and predilection for
disease risk. Indian women are by nature shorter than
peers elsewhere and the ‘maternal constraint’ imposed by
physical stature (shorter height), pelvic size and lifetime
reserves of metabolic substrates can impact the next generation through effects on offspring birth size, linear
growth and future biomarkers for metabolic disease22,51,52.
Pre-pregnancy maternal weight, weight gain during pregnancy and own birth weight of the parents are all shown
to be positively associated with offspring birth weight,
body composition and insulin resistance in childhood and
later life12,52–56.

Maternal hyperglycaemia
Postnatal growth and development
Maternal overnutrition can also affect offspring metabolic
markers, including glucose, foetal size and growth in early infancy and childhood. The flow of nutrients across the
maternal–placental–foetal axis suggests that maternal hyperglycaemic states should also trigger similar metabolic
changes in the offspring. However, a recent review of the
literature covering animal studies, observational human
studies, clinical trials and systematic reviews showed that
in utero exposure to maternal hyperglycaemia has minimal direct effect on T2D in the offspring47. Individual
studies in India however have conflicting findings and
have related foetal macrosomia to gestational diabetes,
with a resultant U-shaped association of foetal size to
later glycaemic states in the offspring. Amongst the Pima
1314

Research into the developmental origins hypothesis in
India has involved prospectively studied birth cohorts
in New Delhi, Vellore, Mysore and Pune16,57–61. These
studies have confirmed that people with lower birth
measurements (weight/ponderal index) were more likely
to develop chronic diseases42,62,63 and such risk was particularly heightened for those who gained weight rapidly
in childhood57,60,64. The children who were born small,
remained small at age one or two, showed an early age of
adiposity rebound (earliest age when body mass index
(BMI) starts to rise in childhood), and generally became
obese relative to themselves due to postnatal and childhood weight gain, overall had heightened risk for glucose
CURRENT SCIENCE, VOL. 113, NO. 7, 10 OCTOBER 2017
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intolerance and T2D. The hyperglycaemic and insulinresistant states are in turn associated with heightened risk
of developing cardiovascular disease.
While the findings from developed countries show a
largely consistent inverse association between birth
weight and impaired glucose tolerance/diabetes mellitus
(IGT/DM), this has not been clearly shown in the Indian
setting. The New Delhi Birth Cohort (NDBC), established in 1969 with an initial sample of about 8000 children in South Delhi, examined serial anthropometric
measurements (height and weight recorded every six
months) from birth to young adulthood in 1492 subjects
at 26–32 years in relation to cardiometabolic biomarkers,
including glucose levels. This showed no association
between impaired glucose tolerance or diabetes with birth
size, but rather with a lower infant BMI and early age of
adiposity rebound57. Across the range of birth weights,
however, an inverse association was found between birth
weight and 120 min plasma glucose57. The prevalence of
adult dysglycaemia was inversely related to weight and
BMI at one year; specifically, those who were in the lowest third of BMI at age 2 and highest third of BMI at age
12, reflecting rapid childhood weight gain, had the highest prevalence of IGT/DM as adults. A 1 SD (standard
deviation) change in BMI between 2 and 12 years was associated with a greater odds (OR = 1.3) of IGT/DM as
adults57. The comprehensive NDBC growth measures
provided important childhood growth pattern assessments
in relation to several outcomes in later life, including insulin resistance, high waist circumference, blood pressure
and lipid levels61.
Similarly, the Vellore birth cohort which comprised of
2218 men and women, followed from birth examined at a
mean age of 28 years, also found no direct association
between birth size and adult glucose intolerance, although
an inverse association was apparent for birth weight and
ponderal index with risk of IGT and DM, after adjusting
for adult BMI. The highest risk for IGT/DM therefore
was consistently seen in subjects in the lowest third of
early (infant) BMI and highest third of adult BMI58. In
the Parthenon Mysore cohort, established in the 80s to
study gestational diabetes mellitus, 663 children were
measured at birth and 6–12 monthly thereafter. Lower
weight, smaller length and mid-arm circumference in
the Mysore babies were associated with higher fasting
glucose concentrations in children followed up at 9.5
years60.

‘Thin–fat’ hypothesis
A unique finding amongst the 800 Pune babies compared
to Caucasian babies born in Southampton, UK was their
‘thinness’, as measured by their ponderal index (weight
in kg/length in cm 3). Indian Pune babies were lighter,
thinner (ponderal index = 24.1 kg/cm 3 versus 28.2 kg/cm3
CURRENT SCIENCE, VOL. 113, NO. 7, 10 OCTOBER 2017

in Caucasian babies) and shorter; however, although born
small with proportionately smaller abdominal viscera and
low muscle mass, these babies preserved their body fat
and had greater measures of subcutaneous and visceral fat
measured by MRI. This led to the ‘thin–fat’ hypothesis,
which states that Indians have a propensity for greater fat
accumulation, mostly truncal, at lower levels of BMI,
compared to European counterparts42. This further corroborated earlier findings from Pune that showed Indian
T2D individuals, at younger ages and lower BMI had
greater waist–hip ratio and higher insulin resistance compared to European adults65. This pathway was therefore
shown in the Pune studies to be set very early in life. In
1993, the Pune Children’s Study was conducted to further
evaluate the developmental origins hypothesis. Children
who were small at birth but gained rapid postnatal weight
gain were those at highest risk of developing cardiometabolic risk factors, including impaired glucose and insulin resistance, when assessed at 4 and 8 years64. A follow-up of the same children at 21 years showed a
tendency for ‘tracking’ of cardiovascular risk factors,
with all measurements at 8 years correlating positively
with those at 21 years, except the 120 min glucose. Children in the highest risk category at 8 years were at highest risk at 21 years, especially for BMI and total
cholesterol, with weaker associations for glucose, fasting
insulin and blood pressure66. This phenomenon of ‘tracking’ where individuals remain in the same risk categories
throughout the active growth period may be a critical and
potential area for screening and appropriate intervention
strategies.
Babies in the Parthenon Mysore cohort also displayed
the ‘thin–fat’ phenotype with abdominal adiposity
preserved (i.e. lower muscle bulk represented by lower
mid-arm circumference but with greater measures of subscapular skinfold – a measure of truncal adiposity) at 1
and 4 years60,67. The ‘tissue overflow hypothesis’ by
Sniderman et al.68 has suggested that South Asians have a
greater tendency to store visceral adipose tissue than to
store their fat in the metabolically inert superficial compartments of the body. This truncal adiposity or fatness,
imposed by visceral fat stores has been shown to predispose to dysglycaemia and dyslipidaemia68.
The findings from all the Indian birth cohorts therefore
established that being born small or normal weight,
remaining small or faltering in growth in the first two
years of life and thereafter gaining weight rapidly in
childhood is detrimental to later life disease risk. Elsewhere too, a consortium of birth cohorts from five developing countries – Brazil, Cebu (the Philippines), Guatemala
and South Africa, together with the NDBC from India,
conducted pooled data analyses which reinforced these
findings. The COHORTS (Consortium of Health Oriented
Research in Transitioning Societies) established that lower birth weight and sub-optimal nutrition in early life predispose to higher glucose, blood pressure and lipid levels
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in adult life, after accounting for current height and BMI.
The evidence from these analyses too implicated rapid
postnatal growth patterns as predictors of adverse health
outcomes later life69,70.
The entire period from birth through the first two years
of life therefore seems to be critical from the point of
view of optimal strategies to prevent adverse outcomes
later in life. This fits into the dialogue of the ‘first 1000
days concept’, whereby pregnancy (270 days) + year 1
(365 days) + year 2 (365 days) have evolved as the ‘critical window of opportunity’ for nutritional and related
interventions aimed at reducing later disease risk71. The
importance therefore of monitoring growth patterns of
children and enhancing awareness amongst parents and
clinicians alike of the potential disease risk that can be
curtailed by appropriate early life interventions cannot be
understated.

Breastfeeding in infancy
Observational evidence generally points to a protective
role of breastfeeding in infancy on later life disease.
Breastfed infants, compared to formula-fed ones, have a
lower risk of T2D; they have a lower blood glucose and
insulin concentration in infancy with marginally lower
insulin concentration as adults72. In the Indian setting, the
Mysore cohort examined associations between breastfeeding duration and timing of introduction of complementary foods on glucose tolerance at 5 and 9.5 years.
Longer duration of breastfeeding in this population had a
protective effect, with children who were breastfed showing both lower levels of insulin and HOMA-IR. Similar
analyses in the COHORTS data, however, did not show
an association of breastfeeding duration or early complementary feeding on diabetes risk in later life73. The role
of exclusive breastfeeding was not studied and may provide different insights.

Social and environmental factors
In the 1970s, Anders Forsdahl in Norway showed a significant correlation between middle-age chronic disease
rates and infant mortality rates at the time and place of an
individual’s birth 74. Based on this, he posited that early
socio-economic adversities that affect physical and social
environments in early childhood can lead to increased
later life Coronary Heart Disease (CHD) risk75. The work
by Barker and colleagues in the 1980s further reinforced
the role of early life influences by using individual-level
data from Hertfordshire medical ledgers linked to the UK
National Health Service data for mortality outcomes.
Low birth weight and weight at one year were linked to
greater cardiovascular mortality among 15,000 men and
women born between 1911 and 1930, assessed in 1992
(refs 15 and 76). This suggests that poor environmental
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conditions, in turn leading to poor birth and childhood
outcomes can be related to adverse health outcomes in
later life, including metabolic diseases like diabetes. Subsequent studies in Hertfordshire also assessed other
health outcomes in smaller samples of men and women
born between 1920 and 1930 (Hertfordshire cohort
study), who underwent detailed physiological investigations in later life. Low birth weight and weight at one
year were again associated with cardiovascular disease,
T2D, metabolic syndrome and insulin resistance in adulthood76,77. These and several studies around the world
have since elucidated the role of poor social and nutritional environments in early life as putative causes for
metabolic dysfunction in adult stage.

Life-course studies
The epidemiological associations between poor foetal and
infant growth and the subsequent development of T2D
and the metabolic syndrome resulting from the effects of
poor nutrition in early life, which causes changes in glucose–insulin metabolism, are significantly important but
environmental influences in the postnatal period possibly
have a modulating effect on these pathways. The relative
contribution of genes and environment to these relationships, however, remains inconclusive. Lifestyle factors,
like dietary habits from early life, including infancy,
physical activity patterns throughout life, tobacco and
alcohol consumption are all important determinants of
individual disease risk. Studies that assess these determinants from birth, through childhood, adolescence and
adulthood are called life-course studies and help understand the gene–environment interactions that predispose
to developing T2D and other lifestyle disorders.
An exemplar of a life-course study in India comes from
the Andhra Pradesh Children and Parents Study
(APCAPS)78. An early study by the National Institute of
Nutrition (NIN) in Hyderabad was built into part of the
Government of India’s flagship programmes in the 1980s.
The Integrated Child Development Services (ICDS)
scheme was launched on 2 October 1975 (ref. 79). While
its central focus was the improvement of nutritional
status of pregnant and lactating women and children less
than 6 years of age, it also included complementary programmes for early childhood education, health, hygiene
and nutrition education for the mothers and delivery of
other national programmes (immunization, anaemia control and basic healthcare) from the ICDS centres, through
the Anganwadis. As the programme saw stepwise expansion in the 1980s and 1990s, the NIN conducted an impact evaluation trial called the Hyderabad Nutrition Trial
to study the effect of nutritional supplementation in pregnancy on the birth weight of the offspring. A controlled,
cluster randomized trial of the nutrition supplementation
of pregnant mothers was carried out between 1987 and
CURRENT SCIENCE, VOL. 113, NO. 7, 10 OCTOBER 2017

RECENT TRENDS IN DIABETES RESEARCH
1990, with 15 intervention villages where the ICDS programme was in place and 14 control villages where it was
yet to start, all located in the Rangareddy district of Andhra Pradesh near Hyderabad city. Mothers in the intervention sites received a locally prepared nutritional
supplement made of corn–soya blend throughout pregnancy and lactation. All children born between 1 January
1987 and 31 December 1990 in the study villages
(N = 4338) formed a birth cohort within the trial groups.
Mean birth weight recorded within 48 h of delivery and
available in 2964 (68%) newborns was higher in the
intervention villages (2655 (SD 430) g) than that in control villages (2594 (SD 430) g); the mean difference was
61 g (95% CI 18–104; P = 0.007). Incidence of low birth
weight was higher (34.3%) in control than in intervention
villages (31.3%). It was lower (27%) in infants born to
mothers who consumed supplements at least three days in
a week compared to those who did so occasionally
(36.3%)80.
The small, yet significantly improved birth weights in
the intervention group and their beneficial effects seemed
to persist into adolescence when the children in this
group appeared to have a better metabolic risk profile
when assessed at adolescence81. Among 1165 adolescents
(13–16 years of age) studied (78%), children in the intervention village were on average 14 mm taller (95% CI
4–23; P = 0.007), insulin resistance was 20% lower
(HOMA-IR score) (95% CI 3–39%; P = 0.02) and arterial
stiffness was 3.3% lower (95% CI 1–5.7%; P = 0.008).
Body composition was similar in the two groups, but
there were no significant differences in lipid levels and
blood pressure81. A rapid socio-economic transition of
this population in the ensuing decade, however, quickly
nullified the early benefits of maternal nutritional intervention. The study showed that the adoption of later life
unhealthy dietary and lifestyle behaviours with the rapid
urbanization in these study villages made these same
groups almost at equal, if not greater likelihood of
adverse later life disease risk factors, including impaired
glucose tolerance, overweight and adiposity82–84. Lifecourse studies like the APCAPS are insightful but logistically difficult to establish and conduct. Nevertheless,
these findings suggest that apart from early life influences and strategies to modify them, interventions should
have a holistic life-course approach encompassing the
improvement of nutrition of the girl child and women,
promoting appropriate dietary behaviour, increased physical activity and a move away from sedentary, mechanized lifestyles across life in order to curtail the diabetes
and globesity epidemic in our region.

Genetics/epigenetics
Genetic influences, including the role of single nucleotide
polymorphisms (SNPs) in the pathogenesis of T2D have
CURRENT SCIENCE, VOL. 113, NO. 7, 10 OCTOBER 2017

been widely studied, including in genome wide association studies. SNPs involve a change in a specific position
in the genome in the nucleotide. The TCF7L2 gene association with T2D is well known, while SLC30A8, DEKIF11-HHEX and EXT2–ALX4 genes were discovered
using high-density arrays that tested over 300,000 SNPs
in a French case-control study85.
Epigenetics, first defined by Waddington 86 is a newer
science that assesses the role of environmental factors
that cause changes in gene expression, thereby causing a
change in phenotype, without any alteration in the DNA
sequence. Such alterations in heritable changes in gene
expression usually occur through processes involving
histone modification or methylation of DNA, thereby
providing an alternative explanation for the origin of diseases that cannot be explained by genetics alone. Agouti
mice have specifically served as excellent animal models
to study epigenetic processes46,87,88. The distinct coat colour in the Agouti viable yellow mice has been a useful
model because of the visibility of the marker, specific
methylation processes and their propensity to diseases
like diabetes, cancer and obesity. The Agouti gene that
causes expression of large quantities of the Agoutirelated protein is responsible for the yellow colour of the
fur, and is also associated with the animals being obese
and hyperinsulinaemic. Genetic imprinting that involves
the silencing of an allele of maternal or paternal origin
occurs soon after fertilization and involves DNA methylation using methyl groups generally derived from the
mother’s diet during conception. If there is adequate supply of the methyl donors, methylation results in a different coat colour, lower risk of diabetes and cancer as well
as a longer life. Genetic and epigenetic influences comprise important early life influences and the study of the
gene–environment interactions is an important area for
future research.

Conclusion
The early life influences encompassing parental, foetal
and postnatal factors have important influences on the
propensity of individual risk of developing T2D. While
maternal nutrition, physical stature and lifetime metabolic
reserves can affect offspring birth outcomes and postnatal
growth patterns, paternal factors may have some influences through different pathways, likely epigenetic in
origin. While genetic and shared household factors
(social and behavioural) of both parents can also affect
offspring disease risk, an additional risk through unique
intrauterine pathways can be conferred by the mother.
Early socio-economic environments too have strong associations with later life disease. Genetic influences are not
amenable to modification, but potential modifiable factors, including maternal nutrition and appropriate dietary
and lifestyle practices can form the focus of intervention
1317
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programmes and policies to control the burden of T2D.
Epigenetic processes and gene–environment interactions
are important areas for future research.
1. Piot, P. et al., Addressing the growing burden of noncommunicable disease by leveraging lessons from infectious
disease management. J. Glob. Health, 2016, 6(1), 010304; http://
www.ncbi.nlm.nih.gov/pubmed/26955469
2. Alwan, A. et al., Monitoring and surveillance of chronic noncommunicable diseases: progress and capacity in high-burden
countries. Lancet, 2010, 376(9755), 1861–1868; http://www.ncbi.
nlm.nih.gov/pubmed/21074258
3. Stratton, I. M. et al., Association of glycaemia with macrovascular
and microvascular complications of type 2 diabetes (UKPDS 35):
prospective observational study. BMJ, 2000, 321(7258), 405–412;
http://www.ncbi.nlm.nih.gov/pubmed/10938048
4. Ezzati, M., Worldwide trends in diabetes since 1980: a pooled
analysis of 751 population-based studies with 4??4 million
participants. Lancet, 2016, 387(10027), 1513–1530.
5. Guariguata, L., Whiting, D. R., Hambleton, I., Beagley, J.,
Linnenkamp, U. and Shaw, J. E., Global estimates of diabetes
prevalence for 2013 and projections for 2035. Diabetes Res. Clin.
Pract., 2014, 103, 137–149.
6. Jaacks, L. M. et al., Type 2 diabetes: a 21st century epidemic. Best
Pract. Res. Clin. Endocrinol. Metab., 2016, 30(3), 331–343;
http://linkinghub.elsevier.com/retrieve/pii/S1521690X16300161
7. Forouzanfar, M. H. et al., GBD 2013 Risk Factors Collaborators,
Global, regional, and national comparative risk assessment of 79
behavioural, environmental and occupational, and metabolic risks
or clusters of risks in 188 countries, 1990–2013: a systematic
analysis for the global burden of disease study 2013. Lancet, 2015,
386(10010), 2287–323; http://www.ncbi.nlm.nih.gov/pubmed/
26364544
8. International Diabetes Federation, IDF Diabetes Atlas, 2015, 7th
edn; http://www.diabetesatlas.org/
9. Wells, J. C. K., Pomeroy, E., Walimbe, S. R., Popkin, B. M. and
Yajnik, C. S., The elevated susceptibility to diabetes in India: an
evolutionary perspective. Front. Public Health, 2016, 4, 145;
http://journal.frontiersin.org/Article/10.3389/fpubh.2016.00145/
abstract
10. World Health Organization, NCD global monitoring framework.
WHO, Geneva, 2013; http://www.who.int/nmh/global_monitoring_framework/en/
11. Yajnik, C., Interactions of perturbations in intrauterine growth and
growth during childhood on the risk of adult-onset disease. Proc.
Nutr. Soc., 2000, 59(2), 257–265; http://www.ncbi.nlm.nih.gov/
pubmed/10946794
12. Fall, C. H. D. et al., Size at birth, maternal weight, and type 2
diabetes in South India. Diabetic Med., 1998, 15(3), 220–227.
13. Hales, C. N. and Barker, D. J., The thrifty phenotype hypothesis.
Br. Med. Bull., 2001, 60, 5–20; http://www.ncbi.nlm.nih.gov/
pubmed/11809615
14. Lucas, A., Baker, B. A., Desai, M. and Hales, C. N., Nutrition in
pregnant or lactating rats programs lipid metabolism in the
offspring. Br. J. Nutr., 1996, 76(4), 605–612; http://www.ncbi.
nlm.nih.gov/pubmed/8942366
15. Barker, D. J. and Fall, C. H., Foetal and infant origins of
cardiovascular disease. Arch. Dis. Child., 1993, 68(6), 797–799;
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1029380&tool=pmcentrez&rendertype=abstract
16. Joglekar, C. V. et al., Newborn size, infant and childhood growth,
and body composition and cardiovascular disease risk factors at
the age of 6 years: the Pune Maternal Nutrition Study. Int. J.
Obes., 2007, 31(10), 1534–1544; http://www.pubmedcentral.nih.
gov/articlerender.fcgi?artid=2358952&tool=pmcentrez&rendertype=abstract
1318

17. Lawlor, D. A., Davey Smith, G. and Ebrahim, S., Association
between leg length and offspring birth weight: partial explanation
for the trans-generational association between birth weight and
cardiovascular disease: findings from the British Women’s Heart
and Health Study. Paediatr. Perinat. Epidemiol., 2003, 17(2),
148–155; http://www.ncbi.nlm.nih.gov/pubmed/12675781
18. Kuzawa, C. W. et al., Birth weight, postnatal weight gain, and
adult body composition in five low and middle income countries.
Am. J. Hum. Biol., 2012, 24, 5–13; http://www.pubmedcentral.nih.
gov/articlerender.fcgi?artid=3541478&tool=pmcentrez&rendertype=abstract
19. Norris, S. et al., Size at birth, weight gain in infancy and
childhood, and adult diabetes risk in five low- or middle-income
country birth cohorts. Diabetes Care, 2012, 35, 72–79.
20. Fall, C. and Osmond, C., Commentary: the developmental origins
of health and disease: an appreciation of the life and work of
Professor David J.P. Barker, 1938–2013. Int. J. Epidemiol., 2013,
42(5), 1231–1232; http://www.ncbi.nlm.nih.gov/pubmed/24159069
21. Paneth, N. and Susser, M., Early origin of coronary heart disease
(the ‘Barker hypothesis’). BMJ, 1995, 310(6977), 411–412;
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2548810&tool=pmcentrez&rendertype=abstract
22. Gluckman, P. D. and Hanson, M. A., Maternal constraint of foetal
growth and its consequences. Semin. Foetal Neonatal Med., 2004,
9(5), 419–425; http://www.ncbi.nlm.nih.gov/pubmed/15691778
23. Smith, G. D., Sterne, J., Tynelius, P., Lawlor, D. A. and
Rasmussen, F., Birth weight of offspring and subsequent cardiovascular mortality of the parents. Epidemiology, 2005, 16(4), 563–
569; http://www.ncbi.nlm.nih.gov/pubmed/15951676
24. Hyppönen, E., Power, C. and Smith, G. D., Parental growth at
different life stages and offspring birthweight: an intergenerational
cohort study. Paediatr. Perinat. Epidemiol., 2004, 18, 168–177.
25. Sachdev, H. S. et al., Anthropometric indicators of body composition in young adults: relation to size at birth and serial
measurements of body mass index in childhood in the New Delhi
birth cohort. Am. J. Clin. Nutr., 2005, 82, 456–466.
26. Langley-Evans, S. C., Bellinger, L. and McMullen, S., Animal
models of programming: early life influences on appetite and
feeding behaviour. Matern. Child Nutr., 2005, 1(3), 142–148.
27. Armitage, J. A., Taylor, P. D. and Poston, L., Experimental
models of developmental programming: consequences of exposure
to an energy rich diet during development. J. Physiol., 2005,
565(Pt 1), 3–8; http://www.pubmedcentral.nih.gov/articlerender.
fcgi?artid=1464498&tool=pmcentrez&rendertype=abstract
28. Poston, L. et al., Developmental programming and diabetes – the
human experience and insight from animal models. Best Pract.
Res. Clin. Endocrinol. Metab., 2010, 24(4), 541–552; http://
linkinghub.elsevier.com/retrieve/pii/S1521690X10000400
29. McMillen, I. C. and Robinson, J. S., Developmental origins of the
metabolic syndrome: prediction, plasticity, and programming.
Physiol. Rev., 2005, 85(2), 571–633; http://www.ncbi.nlm.nih.
gov/pubmed/15788706
30. Fowden, A. L., Giussani, D. A. and Forhead, A. J., Endocrine and
metabolic programming during intrauterine development. Early
Hum. Dev., 2005, 81(9), 723–734; http://www.ncbi.nlm.nih.gov/
pubmed/16085373
31. Roseboom, T., de Rooij, S. and Painter, R., The Dutch famine and
its long-term consequences for adult health. Early Hum. Dev., 2006,
82(8), 485–491; http://www.ncbi.nlm.nih.gov/pubmed/16876341
32. Stanner, S. A. et al., Does malnutrition in utero determine diabetes
and coronary heart disease in adulthood? Results from the
Leningrad siege study, a cross sectional study. BMJ, 1997, 315,
1342–1348.
33. Adair, L. S. and Pollitt, E., Outcome of maternal nutritional
supplementation: a comprehensive review of the Bacon Chow
study. Am. J. Clin. Nutr., 1985, 41(5), 948–978; http://www.ncbi.
nlm.nih.gov/pubmed/3993612
CURRENT SCIENCE, VOL. 113, NO. 7, 10 OCTOBER 2017

RECENT TRENDS IN DIABETES RESEARCH
34. Rush, D., Stein, Z. and Susser, M., A randomized controlled trial
of prenatal nutritional supplementation in New York City.
Pediatrics, 1980, 65(4), 683–697; http://www.ncbi.nlm.nih.gov/
pubmed/6988785
35. Godfrey, K., Robinson, S., Barker, D. J., Osmond, C. and Cox, V.,
Maternal nutrition in early and late pregnancy in relation to
placental and foetal growth. BMJ, 1996, 312, 410–414.
36. Hawkesworth, S., Prentice, A. M., Fulford, A. J. C. and Moore,
S. E., Dietary supplementation of rural Gambian women during
pregnancy does not affect body composition in offspring at 11–17
years of age. J. Nutr., 2008, 138(12), 2468–2473; http://www.
pubmedcentral.nih.gov/articlerender.fcgi?artid=2635503&tool=
pmcentrez&rendertype=abstract
37. Yajnik, C. S. and Deshmukh, U. S., Maternal nutrition,
intrauterine programming and consequential risks in the offspring.
Rev. Endocr. Metab. Disord., 2008, 104 (Suppl. 1), 203–211.
38. Yajnik, C. S., Nutrient-mediated teratogenesis and fuel-mediated
teratogenesis: two pathways of intrauterine programming of
diabetes. Int. J. Gynecol. Obstet. (Suppl.), 2009, 104 (Suppl. 1),
S27–S31.
39. Behrman, J. R., Calderon, M. C., Preston, S. H., Hoddinott, J.,
Martorell, R. and Stein, A. D., Nutritional supplementation in girls
influences the growth of their children: prospective study in
Guatemala. Am. J. Clin. Nutr., 2009, 90(5), 1372–1379;
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2762161&tool=pmcentrez&rendertype=abstract
40. Fall, C., Maternal nutrition: effects on health in the next
generation. Indian J. Med. Res., 2009, 130(5), 593–599; http://
www.ncbi.nlm.nih.gov/pubmed/20090113
41. Kulkarni, B. et al., The association of early life supplemental
nutrition with lean body mass and grip strength in adulthood:
evidence from APCAPS. Am. J. Epidemiol., 2014, 179(6), 700–
709.
42. Yajnik, C. S. et al., Neonatal anthropometry: the thin–fat Indian
baby. The Pune Maternal Nutrition Study. Int. J. Obes. Relat.
Metab. Disord., 2003, 27(2), 173–180; http://www.ncbi.nlm.nih.
gov/pubmed/12586996
43. Rao, S. et al., Intake of micronutrient-rich foods in rural Indian
mothers is associated with the size of their babies at birth: Pune
maternal nutrition study. J. Nutr., 2001, 131(4), 1217–1224;
http://www.ncbi.nlm.nih.gov/pubmed/11285330
44. Yajnik, C. S. et al., Maternal total homocysteine concentration and
neonatal size in India. Asia Pac. J. Clin. Nutr., 2005, 14(2), 179–
81.
45. Yajnik, C. S. and Deshmukh, U. S., Foetal programming: maternal
nutrition and role of one-carbon metabolism. Rev. Endocr. Metab.
Disord., 2012, 13(2), 121–127; http://www.ncbi.nlm.nih.gov/
pubmed/22415298
46. Dominguez-Salas, P., Cox, S. E., Prentice, A. M., Hennig, B. J.
and Moore, S. E., Maternal nutritional status, C(1) metabolism and
offspring DNA methylation: a review of current evidence in
human subjects. Proc. Nutr. Soc., 2012, 71(1), 154–165;
http://www.ncbi.nlm.nih.gov/pubmed/22124338
47. Donovan, L. E. and Cundy, T., Does exposure to hyperglycaemia
in utero increase the risk of obesity and diabetes in the offspring?
Diabetic Med., 2016, 33(5), 695–696; http://www.ncbi.nlm.nih.
gov/pubmed/26433133
48. McCance, D. R., Pettitt, D. J., Hanson, R. L., Jacobsson, L. T.,
Knowler, W. C. and Bennett, P. H., Birth weight and non-insulin
dependent diabetes: thrifty genotype, thrifty phenotype, or
surviving small baby genotype? BMJ, 1994, 308(6934), 942–945;
http://www.ncbi.nlm.nih.gov/pubmed/8173400
49. Hill, J. C., Krishnaveni, G. V., Annamma, I., Leary, S. D. and
Fall, C. H. D., Glucose tolerance in pregnancy in South India:
relationships to neonatal anthropometry. Acta Obstet. Gynecol.
Scand., 2005, 84(2), 159–165; http://www.ncbi.nlm.nih.gov/
pubmed/15683377
CURRENT SCIENCE, VOL. 113, NO. 7, 10 OCTOBER 2017

50. Babu, G. R., Garadi, L., Murthy, G. V. S. and Kinra, S., Effect of
hyperglycaemia in pregnancy on adiposity in their infants in India:
a protocol of a multicentre cohort study. BMJ Open, 2014, 4(6),
e005417;
http://www.pubmedcentral.nih.gov/articlerender.fcgi?
artid=4078779&tool=pmcentrez&rendertype=abstract
51. Barker, D. J., Shiell, A. W., Barker, M. E. and Law, C. M.,
Growth in utero and blood pressure levels in the next generation.
J. Hypertens., 2000, 18(7), 843–846; http://www.ncbi.nlm.nih.gov/
pubmed/10930180
52. Pomeroy, E., Wells, J. C. K., Cole, T. J., O’Callaghan, M. and
Stock, J. T., Relationships of maternal and paternal anthropometry
with neonatal body size, proportions and adiposity in an
Australian cohort. Am. J. Phys. Anthropol., 2015, 156(4), 625–
636; http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=
4404025&tool=pmcentrez&rendertype=abstract
53. Veena, S. R. et al., Intergenerational effects on size at birth in
South India. Paediatr. Perinat. Epidemiol., 2004, 18(5), 361–370;
http://www.ncbi.nlm.nih.gov/pubmed/15367323
54. Veena, S. R. et al., Relationships of maternal and paternal birthweights to features of the metabolic syndrome in adult offspring:
an inter-generational study in South India. Diabetologia, 2007,
50(1), 43–54; http://www.pubmedcentral.nih.gov/articlerender.
fcgi?artid=2493388&tool=pmcentrez&rendertype=abstract
55. Lawlor, D. A. et al., Epidemiologic evidence for the foetal
overnutrition hypothesis: findings from the Mater-University
study of pregnancy and its outcomes. Am. J. Epidemiol., 2007,
165(4), 418–424; http://www.ncbi.nlm.nih.gov/pubmed/17158475
56. Laura, H. C., Menezes, A. B., Noal, R. B., Hallal, P. C. and
Araújo, C. L., Maternal anthropometric characteristics in
pregnancy and blood pressure among adolescents: 1993 live birth
cohort, Pelotas, southern Brazil. BMC Public Health, 2010, 10,
434; http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=
2918557&tool=pmcentrez&rendertype=abstract
57. Bhargava, S. K. et al., Relation of serial changes in childhood
body-mass index to impaired glucose tolerance in young
adulthood. N. Engl. J. Med., 2004, 350(9), 865–875; http://
www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3408694&tool=
pmcentrez&rendertype=abstract
58. Raghupathy, P. et al., Glucose tolerance, insulin resistance and
insulin secretion in young South Indian adults: relationships to
parental size, neonatal size and childhood body mass index.
Diabetes Res. Clin. Pract., 2010, 87(2), 283–292; http://www.
pubmedcentral.nih.gov/articlerender.fcgi?artid=3428893&tool=
pmcentrez&rendertype=abstract
59. Bavdekar, A. et al., Insulin resistance syndrome in 8-year-old
Indian children: small at birth, big at 8 years, or both? Diabetes,
1999, 48(12), 2422–2429; http://www.ncbi.nlm.nih.gov/pubmed/
10580432
60. Krishnaveni, G. V., Veena, S. R., Wills, A. K., Hill, J. C., Karat,
S. C. and Fall, C. H. D., Adiposity, insulin resistance and
cardiovascular risk factors in 9–10-year-old Indian children:
relationships with birth size and postnatal growth. J. Dev. Origins
Health Dis., 2010, 1(6), 403–411; http://www.pubmedcentral.nih.
gov/articlerender.fcgi?artid=3272429&tool=pmcentrez&rendertype=abstract
61. Fall, C. H. D. et al., Adult metabolic syndrome and impaired
glucose tolerance are associated with different patterns of BMI
gain during infancy: data from the New Delhi Birth Cohort.
Diabetes Care, 2008, 31(12), 2349–2356; http://www.
pubmedcentral.nih.gov/articlerender.fcgi?artid=2584194&tool=
pmcentrez&rendertype=abstract
62. Krishna, M. et al., Cohort profile: the 1934–66 Mysore birth records
cohort in South India. Int. J. Epidemiol., 2015, 44(6), 1833–1841.
63. Antonisamy, B. et al., Cohort profile: the 1969–73 Vellore birth
cohort study in South India. Int. J. Epidemiol., 2009, 38(3), 663–
669; http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=
2691411&tool=pmcentrez&rendertype=abstract
1319

SPECIAL SECTION:
64. Yajnik, C. S. et al., Foetal growth and glucose and insulin
metabolism in four-year-old Indian children. Diabetic Med., 1995,
12(4), 330–336; http://www.ncbi.nlm.nih.gov/pubmed/7600749
65. Shelgikar, K. M., Hockaday, T. D. and Yajnik, C. S., Central
rather than generalized obesity is related to hyperglycaemia in
Asian Indian subjects. Diabetic Med., 1991, 8(8), 712–717;
http://www.ncbi.nlm.nih.gov/pubmed/1838061
66. Joshi, S. M. et al., Tracking of cardiovascular risk factors from
childhood to young adulthood – the Pune Children’s Study. Int. J.
Cardiol., 2014, 175(1), 176–178; http://www.ncbi.nlm.nih.gov/
pubmed/24874906
67. Krishnaveni, G. V. et al., Truncal adiposity is present at birth and
in early childhood in South Indian children. Indian Pediatr., 2005,
42(6), 527–538; http://www.ncbi.nlm.nih.gov/pubmed/15995269
68. Sniderman, A. D., Bhopal, R., Prabhakaran, D., Sarrafzadegan, N.
and Tchernof, A., Why might South Asians be so susceptible to
central obesity and its atherogenic consequences? The adipose
tissue overflow hypothesis. Int. J. Epidemiol., 2007, 36(1), 220–
225; http://www.ncbi.nlm.nih.gov/pubmed/17510078
69. Victora, C. G. et al., Maternal and child undernutrition:
consequences for adult health and human capital. Lancet, 2008,
371(9609), 340–357; http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2258311&tool=pmcentrez&rendertype=abstract
70. Richter, L. M. et al., Cohort profile: the consortium of healthorientated research in transitioning societies. Int. J. Epidemiol.,
2012, 41(3), 621–626; http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3378468&tool=pmcentrez&rendertype=abstract
71. The State of the World’s Children, UNICEF, Report, Children in
an Urban World, 2012.
72. Owen, C. G., Martin, R. M., Whincup, P. H., Smith, G. D. and
Cook, D. G., Does breastfeeding influence risk of type 2 diabetes
in later life? A quantitative analysis of published evidence. Am. J.
Clin. Nutr., 2006, 84(5), 1043–1054.
73. Fall, C. H. et al., Infant-feeding patterns and cardiovascular risk
factors in young adulthood: data from five cohorts in low-and
middle-income countries. Int. J. Epidemiol., 2011, 40, 47–62.
74. Forsdahl, A., Are poor living conditions in childhood and
adolescence an important risk factor for arteriosclerotic heart
disease? Br. J. Prev. Soc. Med., 1977, 31, 91–95.
75. Lynch, J. and Smith, G. D., A life course approach to chronic
disease epidemiology. Annu. Rev. Public Health, 2005, 26(1),
1–35.
76. Phillips, D. I. W. et al., Foetal and infant growth and glucose
tolerance in the Hertfordshire Cohort Study: a study of men and
women born between 1931 and 1939. Diabetes (Suppl. 2), 2005,
54, S145–S150; http://www.ncbi.nlm.nih.gov/pubmed/16306332

1320

77. Syddall, H. E., Aihie Sayer, A., Dennison, E. M., Martin, H. J.,
Barker, D. J. P. and Cooper, C., Cohort profile: the Hertfordshire
cohort study. Int. J. Epidemiol., 2005, 34(6), 1234–1242;
http://www.ncbi.nlm.nih.gov/pubmed/15964908
78. Kinra, S. et al., Cohort profile: Andhra Pradesh Children and
Parents Study (APCAPS). Int. J. Epidemiol., 2014, 43(5), 1417–
1424; http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=
4190511&tool=pmcentrez&rendertype=abstract
79. http://www.wcd.nic.in/ (cited 12 May 2014).
80. http://www.icmr.nic.in/annual/nin.pdf (cited 12 May 2014).
81. Kinra, S., et al., Effect of integration of supplemental nutrition
with public health programmes in pregnancy and early childhood
on cardiovascular risk in rural Indian adolescents: long term
follow-up of Hyderabad nutrition trial. BMJ, 2008, 337, a605;
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2500199&tool=pmcentrez&rendertype=abstract
82. Kulkarni, B. et al., The association of early life supplemental
nutrition with lean body mass and grip strength in adulthood:
evidence from APCAPS. Am. J. Epidemiol., 2014, 179(6), 700–
709; http://www.ncbi.nlm.nih.gov/pubmed/24553777
83. Matsuzaki, M. et al., Life-course determinants of bone mass in
young adults from a transitional rural community in India: the
Andhra Pradesh Children and Parents Study (APCAPS). Am. J.
Clin. Nutr., 2014, 99(6), 1450–1459.
84. Kinra, S., Sarma, K. R., Hards, M., Smith, G. D. and Ben-Shlomo,
Y., Is relative leg length a biomarker of childhood nutrition?
Long-term follow-up of the Hyderabad Nutrition Trial. Int. J.
Epidemiol., 2011, 40, 1022–1029.
85. Sladek, R., et al., A genome-wide association study identifies
novel risk loci for type 2 diabetes. Nature, 2007, 445(7130), 881–
885; http://www.nature.com/doifinder/10.1038/nature05616
86. Waddington, C. H., An Introduction to Modern Genetics, The
Macmillan Company, New York, 1939, p. 441; http://books.
google.co.in/books/about/An_introduction_to_modern_genetics.
html?id=-Hk5AAAAMAAJ&pgis=1
87. Fall, C. H. D., Evidence for the intra-uterine programming of
adiposity in later life. Ann. Hum. Biol., 2011, 38(4), 410–428;
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3428869&tool=pmcentrez&rendertype=abstract
88. Li, M., Sloboda, D. M. and Vickers, M. H., Maternal obesity and
developmental programming of metabolic disorders in offspring:
evidence from animal models. Exp. Diabetes Res., 2011, 1–9.

doi: 10.18520/cs/v113/i07/1311-1320

CURRENT SCIENCE, VOL. 113, NO. 7, 10 OCTOBER 2017

