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A role of dietary nutrients in relation to insulin resistance has been suggested but conclusive evidence in human beings is lacking. Asian Indians

and South Asians are prone to develop insulin resistance and the metabolic syndrome. In the present paper, data pertaining to nutrient intake,

insulin resistance and cardiovascular risk factors in Asian Indians and South Asians have been reviewed. In these populations, several dietary

imbalances have been reported: low intake of MUFA, n-3 PUFA and fibre, and high intake of fats, saturated fats, carbohydrates and trans-

fatty acids (mostly related to the widespread use of Vanaspati, a hydrogenated oil). Some data suggest that these nutrient imbalances are associated

with insulin resistance, dyslipidaemia and subclinical inflammation in South Asians. Specifically, in children and young individuals, a high intake

of n-6 PUFA is correlated with fasting hyperinsulinaemia, and in adults, high-carbohydrate meal consumption was reported to cause hyperinsu-

linaemia, postprandial hyperglycaemia and hypertriacylglycerolaemia. Dietary supplementation with n-3 PUFA leads to an improved lipid profile

but not insulin sensitivity. Inadequate maternal nutrition in pregnancy, low birth weight and childhood ‘catch-up’ obesity may be important for the

development of the metabolic syndrome and diabetes. Even in rural populations, who usually consume traditional frugal diets, there is an increas-

ing prevalence of cardiovascular risk factors and the metabolic syndrome due to changes in diets and lifestyle. Nationwide community intervention

programmes aimed at creating awareness about the consequences of unhealthy food choices and replacing them by healthy food choices are

urgently needed in urban and rural populations in India, other countries in South Asia and in migrant South Asians.

Insulin resistance: Type 2 diabetes mellitus: Dyslipidaemia: Dietary fats: Dietary carbohydrates: Asian Indians: South Asians

Insulin resistance is associated with the metabolic syndrome,
type 2 diabetes mellitus (T2DM) and CVD. Impaired insulin
sensitivity has been shown in subjects known to be at risk
for diabetes, such as normoglycaemic first-degree relatives
of patients with T2DM and women with a history of gesta-
tional diabetes. It is now well established that generalised
obesity and abdominal obesity (excess subcutaneous and
intra-abdominal fat) are associated with insulin resistance(1–3).
In most individuals who develop T2DM, insulin resistance is
generally present for many years before the occurrence of
hyperglycaemia.

It is apparent that diet and physical activity significantly
influence insulin resistance, the metabolic syndrome, dyslipi-
daemia and T2DM. The rapidly increasing prevalence of
these disorders in Asian Indians has been largely linked to
rapid changes in lifestyle and dietary patterns(3–5). Unfortu-
nately, the data regarding the relationship of dietary nutrients
with insulin resistance are scarce in Asian Indians. Although
some studies have reported an influence of dietary nutrients
on insulin resistance and cardiovascular risk factors in

South Asians and Asian Indians, no review on this subject is
available.

The present study aims to review the influence of dietary
nutrients on insulin resistance and the metabolic syndrome
in Asian Indians and South Asians. The literature search has
been done by using the terms ‘insulin resistance, hyperinsuli-
naemia, the metabolic syndrome, diabetes, dyslipidaemia, and
nutrition, diet, fat, carbohydrates, whole grain, fibre, micronu-
trients, and South Asians and Asian Indians’ in the medical
search database PubMed (National Library of Medicine,
Bethesda, MD, USA) from 1966 to April 2008. A manual
search of the relevant quoted references was also carried out
from the retrieved articles. Databases of research institutions
in India (Indian Council of Medical Research, New Delhi,
and National Institute of Nutrition, Hyderabad) were also
searched from respective websites; however, mostly peer-
reviewed studies have been referenced. In the present review
‘Asian Indians’ refers to individuals originating from India,
and ‘South Asians’ to individuals originating from various
countries (India, Pakistan, Bangladesh, Nepal and Sri Lanka)
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in the Indian subcontinent. Other terms ‘Indian Asians’, ‘Indo-
Asian’ and ‘Indo-Sikhs’ used are reproduced as in the original
studies, and broadly signify individuals from India and neigh-
bouring countries.

Dietary fats

Since the 1930s, several studies have implicated high dietary fat
intake with the development of obesity and hyperglycae-
mia(6–8). A high dietary intake of fat has been reported in
Asian Indians(9,10). Fat consumption ranged from 13 to 59 g/d
in different regions and states in India. Further, individuals in
rural areas in India consume lower (17%) energy intake from
dietary fat as compared with urban residents (22%)(11). Yagalla
et al. (10) have reported a higher average energy intake from total
fat (32%) in migrant Asian Indians in the USA. Further, veg-
etarian migrant Asian Indians had higher values of BMI than
non-vegetarians due to an increased intake of high-fat dairy pro-
ducts. Those migrant Asian Indians who consume high amounts
of dietary fats have high levels of serum TAG and low levels of
HDL-cholesterol(10). It is important to note that migrant Asian
Indians have higher BMI and more risk factors for CVD than
Asian Indians in India, possibly contributed by changes in life-
style and consumption of excess energy and fats(12). Finally, a
high intake of dietary fats significantly correlated (correlation
coefficient 0·67) with cardiovascular mortality in different
regions of India(13). While a wide variety of fat-enriched food
items are consumed by South Asians, the fatty acid profile of
some commonly cooked dietary items by South Asians is
shown in Table 1.

Dietary saturated fatty acids

Various investigators have shown that the intake of SFA was a
significant independent predictor of fasting and postprandial
insulin concentrations(14–16) and that hyperinsulinaemia is
decreased by lowering SFA intake(14). Thus, the overall
intake of dietary SFA is positively related to insulin resistance,
and there is evidence that replacing SFA with MUFA or
PUFA in dietary fat may prevent metabolic deterioration.
Yagalla et al. (10) have reported an average energy intake of

8% from SFA in migrant Asian Indians in the USA, while the

mean SFA intake was 6·5% in adult city dwellers belonging to
the low socio-economic stratum living in India(9). Further, we
have recently reported a high mean intake of SFA (9·4% of
total energy intake) in urban Asian Indian adolescents and
young adults(17). In general, there is a rural-to-urban variation
in consumption patterns of SFA, with rural Asian Indians
having a low, and urban individuals having a high consump-
tion of SFA.

Interestingly, we have shown that intake of SFA is an inde-
pendent correlate of high C-reactive protein levels, a marker
for subclinical inflammation, in urban-based adolescents and
young adult Asian Indians(18). Based on these observations,
to place them in a low-risk category for future CVD (mean
C-reactive protein levels ,1mg/l), SFA intake should be
decreased to ,7% of energy intake in adolescent Asian
Indians. Further, high intakes of SFA and trans-fatty acids
(TFA; see below) were reported to be independently associ-
ated with increased subclinical atherosclerosis in migrant
South Asians living in Canada(19).

Polyunsaturated fatty acids

Evidence from experimental studies has indicated the ben-
eficial effect of long-chain n-3 PUFA (fish oils) over n-6
PUFA (safflower-seed oil) in preventing insulin resistance,
but robust evidence from human studies is lacking. Some
human studies indicate a protective effect of fish intake on
the development of insulin resistance(20–22) but results from
dietary intervention studies have not been consistent(23). Sup-
plementation with long-chain n-3 PUFA appears to improve
insulin sensitivity in subjects with impaired glucose toler-
ance(22,24) and in patients with T2DM(22). Even though it
has not been well investigated in healthy individuals, long-
chain n-3 supplementation clearly lowers levels of serum
TAG even when no positive effect on glycaemia and periph-
eral glucose utilisation were seen(25).

More than a decade ago, Sevak et al. (26) showed that
South Asians consumed significantly lower n-3 PUFA (0·08
v. 0·13% energy, respectively; P¼0·02), but higher n-6
PUFA (5·4 v. 5·0% energy, respectively; P¼0·05) than
white Caucasians in the UK. Lovegrove et al. (27) have also
reported similar findings, in addition to a significantly higher

Table 1. Fatty acid content of cooked food items frequently consumed by South Asians*

Nutrients† Parantha‡ Bhatura‡ Pulao§ Pakorak Dosak Samosa‡ Fried potato chaat§ Halwa§

Typical serving (g) 80 60 275 100 90 70 100 100
Total fat (g) 12·03 20·32 11·61 17·40 11·36 15·64 15·6 20·73
SFA (g) 2·01 2·52 2·76 1·65 1·23 2·28 3·75 4·91
MUFA (g) 2·42 4·58 2·22 4·21 2·77 3·60 3·00 3·90
PUFA (g) 4·38 11·04 0·76 11·11 7·12 7·12 0·65 0·81
n-3 PUFA (g) 0·15 12·16 0·06 0·09 0·22 0·09 0·12 0·33
n-6 PUFA (g) 4·23 10·90 0·70 11·07 6·90 7·03 0·53 0·73
Trans-fatty acids (g) 2·72 4·45 5·30 0·21 0·142 2·79 7·95 10·6

* Recipes compiled from published literature on Indian foods(85,86). Fatty acid contents compiled from published literature on Indian foods(87,88). Parantha is an Indian bread pre-
pared on a griddle using fat; bhatura is an Indian bread prepared by deep frying; pulao is a rice preparation; pakora is a sliced/mashed potato coated with Bengal gram
flour batter and deep fried; dosa is a preparation consisting of rice and black gram flour, prepared like a pancake on a griddle; samosa is a snack prepared by stuffing potato
in refined wheat flour dough cones and deep fried; fried potato chaat is boiled potatoes shallow fried for crispness; halwa is a dessert prepared using refined wheat flour
(semolina).

† Values for fatty acid content are given for a typical serving.
‡ Prepared in a combination of Vanaspati (hydrogenated fat) as shortening and refined sunflower-seed oil as the frying medium.
§ Prepared in Vanaspati.
kPrepared in refined sunflower-seed oil.
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dietary n-6 : n-3 PUFA ratio in diets of Indo-Asian Sikhs in the
UK as compared with white Caucasians (11·2 v. 6·7, respect-
ively; P,0·001). Furthermore, these investigators have shown
that South Asians had a higher proportion of total fatty acids
as n-6 PUFA and a lower proportion of long-chain n-3 PUFA
in plasma and cellular membrane phospholipids as compared
with white Caucasians(27). While this could be due to dietary
imbalance, low activities of d-5- and d-6-desaturases necess-
ary for the formation of long-chain n-3 PUFA and/or the pre-
sence of certain dietary factors that interfere with the
formation of EPA and DHA could be other explanations(28).
It has been suggested that an imbalance in dietary n-6 and
n-3 PUFA may be important for the development of insulin
resistance and dyslipidaemia in South Asians(29). We have
previously shown a low intake of n-3 PUFA, a low energy
intake of n-6 and a low n-6 : n-3 PUFA ratio (1·9–2·1,
which was much lower than the recommended ratio of 5–
10) in Asian Indians belonging to the low socio-economic
stratum in North India(9). Furthermore, this underprivileged
population had a high prevalence of insulin resistance, dyslipi-
daemia, hypertension and T2DM(30). In adolescent and young
Asian Indians, we have recently shown that the mean percen-
tage of energy intake contributed by PUFA was significantly
higher in those with fasting hyperinsulinaemia as compared
with those with normal insulin levels (9·2%; P¼0·021). How-
ever, the percentage energy contribution of n-3 PUFA and n-6
PUFA in the hyperinsulinaemic (0·8 and 4·8%, respectively)
and normoinsulinaemic groups (0·7 and 4·2%, respectively)
was similar. An important observation was that a higher
intake of PUFA was associated with higher fasting serum
insulin levels (OR 2·2). Specifically, n-6 PUFA intake was a
significant independent predictor of fasting hyperinsulinaemia.
In view of these observations in Asian Indian adolescents and
young adults, it would be prudent to restrict the intake of n-6
PUFA. Importantly, the role of n-6 PUFA in the pathogenesis
of insulin resistance in Asian Indians needs to be investigated
further(17).

Interestingly, intervention studies with n-3 PUFA have not
yielded encouraging results in South Asians. Lovegrove
et al. (27) compared the impact of long-chain n-3 PUFA sup-
plementation in white Caucasians and Indo-Asian Sikhs in
the UK. These investigators showed that with supplemen-
tation, concentrations of plasma TAG, apo B-48, platelet
phospholipids and arachidonic acid decreased, and HDL-
cholesterol, platelet phospholipids, EPA and DHA signifi-
cantly increased in Indo-Asians; however, no effect on insulin
sensitivity was seen(27). In another study, Brady et al. (31)

reported the effect of fish-oil supplementation against a back-
ground of high or moderate intake of n-6 PUFA on fasting and
postprandial blood lipids and on insulin resistance in Indian
Asians in the UK. They showed that a high dietary intake of
n-6 PUFA did not attenuate the beneficial effects of fish-oil
supplementation on plasma TAG levels. Further, in line with
the study of Lovegrove et al. (27), long-chain n-3 PUFA sup-
plementation, whether given in combination with a back-
ground dietary intake of high or moderate n-6 PUFA, had
no effect on insulin sensitivity in Indo-Asians. In yet another
study by this group, no effect of a high or moderate n-6 : n-3
PUFA ratio diet on clinically relevant insulin sensitivity and
dyslipidaemia was reported in Indian Asians in the UK. How-
ever, there was a trend towards a loss of insulin sensitivity on

the high-n-6 : n-3 PUFA diet, and lower EPA and DHA levels
were observed following the high-n-6 : n-3 PUFA diet(32).

Low intakes of n-3 PUFA in Asian Indians could be due to
the vegetarian status. Even in those individuals who are non-
vegetarians, fish intake is infrequent. Interestingly, those
living in the coastal area of India and having high fish
intake have a better lipid profile, specifically low serum
TAG levels(33,34). In vegetarian Asian Indians, a higher
intake of n-3 PUFA could be achieved by the addition of sev-
eral low-cost vegetarian dietary items containing n-3 PUFA,
for example, green leafy vegetables, rajmah (kidney beans),
bajra (Sorghum vulgare) and chana (black gram). These
food items are widely available at low cost in India.

Dietary monounsaturated fatty acids

A MUFA-enriched diet resulted in significant increases in
insulin sensitivity with modest total fat intake in healthy sub-
jects(25). Further, MUFA-rich diets lowered mean plasma glu-
cose and plasma TAG levels and reduced insulin requirements
in patients with T2DM(35,36). Improvement of lipoprotein and
glycaemic profiles with a high-MUFA diet may not be related
to changes in insulin sensitivity but could be due to a
reduction in the dietary carbohydrate load(35). The increase
in insulin sensitivity induced by MUFA-rich diets may be
due to their effect on gastric emptying and increased basal glu-
cose uptake(37). Overall, high-MUFA diets have shown ben-
eficial effects in T2DM, but their influence on insulin
resistance, although appearing beneficial, is still inconclusive.

Some 14 years ago, Sevak et al. (26) showed a lower dietary
intake of MUFA (% of energy) in South Asians as compared
with white Caucasians (11·9 v. 14·7, respectively; P,0·001) in
the UK. In a relatively recent study on Indian Asians living in
the UK, the mean MUFA intake in subjects with a high-
n-6 : n-3 PUFA diet was 25 g/d, while in those consuming a
moderate-n-6 : n-3 PUFA diet, MUFA intake was 43 g/d(32).
Asian Indians belonging to the low socio-economic stratum
in India consumed low MUFA (% of energy): males, 4·7%;
females, 5·7%(9). Non-significantly higher MUFA intake
(% energy) was seen in hyperinsulinaemic adolescents and
young adults in India than those with normal fasting
plasma insulin levels (7·4 v. 6·9, respectively; P¼0·26)(17).
A study of adult urban males from three different states in
India (North India, Uttar Pradesh; South India, Goa; West
India, Kolkata) showed low MUFA intake(38). In North India
(Rajasthan), the daily intake of MUFA (% energy) was
higher in illiterate individuals than in educated individuals
(15·6 v. 8·6, respectively; P,0·05)(39). In South India,
however, the middle income group consumed higher
MUFA (11·9 g/d) as compared with the low income group
(8·5 g/d)(40). Our data showed a low intake of MUFA (,4%
energy) in an urban slum population (19–49 years) in New
Delhi (Table 2).

Trans-fatty acids

Specifically, dietary TFA intake has been associated with dys-
lipidaemia and an increased risk of T2DM and CVD(41,42).
Studies in patients with T2DM have showed an elevated post-
prandial insulin response with a TFA-rich diet as compared
with a cis-MUFA-rich diet(43). However, data regarding the
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dietary influence of TFA on insulin resistance in healthy
subjects are limited.

TFA in Indian diets are mostly derived from Vanaspati
(hydrogenated oil commonly used as a cooking medium), con-
taining 53% TFA. Since this oil is cheaper than other cooking
oils and commonly available even in rural areas, it is widely
consumed by individuals belonging to middle and low
socio-economic strata. In urban adult slum dwellers belonging
to the low socio-economic stratum in New Delhi, TFA, par-
ticularly in men, reached .1% of the energy intake, mostly
due to the use of Vanaspati oil in cooking(9). We have recently
shown high TFA intakes (% energy): 1·13 and 1·11 in male
and female adolescent and young adults in North India,
respectively (Table 2). However, intakes were within the rec-
ommended values in the middle-aged and elderly (Table 2).
The high TFA content of some cooked dietary items fre-
quently consumed by South Asians and Asian Indians is
shown in Table 1. Moreover, elevated levels of lipoprotein(a)
seen with high TFA intake may be important in Asian Indians
who show one of the highest levels of lipoprotein(a), correlat-
ing with CVD(9,44). The effect of TFA is also on the uptake
and metabolism of essential fatty acids, adversely leading to
their deficiency(45). This has important implications as essen-
tial fatty acid intake was seen to be already low in Asian
Indians(9).

Dietary carbohydrates

A high intake of carbohydrate may lead to hyperinsulinaemia,
high serum TAG and low HDL-cholesterol levels associated
with insulin resistance(46). Samaha et al. (47) showed that
severely obese subjects with a high prevalence of T2DM
and the metabolic syndrome lost more weight and had greater
improvements in the plasma TAG level and insulin sensitivity
on a low-carbohydrate diet than those on a low-fat diet. How-
ever, these findings must be interpreted with caution, since the
magnitude of the overall weight loss relative to subjects’
severe obesity was small, and it is unclear whether these
benefits of a carbohydrate-restricted diet extend beyond
6 months. Other dietary modifications, such as low-glycaemic
index food and increasing fibre intake, can help to limit the
untoward metabolic consequences of the low-fat high-carbo-
hydrate diets.

In a comparative study, Burden et al. (48) have reported a
higher carbohydrate content (% energy) in an Asian meal
(45%) than in a European meal (25%). Others have supported
this view(49,50). Further, several investigators have shown that
Asian Indians in India consume relatively more carbohydrates
(% energy) (about 60–67%)(9,51,52), as compared with the
migrant South Asians (North Indians and Pakistani Sikhs) in
the UK (about 46%)(26) and Asian Indians and Pakistanis in
the USA (about 56–58%)(10,50,53). In a study on South
Asians in the UK, a ‘typical’ Asian Indian vegetarian diet as
compared with a ‘typical’ European diet induced higher and
more prolonged rises in mean plasma glucose levels (5·29 v.
4·32mmol/l, respectively; P,0·02) and higher 2 h postpran-
dial insulin levels (mean 28·2 v. 8·1mU/l; P,0·02). Sevak
et al. (26) showed that the total carbohydrate and sucrose con-
tents of the diets were positively correlated with postprandial
hyperinsulinaemia in South Asians residing in the UK.
Yagalla et al. (10) studied the nutrient profile of US-basedT
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Asian Indians and reported that increased carbohydrate intake
(above the threshold of total carbohydrate intake of 282 g/d) in
them resulted in high serum TAG, particularly in insulin-
resistant subjects. Even in Asian Indians belonging to the
low socio-economic stratum living in urban slums, a higher
percentage of energy from carbohydrate intake was positively
correlated with serum TAG levels(9).

The consumption of large carbohydrate meals is very
common in Asian Indians, especially at dinner time. This per-
mits hyperinsulinaemia to occur, and also causes postprandial
hyperglycaemia and hypertriacylglycerolaemia. Therefore, a
rational strategy would be to distribute carbohydrate evenly
through three to five meals per d, especially in patients with
diabetes, so as to avoid high carbohydrate loading.

Dietary fibre

Evidence from epidemiological studies supports the beneficial
effects of high intakes of fruits and vegetables, with possible
reductions of over 80% in CHD, 70% in stroke and 90% in
T2DM by following Mediterranean diets, which are low in
energy and high in fibre(54). Higher intakes of fruit and
vegetables have been shown to lower the risk of the metabolic
syndrome(55).

Few studies in India have reported data on fibre intake;
however, methodologies of analysis of fibre intake have dif-
fered. Poor intake of fruit and vegetables resulting in low
fibre intake was reported in less educated urban Asian Indians
in North India(39), in subjects residing in West Bengal, India
(reported as crude fibre intake; 5·7 g/d)(56) and in an urban
slum population in North India (reported as crude fibre
intake; males, 8·5 g/d; females, 4·1 g/d)(9). In a recent study
on adolescents and young adults from North India, we
showed crude dietary fibre consumption to be 8·6 g daily(17).
Fibre intake may also depend on socio-economic stratum
and ability to buy relatively expersive fruits and vegetables,
being higher in the middle income group (8·6 g/d) v. the low
income group (4·7 g/d)(40). Many studies in rural populations
in India(57), including a subset of rural pregnant women(58),
have shown a poor intake of fruits and vegetables. Even in
migrant Asian Indians or South Asians, fibre intake has been
reported to be low, particularly in vegetarians; however, it
varied by region of origin in India and dietary profile of the
migrants from India and other South Asian countries(59). Inter-
vention with high-fibre diets in Asian Indians has been poorly
investigated. Mean blood glucose values in North Indian sub-
jects residing in the UK after a high-fibre (32 g/d) mixed meal
was lower than after the standard glucose load. According to
the authors, these findings suggest the potential of high-fibre
constituents of a typical North Indian diet in improving glu-
cose tolerance(60). Clearly, more data are needed from South
Asians in this area of nutrition.

Micronutrients and trace elements

Trace elements (micronutrients) such as Mg have been postu-
lated to play a role in glucose homeostasis and insulin
action(61,62). Some investigators have shown that dietary
fibre and Mg explain most of the beneficial effect of whole
grains on insulin sensitivity(63–65). In this context, it is import-
ant to note that both Mg and Ca intakes were significantly

lower for the Asian Indian vegetarians than for the white Cau-
casian vegetarians(66). Vitamin D and Ca intakes were less
than two-thirds of the recommended intake in Gujarati Asian
Indian migrants in the USA, and BMI was negatively corre-
lated with Ca intake(67). Nearly 95% of ethnic South Asians
in the UK (predominantly British Bangladeshis), whose
random blood glucose level indicated ‘high risk’ of diabetes,
had vitamin D deficiency(68). The implications of trace
element deficiency on the metabolic syndrome and CVD are
not clear in South Asians and long-term studies are required
to address this issue.

Effect of nutrition during the perinatal period and early
childhood on insulin resistance and the metabolic
syndrome

Asian Indian mothers residing in rural areas in India consume
lower energy (approximately 7·53 v. 10·04MJ, respectively)
and protein (45 v. 90 g/d, respectively) but higher percentage
energy from carbohydrates (72 v. 50%, respectively) as com-
pared with British mothers(69). Such inadequate maternal diet-
ary intake during intra-uterine fetal development leads to fetal
undernutrition and smaller neonatal size. Further, some evi-
dence exists that there is an increased susceptibility of low-
birth weight babies to insulin resistance, hypertension and
CVD in adult life. Some scientists believe that widespread
maternal undernutrition has contributed to the diabetes epi-
demic in Asian countries, supported by the fact that more
than half of low-birth-weight babies are South-east
Asians(70). This line of thought appears to be an oversimplified
explanation to diseases, which have complex causation. At the
same time, it is interesting to note that better nourished and
heavier urban Asian Indian babies (mean weight 2·9 kg)
have an almost five times higher susceptibility to T2DM as
compared with rural babies (mean weight, 2·6 kg)(71), impli-
cating overriding roles of dietary excess and lifestyle factors.
Indeed, the evidence now suggests that those who have a low
birth weight have an increased tendency to develop hypergly-
caemia and the metabolic syndrome only when fed excess
energy and those who have increased velocity of weight
gain and adiposity in childhood(72,73).

The focus is gradually shifting to micronutrient deficiencies
in maternal diets and their relationship to insulin resistance in
children and adults. It is important to note that the intake of
most vitamins and minerals, particularly vitamin D, total
folate, vitamin B6 and Mg, were lower in pregnant Asian
Indian women in the UK as compared with the intakes of
most nutrients consumed by pregnant European women(74).
Interestingly, in a recent study in women residing in west
India, high maternal erythrocyte folate concentrations pre-
dicted greater adiposity and higher insulin resistance, and
low vitamin B12 levels predicted higher insulin resistance in
offspring(75). Maternal nutrition during pregnancy, both
macronutrients as well as micronutrients, in rural Indians
has been reported to affect fetal growth, body composition
and disease risk in adulthood(69).

Overall, both maternal undernutrition and excess nutrition
in children appear to be important in the development of adi-
posity, insulin resistance and related diseases in childhood
and adults; however, it would be premature to implicate
any specific micronutrient. The preventive implications on
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components of the metabolic syndrome would involve better
fetal growth through improved maternal nutrition and reducing
over-nutrition in the early years of life.

Dietary patterns and socio-economic status in Asian
Indians and the insulin resistance syndrome

In South India, individuals belonging to the middle income
group (most having a sedentary job profile, average monthly
income 8075 rupees (approximately US$ 200)) consumed sig-
nificantly higher amounts of energy (7853 v. 6577 kJ; 1877 v.
1572 kcal), total fat (60·7 v. 32·3 g/d), SFA (15·9 v. 11·3 g/d)
and sugar (73·1 v. 43·8 g/d) as compared with the low
income group (most in labour-intensive jobs, average monthly
income 1400 rupees (approximately US$ 35))(40). Further,
age-standardised prevalence rates of obesity, impaired glucose
tolerance, T2DM, hypertension, dyslipidaemia, the metabolic
syndrome and CVD were significantly higher in the middle
income group as compared with the low income group(40).
Along with imbalanced dietary intake, including low intakes
of MUFA, n-3 PUFA and fibre and a high intake of SFA,
the urban slum dwellers (low socio-economic stratum, 90%
having monthly income ,US$ 70 monthly)(9,76) in North
India showed a high prevalence of abdominal obesity,
hypercholesterolaemia, hypertriacylglycerolaemia and T2DM
and low levels of HDL-cholesterol(9). Interestingly, one
study has shown a higher intake of total energy and SFA in
rural v. urban subjects; however, the prevalence of CVD and
hypercholesterolaemia was higher in urban subjects and
hypertriacylglycerolaemia and low levels of HDL was seen
more in rural subjects(77). Recent data show that the preva-
lence of dyslipidaemia, obesity and the metabolic syndrome
in rural areas of India is increasing. A study of the rural popu-
lation of Andhra Pradesh (Central India) showed that 18·4%
of men and 26·3% of women were overweight, and 26·9%
of men and 18·4% of women had the metabolic syndrome(78).

Regional and geographical dietary patterns and habits and
insulin resistance

Regional differences in dietary patterns and food habits may
have some influence on the occurrence of obesity and hyper-
glycaemia in Asian Indians. Data from a study carried out
nearly 35 years ago show differences in North and South
Indian diets(79). While South Indians predominantly eat a
diet consisting of boiled rice and sambhar (thin lentil soup),
use coconut oil in cooking and consume a small quantity of
milk, North Indians eat a wheat-based diet, consisting of
wheat chapattis (Indian bread), vegetables cooked with ghee
(clarified butter), milk and yoghurt. These authors also
showed that North Indians consumed 2700 calories and
150 g fat per d, and South Indians consumed 2400 calories
and 12 g fats per d, including mainly seed oils. The higher
carbohydrate intake in South Indians v. North Indians was
probably due to rice-based diets in the former. In this study,
a higher prevalence of T2DM (8·8%) was shown in the
South Indians v. the North Indians (2·7%)(79).
It is important to note that currently, while most traditional

South and North Indian families continue to consume diets as
above, many young individuals in many parts of India con-
sume a wide variety of diets: North and South Indian, and

‘Westernised’ diets and snacks, in line with rapid nutrition
transition and the increasing presence of aggressive marketing
by transnational food companies.

Community lifestyle intervention studies in Asian Indians

Given imbalanced nutrition and the increase in obesity, the
metabolic syndrome and T2DM in Asian Indians, commu-
nity-based non-pharmacological intervention through the pro-
motion of healthy food choices and increase in physical
activity are needed. A relative risk reduction of 28·5%
(P¼0·018) in cumulative incidences of diabetes through life-
style and dietary changes, higher than that achieved by metfor-
min alone (26·4%; P¼0·029), has been shown in South Indian
patients(80). Improved dietary patterns of individuals with
hyperglycaemia, a decrease in obesity, and a reduction of
fasting blood glucose levels in adults and adolescents (aged
10–17 years) with pre-diabetes and adults with T2DM by
11, 17 and 25%, respectively, were seen in a South Indian
population with dietary interventions. The dietary modifi-
cations included: increase in fibre and protein intake from
local low-cost resources such as the nutritionally rich drum-
stick leaves, millets, legumes/lentils and whole grains; avoid-
ance of sweetened drinks; substitution of polished white rice
with millets, sprouted legumes and vegetables; reduction of
fat content and portion control(81). Asian Indian migrants in
New Zealand also showed a decrease in obesity, blood press-
ure, and beneficial effects on dyslipidaemia but no effect on
insulin sensitivity with dietary interventions, which included
encouraged use of rapeseed oil, fat removal from meat and
increase in fish consumption(82).

We have initiated programmes aimed at awareness and pre-
vention of childhood obesity, namely ‘CHETNA’ (Hindi for
‘The Awareness’) (Children Health Education Through Nutri-
tion and Health Awareness programme) and ‘MARG’ (Hindi
for ‘The Path’) (Medical Education for Children/Adolescents
for Realistic Prevention of Obesity and Diabetes and for
Healthy Ageing)(83,84). Dietary modifications advised include:
reduction in fried snacks, commercial/fast foods containing
TFA, polished rice, refined carbohydrate flour (by using
whole grains and mixing protein and fibre-based flour such as
Bengal/black gram flour and bajra (Sorghum vulgare)); pro-
motion of fruit and vegetable intake; replacing aerated/swee-
tened fruit drinks with healthy alternatives such as lemonade
and skimmed buttermilk. These dietary changes are emphasised
through lectures and printed leaflets, and through involvement
of students in debates, skits and cookery contests. This large-
scale programme for the first time in South Asia aims to
cover 500 000 children in about fifteen cities of North India.

Conclusions

Dietary factors are likely to have greater and often overriding
influence in the generation of insulin resistance, the metabolic
syndrome and T2DM in Asian Indians and South Asians than
genetic factors. Several studies in Asian Indians have estab-
lished the link between dietary nutrients and insulin resistance.
Higher intakes of carbohydrate, SFA, TFA and n-6 PUFA, and
lower intakes of n-3 PUFA and fibre, and a higher n-3 : n-6
PUFA ratio have been reported in South Asians, as compared
with other populations. Intervention studies with n-3 PUFA
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increased the EPA and DHA content of membrane phospholi-
pids, improved lipid profile but did not show a beneficial
effect on insulin resistance. Further, high dietary n-6 PUFA
and SFA are significant independent predictors of fasting
hyperinsulinaemia and high levels of C-reactive protein,
respectively, in adolescent Asian Indians. Asian Indians
consume large carbohydrate meals, which may lead to high
concentrations of plasma TAG, decreased levels of HDL-
cholesterol and also cause postprandial hyperinsulinaemia.
Maternal and fetal undernutrition and excess adiposity in
early childhood increase the risk of hyperglycaemia and
insulin resistance later in life.

Acknowledgements

We thank Dr Ranjita Misra (Texas A & M University, TX,
USA) for the collaborative research.

The present review was supported by a financial grant from
the Science and Society Division, Department of Science and
Technology, Ministry of Science and Technology, Govern-
ment of India.

A. M. provided critical input on content and manuscript
development and had the original vision for the manuscript.
L. K. prepared the manuscript, researched the references,
and edited and proofread the manuscript; S. I. prepared the
manuscript, researched the references and created the tables;
S. B. created and provided vital input on nutritional aspects
into both the tables.

None of the authors had a personal or financial conflict of
interest.

References

1. Misra A, Vikram NK, Arya S, et al. (2004) High prevalence of

insulin resistance in postpubertal Asian Indian children is

associated with adverse truncal body fat patterning, abdominal

adiposity and excess body fat. Int J Obes Relat Metab Disord

28, 1217–1226.
2. Misra A & Vikram NK (2003) Clinical and pathophysiological

consequences of abdominal adiposity and abdominal adipose

tissue depots. Nutrition 19, 457–466.
3. Misra A, Khurana L, Vikram NK, Goel A & Wasir JS (2007)

Metabolic syndrome in children: current issues and South

Asian perspective. Nutrition 23, 895–910.
4. Misra A, Misra R, Wijesuriya M & Banerjee D (2007) The

metabolic syndrome in South Asians: continuing escalation &

possible solutions. Indian J Med Res 125, 345–354.
5. Wasir JS & Misra A (2004) The metabolic syndrome in Asian

Indians: the impact of nutritional and socio-economic transition

in India. Met Syndr Relat Disord 2, 14–23.
6. Himsworth HP (1935) The dietetic factor determining glucose

tolerance and sensitivity to insulin of healthy men. Clin Sci 2,
67–94.

7. Bray GA, Lovejoy JC, Smith SR, DeLany JP, Lefevre M,

Hwang D, Ryan DH & York DA (2002) The influence of differ-

ent fats and fatty acids on obesity, insulin resistance and inflam-

mation. J Nutr 132, 2488–2491.
8. Cornish ML, Chechi K & Cheema SK (2006) The role of diet-

ary fats in hypertension, obesity and insulin resistance: a com-

parative study of animals and humans in fetal and adult life.

Curr Nutr Food Sci 2, 29–43.

9. Misra A, Sharma R, Pandey RM & Khanna N (2001) Adverse

profile of dietary nutrients, anthropometry and lipids in urban

slum dwellers of northern India. Eur J Clin Nutr 55, 727–734.
10. Yagalla MV, Hoerr SL, Song WO, Enas E & Garg A (1996)

Relationship of diet, abdominal obesity, and physical activity

to plasma lipoprotein levels in Asian Indian physicians residing

in the United States. J Am Diet Assoc 96, 257–261.
11. Administrative Committee on Coordination/Subcommittee on

Nutrition (United Nations) (1992) Second Report on the

World Nutrition Sanitation, vol 2. Hyderabad, India: National

Institute of Nutrition.

12. Misra A & Ganda OP (2007) Migration and its impact on adi-

posity and type 2 diabetes. Nutrition 23, 696–708.
13. Gupta R, Misra A, Pais P, Rastogi P & Gupta VP (2006) Cor-

relation of regional cardiovascular disease mortality in India

with lifestyle and nutritional factors. Int J Cardiol 108,
291–300.

14. Parker DR, Weiss ST, Troisi R, Cassano PA, Vokonas PS &

Landsberg L (1993) Relationship of dietary saturated fatty

acids and body habitus to serum insulin concentrations: the Nor-

mative Aging Study. Am J Clin Nutr 58, 129–136.
15. Maron DJ, Fair JM & Haskell WL (1991) Saturated fat intake

and insulin resistance in men with coronary artery disease.

The Stanford Coronary Risk Intervention Project Investigators

and Staff. Circulation 84, 2020–2027.
16. Marshall JA, Bessesen DH & Hamman RF (1997) High satu-

rated fat and low starch and fibre are associated with hyperinsu-

linaemia in a non-diabetic population: the San Luis Valley

Diabetes Study. Diabetologia 40, 430–438.
17. Isharwal S, Arya S, Misra A, Wasir JS, Pandey RM, Rastogi K,

Vikram NK, Luthra K & Sharma R (2008) Dietary nutrients and

insulin resistance in urban Asian Indian adolescents and young

adults. Ann Nutr Metab 52, 145–151.
18. Arya S, Isharwal S, Misra A, et al. (2006) C-reactive protein

and dietary nutrients in urban Asian Indian adolescents and

young adults. Nutrition 22, 865–871.
19. Merchant AT, Kelemen LE, de Koning L, et al. (2008) Inter-

relation of saturated fat, trans fat, alcohol intake, and subclinical

atherosclerosis. Am J Clin Nutr 87, 168–174.
20. Feskens EJ, Bowles CH & Kromhout D (1991) Inverse associ-

ation between fish intake and risk of glucose intolerance in nor-

moglycemic elderly men and women. Diabetes Care 14,
935–941.

21. Feskens EJ, Virtanen SM, Rasanen L, Tuomilehto J, Stengard J,

Pekkanen J, Nissinen A & Kromhout D (1995) Dietary factors

determining diabetes and impaired glucose tolerance. A 20-

year follow-up of the Finnish and Dutch cohorts of the Seven

Countries Study. Diabetes Care 18, 1104–1112.
22. Popp-Snijders C, Schouten JA, Heine RJ, van der Meer J & van

der Veen EA (1987) Dietary supplementation of omega-3 poly-

unsaturated fatty acids improves insulin sensitivity in non-insu-

lin-dependent diabetes. Diabetes Res 4, 141–147.
23. Giacco R, Cuomo V, Vessby B, Uusitupa M, Hermansen K,

Meyer BJ, Riccardi G & Rivellese AA (2007) Fish oil, insulin

sensitivity, insulin secretion and glucose tolerance in healthy

people: is there any effect of fish oil supplementation in

relation to the type of background diet and habitual dietary

intake of n-6 and n-3 fatty acids? Nutr Metab Cardiovasc

Dis 17, 572–580.
24. Fasching P, Ratheiser K, Waldhausl W, Rohac M, Osterrode W,

Nowotny P & Vierhapper H (1991) Metabolic effects of fish-oil

supplementation in patients with impaired glucose tolerance.

Diabetes 40, 583–589.
25. Vessby B, Unsitupa M, Hermansen K, et al. (2001) Substituting

dietary saturated for monounsaturated fat impairs insulin sensi-

tivity in healthy men and women: The KANWU Study. Diabe-

tologia 44, 312–319.

South Asian diets and insulin resistance 471

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

https://doi.org/10.1017/S0007114508073649  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114508073649


26. Sevak L, McKeigue PM & Marmot MG (1994) Relationship of

hyperinsulinemia to dietary intake in South Asian and European

men. Am J Clin Nutr 59, 1069–1074.
27. Lovegrove JA, Lovegrove SS, Lesauvage SV, Brady LM, Saini

N, Minihane AM & Williams CM (2004) Moderate fish-oil sup-

plementation reverses low-platelet, long-chain n-3 polyunsatu-

rated fatty acid status and reduces plasma triacylglycerol

concentrations in British Indo-Asians. Am J Clin Nutr 79,
974–982.

28. Das UN (2002) Nutritional deficiencies and the prevalence of

syndrome X in South Asians. Nutrition 18, 282.
29. Ghafoorunissa (1998) Requirements of dietary fats to meet

nutritional needs & prevent the risk of atherosclerosis – an

Indian perspective. Indian J Med Res 108, 191–202.
30. Misra A, Chaudhary D, Vikram NK, Mittal V, Devi JR, Pandey

RM, Khanna N, Sharma R & Peshin S (2002) Insulin resistance

and clustering of atherogenic risk factors in women belonging to

low socio-economic strata in urban slums of North India. Dia-

betes Res Clin Pract 56, 73–75.
31. Brady LM, Lovegrove SS, Lesauvage SV, Gower BA, Minihane

AM,Williams CM&Lovegrove JA (2004) Increased n-6 polyun-

saturated fatty acids do not attenuate the effects of long-chain n-3

polyunsaturated fatty acids on insulin sensitivity or triacylglycerol

reduction in Indian Asians. Am J Clin Nutr 79, 983–991.
32. Minihane AM, Brady LM, Lovegrove SS, Lesauvage SV, Wil-

liams CM & Lovegrove JA (2005) Lack of effect of dietary

n-6 : n-3 PUFA ratio on plasma lipids and markers of insulin

responses in IndianAsians living in theUK.Eur J Nutr 44, 26–32.
33. Bulliyya G (2000) Fish intake and blood lipids in fish eating vs

non-fish eating communities of coastal south India. Clin Nutr

19, 165–170.
34. Bulliyya G, Reddy PC, Reddy KN & Reddanna P (1994) Fatty

acid profile and the atherogenic risk in fish consuming and non

fish consuming people. Indian J Med Sci 48, 256–260.
35. Garg A (1998) High-monounsaturated fat diets for patients with

diabetes mellitus: a meta-analysis. Am J Clin Nutr 67, Suppl. 3,
577S–582S.

36. Garg A, Bonanome A, Grundy SM, Zhang ZJ & Unger RH

(1988) Comparison of a high-carbohydrate diet with a high-

monounsaturated-fat diet in patients with non-insulin-dependent

diabetes mellitus. N Engl J Med 391, 829–834.
37. Dimopoulos N, Watson M, Sakamoto K & Hundal HS (2006)

Differential effects of palmitate and palmitoleate on insulin

action and glucose utilization in rat L6 skeletal muscle cells.

Biochem J 399, 473–481.
38. Udipi SA, Karandikar S, Mukherjee R, Agarwal S & Ghugre PS

(2006) Variations in fat and fatty acid intakes of adult males

from three regions of India. Indian J Public Health 50, 179–186.
39. Singhal S, Gupta P, Mathur B, Banda S, Dandia R & Gupta R

(1998) Educational status and dietary fat and anti-oxidant intake

in urban subjects. J Assoc Physicians India 46, 684–688.
40. Mohan V, Shanthirani S, Deepa R, Premalatha G, Sastry NG &

Saroja R (2001) Intra-urban differences in the prevalence of the

metabolic syndrome in southern India – the Chennai Urban

Population Study (CUPS no. 4). Diabet Med 18, 280–287.
41. Ascherio A, Katan MB, Zock PL, Stampfer MJ & Willett WC

(1999) Trans fatty acids and coronary heart disease. N Engl J

Med 340, 1994–1998.
42. Salmeron J, Hu FB, Manson JE, Stampfer MJ, Colditz GA,

Rimm EB & Willett WC (2001) Dietary fat intake and risk of

type 2 diabetes in women. Am J Clin Nutr 73, 1019–1026.
43. Christiansen E, Schnider S, Palmvig B, Tauber-Lassen E &

Pedersen O (1997) Intake of a diet high in trans monounsatu-

rated fatty acids or saturated fatty acids. Effects on postprandial

insulinemia and glycemia in obese patients with NIDDM.

Diabetes Care 20, 881–887.

44. Anand SS, Enas EA, Pogue J, Haffner S, Pearson T & Yusuf S

(1998) Elevated lipoprotein(a) levels in South Asians in North

America. Metabolism 47, 182–184.
45. Holman RT & Johnston SB (1983) Essential fatty acid

deficiencies in man. In Dietary Fats and Health, pp. 247–266

[EG Perkins and WJ Visek, editors]. Champaign, IL: American

Oil Chemists’ Society.

46. Borkman M, Campbell LV, Chisholm DJ & Storlien LH (1991)

Comparison of the effects on insulin sensitivity of high carbo-

hydrate and high fat diets in normal subjects. J Clin Endocrinol

Metab 72, 432–437.
47. Samaha FF, Iqbal N, Seshadri P, Chicano KL, Daily DA,

McGrory J, Williams T, Williams M, Gracely EJ & Stern L

(2003) A low-carbohydrate as compared with a low-fat diet in

severe obesity. N Engl J Med 348, 2074–2081.
48. Burden ML, Samanta A, Spalding D & Burden AC (1994)

A comparison of the glycaemic and insulinaemic effects of an

Asian and a European meal. Pract Diabetes Int 11, 208–211.
49. Greenhalgh PM (1997) Diabetes in British south Asians: nature,

nurture, and culture. Diabet Med 14, 10–18.
50. Misra A & Vikram NK (2004) Insulin resistance syndrome

(metabolic syndrome) and obesity in Asian Indians: evidence

and implications. Nutrition 20, 482–491.
51. Devi JR, Arya S, Khanna N, Pandey RM, Sharma R, Vikram

NK, Misra A & Guleria R (2003) Postmenopausal women

in urban slums in southern Delhi are obese and dyslipidemic.

J Assoc Physicians India 50, 1559.
52. Shobana R, Snehalatha C, Latha E, Vijay V & Ramachandran

A (1998) Dietary profile of urban south Indians and its

relations with glycaemic status. Diabetes Res Clin Pract 42,
181–186.

53. Kamath SK, Hussain EA, Amin D, Mortillaro E, West B, Peter-

son CT, Aryee F, Murillo G & Alekel DL (1999) Cardiovascular

disease risk factors in 2 distinct ethnic groups: Indian and Pakis-

tani compared with American premenopausal women. Am J

Clin Nutr 69, 621–631.
54. Willett WC (2006) The Mediterranean diet: science and prac-

tice. Public Health Nutr 9, 105–110.
55. Esmaillzadeh A, Kimiagar M, Mehrabi Y, Azadbakht L, Hu FB

& Willett WC (2006) Fruit and vegetable intakes, C-reactive

protein, and the metabolic syndrome. Am J Clin Nutr 84,
1489–1497.

56. Mitra SR, Mazumder DN, Basu A, Block G, Haque R, Samanta

S, Ghosh N, Smith MM, von Ehrenstein OS & Smith AH (2004)

Nutritional factors and susceptibility to arsenic-caused skin

lesions in West Bengal, India. Environ Health Perspect 112,
1104–1109.

57. Pushpamma P, Geervani P & Rani MU (1982) Food intake and

nutrient adequacy of rural population of Andhra Pradesh, India.

Hum Nutr Appl Nutr 36A, 293–301.
58. Panwar B & Punia D (1998) Food intake of rural pregnant

women of Haryana State, northern India: relationship with edu-

cation and income. Int J Food Sci Nutr 49, 243–247.
59. Jonnalagadda SS & Diwan S (2002) Regional variations in diet-

ary intake and body mass index of first-generation Asian-Indian

immigrants in the United States. J Am Diet Assoc 102,
1286–1289.

60. Bhatnagar D (1988) Glucose tolerance in north Indians taking a

high fibre diet. Eur J Clin Nutr 42, 1023–1027.
61. Saris NE, Mervaala E, Karppanen H, Khawaja JA & Lewenstam

A (2000) Magnesium. An update on physiological, clinical and

analytical aspects. Clin Chim Acta 294, 1–26.
62. Barbagallo M, Dominguez LJ, Galioto A, Ferlisi A, Cani C,

Malfa L, Pineo A, Busardo A & Paolisso G (2003) Role of mag-

nesium in insulin action, diabetes and cardio-metabolic syn-

drome X. Mol Aspects Med 24, 39–52.

A. Misra et al.472

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

https://doi.org/10.1017/S0007114508073649  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114508073649


63. Liese AD, Roach AK, Sparks KC, Marquart L, D’Agostino RB

Jr & Mayer-Davis EJ (2003) Whole-grain intake and insulin

sensitivity: the Insulin Resistance Atherosclerosis Study. Am J

Clin Nutr 78, 965–971.
64. Meyer KA, Kushi LH, Jacobs DR Jr, Slavin J, Sellers TA &

Folsom AR (2000) Carbohydrates, dietary fiber, and incident

type 2 diabetes in older women. Am J Clin Nutr 71, 921–930.
65. Fung TT, Hu FB, Pereira MA, Liu S, Stampfer MJ, Colditz GA

& Willett WC (2002) Whole-grain intake and the risk of type 2

diabetes: a prospective study in men. Am J Clin Nutr 76,
535–540.

66. Kelsay JL, Frazier CW, Prather ES, Canary JJ, Clark WM &

Powell AS (1988) Impact of variation in carbohydrate intake

on mineral utilization by vegetarians. Am J Clin Nutr 48,
875–879.

67. Jonnalagadda SS&Khosla P (2007)Nutrient intake, body compo-

sition, blood cholesterol and glucose levels among adult Asian

Indians in the United States. J Immigr Minor Health 9, 171–178.
68. Boucher BJ, Mannan N, Noonan K, Hales CN & Evans SJ

(1995) Glucose intolerance and impairment of insulin secretion

in relation to vitamin D deficiency in east London Asians. Dia-

betologia 38, 1239–1245.
69. Rao S, Yajnik CS, Kanade A, et al. (2001) Intake of micronu-

trient-rich foods in rural Indian mothers is associated with the

size of their babies at birth: Pune Maternal Nutrition Study.

J Nutr 131, 1217–1224.
70. UNICEF (2002) UNICEF: Progress since the World Summit for

Children: a statistical review. http://www.unicef.org/specialse

ssion/about/sgreport-pdf/sgreport_adapted_stats_eng.pdf

71. Yajnik CS (2004) Early life origins of insulin resistance and

type 2 diabetes in India and other Asian countries. J Nutr

134, 205–210.
72. Bhargava SK, Sachdev HS, Fall CH, Osmond C, Lakshmy R,

Barker DJ, Biswas SK, Ramji S, Prabhakaran D & Reddy KS

(2004) Relation of serial changes in childhood body-mass

index to impaired glucose tolerance in young adulthood.

N Engl J Med 350, 865–875.
73. Sachdev HS, Fall CH, Osmond C, Lakshmy R, Dey Biswas SK,

Leary SD, Reddy KS, Barker DJ & Bhargava SK (2005)

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 82, 456–466.
74. Eaton PM, Wharton PA & Wharton BA (1984) Nutrient intake

of pregnant Asian women at Sorrento Maternity Hospital, Bir-

mingham. Br J Nutr 52, 457–468.
75. Yajnik CS, Deshpande SS, Jackson AA, et al. (2008) Vitamin

B(12) and folate concentrations during pregnancy and insulin

resistance in the offspring: the Pune Maternal Nutrition Study.

Diabetologia 51, 29–38.

76. Misra A, Pandey RM, Devi JR, Sharma R, Vikram NK &

Khanna N (2001) High prevalence of diabetes, obesity and

dyslipidaemia in urban slum population in northern India. Int

J Obes Relat Metab Disord 25, 1722–1729.
77. Chadha SL, Gopinath N & Shekhawat S (1997) Urban-rural

differences in the prevalence of coronary heart disease and its

risk factors in Delhi. Bull World Health Organ 75, 31–38.
78. Chow CK, Naidu S, Raju K, Raju R, Joshi R, Sullivan D,

Celermajer DS & Neal BC (2008) Significant lipid, adiposity

and metabolic abnormalities amongst 4535 Indians from a

developing region of rural Andhra Pradesh. Atherosclerosis

196, 943–952.
79. Malhotra SL (1973) Diabetes mellitus in Indian male railway

doctors from south and north of India and in migrants with

special reference to causation. J Assoc Physicians India 21,
661–670.

80. Ramachandran A, Snehalatha C, Mary S, Mukesh B, Bhaskar

AD & Vijay V (2006) The Indian Diabetes Prevention Pro-

gramme shows that lifestyle modification and metformin pre-

vent type 2 diabetes in Asian Indian subjects with impaired

glucose tolerance (IDPP-1). Diabetologia 49, 289–297.
81. Balagopal P, Kamalamma N, Patel TG & Misra R (2008) A

community-based diabetes prevention and management edu-

cation program in a rural village in India. Diabetes Care 31,
1097–1104.

82. Rush EC, Chandu V & Plank LD (2007) Reduction of abdomi-

nal fat and chronic disease factors by lifestyle change in migrant

Asian Indians older than 50 years. Asia Pac J Clin Nutr 16,
671–676.

83. Bhardwaj S, Misra A, Khurana L, Gulati S, Shah P & Vikram

NK (2008) Childhood obesity in Asian Indians: a burgeoning

cause of insulin resistance, diabetes and sub-clinical inflam-

mation. Asia Pac J Clin Nutr 17, Suppl. 1, 172–175.
84. World Diabetes Foundation (2007) Primary prevention in

Indian schools. http://www.worlddiabetesfoundation.org/com-

posite-1279.htm

85. Pasricha S (2000) Count What You Eat. Hyderabad, India:

National Institute of Nutrition.

86. Raina U, Kashyap S, Narula V, Thomas S, Suvira, Vir S &

Chopra S (2007) Basic Food Preparations, 3rd ed. Hyderabad,

India: Orient Longman.

87. Ghafoorunisa & Krishnaswamy K (2004) Diet and Heart Dis-

ease. Hyderabad, India: National Institute of Nutrition.

88. Gopalan C, Rama Sastri BV & Balasubramanian SC (2007)

Nutritive Value of Indian Foods (revised and updated by BS

Narasinga Rao, YG Deosthale and KC Pant). Hyderabad,

India: National Institute of Nutrition.

89. Expert Group of Indian Council of Medical Research (2004)

Requirements and Recommended Dietary Allowances for

Indians. Hyderabad, India: National Institute of Nutrition.

South Asian diets and insulin resistance 473

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

https://doi.org/10.1017/S0007114508073649  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114508073649

