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heart disease (CHD) in South Asians (Indian, Pakistani, Bangladeshi, and Sri Lankan populations in
South Asia and overseas). The search for explanatory hypotheses and cofactors that raise suscep-
tibility of South Asians to CHD continues. The aim of this study was to propose “the high-heat food
preparation hypothesis,” where neo-formed contaminants (NFCs) such as trans-fatty acids (TFAs)
and advanced glycation end-products (AGEs) are the cofactors.
Methods: We reviewed the actions of AGEs and TFAs, the burden of these products in tissues and
blood in South Asians, the relationship between these products and CHD, the effects of preparing
food and reheating oils at high temperatures on NFCs, and the foods and mode of preparation in
South Asian and Chinese cuisines.
Results: Animal and human studies show NFCs increase the risk for CHD. Evidence on the con-
sumption and body burden of these products across ethnic groups is not available, and comparable
data on the NFC content of the cuisine of South Asians and potential comparison populations (e.g.,
the Chinese with lower CHD rates) are limited. South Asians’ cuisine is dominated by frying and
roasting techniques that use high temperatures. South Asian foods have high TFA content primarily
through the use of partially hydrogenated fats, reheated oils, and high-heat cooking. Reheating oils
greatly increases the TFA content. In comparison, Chinese cuisine involves mostly braising,
steaming, and boiling rather than frying.
Conclusion: We hypothesize that South Asians’ susceptibility to CHD is partly attributable to high-
heat treated foods producing high NFCs. Research to accrue direct evidence is proposed.

© 2016 Elsevier Inc. All rights reserved.
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The susceptibility to coronary heart disease (CHD) of urbanized
South Asians remains incompletely explained [1,2] (South Asians
refers to people from the Indian Subcontinent especially India,
Pakistan, Bangladesh, Sri Lanka, including those living overseas).
For example, there was 62% increased mortality from ischemic
heart disease among Pakistani-born men compared with the
population of England and Wales [3]. Such high mortality reflects
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high incidence, not high case fatality [4]. The susceptibility of
urbanized South Asians to CHD is international [3,5-11].

This susceptibility has been linked to diabetes and metabolic
syndrome. The insulin resistance hypothesis [ 11 ], however, does not
explain the higher CHD risk in South Asians compared with white
Europeans [2]. New ideas include the adipose tissue compartment
hypothesis [12], the mitochondrial efficiency hypothesis [13], and
the variable disease selection hypothesis [ 14,15]. These augment the
longstanding thrifty genotype and thrifty phenotype hypotheses
[16,17]. (A short account of these hypotheses can be found in online
Supplementary Data.) Collectively, these evolutionary and devel-
opmental hypotheses have not yet explained the problem.

Unhealthy diets are important in CHD [18-20] and the type of
food and its preparation might matter. We have, therefore,
formulated the high-heat food preparation hypothesis. This is a
cultural, rather than evolutionary, hypothesis and moves in a
new direction. High-heat cooking promotes neo-formed con-
taminants (NFCs) such as trans-fatty acids (TFAs) and advanced
glycation end-products (AGEs) [21-24]. The present study com-
pares the potential for producing NFCs in South Asian cuisine
with Chinese cuisine, as the Chinese do not have special sus-
ceptibility to CHD, whether in China or overseas [25]. The search
strategy used for this study is presented in Box 1.

Neo-formed contaminants and CHD: Human and animal
evidence

We prioritized human studies [26,27] despite their limitations,
given our focus on the South Asian ethnic group, and NFCs in
human foods. Limitations included that food intake data, usually
based on a 3-day record or memory based-recall [28], do not
equate to long-term exposure. Also, AGE levels from a food data-
base may not always be the same as the food actually consumed by
those surveyed. Nonetheless, evidence that NFCs influence human
CHD is strong enough to underpin our hypothesis.

Animal studies show an effect of dietary NFCs on metabolism
dysregulation and chronic diseases and improvement when

Box 1. Search methodology used in the study

We searched for information on high-heat cooking, spe-
cifically TFAs and AGEs, on CHD on Medline, PubMed,
and Google (for grey literature). The key search terms
used were neo-formed contaminants, Maillard reaction
products, advanced glycation end-products, trans-fatty
acids, cardiovascular disease, and type 2 diabetes. We
examined reference lists of key articles to identify addi-
tional data sources. Key journals based on the articles
found were also screened (i.e., Journal of Food Science;
Food Chemistry, etc.) for relevant articles.

Due to the scarcity of literature on NFC levels in both
Chinese and South Asian foods, we reviewed grey liter-
ature. Articles on NFCs in both South Asian and Chinese
food were reviewed. We employed informal methods
such as meeting experts via conferences such as Euro-
pean Food Information Resource; subscribing to
INFOODS mail list (an international network of Food Data
Systems with a worldwide network of food composition
experts); searching the International Maillard Reaction
Society (IMARS) website, and contacting Dr. Reykolnagi,
president of IMARS. We took advice from colleagues
Antonis Vlassopoulos, currently working on AGEs, and
Fu-Shing Lee, who gave expert insight on Chinese food
preparation methods.

NFCs are limited [29-32]. A 50% decrease in diet NFCs could
extend animal life span [33].

Box 2 and Figure 1 summarize the nature and action of AGEs
and TFAs, which affect health [34]. Human and animal studies
highlight that AGEs act through reactive oxygen species and re-
ceptors to alter intra- and extracellular proteins, and calcium
channels, resulting in endothelial dysfunction, inflammation,
and oxidative stress, which may lead to hypertension and
atherosclerosis [35-43]. Figure 1 also shows effects on CHD via
insulin resistance and diabetes [35-43].

AGE-rich meals contribute to body AGE content and circu-
lating AGEs. One study investigated diets with high versus low
NFCs on indicators of cardiovascular and diabetes risk [26].
Plasma high-density lipoprotein (HDL) and total cholesterol, TGs,
fasting insulinemia, and homeostatic model assessment were
higher after the 4-wk high NFC diet compared with the low NFC
diet, whereas vitamins C and E were lower. Lower vitamins E and
C suggested oxidative stress [26,44].

Animal evidence shows an increase in AGEs leads to intimal
thickening of the aorta [45], increased vascular permeability and
dysfunction [46], and increased intimal hyperplasia [47]. AGE
deposition is more pronounced within atherosclerotic plaques
than normal arterial walls, with atherosclerotic changes corre-
lating with AGE deposition [48,49]. The mechanisms include
reduction of nitric oxide activity, interaction with specific re-
ceptors, and oxidizing low-density lipoprotein cholesterol
(LDL-C). AGEs contribute to disease through expression of pro-
coagulant activity and the production of reactive oxygen species
leading to increased endothelial expression of endothelial
leukocyte adhesion molecules [50].

Although an optimal dietary AGE intake is unclear, >15,000 to
16,000 kU/d is considered to increase risk for CHD [27,51]. One
group of researchers suggests reducing AGEs by lowering cook-
ing temperatures [27].

TFA consumption is associated with CHD in humans [52].
Figure 2, adapted from Centre for Research on Nutrition Sup-
port Systems, summarizes the link between TFAs and CHD [53].
TFAs increase LDL-C while decreasing HDL-C [54,55]. TFA-rich
diets increase activity of cholesteryl ester transfer protein,
which transfers cholesterol esters from HDL-C to LDL-C and
VLDL-C [56]. TFAs are associated with markers of endothelial
dysfunction and inflammation, including soluble intercellular
and vascular cell adhesion molecule-1, e-selectin [57], soluble
tumor necrosis factor (TNF)-a receptors [58], interleukin (IL)-6,
and high-sensitivity C-reactive protein. TFAs are proin-
flammatory, leading to atherosclerosis, diabetes, and sudden
death due to heart failure [56,58].

TFAs influence adipocytes, reducing TG uptake and increasing
production of free fatty acids [59,60]. TFAs raise the fasting TG
levels [61], decrease insulin sensitivity, and are associated with
metabolic syndrome (including in animals) [62-64], promoting
insulin resistance and abdominal adiposity [65].

Approximately 5 g/d of TFA is associated with a 23% increase
in the risk for CHD [66]. The Food Safety and Standard Authority
of India advocates a TFA level of <10% in hydrogenated vegetable
oils [67]. The consensus dietary guidelines for Asian Indians
recommend a TFA level of <1% of daily energy intake [68].

Evidence for the high-heat food preparation hypothesis:
Indian and Chinese cuisines

If NFCs in food produced during cooking increase South
Asians’ susceptibility to CHD, they should be both comparatively
high in diets and body tissues and associated with CHD in South
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Box 2. A brief introduction to neo-formed contaminants

Thermal treatments of food (whether commercial or at home) contribute to the development of NFCs. These compounds are
not external, but are formed naturally during thermal processing of food through complex chemical reactions resulting in the
formation of various NFCs (i.e., TFAs and Maillard reaction products including AGEs and acrylamide). NFC formation is
directly proportional to heat treatment during food processing.

TFAs: TFAs are fatty acids that contain at least one nonconjugated double bond in the trans-configuration, that is, the
hydrogen is on both sides of the carbon atom. A series of changes occurs when oil undergoes thermal treatment: degra-
dation of fatty acids, increase in free fatty acids, and conversion of some unsaturated fatty acids into saturated and TFAs.
They are formed during the partial hydrogenation of vegetable oils and in small amounts during refining of vegetable oils.
Additionally, significant amounts of TFAs are also present when oil/fats are reused. Owing to their harmful effects on human
health. TFAs have been banned in several countries, however, they continue to be a significant part of the diets in South Asian
countries.

AGEs: Thermal treatments (such as frying) that achieve temperatures >150°C/170°C, help to break down carbohydrates and
proteins to monosaccharides and amino acids, respectively, the primary ingredients required for the Maillard reaction, which
through a series of reactions forms the Schiff bases and Amadori products that undergo slow rearrangement, dehydration,
and condensation reactions to form irreversible compounds called AGEs. These reactions produce the desirable quality of
fried foods contributing to their characteristic texture, aroma, brown color, and flavors. AGEs can be absorbed in the
gastrointestinal system, contributing to the total AGE body burden. One of the most studied AGES is N-(carboxymethyl)
lysine.

Asians. Our literature searches yielded no data on this. Therefore,
we have supported our hypothesis on indirect observations we
compiled on cuisine and cooking methods (Tables 1-3) and
recently published empirical data on oils and TFAs (Table 4) [73].
The data on Indian and Chinese cuisines in relation to NFCs also
were limited [69,73,74]. We acknowledge the limitations of the
evidence underpinning this hypothesis.

South Asian food is diverse; therefore, pragmatically, we focus
on Indian cuisine as an example, compared with Chinese cuisine.
Table 1 shows the methods of food preparation, estimated fre-
quency of use, and the estimated temperatures reached during

food preparation. Indian cuisine can be crudely divided as South
and North. South Indian diet is founded on rice with sambhar.
Sesame, peanut, vegetable, coconut oil, and ghee are the primary
fats used. Vanaspati (partially hydrogenated fats), a major source
of TFA, frequently replaces ghee. North Indians predominantly
eat a wheat-based diet consisting of rotis, vegetables cooked
with ghee, chicken and mutton, and milk and yogurt [75].
Roasting and frying are the main cooking methods. Ghee,
vanaspati, butter, and nuts are widely used.

Deep-fried snacks eaten across India include pakora, samosa,
and the like. Currently, there is a nutritional transition in India
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Table 1

Temperature range and frequency of different cooking techniques used in traditional South Asian and Chinese cuisines

Method
of food
preparation

Definition

Examples of Indian food

Examples of Chinese
food

Temperature
range (approx)

South Asian Chinese

Frequency of use

Clay oven or
Tandoor

Frying

Stir frying

Baking

Oven-frying
Roasting

Bake stewing

Braising

Pressure
cooking

Quick boiling

Boiling

Steaming
Scalding

A cooking method that uses a clay oven
(tandoor) in which a hot fire is built. The
food item is lowered in the clay oven and
cooked in the smoky and extremely hot
environment.

Cooking food in oil or fat (includes deep/
shallow frying)

Cooking food quickly over a high heat with
little oil; tossing and turning it with a
spatula until it is just cooked.

Prolonged cooking by dry heat acting by
convection, normally in an oven, but also in
hot ashes, or on hot stones.

Cooking food, usually meat or ready to cook
foods in a pan in the oven

Cooking food using dry heat, whether an
open flame, oven, or other heat source
Slowly cooking a ceramic dish of broth and
other ingredients by placing it in or close to
hot embers

Braising ingredients over medium heat in a
small amount of sauce or broth and
simmering for a short period of time until
completion

Cook in a sealed dish that does not permit
air or liquids to escape below a preset
pressure

Adding ingredients and seasonings to
boiling water or broth and immediately
serving the dish with the cooking liquid
when everything has come back to a boil
Cooking food in boiling water, or other
water-based liquid such as stock or milk
Cooking food with steam

Par cooking through quick immersion of
raw ingredients in boiling water or broth
sometimes followed by immersion in cold
water

Butter naan, tandoori
chicken, Balochi Aloo

Chicken pakora, onion
bajji, bonda

Carrot beans vepudu,
aloo gobi

Cakes

Oven-fried chilly chicken
Chicken Bhunna, pork roast

Indian lamb curry

Chicken curry

Chilly pork, lamb chops

Kheer, kesari bath,
payasam

Momos

Used with other techniques
(e.g., pickling)

Shao Bing

Spring rolls

stir-fried vegetables

Cakes

Oven stir fry Chinese
chicken
Peking duck

Beef stew
Pork stew

Red braised pork

Hot pot

Congee

Dumplings
Noodles

500°C

150°C-375°C

200°C-340°C

150°C-290°C

230°C

95°C-200°C

76°C-137°C

130°C

121°C

100°C-130°C

100°C

100°C
65.5°C-121°C

Common Sometimes

Very common Common

Common Very common
Seldom Seldom
Seldom Very rare
Common Sometimes
Very rare Rare
Common Common
Very common Very rare
Very rare Common
Seldom Very common
Sometimes Common
Very rare Common
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Food

Cooking technique

AGE levels/100
g (kU or U10%)*

Indian food

Chinese food

Meat
Chicken (skinless)

Fish (salmon)

Pork

Egg

Vegetables and cereal
Potato

Tofu, soft
Tofu, soft
Corn flakes
White rice
Milk and milk products
Paneer (cottage cheese)

Milk, whole (4% fat)
Fat and liquids

Oil, sesame

Oil, peanut

0il, sunflower
Coconut cream

Frying

Curry
Pan-frying
Roasting

Boiling (60 min)
Pan-frying

Boiling (18 min)

Sausage: microwave
(1 min)

Pan-frying

Frying

Scrambled with butter

Frying (fast food)
Frying (homemade)
Boiling (25 min)
Boiled for 7 min
Raw

Boiling
Frying

Raw

Raw

Raw
Raw
Raw

9722%
6340

4938*
4768*
1123*
3083*

1082

5943

4752
2749
337

1522*

694*
17
628
488
427
9

1744

21680

11 440
3940
933

Common cooking technique
Common cooking technique
Common cooking technique
Common cooking technique
Rarely used

Fish is usually pan-fried

Although fish is not typically boiled, it is
cooked as a curry in India
Rarely used

Used sometimes
Common cooking technique
Commonly used with oil

More common in urban areas
Common cooking technique
Rarely used

Not part of Indian cuisine

Not part of Indian cuisine
Common among urban Indians
Common in South India

Very common, particularly among
vegetarians

Used widely to make traditional Indian
desserts; Used in coffee/tea

Used for deep-frying, cooking, and
pickling

Used for cooking and frying

Used for cooking and frying

Used as a main ingredient in curries

Common cooking technique

Used sometimes

Common cooking technique

Used sometimes

Common cooking technique

Salmon and other dark-colored fish are
usually pan-fried

Steaming is preferred if it is fresh

Commonly used

Common technique of cooking
Commonly used
Commonly used with oil

More common in urban areas
Usually stir fried

Sometimes for sweet potato soup
Common

Common

Consumed by the rich mostly
Common in South China

Not part of Chinese cuisine

Traditionally not used; however, has
recently been included as part of the
diet

Used as a dressing rather than for
cooking

Used for cooking and frying

Used for cooking and frying

Used in drinks in South China

AGE, advanced glycation-end products
* AGE levels in the table are based on N-(carboxymethyl) lysine levels, adapted from references [27] and [51].

Table 3

TFA levels in some of the foods consumed by South Asian and Chinese people

Item Description of food TFA levels*, g/100 g serving
Indian food
Sweets
Jalebi Fried fermented flour, in sugar syrup 17.7
Mathari Deep-fried pastry made of flour, ghee, and sugar 16.3
Balushahi Flour, ghee, yogurt in sugar syrup 7.6
Laddu Round balls of flour, minced dough, and sugar 6.8
Gulab-jamun Deep-fried heat-dried milk in sugar syrup 6.1
Sweet rice Rice, ghee, sugar syrup, and nuts 35
Savory/Snacks
Meat puffs Baked pastry containing spices and meat 19.8
Chaat Fried flour with yogurt, onions, sev, coriander, and spices 16.4
Paapri Deep-fried white flour with shortening 10.2
Plain khichri Steamed cooked rice pulse and ghee 4.0
Samosa A triangular deep-fried pastry containing vegetable 33
Indian bread Leavened baked flour 1.9
Chinese food
Sweets
Sa Qi Ma A sweet snack consisting of flour, butter, and rock sugar/rock candy 0.08

Chinese moon cake

Savory/Snacks
Sandwich biscuits
Cheese bread
Egg roll
Spring rolls

A rich, thick filling usually made from red bean or lotus seed paste is surrounded by a thin (2-3 mm) 0.04
crust and may contain yolks from salted duck eggs

Typical biscuit with cream center
Type of bread made from tapioca flour, cheese, egg, milk, and corn oil
Egg roll refers to biscuit roll made from egg, flour, and sugar
Deep-fried puff pastry filled with vegetables/meat

0.65
0.41
0.21
0.14

TFA, trans-fatty acid

= TFA levels in the table are adapted from references [69-71]



S. Kakde et al. / Nutrition 33 (2017) 216-224 221

Table 4

Trans-fatty acid* content of edible fats and oils before and after subjecting to frying (g/100 g) [72]

Oil/Fat ~ Unheated mean + SD  180°C mean + SD  220°C mean + SD

180°C reheat mean + SD

220°C reheat mean + SD  Absolute (net) change’

RSO uD 0.36 + 0.16 137 £ 0.21
RGO' uD 1.50 £ 0.36 1.87 + 0.09
RRO' 1.60 £ 0.62 2.09 + 0.23 2.60 + 0.35
CB' 0.68 + 0.29 1.20 £ 0.17 1.60 + 0.56

2.07 £0.72 327 +£0.21 327 £0.21
224 +0.39 3.70 + 0.56 3.70 + 0.56
3.20 + 0.36 3.90 + 0.27 2.30 + 0.89
2.62 +£0.38 3.28 £0.26 2.60 £0.38

CB, clarified butter; RGO, refined groundnut oil; RRO, refined rapeseed oil; RSO, refined soybean oil; UD, undetected levels

* Sum of all unsaturated fatty acids in “trans” configuration.

T Absolute change; difference between baseline value (value of unheated fat/oil) and final value (value after subjecting to frying in reheated fat/oil at 220°C).

fn=3.

with an increase in meat, sugar, and fat consumption [76], and a
shift toward “fast food” cooked at high heat.

Traditional Indian cooking involves frying and browning.
Most Indian food is spice based, and meat and vegetables are
cooked in a sauce after frying the base ingredients (“curry”). Such
foods have high NFCs [77,78] compared with food that is boiled
(e.g., chicken curry: 6340 KUAGE/100 mg; boiled chicken: 1123
KUAGE/100 mg) [27,51]. Indians drink tea and coffee, usually
with boiled full-fat milk heated for prolonged periods, thus
increasing the AGE levels. Roasting coffee beans also increases
AGEs [79]. Indians are consuming modern fast foods containing
high levels of NFCs (e.g., pizza: ~6824 kU/100 g) [27]. French
fries produce about 843 kU/100 g of AGEs [27].

Fats and oils are important in Indian cuisine. The National
Sample Survey reported that in India, oils and fats accounted for
~25% of calorie intake [80]. Individuals in a high socioeconomic
group, those in whom the CHD epidemic appeared first in South
Asians [81], had higher consumption. Fat intake in the top decile
social class of the urban sector at >83 g, for example, was about
three times that of the lowest decile class (21.4 g) [80].

Consumption of beverages, biscuits, processed foods, salted
snacks, prepared sweets, and other purchased foods constituted

100 to 427 g/capita daily, from the lowest to the highest
expenditure class. These are foods rich in NFCs in India [82].
Table 3 reports data on the TFA content of some commonly
consumed snacks and sweets in India [67,69-71]. TFA con-
sumption through vanaspati and ghee alone among North In-
dians was >1% and 0.75% of total energy in men and women,
respectively, and 1.1% among adolescents. TFA in hydrogenated
vegetable oil was 1.95 times the limit set by the Food Safety and
Standards Authority of India (FSSAI) [83]. TFA consumption
among South Asians likely exceeds the World Health Organiza-
tion’s recommendations of <1% of daily energy intake [68].
Ingestion of reused oil/fat used for deep-frying increases NFCs
and endothelial dysfunction [84,85]. Table 4 provides data
showing TFA formation during the process of frying at different
temperatures with four oils commonly used in India and TFA
formation during oil reuse [72]. TFA formation increased during
frying at different temperatures and further after reheating.
Traditional snacks such as chaat and samosa prepared from
vanaspati further increase TFA levels [69]. Packaged Indian
snacks had high TFA content [70]. Additionally, TFA content in
popular fast-food outlets in South Asia was higher than in
equivalent outlets in China, the United States, and the United

High Increased Higher Biochemical and Enhanced Increased risk
heating production of tissue microanatomical effect of of CHD in South
cooking in neo-formed burden of alterations e.g. traditional Asians
South contaminants TFAs and endothelial CHD risk compared to
Asian (e.g. AGEs AGEs in dysfunction* factors* other
cuisinet and TFAs)t South populations
Asians* with lower heat
cooking*
Tables 1 -4 Box 2 and No evidence AGEs as in Figure 1 Behaviours e.g. Population based
literature cited available* smoking, lipidogenic studies linking
TFAs as per Figure 2, and diet; physical inactivity tissue burden of
both as per cited & NFCs to disease
literature biochemical and co- outcomes as
morbid factors e.g. outlined in text
high LDL/HDL ratio;
central fat depostion,
diabetes

+ Statement based on literature and evidence in paper

*statements need further basic and epidemiological research

Fig. 3. Summary of the high-heat cooking hypothesis in relation to South Asians’ risk for CHD as demonstrated in the present study. AGE, advanced glycation end-product;
CHD, coronary heart disease; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NFC, neo-formed contaminants; TFA, trans-fatty acid. *Statement based on
literature and evidence in this study; fstatements need further basic and epidemiologic research.
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Kingdom [86]. Table 2 shows the AGEs of some foods commonly
eaten by Indians [27,51].

In general, people from Northern China eat wheat-based
foods, whereas their southern counterparts eat rice-based
foods [87,88]. Chinese cuisine includes frying, but food is
mainly cooked by braising, steaming, and boiling, which produce
less NFCs given the lower cooking temperatures and lower fat
content [87,88]. Table 1 compares Indian and Chinese cooking
methods in relation to temperature to highlight the differences
in cooking temperatures. With the exception of frying, tradi-
tional Chinese cooking uses temperatures <130°C, lower than
that needed for the rapid formation of NFCs (i.e., >150°C) [79].

Herbal tea, popularly consumed by the Chinese, may have
cardioprotective effects. Research has demonstrated that the
catechin present in green tea is inversely associated with mor-
tality due to CHD and associated with a 20% reduction in CHD
mortality risk [89,90]. These ways of drinking tea are different
from India, and less likely to produce NFCs.

Compared with Indians, Chinese consume less fried and
baked foods, reducing their exposure to NFCs [91]. Results from
one study reported that 80% of Western-style snacks contained
1.44% to 12.07% TFAs, whereas 67% of Chinese snacks contain
<0.83% TFAs [92]. Table 3 describes some of the typical bakery
foods in China and their TFA content [71]. The China National
Center for Food Safety Risk Assessment found that TFA averaged
0.16% of the energy intake. Even in Beijing and Guangzhou,
where higher levels are consumed, TFA account for only 0.34% of
total energy intake, lower than recommended [93].

The INTERHEART study highlighted that a diet high in tofu
and soy (Chinese cuisine) had no association with CHD, whereas
a diet high in fried foods (Indian cuisine) nearly doubled the risk
[18].

Based on the differences in cuisine, cooking techniques,
cooking temperatures, and lower oil utilization in Chinese
cuisine, we infer that Indian cuisine contains higher levels of
NFCs compared with Chinese, and if so, this supports our
hypothesis.

Testing the high-heat food preparation hypothesis

Our hypothesis, outlined in Figure 3, proposes that high-heat
food preparation is a potentially important risk factor for South
Asians. Despite searching for evidence carefully (Box 1), at this
point, our hypothesis can only be supported indirectly, as no
direct, comparative studies of either NFCs in South Asian cuisine,
body or plasma NFC burdens, or on the relationship between
NFCs and the relevant disease outcomes in South Asians were
found. We recommend ways of testing the hypothesis, primarily
using human population-based research. Animal research,
invaluable as it is in elucidating mechanisms, cannot contribute
to understanding ethnic variations in CHD.

Given limited data available on NFCs in South Asians and their
diets, ongoing and new studies on NFCs in humans should recruit
South Asian populations. These studies might also include NFCs
and other substances increased by heat [94]. Cross-sectional
studies should examine NFCs in diet using techniques such as a
food frequency questionnaire, food diaries, and duplicate diet
methods among South Asians and their Chinese/European
counterparts. The studies should examine cooking practices,
especially heating or frying of foods and reuse of oils. They also
should measure NFCs and other cardiovascular risk biomarkers
in plasma. We hypothesize that NFC levels will be higher in the
body tissues and dietary content in South Asians living in
industrialized countries than in their counterparts in India, and

higher in South Asians than in many other populations including
the European origin white and Chinese populations, and higher
in South Asians with CHD than those without. We also predict an
association between plasma TFA and AGE levels and biomarkers
of cardiometabolic risk in South Asians [57,65,95,96].

Assuming the evidence accrued is supportive, the next step
would be a case-control study that includes individuals with and
without CHD and assesses the level of NFCs (TFAs and AGEs) in
cases and controls in South Asians and comparison ethnic
groups. The hypothesis would be that South Asians with CHD
had higher levels of NFCs than controls.

Small-scale, experimental, diet controlled studies on South
Asian volunteers could examine the effect of NFCs on interme-
diate indicators of cardiovascular risk (e.g., endothelial
dysfunction). Important trials of this kind have been done on
volunteers elsewhere [26].

If new evidence supports the hypothesis, we recommend that
NFC consumption and body burden be measured in cohort
studies, where South Asians (without CHD) can be followed up.
We hypothesize that the subgroups with higher consumption
and body burden would develop more intermediate outcomes
(e.g., endothelial dysfunction) and in the long term, incident
CHD.

Randomized controlled trials on community samples with
disease and points are not currently justified, as evidence is not
strong enough, but such studies will be required before public
health policy advocates change in high-heat cooking practices.

We acknowledge the limitations of this review and the hy-
pothesis. We do not propose that the hypothesis is the complete
answer, but it may be contributory. Our analysis of the health
effects of NFCs, the evidence that high-heat cooking induces
NFCs, empirical evidence on heating oils in the production of
TFAs (Table 4) [72], and the compiled evidence on cooking
practices in Indian and Chinese cuisine (Tables 1-3) justify
debating and then testing our hypothesis.

Acknowledgments

The authors acknowledge Antonis Vlassopoulos for providing
helpful guidance and suggestions to improve the quality of this
study; Fu-Shing Lee for providing insight into Chinese cuisine;
and Anne Houghton for providing secretarial support.

Supplementary data

Supplementary data related to this article can be found at
http://dx.doi.org/10.1016/j.nut.2016.07.006.

References

[1] Gupta M, Brister S. Is South Asian ethnicity an independent cardiovascular
risk factor? Can J Cardiol 2006;22:193-7.

Forouhi NG, Sattar N, Tillin T, McKeigue PM, Chaturvedi N. Do known risk
factors explain the higher coronary heart disease mortality in South Asian
compared with European men? Prospective follow-up of the Southall and
Brent studies, UK. Diabetologia 2006;49:2580-8.

[3] Wild SH, Fischbacher C, Brock A, Griffiths C, Bhopal R. Mortality from all
causes and circulatory disease by country of birth in England and Wales
2001-2003. ] Public Health (0xf) 2007;29:191-8.

Bansal N, Fischbacher CM, Bhopal RS, Brown H, Steiner MF, Capewell S,
et al. Myocardial infarction incidence and survival by ethnic group: Scottish
Health and Ethnicity Linkage retrospective cohort study. BMJ] Open
2013;3:e003415.

Sheth T, Nair C, Nargundkar M, Anand S, Yusuf S. Cardiovascular and cancer
mortality among Canadians of European, south Asian and Chinese origin
from 1979 to 1993: an analysis of 1.2 million deaths. CMAJ 1999;161:132-8.

[2

[4

[5


http://dx.doi.org/10.1016/j.nut.2016.07.006
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref1
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref1
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref2
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref2
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref2
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref2
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref3
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref3
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref3
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref4
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref4
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref4
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref4
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref5
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref5
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref5

[6]

[7

[8

[0l

(10]

[11]

(12]

(13]

[14]

[15]
[16]
[17]

(18]

(19]

[20]

[21]

(22]

(23]

[24]

(25]

(26]

(27]

(28]

[29]

(30]

(31]

(32]

S. Kakde et al. / Nutrition 33 (2017) 216-224

Yusuf S, Reddy S, Ounpuu S, Anand S. Global burden of cardiovascular
diseases part i: general considerations, the epidemiologic transition, risk
factors, and impact of urbanization. Circulation 2001;104:2746-53.

Enas EA, Garg A, Davidson MA, Nair VM, Huet BA, Yusuf S. Coronary heart
disease and its risk factors in first-generation immigrant Asian Indians to
the United States of America. Indian Heart ] 1996;48:343-53.

Pais P, Pogue ], Gerstein H, Zachariah E, Savitha D, Jayprakash S, et al. Risk
factors for acute myocardial infarction in Indians: a case-control study.
Lancet 1996;348:358-63.

Chadha SL, Radhakrishnan S, Ramachandran K, Kaul U, Gopinath N.
Epidemiological study of coronary heart disease in urban population of
Delhi. Indian J Med Res 1990;92:424-30.

Wild S, McKeigue P. Cross sectional analysis of mortality by country of birth
in England and Wales, 1970-92. BM] 1997;314:705-10.

McKeigue PM, Miller GJ, Marmot MG. Coronary heart disease in south
Asians overseas: a review. ] Clin Epidemiol 1989;42:597-609.

Sniderman AD, Bhopal R, Prabhakaran D, Sarrafzadegan N, Tchernof A. Why
might South Asians be so susceptible to central obesity and its atherogenic
consequences? The adipose tissue overflow hypothesis. Int ] Epidemiol
2007;36:220-5.

Bhopal RS, Rafnsson SB. Could mitochondrial efficiency explain the sus-
ceptibility to adiposity, metabolic syndrome, diabetes and cardiovascular
diseases in South Asian populations? Int J Epidemiol 2009;38:1072-81.
Bhopal RS. A four-stage model explaining the higher risk of type 2 diabetes
mellitus in South Asians compared with European populations. Diabet Med
2013;30:35-42.

Wells JC. Ethnic variability in adiposity and cardiovascular risk: the variable
disease selection hypothesis. Int ] Epidemiol 2009;38:63-71.

Neel JV. Diabetes mellitus: a ‘thrifty’ genotype rendered detrimental by
‘progress’? Am ] Hum Genet 1962;14:353-62.

Hales CN, Barker DJ. The thrifty phenotype hypothesis. Br Med Bull
2001;60:5-20.

Igbal R, Anand S, Ounpuu S, Islam S, Zhang X, Rangarajan S, et al. Dietary
patterns and the risk of acute myocardial infarction in 52 countries: results
of the INTERHEART study. Circulation 2008;118:1929-37.

Mozaffarian D. Dietary and policy priorities for cardiovascular disease,
diabetes, and obesity: a comprehensive review. Circulation 2016;133:187-
225.

O’Keefe EL, DiNicolantonio J], Patil H, Helzberg JH, Lavie CJ. Lifestyle choices
fuel epidemics of diabetes and cardiovascular disease among Asian Indians.
Prog Cardiovasc Dis 2016;58:505-13.

Guallar-Castillon P, Rodriguez-Artalejo F, Fornés NS, Banegas JR,
Etxezarreta PA, Ardanaz E, et al. Intake of fried foods is associated with
obesity in the cohort of Spanish adults from the European Prospective
Investigation into Cancer and Nutrition. Am ] Clin Nutr 2007;86:198-205.
Soriguer F, Rojo-Martinez G, Dobarganes MC, Garcia Almeida JM, Esteva I,
Beltran M, et al. Hypertension is related to the degradation of dietary frying
oils. Am ] Clin Nutr 2003;78:1092-7.

Odegaard AO, Koh WP, Yuan JM, Gross MD, Pereira MA. Western-style fast
food intake and cardiometabolic risk in an Eastern country. Circulation
2012;126:182-8.

Hu FB, Stampfer MJ, Rimm E, Ascherio A, Rosner BA, Spiegelman D, et al.
Dietary fat and coronary heart disease: a comparison of approaches for
adjusting for total energy intake and modeling repeated dietary mea-
surements. Am ] Epidemiol 1999;149:531-40.

Bhopal RS, Rafnsson SB, Agyemang C, Fagot-Campagna A, Giampaoli S,
Hammar N, et al. Mortality from circulatory diseases by specific country of
birth across six European countries: test of concept. Eur ] Public Health
2012;22:353-9.

Birlouez-Aragon I, Saavedra G, Tessier FJ, Galinier A, Ait-Ameur L, Lacoste F,
et al. A diet based on high-heat-treated foods promotes risk factors for
diabetes mellitus and cardiovascular diseases. Am ] Clin Nutr
2010;91:1220-6.

Uribarri J, Woodruff S, Goodman S, Cai W, Chen X, Pyzik R, et al. Advanced
glycation end products in foods and a practical guide to their reduction in
the diet. ] Am Diet Assoc 2010;110:911-916.e12.

Archer E, Pavela G, Lavie CJ. A discussion of the refutation of memory-based
dietary assessment methods (M-BMs): the rhetorical defense of pseudo-
scientific and inadmissible evidence. Mayo Clin Proc 2015;90:1736-9.
discussion 1739-40.

Hofmann SM, Dong H]J, Li Z, Cai W, Altomonte J, Thung SN, et al. Improved
insulin sensitivity is associated with restricted intake of dietary glyco-
xidation products in the db/db mouse. Diabetes 2002;51:2082-9.

Sandu O, Song K, Cai W, Zheng F, Uribarri ], Vlassara H. Insulin resistance
and type 2 diabetes in high-fat-fed mice are linked to high glycotoxin
intake. Diabetes 2005;54:2314-9.

Lin RY, Choudhury RP, Cai W, Lu M, Fallon JT, Fisher EA, et al. Dietary gly-
cotoxins promote diabetic atherosclerosis in apolipoprotein E-deficient
mice. Atherosclerosis 2003;168:213-20.

Zheng F, He C, Cai W, Hattori M, Steffes M, Vlassara H. Prevention of dia-
betic nephropathy in mice by a diet low in glycoxidation products. Diabetes
Metab Res Rev 2002;18:224-37.

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

223

Cai W, He JC, Zhu L, Chen X, Wallenstein S, Striker GE, et al. Reduced
oxidant stress and extended lifespan in mice exposed to a low glycotoxin
diet: association with increased AGER1 expression. Am ] Pathol
2007;170:1893-902.

Rastogi P, Mathur B, Rastogi S, Gupta V, Gupta R. Fatty acid oxidation and
other biochemical changes induced by cooking in commonly used Indian
fats and oils. Nutr Food Sci 2006;36:407-13.

Stitt AW, He C, Friedman S, Scher L, Rossi P, Ong L, et al. Elevated AGE-
modified ApoB in sera of euglycemic, normolipidemic patients with
atherosclerosis: Relationship to tissue AGEs. Mol Med 1997;3:617-27.
Brownlee M. The pathobiology of diabetic complications: a unifying
mechanism. Diabetes 2005;54:1615-25.

Meerwaldt R, Links T, Zeebregts C, Tio R, Hillebrands JL, Smit A. The clinical
relevance of assessing advanced glycation endproducts accumulation in
diabetes. Cardiovasc Diabetol 2008;7:29.

Aronson D. Cross-linking of glycated collagen in the pathogenesis of arte-
rial and myocardial stiffening of aging and diabetes. ] Hypertens
2003;21:3-12.

Striker LJ, Striker GE. Administration of AGEs in vivo induces extracellular
matrix gene expression. Nephrol Dial Transplant 1996;11(suppl 5):62-5.
Bucala R, Makita Z, Vega G, Grundy S, Koschinsky T, Cerami A, et al.
Modification of low density lipoprotein by advanced glycation end prod-
ucts contributes to the dyslipidemia of diabetes and renal insufficiency.
Proc Natl Acad Sci U S A 1994;91:9441-5.

Witztum JL, Steinberg D. Role of oxidized low density lipoprotein in
atherogenesis. J Clin Invest 1991;88:1785-92.

Petrova R, Yamamoto Y, Muraki K, Yonekura H, Sakurai S, Watanabe T, et al.
Advanced glycation endproduct-induced calcium handling impairment in
mouse cardiac myocytes. ] Mol Cell Cardiol 2002;34:1425-31.
Quehenberger P, Bierhaus A, Fasching P, Muellner C, Klevesath M, Hong M,
et al. Endothelin 1 transcription is controlled by nuclear factor-kappaB in
AGE-stimulated cultured endothelial cells. Diabetes 2000;49:1561-70.
Birlouez-Aragon I, Morales F, Fogliano V, Pain JP. The health and techno-
logical implications of a better control of neoformed contaminants by the
food industry. Pathol Biol (Paris) 2010;58:232-8.

Vlassara H, Fuh H, Donnelly T, Cybulsky M. Advanced glycation end-
products promote adhesion molecule (VCAM-1, ICAM-1) expression and
atheroma formation in normal rabbits. Mol Med 1995;1:447-56.

Vlassara H, Fuh H, Makita Z, Krungkrai S, Cerami A, Bucala R. Exogenous
advanced glycosylation end products induce complex vascular dysfunction
in normal animals: a model for diabetic and aging complications. Proc Natl
Acad Sci U S A 1992;89:12043-7.

Crauwels HM, Herman AG, Bult H. Local application of advanced glycation
end products and intimal hyperplasia in the rabbit collared carotid artery.
Cardiovasc Res 2000;47:173-82.

Panagiotopoulos S, O'Brien RC, Bucala R, Cooper ME, Jerums G. Amino-
guanidine has an anti-atherogenic effect in the cholesterol-fed rabbit.
Atherosclerosis 1998;136:125-31.

Palinski W, Koschinsky T, Butler S, Miller E, Vlassara H, Cerami A. Immu-
nological evidence for the presence of advanced glycosylation end prod-
ucts in atherosclerotic lesions of euglycemic rabbits. Arterioscler Thromb
Vasc Biol 1995;15:571-82.

Basta G, Schmidt AM, De Caterina R. Advanced glycation end products and
vascular inflammation: implications for accelerated atherosclerosis in
diabetes. Cardiovasc Res 2004;63:582-92.

Goldberg T, Cai W, Peppa M, Dardaine V, Baliga BS, Uribarri ], et al.
Advanced glycoxidation end products in commonly consumed foods. ] Am
Diet Assoc 2004;104:1287-91.

Mente A, de Koning L, Shannon HS, Anand SS. A systematic review of the
evidence supporting a causal link between dietary factors and coronary
heart disease. Arch Intern Med 2009;169:659-69.

Centre for Research on Nutrition Support Systems, Nutrition Foundation of
India. Nutrition In Disease Management 2011 Oct. Report No.: UPDATE
SERIES 52. Available at: http://nutritionfoundationofindia.org/Crnss_New/
Update-Oct-2011.pdf.

Stender S, Dyerberg ], Bysted A, Leth T, Astrup A. A trans world journey.
Atheroscler Suppl 2006;7:47-52.

Mozaffarian D, Aro A, Willett WC. Health effects of trans-fatty acids:
Experimental and observational evidence. Eur ] Clin Nutr 2009;63(suppl
2):S5-21.

Mozaffarian D, Katan MB, Ascherio A, Stampfer M], Willett WC. Trans fatty
acids and cardiovascular disease. N Engl ] Med 2006;354:1601-13.
Lopez-Garcia E, Schulze MB, Meigs JB, Manson JE, Rifai N, Stampfer MJ,
et al. Consumption of trans fatty acids is related to plasma biomarkers of
inflammation and endothelial dysfunction. ] Nutr 2005;135:562-6.
Mozaffarian D, Pischon T, Hankinson SE, Rifai N, Joshipura K, Willett WC,
et al. Dietary intake of trans fatty acids and systemic inflammation in
women. Am ] Clin Nutr 2004;79:606-12.

Ghafoorunissa G. Role of trans fatty acids in health and challenges to their
reduction in Indian foods. Asia Pac J Clin Nutr 2008;17(suppl 1):212-5.
Bhardwaj S, Passi SJ, Misra A. Overview of trans fatty acids: biochemistry
and health effects. Diabetes Metab Syndr 2011;5:161-4.


http://refhub.elsevier.com/S0899-9007(16)30126-5/sref6
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref6
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref6
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref6
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref7
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref7
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref7
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref8
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref8
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref8
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref9
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref9
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref9
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref10
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref10
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref11
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref11
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref12
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref12
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref12
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref12
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref13
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref13
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref13
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref14
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref14
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref14
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref15
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref15
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref16
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref16
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref17
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref17
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref18
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref18
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref18
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref19
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref19
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref19
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref20
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref20
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref20
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref21
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref21
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref21
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref21
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref21
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref21
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref21
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref22
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref22
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref22
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref22
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref22
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref22
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref23
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref23
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref23
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref24
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref24
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref24
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref24
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref25
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref25
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref25
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref25
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref26
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref26
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref26
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref26
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref27
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref27
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref27
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref28
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref28
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref28
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref28
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref29
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref29
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref29
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref30
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref30
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref30
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref31
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref31
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref31
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref32
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref32
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref32
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref33
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref33
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref33
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref33
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref34
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref34
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref34
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref35
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref35
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref35
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref36
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref36
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref37
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref37
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref37
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref38
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref38
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref38
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref39
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref39
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref40
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref40
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref40
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref40
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref41
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref41
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref42
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref42
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref42
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref43
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref43
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref43
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref44
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref44
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref44
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref45
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref45
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref45
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref46
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref46
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref46
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref46
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref47
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref47
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref47
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref48
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref48
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref48
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref49
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref49
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref49
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref49
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref50
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref50
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref50
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref51
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref51
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref51
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref52
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref52
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref52
http://nutritionfoundationofindia.org/Crnss_New/Update-Oct-2011.pdf
http://nutritionfoundationofindia.org/Crnss_New/Update-Oct-2011.pdf
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref54
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref54
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref55
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref55
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref55
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref56
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref56
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref57
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref57
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref57
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref58
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref58
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref58
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref59
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref59
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref60
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref60

224

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]
[76]
[77]
[78]

[79]

S. Kakde et al. / Nutrition 33 (2017) 216-224

Mozaffarian D, Clarke R. Quantitative effects on cardiovascular risk fac-
tors and coronary heart disease risk of replacing partially hydrogenated
vegetable oils with other fats and oils. Eur ] Clin Nutr 2009;63(suppl
2):S22-33.

Ibrahim A, Natrajan S, Ghafoorunissa R. Dietary trans-fatty acids alter
adipocyte plasma membrane fatty acid composition and insulin sensitivity
in rats. Metabolism 2005;54:240-6.

Natarajan S, Ibrahim A, Ghafoorunissa. Dietary trans fatty acids alter dia-
phragm phospholipid fatty acid composition, triacylglycerol content and
glucose transport in rats. Br ] Nutr 2005;93:829-33.

Thompson AK, Minihane AM, Williams CM. Trans fatty acids, insulin
resistance and diabetes. Eur J Clin Nutr 2011;65:553-64.

Bendsen NT, Chabanova E, Thomsen HS, Larsen TM, Newman JW, Stender S,
et al. Effect of trans fatty acid intake on abdominal and liver fat deposition
and blood lipids: a randomized trial in overweight postmenopausal
women. Nutr Diabetes 2011;1:e4.

Micha R, Mozaffarian D. Trans fatty acids: effects on metabolic syndrome,
heart disease and diabetes. Nat Rev Endocrinol 2009;5:335-44.

FSSAIL. Regulation of trans fatty acids (TFAs) in partially hydrogenated
vegetable oils (PHVOs). In: Food Safety and Standards Authority of India.
Lucknow, India: Eastern Book Co.; 2010. p. 1-8.

WHO | Diet, nutrition and the prevention of chronic diseases. [cited 2014
Sep 5]. Available at: http://www.who.int/nutrition/publications/obesity/
WHO_TRS_916/en/. Accessed July 28, 2016.

Aachu Agrawal RG. High trans fatty acid content in common Indian fast
foods. Nutr Amp Food Sci 2008;38:564-9.

Johnson S, Sahu R, Saxena P. Nutritional analysis of junk food. New Delhi,
India: Centre for Science and Environment; 2012. Available at: http://www.
downtoearth.org.in/dte/userfiles/images/Nutritional_Analysis_Junk_Food.
pdf. Accessed July 28, 2016.

Li ], Liu A, Zhang L, Liu Z, Li N. Assessment of trans-fatty acids intake via
bakery food among above three-year old population in Beijing and
Guangzhou city. Chin ] Pharmacol Toxicol 2014;28:283-9.

Bhardwaj S, Passi SJ, Misra A, Pant KK, Anwar K, Pandey RM, et al. Effect of
heating/reheating of fats/oils, as used by Asian Indians, on trans fatty acid
formation. Food Chem 2016;212:663-70.

Sivasankaran S. The cardio-protective diet. Indian ] Med Res 2010;132:
608-16.

Downs SM, Marie Thow A, Ghosh-Jerath S, Leeder SR. Aligning food-
processing policies to promote healthier fat consumption in India. Health
Promot Int 2015;30:595-605.

Misra A, Khurana L, Isharwal S, Bhardwaj S. South Asian diets and insulin
resistance. Br ] Nutr 2009;101:465-73.

Shetty PS. Nutrition transition in India. Public Health Nutr 2002;5:175-82.
Hull G, Woodside ], Ames ], Cuskelly G. N(carboxymethyl) lysine content of
foods commonly consumed in a Western style diet. Food Chem
2012;131:170-4.

Chao P, Hsu C, Yin M. Analysis of glycative products in sauces and sauce-
treated foods. Food Chem 2009;113:262-6.

Hervé T. Molecular gastronomy: exploring the science of flavor. New York:
Columbia University Press; 2006.

[80]

[81]

(82]

(83]

[84]

(85]

[86]

(87]

[88]

[89]

[90]

[91]

[92]

(93]

[94]

[95]

[96]

NSSO. India. Nutritional Intake in India. Government of India; 2012 Jan.
Report No.: 540 (66/1.0/2). Available at: http://mospi.nic.in/mospi_new/
upload/nss_report_560_19dec14.pdf.

Mohan I, Gupta R, Misra A, Sharma KK, Agrawal A, Vikram NK, et al.
Disparities in prevalence of cardiometablic risk factors in rural, urban-
poor, and urban-middle class women in India. PLoS One 2016;11:
e0149437.

Sadasivam V. Globalization of food system in developing countries: impact
on food security and nutrition. Geneva, Switzerland: Food and Agriculture
Organization; 2004:215-30.

Dixit S, Das M. Fatty acid composition including trans-fatty acids in edible
oils and fats: Probable intake in Indian population. ] Food Sci
2012;77:T188-99.

Plotnick GD, Corretti MC, Vogel RA. Effect of antioxidant vitamins on the
transient impairment of endothelium-dependent brachial artery vasoac-
tivity following a single high-fat meal. JAMA 1997;278:1682-6.

Williams M], Sutherland WH, McCormick MP, de Jong SA, Walker RJ,
Wilkins GT. Impaired endothelial function following a meal rich in used
cooking fat. ] Am Coll Cardiol 1999;33:1050-5.

Karim Z, Khan KM, Ahmed S, Karim A. Assessment of trans fatty acid level
in French fries from various fast food outlets in Karachi, Pakistan. ] Am Oil
Chem Soc 2014;91:1831-6.

Li J, Hsieh YH. Traditional Chinese food technology and cuisine. Asia Pac ]
Clin Nutr 2004;13:147-55.

Satia JA, Patterson RE, Taylor VM, Cheney CL, Shiu-Thornton S, Chitnarong K,
et al. Use of qualitative methods to study diet, acculturation, and health in
Chinese-American women. ] Am Diet Assoc 2000;100:934-40.

Kuriyama S, Shimazu T, Ohmori K, Kikuchi N, Nakaya N, Nishino Y, et al.
Green tea consumption and mortality due to cardiovascular disease, can-
cer, and all causes in Japan: the Ohsaki study. JAMA 2006;296:1255-65.
Arts IC, Hollman PC, Feskens EJ, Bueno de Mesquita HB, Kromhout D.
Catechin intake might explain the inverse relation between tea con-
sumption and ischemic heart disease: the Zutphen Elderly study. Am ] Clin
Nutr 2001;74:227-32.

Jiang Y, Xia S, Zhang Y, Yu ], Hu P. Trans Fatty acid content of foods in China.
J Am 0Oil Chem Soc. Available at: www.aocs.org/Membership/FreeCover.
cfm?itemnumber=18547. Accessed July 28, 2016.

Fu H, Yang L, Yuan H, Rao P, Lo YM. Assessment of trans fatty acids content
in popular Western-style products in China. J Food Sci 2008;73:5383-91.
Qingyun W. Trans fatty acids in diets at acceptable levels. China Daily 2013
Mar 19. Available at: http://usa.chinadaily.com.cn/china/2013-03/19/
content_16321402.htm. Accessed July 28, 2016.

Khan MI, Min ]S, Lee SO, Yim DG, Seol KH, Lee M, et al. Cooking, storage,
and reheating effect on the formation of cholesterol oxidation products in
processed meat products. Lipids Health Dis 2015;14:89.

Goldin A, Beckman JA, Schmidt AM, Creager MA. Advanced glycation end
products: Sparking the development of diabetic vascular injury. Circulation
2006;114:597-605.

Abraham RA, Bahl VK, Parshad R, Seenu V, Roy A, Golandaz S, et al. Content
of trans fatty acids in human cheek epithelium: comparison with serum
and adipose tissue. Biomed Res Int 2013;2013:276174.


http://refhub.elsevier.com/S0899-9007(16)30126-5/sref61
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref61
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref61
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref61
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref62
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref62
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref62
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref63
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref63
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref63
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref64
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref64
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref65
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref65
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref65
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref65
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref66
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref66
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref67
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref67
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref67
http://www.who.int/nutrition/publications/obesity/WHO_TRS_916/en/
http://www.who.int/nutrition/publications/obesity/WHO_TRS_916/en/
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref69
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref69
http://www.downtoearth.org.in/dte/userfiles/images/Nutritional_Analysis_Junk_Food.pdf
http://www.downtoearth.org.in/dte/userfiles/images/Nutritional_Analysis_Junk_Food.pdf
http://www.downtoearth.org.in/dte/userfiles/images/Nutritional_Analysis_Junk_Food.pdf
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref71
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref71
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref71
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref72
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref72
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref72
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref73
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref73
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref74
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref74
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref74
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref75
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref75
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref76
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref77
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref77
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref77
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref78
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref78
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref79
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref79
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref79
http://mospi.nic.in/mospi_new/upload/nss_report_560_19dec14.pdf
http://mospi.nic.in/mospi_new/upload/nss_report_560_19dec14.pdf
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref81
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref81
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref81
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref81
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref82
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref82
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref82
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref83
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref83
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref83
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref84
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref84
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref84
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref85
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref85
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref85
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref86
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref86
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref86
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref87
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref87
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref88
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref88
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref88
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref89
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref89
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref89
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref90
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref90
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref90
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref90
http://www.aocs.org/Membership/FreeCover.cfm?itemnumber=18547
http://www.aocs.org/Membership/FreeCover.cfm?itemnumber=18547
http://www.aocs.org/Membership/FreeCover.cfm?itemnumber=18547
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref92
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref92
http://usa.chinadaily.com.cn/china/2013-03/19/content_16321402.htm
http://usa.chinadaily.com.cn/china/2013-03/19/content_16321402.htm
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref94
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref94
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref94
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref95
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref95
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref95
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref96
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref96
http://refhub.elsevier.com/S0899-9007(16)30126-5/sref96

	Urbanized South Asians' susceptibility to coronary heart disease: The high-heat food preparation hypothesis
	Introduction
	Neo-formed contaminants and CHD: Human and animal evidence
	Evidence for the high-heat food preparation hypothesis: Indian and Chinese cuisines
	Testing the high-heat food preparation hypothesis
	Acknowledgments
	Supplementary data
	References


