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Atticle history: Background: South Asians (SA) have increased prevalence of type 2 diabetes mellitus (T2DM). The role of nutrient
Received 18 December 2018 intakes in T2DM in SA is not well understood, however.
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Available online 17 April 2019 Methods: The MEDLINE database was searched for relevant papers on this topic in SA.

Results: There was some evidence that dietary fiber and linoleic acid intake may reduce but carbohydrates may
increase the risk of T2DM. Some studies found higher energy from protein and fat in subjects with T2DM versus
controls. Other studies, however, found lower carbohydrate intake among those with T2DM or no relationship
between diet composition and T2DM. Several vitamins and minerals were also inversely related to T2DM.

Conclusions: The data were limited to a few epidemiological studies. Most studies did not distinguish between
undiagnosed and known T2DM. Subjects with known T2DM are more likely to have changed their diet. Prospec-
tive cohort or randomized controlled studies examining the role of diet composition, using precise image-
assisted dietary assessment method and blood biomarkers, in the development of T2DM among migrant and na-
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tive SA are needed. Lastly, a more complete nutrient database for foods consumed by SA is needed.
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1. Introduction

South Asians (Indians, Pakistanis, Bangladeshis, Nepalese, and Sri
Lankans) have a higher prevalence of type 2 diabetes mellitus (T2DM)
compared to other populations. This paper reviews the epidemiology
of T2DM in South Asians (SA), examines the role of nutrient intakes in
T2DM in this population, and identifies gaps in the literature. This re-
view also describes the mechanisms by which intake of various nutri-
ents contributes to the risk for T2DM. In addition, dietary intake
assessment methodology is briefly reviewed before the section on the
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role of nutrient intakes in T2DM. Lastly, it identifies areas of future re-
search and provides an overall perspective.

The literature search on the relationship between nutrient intakes
and T2DM was conducted by searching the MEDLINE database (Na-
tional Library of Medicine, Bethesda, MD) for relevant articles from
the year of MEDLINE's inception through November 2018. Key phrases
such as dietary intake and type 2 diabetes, nutrient intake and type 2 di-
abetes, and correlates of type 2 diabetes with and without the terms SA
or Asian Indians were used to identify relevant articles.

2. Epidemiology of T2DM in SA

SA living in South Asia or western countries have a higher preva-
lence of T2DM than other races. Hills et al." have conducted an extensive
review on the epidemiology of T2DM in south Asia including data from
the Chennai Urban Rural Epidemiology Study (CURES),? Indian Council
of Medical Research-INdia DIABetes (ICMR-INDIAB) study,> the Na-
tional Urban Diabetes Survey (NUDS),* two household surveys in
India,® and the International Diabetes Federation (IDF) report.® Mohan
et al.2 reported a 14.3% age-standardized prevalence of T2DM among
a representative sample of 2350 Asian Indians, aged 20 years or older,
recruited in 2003-2004 from Chennai, India. More recently, Anjana
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etal.? reported an overall prevalence of diabetes of 7.3% (including both
type 1 and 2 diabetes) and pre-diabetes of 10.3% among 57,117 individ-
uals, aged 20 years or older, in the ICMR-INDIAB cross-sectional study
conducted in 15 out of 28 Indian states from 2008 to 2015. The prevalence
varied by state and was higher in urban compared to rural areas (11.2% vs.
5.2%). A higher prevalence was observed among those in the low socio-
economic status living in the urban areas of the more economically devel-
oped states. However, in rural areas, T2DM was more prevalent in
individuals of higher socioeconomic status. Ramachandran et al.# re-
ported an age-standardized prevalence of T2DM of 12.1% in the NUDS
study among 11,216 participants, aged 20 or older, from 6 major Indian
cities including Chennai, Bangalore, Hyderabad, Calcutta, Mumbai and
New Delhi and completed in 2000. Geldsetzer et al.® reported a crude
prevalence of T2DM of 7.5% among 1,320,555 adults, aged 18 years or
older, from two household surveys conducted in 2012-2014 in all 29
Indian states except Jammu and Kashmir and Gujarat. The IDF report®
showed an age-adjusted prevalence of T2DM of 8.4% for Bangladesh,
10.4% for India, 7.3% for Nepal and 10.7% for Sri Lanka for 2017 among
adults aged 20-79 years.

Data from two cross-sectional studies conducted in the United States
(U.S.) show that the age-adjusted prevalence of T2DM, among individ-
uals 44-84 years, is 23% in SA, 6% in whites, 18% in African Americans,
17% in Latinos, and 13% in Chinese Americans.” The data on SA were col-
lected in 2010-2013 among 799 participants and those on the other races
and ethnicities were collected in 2000-2002 and included 2611 whites,
1879 African Americans, 1493 Latinos, and 801 Chinese Americans.

Data from The Study of Health Assessment and Risk in Ethnic Groups
Study conducted in 3 cities (Hamilton, Toronto, and Edmonton) in
Canada, in 1996-1998, among 985 subjects aged 35-75 y, showed
that the prevalence of known T2DM (those who were being treated
for this condition) was nearly 3 times higher among SA migrants com-
pared to Europeans (6.2% vs. 2.2%, respectively).® After excluding the
subjects with known T2DM, the same study reported a prevalence of
newly diagnosed T2DM of 10% in SA and 6% in Europeans.® Data from
the administrative health and immigration records in 2005 showed
that the prevalence of T2DM among adults, aged 20 years or older,
was about 12% in immigrants from south Asia (n = 217,367) compared
to <6% in those from Western Europe and North America (n = 98,931)
living in Ontario, Canada.®

The 1981 census data from the Southhall Diabetes Survey in west
London, United Kingdom (U.K.) showed that the age-adjusted preva-
lence of known T2DM was >8% in Asians aged 50-59 (n = 2290) and
>12% in those aged 60-69 (n = 1035), and the corresponding percent-
ages for Europeans were <2% (n = 3625) and <3% (n = 3205),
respectively.'® More recent data from the U.K. showed that the crude
prevalence estimates of T2DM among individuals 16 years or older in
2010 was 14% in SA compared to 9.8% in blacks and 6.9% in white,
mixed, and other groups.'!

The prevalence of T2DM in SA living in the U.S. is higher than that of
SA living in Canada and the U.K. possibly because the data in the U.S.
were collected several years later when the overall prevalence of obe-
sity and T2DM were higher in the U.S. population. The prevalence of
T2DM in SA living in the U.S. is also different from that in India possibly
due to the effect of acculturation and differences in socioeconomic sta-
tus. Nevertheless, the prevalence of T2DM is higher in SA compared to
whites. In addition, to the high prevalence of T2DM, SA generally de-
velop it a decade earlier' and at body mass index that is lower than
that of whites.!"'? Patients who are diagnosed with early onset T2DM
are more likely to have earlier onset of cardiovascular disease and
more nephropathy compared to those diagnosed with later onset
T2DM."13

3. Dietary assessment methodology

Because the focus of this paper is to examine the relationship be-
tween nutrient intakes and T2DM, a description of the methods'#'!°

used to assess dietary intake in various studies is given in this section.
Also provided are the strengths and limitations of each method.'*!°
All the methods used were valid.

Majority of the studies in this area used a food frequency question-
naire (FFQ) to assess dietary intake. A FFQ consists of a set of foods
with response categories to determine the usual frequency of consump-
tion of the foods over a period of time (typically the past month or year).
It is usually self-administered, inexpensive to use, does not affect eating
behavior, and is often optically scanned for data entry. It is, however,
limited by the inability to specify food preparation methods and combi-
nation of foods in meals. This is problematic in SA since many prepare
their own meals. Moreover, a FFQ may not include all possible foods
eaten. The FFQ is also limited by the difficulty that participants have in
estimation of frequency of different foods consumed and serving sizes.
In addition, the subjects have to remember what was consumed over
a long period of time, the questionnaire is cognitively challenging to
complete, literacy of the respondent is required, and the responses are
affected by season.

Another method used was a 1-day or 3-day dietary recall in which
the subjects are asked to recall all the foods consumed, including the
type and amount, over the past day or 3 days. The strengths of this
method are that the intake is quantified, literacy of the respondent is
not required, and it does not affect eating behavior. Limitations include
difficulty in estimating portion sizes and underreporting or not remem-
bering all the foods eaten. In addition, the 1-day food recall may not be
representative of the usual dietary intake.

The 7-day weighed intake method was used to assess dietary intake
in one study. The subjects are asked to weigh and record all the food
items consumed over 7 days. The advantage is that the food intake is pre-
cisely quantified. The disadvantage includes a high respondent burden
and investor cost because of the number of days recorded. In addition,
the subjects may change their diet on the day that the diet is recorded.

The last method that was used is the image-assisted dietary assess-
ment method over 3 days. In this method, the subjects are asked to
take pictures of the food and drink consumed including second helpings
and left-overs on 3 days (two week days and one weekend day). A ruler
is placed in front of the plate before the pictures are taken. The re-
searchers then review the pictures and interview the subjects to clarify
portion sizes and preparation methods. This method addresses the lim-
itations of the FFQ method. It also reduces underreporting compared to
a dietary recall without the images.!® The limitations of the image-
assisted dietary assessment method include having to remember to
take photos of meals and snacks, and subjects may change their eating
behavior on the day the photos are being taken. In addition, a cell
phone or a camera would be needed to implement this method.

None of the studies reviewed below provided objective measures of
dietary intake such as blood nutrient values. The Institute of Medicine,
the National Institutes of Health, and the Center for Disease Control in
United States recognize the issues associated with subjective assess-
ment of dietary intake and the critical need to assess nutritional bio-
markers that would serve as objective measures for dietary intake and
disease such as T2DM.'® Nutrient biomarkers are, however, expensive
to assess especially in large epidemiologic studies.

4. Relationship between nutrient intakes and T2DM in non-SA
populations

Many prospective observational studies conducted among whites,
Hispanics, African-Americans, and/or East Asians have shown that mac-
ronutrient (protein, carbohydrate, and fat) and micronutrient (vitamins
and minerals) intakes determine the risk for T2DM. Studies in these
populations have shown that total dietary fiber, cereal fiber, and fats de-
rived from plants reduce the risk whereas high intakes of carbohydrate
and protein, especially animal protein, enhance the risk for T2DM.!”-%?
Other studies, in these populations, have found that micronutrients
such as vitamin C, 25-hydroxyvitamin D, 3-carotene, a-tocopherol,
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calcium, magnesium, potassium, and zinc, either in the diet and/or
blood, are inversely related to T2DM.?>2° The above studies used a
FFQ to assess dietary intake.

5. Applicability of findings from non-SA to SA

Very little is known about the role of macronutrient and micronutri-
ent intakes in T2DM in SA. Data from studies in other populations may
not be applicable to SA because of differences in macronutrient and mi-
cronutrient intakes and consumption of very ethnic specific diets
among SA. Based on a number of studies conducted in India and western
countries, SA tend to consume more percent energy from carbohydrate
and less percent energy from fat and saturated fat compared to the gen-
eral American population.2°=3’ They are also more likely to meet the
recommendations for dietary fiber, vitamin C, vitamin E, vitamin K,
and magnesium compared to Americans.3>-37-38

The differences in nutrient intakes may be due to the fact that SA
diets tend to be rich in plant foods>® and include many ethnic specific
foods that are usually not found in western diets. SA diets typically con-
sist of curries made with vegetables, beans, or lentils and consumed
with rice, chapatti (flat bread made with mostly wheat flour), dosa (a
shallow fried pancake made with parboiled rice and black gram dhal
batter), or idli (fermented steamed cake made with parboiled rice and
black gram dhal batter).3>4%4! The curries are made with ghee (clari-
fied butter) or vegetable oils. Other foods commonly included are
milk, yogurt, savory fried snacks, fruit, nuts, and desserts.?>-40-4!
Chicken, fish, or meat are also consumed by SA who are not vegetarians.

6. Relationship between nutrient intakes and T2DM in SA
populations

The section below presents data from epidemiologic studies (there
are no randomized studies) on the relationship between macronutrient
and micronutrient intakes and T2DM in SA. This section will also iden-
tify gaps in the literature in this population.

The studies on SA migrants in western countries will be presented in
a separate section from those on native SA because of the effects of ac-
culturation on lifestyle. Talegawkar et al.*?> have found that length of
stay in the U.S. is associated with a generally worsening diet including
an increase in consumption of saturated and trans unsaturated fats
and a decrease in protein, dietary fiber, folate and potassium intake. In
addition, Venkatesh et al.*> have reported that dietary acculturation of
SA migrants in the U.S. increases their risk for T2DM.

6.1. Studies on SA living in India

6.1.1. Macronutrients

Three cross-sectional studies in India have examined the relation-
ship between macronutrient intake and T2DM in native SA. Shobana
et al.>® examined the relationship between dietary intake and glycemic
status in a representative sample of 900 urban SA in Chennai (formerly
Madras), India. The researchers found that those with known T2DM
(n = 55) compared to controls (n = 762) had lower energy intake
(1557 and 1911 kcal/d, respectively) and percent energy from carbohy-
drates (61.6% and 66.5%, respectively) and higher percent energy from
fat (22.4% and 19%, respectively) and protein (15.9% and 14%, respec-
tively) (Fig. 1). The same study, however, did not find any differences
in energy and macronutrient intake between those with newly diag-
nosed T2DM (n = 26) and controls,*® indicating that diagnosis of diabe-
tes may lead to some dietary changes. This study had several limitations,
however. The data on the number of macronutrients were limited and
micronutrient intakes were not assessed. In addition, dietary data
which were collected using a single 24-h recall, may not be representa-
tive of usual intake. The study was also limited to SA living in an urban
area. Urbanization is linked to a decline in nutrition quality." In addition,
this study design does not permit inference of causation. The study also

did not assess the relationship between nutrient intake and T2DM by di-
etary pattern such as vegetarian and non-vegetarian even though 42% of
the SA households in India are vegetarian (no meat, fish, poultry, or egg
consumption) and another 58% are less strict vegetarian or non-
vegetarian.>® Sridhar et al.** have reported that vegetarians consumed
more dietary fiber, iron, calcium, folate, and vitamin C but less protein
and vitamin B12, and had lower risk for cardiovascular disease com-
pared to non-vegetarians living in India. Agrawal et al.*> have shown
that vegetarian diets in India are associated with a lower risk for
T2DM compared to non-vegetarian diets.

Mohan et al.*® evaluated the relationship between macronutrient
intake and risk for T2DM in a representative sample (n = 1843) of the
population from the Chennai Urban Epidemiology Study 59. T2DM
was diagnosed from fasting blood glucose and an oral glucose tolerance
test. Subjects with a self-reported history of T2DM were excluded. Data
from this study showed that carbohydrate intake increased the risk
whereas fiber intake decreased the risk for newly diagnosed T2DM.
The odds ratio for newly diagnosed T2DM for the highest versus lowest
quartile of carbohydrate intake, adjusted for age, sex, body mass index
(BMI), income, physical activity, family history of T2DM, smoking, alco-
hol, and dietary fiber, was 4.55 (95% confidence interval: 2.49, 8.29). The
odds ratio for newly diagnosed T2DM for the highest versus lowest
quartile of fiber intake, adjusted for age, sex, body mass index (BMI), in-
come, physical activity, family history of T2DM, smoking, alcohol, and
dietary carbohydrate was 0.31 (0.15, 0.62). This study had a number
of limitations. Data on the relationship between micronutrient, energy,
and the remaining macronutrient intakes and T2DM were not shown.
Dietary data were collected using a semi-quantitative food frequency
questionnaire (FFQ). The strengths and limitations of a FFQ have been
described earlier. The dietary database used to calculate nutrient intakes
and the food labels were considered limited by the authors. Because the
study was cross-sectional, it has the same issues related to study design
as described earlier. It is not clear if all the subjects were from an urban
background. Lastly the relationships between nutrient intakes and
T2DM by dietary pattern were not elucidated.

Joshi et al.>! evaluated dietary intake of SA with and without T2DM.
The subjects were recruited from routine outpatient clinic visits from 10
sites located in north, east, west, south, and central parts of India. The
subjects with T2DM had been diagnosed with this condition for at
least 12 months and were not on any dietary plan or advice. Dietary in-
take was measured using a FFQ and 3-day dietary recall. The results
showed that individuals with T2DM (n = 385) compared to controls
(n = 409) had lower energy intake (1548 and 2132 kcal/d, respec-
tively), % energy from total carbohydrate (64.1% and 66.8%, respec-
tively), and % energy from simple carbohydrate (7.1% and 13.9%,
respectively) but higher % energy from complex carbohydrate (57.0%
and 52.9%, respectively) and protein (14.3% and 12.0%, respectively)
(Fig. 1). There was no difference in % energy from fat (21.6% and
21.2%, respectively). This study also had several limitations, however.
It was cross-sectional design and the authors did not try to recruit a rep-
resentative sample of the population. It was not clear which dietary in-
take assessment method was used to generate the results. There were
no data on micronutrients and a number of macronutrients. The subjects
with T2DM were not newly diagnosed and could have altered their diet
after diagnosis even though the authors excluded subjects who were on
any current diet plan. Differences by dietary pattern were not examined.

6.1.2. Micronutrients
There are no studies from South Asia that have evaluated the rela-
tionship between micronutrient intake and T2DM in SA.

6.2. Studies on SA living in western countries
6.2.1. Macronutrients

A large population of SA live in western countries such as the U.K,,
Canada, and the U.S. According to the 2011 U.K. Census data, there are
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3,078,374 (4.9% of the total population) SA, excluding other Asian
groups and people of mixed ethnicity, living in the U.K.*” The 2016 Cen-
sus data from Canada show that 1,963,330 SA are residing in that
country.*® Based on the 2010 U.S. Census data, nearly 4 million SA live
in the U.S.%°

Two studies in Britain have examined the relationship between
macronutrient intakes and T2DM in SA. Peterson et al.>® collected die-
tary data on 48 SA randomly recruited from a diabetes clinic in
London. They found that the subjects consumed a diet that was low in
carbohydrate (42% of total energy intake) and high in fat (46% of total
energy intake) and they commonly consumed saturated fat rich dairy
foods and fried snacks.>® Data on macronutrients were limited and no
data were given on micronutrients. The authors noted that they did
not provide information on dietary fiber intake because their nutrient
database did not have dietary fiber data for many SA foods. The dietary
data were collected using only a single 24-h recall. SA with undiagnosed
T2D were not examined. In addition, there was no control group in this
study or analysis by dietary patterns.

Sevak et al.*? compared the energy and macronutrient intake of
non-diabetic SA British men with high (above the 75th percentile;
n = 76) and low (below the 28th percentile; n = 93) insulin concentra-
tions recruited for the Southhall Study on diabetes and coronary heart
disease in west London. They found that the former group consumed
less energy from alcohol (1.5% versus 5.2% of total energy) compared
to the latter group.> There was no difference in dietary fiber and energy
intake, and percent energy from carbohydrate, protein and total, satu-
rated, monounsaturated, and polyunsaturated fat intake between the
two groups. The authors also compared the data on SA to that of
European men recruited for the same study, and found that the former
group consumed less energy (9.5 vs 10.8 MJ/d) and percent energy from
total fat (36.5% vs 39.2%) (due to less saturated and monounsaturated
fat) but more energy from carbohydrate (46.4 4+ 6.6 vs 40.9 + 6.62)
(due to starch), and polyunsaturated fatty acids (8.2% vs 7.0% of energy),
and consumed more dietary fiber (3.2 vs 2.0 g/M]) compared to the lat-
ter group. The dietary intake in this study was assessed by a rigorous
method, the 7-d weighed intake. The authors noted issues with incom-
plete dietary fatty acid information with the UK food databases. No data
were given on micronutrient intakes. The study design was cross-
sectional and the information was not given by dietary patterns.

Only three studies, 2 cross-sectional studies and one case-control
study, in the U.S., have examined the relationship between nutrient in-
takes and T2DM among SA in the U.S. Wang et al.>* and Kanaya et al.>!
published cross-sectional analyses of data, collected between August
2006 and October 2007 for the Metabolic Syndrome and Atherosclerosis
in South Asians Living in America Study, on 150 SA Indian migrants liv-
ing in the San Francisco Bay area. Wang et al.>> found that SA subjects
with T2DM (n = 41) consumed less energy from carbohydrate (50.5%
versus 52.7%) and more absolute protein intake adjusted for energy in-
take (74 g versus 69 g) compared to SA without T2DM (n = 105) but
there was no difference in energy intake or % energy intake from fat or
protein between the two groups (Fig. 1). Higher level of protein intake
was associated with a 70% increase in the odds of T2DM per standard
deviation in g of protein intake/d (standardized odds ratio: 1.70 [95%
CI 1.08, 2.68]).>3 Using the same database, Kanaya et al.>! compared di-
etary intake between those with normal glucose tolerance (n = 51),
prediabetes (n = 56) or T2DM (n = 43) and found no difference in
the intake of energy, cereal fiber, and percent energy from fat, carbohy-
drate and protein among the three groups (Fig. 1). The same group of in-
vestigators, Shah AD et al.,>* published cross-sectional data collected
between October 2010 and March 2013 for the Mediators of Atheroscle-
rosis in South Asians Living in America Study on nearly 900 SA subjects
recruited from the San Francisco Bay area and the greater Chicago area.
The researchers>® found no difference in energy and macronutrient in-
take among SA with normal glucose tolerance (n = 375), prediabetes
(n = 295), or T2DM (n = 229) (Fig. 1). All of these studies assessed di-
etary intake using a FFQ. Data on different types of fatty acids, dietary

fiber, and micronutrients were not reported. The data in the first two
papers were limited to Indian SA.>>->! None of the studies evaluated dif-
ferences in nutrient intakes between subjects with and without T2DM
by dietary patterns. Causation may not be inferred from these studies.

More recently, Shah M et al.>* conducted a case-control study com-
paring the nutrient intakes of 44 SA with T2DM and 33 age-and-sex
matched controls recruited from Dallas-Fort Worth, Texas. Dietary in-
take was assessed using the image-assisted dietary assessment method,
an objective and valid measure.'> Subjects with T2DM compared to
controls reported lower intake of energy (mean difference: 499 kcal/
d; p < 0.0001), linoleic acid (3.6 g/d; p = 0.003), dietary fiber (8.6 g/d;
p<0.0001) but no difference in percent energy from carbohydrate, pro-
tein, total fat, trans fatty acid, saturated fat, polyunsaturated fat, and cis-
monounsaturated fat, and a-linolenic acid, eicosapentaenoic acid, and
docosahexaenoic acid. They were also more likely not to meet the re-
quirements for linoleic acid and dietary fiber compared to controls.
The data on energy intake and percent energy from carbohydrate, fat,
and protein are shown in Fig. 1. Differences in nutrient intakes between
those with and without T2DM were not evaluated based on dietary pat-
tern. The study did not include subjects with undiagnosed diabetes. The
authors noted issues with the nutrition analysis databases and ex-
plained the process by which they addressed these issues. They noted
that they used a nutrition software package that contained >80,000
foods and about 400 SA foods from various databases across the world
but the only database that had generally the most complete set of nutri-
ents was the United States Department of Agriculture (USDA) Standard
Reference database. Because of some missing nutrients in the other da-
tabases, the authors selected the USDA database to calculate nutrient
content of foods whenever possible. For SA foods that were not available
in the program, had incomplete nutrient information, the preparation
methods were not specified by the databases, or subjects prepared
them differently from what was in the database, recipes using raw in-
gredients from the USDA database were added to the program. More
than 60 recipes were added. One of the investigators prepared many
of these recipes and weighed the food before adding them to the
database.

6.2.2. Micronutrients

The study by Shah M et al.,*> described above, reported that SA
with T2DM also had lower intake of vitamin A (262 pg/d), vitamin E
(2.7 mg/d), calcium (133 mg/d), magnesium (116 mg/d), zinc
(1.4 mg/d), potassium (754 mg/d), and p-carotene (1761 pg/d) com-
pared to controls. They were also more likely not to meet the require-
ments for vitamin E, calcium, magnesium, zinc, and potassium
compared to controls. The limitations of this study are already described
in the previous paragraph. Because the study did not include subjects
with undiagnosed diabetes, it raises the possibility that the subjects
with T2DM reduced their energy intake after diagnosis which could
have affected their nutrient intakes. Nevertheless, this was the only
study that has evaluated the relationship between micronutrient as
well as macronutrient intakes and T2DM in SA.

7. Summary and mechanisms for role of nutrient intakes in TZ2DM
7.1. Dietary fiber intake

Among the studies in SA that reported data on dietary fiber, two
studies>>*® found an inverse correlation between dietary fiber and
T2DM and two studies found no relationship.>>>! According to a
meta-analysis of prospective cohort studies in other populations, total
dietary fiber and cereal fiber are inversely related to T2DM.” In a review
paper, Gulati and Misra®? noted that SA in India are increasingly replac-
ing foods rich in fiber such as whole wheat flour chapattis, millet
chapattis, and pancakes made from gram flour with foods low in fiber
content such as noodles, vermicelli and refined flour breads. Increasing
fiber intake improves glycemic response in SA. Mohan et al.>> found that
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replacing white rice with brown rice reduced 24-h glucose and fasting
insulin responses in overweight Asian Indians. Recently, Boers et al.>*
evaluated the effect of increasing the soluble fiber content of a flatbread
flour mix, by adding guar gum and chick pea flour to the mix, on glyce-
mic response in healthy SA, and found that the addition of soluble fiber
improved both postprandial glucose and insulin responses compared to
just the flatbread flour mix.

There are several mechanisms by which soluble fiber may control
the glycemic response to a meal. Soluble fiber, also known as viscous
or fermentable fiber, improves the postprandial glycemic response by
delaying gastric emptying and transit in the small bowel, and reduces
glucose diffusion and access of ci-amylase to the carbohydrate substrate
due to the viscosity in the gut content caused by the viscous fiber.>” Sol-
uble fiber may also improve glycemic control by increasing the produc-
tion of an incretin hormone, glucagon-like peptide-1,>° and increasing
the expression of glucose transporter type 4 in skeletal muscle and pe-
ripheral glucose uptake.’® Another mechanism for improved insulin
sensitivity with soluble fiber may be related to the production of
short-chain fatty acids (SCFAs) through the bacterial action in the gut
on fermentable fiber.>® Some of these SCFAs reduce the mobilization
of free fatty acids from adipose cells by acting on G protein—coupled re-
ceptor 43/free fatty acid receptor 2 in these cells.”® Robertson et al.”’
found that resistant starch reduced subcutaneous abdominal adipose
tissue free fatty acid release and increased insulin sensitivity. Insoluble
fiber may also be involved in improved glycemic response. Weikert
et al.”® reported that compared to consuming just white bread, test
meals containing bread with highly purified insoluble fibers accelerated
the early postprandial insulin and glucose-dependent insulinotropic
polypeptide (GIP) responses and reduced the postprandial glucose re-
sponse the following day in healthy women.

7.2. Dietary carbohydrate intake

The studies on SA reviewed above have shown mixed findings on
energy intake from carbohydrate and glycemic status possibly because
those with T2DM may have changed their diet. However, mixed results
were also found among the 5 studies that compared subjects with
newly diagnosed or unknown T2DM or prediabetes or those with high
plasma insulin levels with controls.>?32-3446:51 Of these, 3 studies>*>*
1 found no difference and 2 studies found a higher percent energy
from carbohydrates among those with newly diagnosed T2DM“® or
hyperinsulinemic subjects.>? In a systematic review and meta-analysis
of prospective cohort studies conducted in the U.S. and Europe, Alhazmi
etal.'® also found a higher risk for T2DM with higher total carbohydrate
intake. This may be related to the high glycemic index (GI) and glycemic
load (GL) associated with high carbohydrate diets rich in starch and
added sugars. Both high Gl and high GL are linked to T2DM.>%-%° Willett
et al.>® have reported that diets with high GI or GL lead to higher post-
prandial glucose and insulin responses. A higher demand for insulin
may impair beta cell function and cause T2DM in individuals with low
beta cell reserve.®!

7.3. Dietary protein intake

Majority of the studies on SA, reviewed above, did not find any dif-
ference in percent energy from protein between those with and without
T2DM?32:34:35:51 or did not report any findings on protein intake.*® Two
studies®*>! reported a higher energy from protein in the SA subjects
with T2DM compared to controls. One of these studies, Shobana
etal.,*° however, found no difference in percent energy from protein in-
take between subjects with just newly diagnosed T2DM and controls.
The studies in SA did not separate protein intake into animal and
plant protein even though many SA are vegetarian.>® Malik et al.??
found higher risk for T2DM with higher animal protein intake and a
modestly lower risk with plant protein in the Nurses' Health and Health
Professionals Follow-up cohorts in the U.S. The association between

animal protein and T2DM may be due to red and processed meat.
Heme iron from red and processed meat may cause oxidative damage
to the pancreas.®? Nitrites from red meat are converted to nitrosamines
which may damage the beta-cells in the pancreas.®? Advanced glycation
end products from red and processed meat may also be a mechanism
linking red and processed meat with T2DM.2 A diet rich in plant pro-
tein, specifically nuts, legumes, and wholegrains, will contain more
fiber and have a lower GI and GL. These have been shown previously
to improve glycemic response.

7.4. Dietary fat intake

Majority of the studies in SA reported no difference in dietary fat in-
take between those with T2DM and controls. Shobana et al.*° found a
higher percent energy from fat in SA with T2DM compared to controls
but this difference disappeared when the subjects with known T2DM
were excluded. Shah M et al.?>* found a lower percent energy intake
from linoleic acid in subjects with T2DM compared to controls. A sys-
tematic and meta-analysis of cohort studies on diet composition and
T2DM in other populations showed that a high vegetable fat intake
was linked with a lower risk for T2DM in women. '8 The major fat in veg-
etable fat is polyunsaturated fatty acids.'® Forouhi et al.’® evaluated the
relationship between dietary fat and T2DM in the European Prospective
Investigation into Cancer and Nutrition (EPIC) study across 8 European
countries and found an inverse relationship between circulating linoleic
acid and T2DM but no convincing association between marine-derived
omega-3 fatty acids and T2DM. Gulati and Misra®? have reported that
SA in India are increasingly replacing cis-monounsaturated and polyun-
saturated fatty acids with trans-unsaturated and saturated fatty acids
through consumption of partially hydrogenated vegetable oils and
palmolein oil. Moreover, Bhardwaj et al.% have shown that constantly
heating oils or fats for frying, a common practice among SA, results in
more trans-unsaturated and saturated fats and less cis-unsaturated
fats. Gulati et al.5 have shown that incorporating almonds (rich in cis-
monounsaturated fat, polyunsaturated fat, and soluble fiber) in a
healthy diet for 24 months along with increased physical activity im-
proved glycemic control in SA with T2DM living in New Delhi. Accord-
ing to a systematic review and meta-analysis of randomized
controlled feeding trials by Imamura et al.,% replacing saturated fat
with polyunsaturated fat lowers fasting glucose and HbA1c, and im-
proves insulin resistance and insulin secretion capacity.®® Replacing sat-
urated fat with cis-monounsaturated fat only improved HbA1c and
insulin resistance.® The authors attributed the improvement in glyce-
mic control with polyunsaturated fat to omega-6 but not omega-3
fatty acids.®® Linolenic acid within cell membranes in phospholipids
may modulate insulin receptor activity by increasing membrane
fluidity.5®

7.5. Energy intake

Among the studies that reported data on energy intake, three studies
found no difference in energy intake between those with and without
T2DM?? or between those with normal glucose tolerance, prediabetes
or T2DM,3#51 or between those with high or low 2-h postprandial insu-
lin levels.? The remaining 3 studies found a lower energy intake among
SA with T2DM compared to controls.?®3!3> Of these 3 studies, one
study>C reported that the difference in energy intake between those
with and without T2DM disappeared when the diabetic subjects were
limited to just newly diagnosed T2DM indicating that the lower energy
intake in subjects with T2DM may be due to changes in the diet follow-
ing diagnosis. Although the majority of the above studies indicated no
difference in energy intake between those with and without T2DM, de-
creasing energy intake and body weight among those with T2DM has
been shown to improve glycemic control irrespective of diet
composition.®”
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7.6. Micronutrient intake

None of the studies in SA, except for the study by Shah M et al.,*
evaluated the relationship between micronutrient intake and T2DM.
Shah M et al.?® found that SA with T2DM consumed less vitamin A, vita-
min E, calcium, magnesium, zinc, potassium, and p-carotene compared
to controls. Studies in other populations including whites, Hispanics,
African-Americans, and/or East Asian have also found an inverse rela-
tionship between dietary and/or serum vitamin C, 25-hydroxyvitamin
D, B-carotene, a-tocopherol, calcium, magnesium, potassium, and zinc
and T2DM.?3-%° The inverse relationship between these nutrients and
T2DM may be mediated via enhancement of insulin mediated glucose
uptake or beta cell function.®®-72

8. Future research

The current literature in the area of nutrient intakes in type 2 diabe-
tes in SA is limited by a number of methodological issues discussed
above. Identified below are the types of future studies that are needed
in SA based on the methodological constraints of the current literature.

1. There are very few epidemiologic studies examining the role of nutri-
ent intakes in T2DM in SA. Most of the previous case-control and
cross-sectional studies were conducted in those with known T2DM
which may affect dietary intake. Futures case-control and cross-
sectional studies need to compare the nutrient intakes of SA with un-
diagnosed T2DM or pre-diabetes with controls. There are no pro-
spective cohort studies examining the role of nutrient intakes in
T2DM in SA. Prospective cohort studies are needed to examine the
relationship between nutrient intake and the development of
T2DM in those with normal blood glucose and prediabetes. The fol-
lowing recommendations should be considered when designing
these epidemiologic studies:

a. Because of the effect of acculturation on dietary intake, data needs
to be collected in SA living in both South Asia and western coun-
tries as well as urban and rural areas.

b. Most studies examined the role of just macronutrients in T2DM.
Comprehensive dietary assessment including the role of macro-
nutrient and micronutrient intakes in T2DM should be
undertaken.

c. Alarge segment of the SA population is vegetarian. Epidemiologic
studies examining the role of vegetarian versus non-vegetarians
diets in T2DM are needed.

d. Because a FFQ or 24-h recall have a number of limitations identi-
fied earlier, other methods such as the image-assisted dietary in-
take assessment method and blood nutrient values should be
considered.

2. There are very few randomized controlled trials examining the effect
of dietary and nutrient intakes on prevention and treatment of T2DM
in SA. Some specific areas to focus when designing these studies in SA
are:

a. Examining the effect of high fiber versus moderate fiber diets on
prevention and treatment of T2DM.

b. Examining the effect of varying carbohydrate (starch) and fat
(cis-monounsaturated fat) intake while controlling protein and
fiber intake on prevention and treatment of T2DM.

c. Comparing the effect of plant versus animal protein diets on pre-
vention and treatment of T2DM.

d. Comparing the effect of varying amount of dietary fatty acids such
as polyunsaturated, saturated, and cis-monounsaturated fatty
acids on prevention and control of T2DM.

e. Examining the effect of specific micronutrients identified above
on prevention and treatment of T2DM.

3. The current nutrient databases have incomplete nutrient values for
many SA foods. There is a pressing need to develop a more complete

nutrient database for foods consumed by SA in collaboration with
the USDA.

9. Overall perspective

The review showed that certain nutrients are related to T2DM in SA
and similar findings were also noted from studies conducted in non-SA
populations. The literature on nutrient intakes and T2DM in SA is, how-
ever, limited by a small number of studies, lack of prospective cohort
and randomized controlled studies, issues with dietary assessment
methodology, assessing SA with known T2DM rather than those with
undiagnosed T2DM or prediabetes, and examining only a few nutrients.
Future research using more rigorous study design and methods and ex-
amining a comprehensive set of nutrients will help to further elucidate
the role of nutrient in T2DM in SA. SA diets may be different by country
and rural/urban settings suggesting that studies in this population
should be conducted in different locations. A large segment of the SA
population is vegetarian justifying examining how dietary patterns
and changing the composition of the diet affects the prevention and
treatment of T2DM. Lastly, physical activity levels, obesity, genetic pre-
disposition, intrauterine and early life exposures, environmental pollut-
ants, stress, and socio-economic status, although not reviewed in this
paper, may be other contributing factors in the development of T2DM
in SA.
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