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General introduction

TYPE 2 DIABETES MELLITUS IN SOUTH ASIANS

Type 2 diabetes mellitus is a chronic, multifactorial disease characterized by variable
degrees of insulin resistance at the skeletal muscle, adipose tissue and hepatic level, and
impaired insulin secretion.”” Type 2 diabetes is associated with reduced life expectancy,
significant morbidity and mortality due to diabetes related complications affecting
many organ systems, and diminished quality of life, imposing a tremendous burden on
the individual with diabetes, but also on society and on the health care system.*

Epidemiology. Type 2 diabetes is one of the most common chronic diseases worldwide,
and continues to increase in numbers and significance. The estimated prevalence of
diabetes in 2011 was 366 million people worldwide, with an overall predicted increase
in prevalence from 2011 to 2030 of 50.7%, leading to an estimated prevalence of 552
million people in 2030. 48% of the anticipated absolute global increase of 186 million
people with diabetes is projected to occur in India and China alone. According to the
World Health Organization (WHO), diabetes caused 1.3 million deaths in 2008 (mortality
rate 2.3%). Worldwide, the global cost of diabetes in 2010 was estimated at nearly 500
billion US dollars, and it is estimated to rise to at least 745 billion US dollars in 2030, an
increase of almost 50%, with developing countries, like India and China, increasingly
taking on a much greater share of the expenses.*

There is a considerable geographic variation in the prevalence and incidence of
type 2 diabetes, which is likely due to genetic, behavioural, and environmental factors,
with a large impact of countries’ income status. Diabetes prevalence also varies among
different ethnic populations within a given country.’ In this respect, people of South
Asian descent stand out, since the rapid increase in the prevalence of type 2 diabetes
is especially seen in this ethnic population (Table 1). South Asians originate from the

Table 1. Burden of type 2 diabetes in South Asians compared to white Caucasians.

Burden of type 2 diabetes in South Asians compared to white Caucasians References
- 4-6 times higher prevalence rate 5-8
- Highest global number of T2DM patients in India with an estimated prevalence of up to 16.8% in 6;9-11

urban areas

- Similar prevalence rates in South Asian migrants in the USA, Canada and various European countries 12-18

- Highest prevalence rate of all ethnic minorities in the Netherlands 19

- Age-standardized prevalence rate of T2DM is 26.7% vs. 5.5% in ethnic Dutch 8
-T2DM occurs at a younger age (approximately 10 years sooner) 8;14;20
-T2DM occurs at a lower BMI (22.6 kg/m2 vs. 30.0 kg/m2) 8;14;20-23
- Severity of T2DM is higher with an increased risk of complications 16;24-29

T2DM, type 2 diabetes mellitus
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Chapter 1

Indian subcontinent - India, Pakistan, Bangladesh, Nepal and Sri Lanka - and represent
one fifth of the total world’s population. Both native and migrant South Asians, such as
the Surinamese South Asian population in the Netherlands, are at high risk of develop-
ing type 2 diabetes compared to white Caucasians.”® India has currently the highest
global number of diabetes patients, with an estimated prevalence of up to 16.8% in
urban areas.**"" Similar prevalence rates have also been reported in migrants of South
Asian descent in the United States of America (USA), Canada, and various European
countries.'””'® For example, in the United Kingdom (UK), diabetes prevalence in 35-60
year old South Asian males was 16% compared to only 4% among European whites."
In the Netherlands, South Asians (Dutch Hindostani — see Intermezzo) have the highest
type 2 diabetes prevalence of all ethnic minorities living in the Netherlands.' In 2008,
an age-standardized prevalence rate of type 2 diabetes of 26.7% for this group has been
reported, compared to 5.5% in ethnic Dutch,® and to 10% globally (WHO).

Not only is the prevalence of type 2 diabetes four to six times higher in South Asians,

it also occurs at a younger age®'**

- around 10 years sooner — and lower body mass
index (BMI)*'#?*# compared to white Caucasians. In a recent study in 2011, BMI obesity
cut-off points equivalent to 30.0 kg/m2 in white Caucasians were 22.6 kg/m2 for a gly-
caemia factor (combining fasting and 2 hour glucose and HbA,) in South Asian males.”
Moreover, the severity of the disease is higher with an increased risk of cardiovascular

and renal complications.'®**%

Pathophysiology. The rapid increase in type 2 diabetes prevalence worldwide has been
associated with a Western, obesogenic Iifestyle.30 South Asians, however, appear to have
an exceptionally high susceptibility to develop type 2 diabetes in the context of the
same environmental pressure when compared to other ethnicities.””**' Hence, a gene-
environment interaction underlying this excess risk seems most likely: South Asians
seem to have a high genetic susceptibility and enhanced interaction with environmental
triggers such as an energy-rich diet and a sedentary lifestyle.

Risk factors to develop type 2 diabetes, such as visceral or abdominal fat distribu-
tion, a sedentary life style, and dietary factors, are highly present in South Asians. This is
partly due to rapid nutrition, lifestyle, and socioeconomic transitions that are occurring
in South Asians in the last decades. Unlike the gradual transitions in Western countries,
these changes have happened rapidly in many lower-income countries, such as South
Asian countries. However, although environmental factors such as urbanization are
important, they cannot account for all the characteristics of the excess risk in South
Asians, and genetic influences probably have an important role. For example, genetic
makeup probably accounts for the disadvantageous body composition of South Asians
with relatively thin extremities, i.e. low muscle mass, high proportion of total body fat,
and prominent abdominal adiposity, i.e. increased visceral fat mass, the so called ‘thin-

14



General introduction

fat-phenotype’ Low lean body mass and abdominal adiposity are both associated with
insulin resistance and the development of type 2 diabetes.*'"*?

Type 2 diabetes is characterized by insulin resistance and impaired insulin secretion.
In South Asians, multiple studies have consistently shown higher insulin levels compared
to other ethnic groups regardless of age, gender or BMI, suggesting a higher rate of
insulin resistance in this population.®*** Already in neonates fasting insulin levels are
markedly higher compared to white Caucasian neonates.”** Hence, the predominant
mechanism in this ethnicity seems to be insulin resistance rather than impaired insulin
secretion. In Chapter 2 we describe several possible mechanisms that may underlie
or contribute to the increased insulin resistance observed in South Asians. Here, | will

describe our main topics that we have investigated in this thesis.

Insulin signalling. Skeletal muscle accounts for 75-80% of whole-body insulin-stimu-
lated glucose disposal.*” Non-oxidative glucose disposal (NOGD) or glycogen synthesis,
and oxidative glucose metabolism through glycolysis are the major pathways for
glucose metabolism in skeletal muscle. In type 2 diabetes patients, the primary defect
at the skeletal muscle level seems to reside in NOGD.*** Surprisingly, in South Asians
only two in-depth studies have been conducted so far, which obtained skeletal muscle
biopsies to investigate mitochondrial function and the insulin signalling pathway.***
In this thesis, we investigated insulin signalling in young adult and adult South Asians
(Chapters 4 and 5). A depiction of the insulin signalling pathway aimed at increasing

the rate of glucose transport is shown in Figure 1.

Energy/nutrient-sensing pathways. Given the high susceptibility of South Asians to
develop type 2 diabetes despite a similar environmental pressure when compared to
people of different origins, a possible explanation for this predisposition might be re-
lated to differences in the regulation of energy/nutrient-sensing pathways in metabolic
tissues affecting whole-body substrate homeostasis. To date, however, these pathways
have not been analysed in South Asians. Furthermore, in the context of energy/nutrient
sensing, the effect of dietary intervention on insulin sensitivity has not been studied
in this ethnicity. In this thesis, we investigated energy/nutrient-sensing pathways in
adolescent and adult South Asians (Chapters 4 and 5).

mTOR. Among these pathways, the nutrient and energy-sensing protein kinase
mammalian target of rapamycin (mTOR), which regulates cell growth according to nutri-
ent availability and cellular energy status,”® is of major importance. The mTOR kinase
interacts with several proteins to form two distinct complexes named mTOR complex
1 (MTORC1) and mTOR complex 2, which differ in their molecular composition, regula-
tion, sensitivity to rapamycin, and downstream targets.*> mTORC1 responds to insulin
and other growth factors, stress, oxygen and nutrient levels and controls key cellular

15
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processes.’®' When active, mTORC1 promotes protein synthesis, cell growth and dif-
ferentiation, and may inhibit insulin signalling by feedback regulation of the insulin
receptor substrate 1 (IRS1). mTORC1 was also recently shown to play a crucial role in mi-
tochondrial biogenesis and oxidative metabolism.**** A simplified view of the mTORC1
signalling pathway at the skeletal muscle level is shown in Figure 2.

Brown adipose tissue. Another major hypothesis that we have investigated in this
thesis is related to brown adipose tissue (BAT). In Chapter 6 we give an overview of
the anatomy, physiology and function of BAT. In short, BAT is a highly metabolically
active tissue involved in facultative thermogenesis. In contrast to white adipose tissue,
BAT takes up glucose and triglyceride-derived and free fatty acids from the plasma and
subsequently burns fatty acids to generate heat through a process called mitochondrial
uncoupling.”® Only in 2009, cold-induced "®F-fluorodeoxyglucose (FDG) positron emis-
sion tomography-computed tomography (PET-CT) studies in humans have shown that
BAT is still present and functional in adults.”’”>° It has been estimated that fully activated
BAT in humans can contribute to up to 15-20% of total energy expenditure.®® Intrigu-
ingly, obese individuals appear to have lower BAT volume and activity supporting the
metabolic importance of BAT.”*° Therefore, stimulation of BAT is currently considered a
potential preventive and therapeutic target in the combat against obesity and related
diseases, such as dyslipidemia and type 2 diabetes. In this thesis, we hypothesize that a
low BAT volume or activity might underlie the disadvantageous metabolic phenotype
and susceptibility for type 2 diabetes in South Asians (Chapter 7). Figure 3 shows the
localization and a simplified view of the activation of BAT in human adults.

CARDIOVASCULAR DISEASE IN SOUTH ASIANS

Cardiovascular disease is common in the general population, affecting the majority of
adults past the age of 60 years. Cardiovascular disease includes coronary heart disease,
cerebrovascular disease, and diseases of the aorta and arteries including hypertension
and peripheral vascular disease. Coronary heart diseases account for approximately
one-third to one-half of the total cases of cardiovascular disease (WHO).

Epidemiology. Cardiovascular disease currently accounts for nearly half of noncommu-
nicable diseases, principally cardiovascular disease, type 2 diabetes, cancer and chronic
respiratory diseases, which have overtaken communicable diseases as the world’s major
disease burden. A rough estimated prevalence of cardiovascular disease in 2011 was 450
million people worldwide. Cardiovascular disease is the leading global cause of death,
with an estimated number of 17.3 million deaths worldwide on an annual basis in 2012,
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Figure 1. Insulin signalling pathway at the skeletal muscle level. Insulin binds at the cell membrane
at the insulin receptor leading to phosphorylation of the receptor and insulin receptor substrate (IRS).
Activated IRS-1 subsequently binds to phosphatidylinositol 3-kinase (PI3K), which is recruited to the cell
membrane and converts phosphatidylinositols-4,5-biphosphate (PIP2) to phosphatidylinositols-3,4,5-tri-
phosphate (PIP3). PIP3 attracts phosphatidylinositol-dependent protein kinase (PDK) and protein kinase B
(PKB)/Akt to the cell membrane where Akt is activated by PKD-mediated phosphorylation and dissociated
from the cell membrane to affect several metabolic processes. First, activated Akt leads to phosphoryla-
tion of Akt substrate 160 (AS160) that allows glucose transporter 4 (GLUT4) storage vesicles to translocate
to the cell membrane. Insulin-independent pathways involved in GLUT-4 translocation involve adenosine
monophosphate-activated kinase (AMPK)-dependent (contraction, hypoxia) and —independent pathways.
Second, activated Akt inactivates glycogen synthase kinase 3 (GSK3), relieving the inhibitory action of GSK3
on glycogen synthase, and thus stimulating glycogen synthesis. Third, activated Akt phosphorylates the
nuclear protein Proline-rich Akt substrate of 40 kDa (PRAS40), disrupting the interaction between mam-
malian target of rapamycin complex 1 (mTORC1) and PRAS40, thereby relieving the inhibitory action of
PRAS40 on mTORC1 activity. A major mTORC1 substrate is S6 kinase 1 (S6K1). Activated S6K1 leads to en-
hanced phosphorylation of IRS-1, attenuating insulin-PI3K-Akt signalling.

anumber that is expected to grow to 23.5 million by 2030, especially in low- and middle-
income countries.”’ In 2010, the global cost of cardiovascular disease was estimated at
863 billion US dollars, and it is estimated to rise to 1.044 billion US dollars in 2030, an
increase of 22%.*

People of South Asian origin have an increased risk of developing cardiovascular
disease compared to white Caucasians (Table 2)."” The age-standardized mortality
rate from cardiovascular disease is around 50% higher for South Asians than for Cau-
casians.”®"** Furthermore, the mean age of first acute myocardial infarction is approxi-
mately five years earlier in South Asians than in Caucasians.®**® Moreover, cardiovascular
disease in this population is more aggressive and has higher mortality rates at younger

ages.12;26;61;65
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Figure 2. Simplified view of the mTORC1 signalling pathway at the skeletal muscle level. mTORC1
is composed of mTOR, mTOR-associated protein LST8 homologue (mLST8) and the regulatory-associated
protein of mTOR (Raptor). mTORC1 responds to insulin and other growth factors, amino acids, stress, oxy-
gen, and energy status. It is stimulated by the active, GTP-bound form of RHEB. Immediately upstream of
RHEB is the TSC1/2 tumour suppressor complex, which contains a GTPase-activating protein (GAP) domain
that converts RHEB to its inactive, GDP-bound form. Multiple upstream signalling inputs from e.g. PI3K-
AKT, Ras-ERK-RSK, AMPK-GSK3(, LKB1-AMPK pathways either positively or negatively regulate mTORC1
signalling by inhibiting or activating, respectively, the ability of TSC2 to act as a GAP for RHEB. Kinases that
inhibit the function of TSC2 towards RHEB and thus activate mTORC1 are AKT, ERK, and RSK. Conversely,
AMPK- and GSK3-mediated phosphorylation events positively regulate TSC2 activity towards RHEB, re-
sulting in inhibition of mMTORC1. Furthermore, some of these kinases can modulate mTORC1 activity in a
TSC2-independent manner. For example, AKT-mediated phosphorylation of the mTORC1 inhibitory factor
PRAS40 and RSK-mediated phosphorylation of raptor contribute to mTORC1 activation, whereas AMPK-
mediated phosphorylation of raptor results in the inhibition of mTORC1 signalling. When active, mTORC1
promotes protein synthesis, lipogenesis, and energy metabolism and inhibits autophagy and lysosome
biogenesis. Furthermore, activated mTORC1 leads to enhanced phosphorylation of IRS-1, which serves as
negative feedback to dampen the insulin response. Regarding protein synthesis, two major mTORC1 sub-
strates are S6 kinase 1 (S6K1) and eukaryotic translation initiation factor 4E-binding protein 1 (4E-BP1).

Table 2. Burden of cardiovascular disease in South Asians compared to white Caucasians.

Burden of cardiovascular disease in South Asians compared to white Caucasians References
- Risk of CVD is at least two fold higher 12;26;61-64
- South Asians are affected at a younger age: 65,66

mean age of first acute myocardial infarct ~5 years earlier

- CVD is more aggressive and has higher mortality rate at younger ages: 12;26,61;65
age standardized mortality rate is ~50% higher

CVD, cardiovascular disease

18
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Figure 3. Localization and simplified view of activation of brown adipose tissue (BAT) in human
adults. In adults, BAT is predominantly located in the supraclavicular and paravertebral regions (black areas
on "®F-FDG-PET-CT image on left side = "®F-FDG uptake). In addition, individual brown fat cells lie scattered
in other tissues, such as white adipose tissue and skeletal muscle, where they form a pool of “peripheral
brown adipocytes’, the so called ‘beige adipocytes” (not shown in this figure). BAT takes up glucose and
triglyceride-derived fatty acids (FA) from the plasma and subsequently burns FA to generate heat by means
of mitochondrial uncoupling, a process called thermogenesis. For this purpose, BAT contains high numbers
of mitochondria that express uncoupling protein 1 (UCP-1), which uncouples respiration from ATP, in order
to provide high oxidative capacity and is densely innervated by the sympathetic nervous system (SNS).
The latter makes sure that BAT is rapidly activated in case of a cold environment, resulting in generation of
heat. The thermogenic capacity of BAT is also dependent on the thyroid hormone axis (T3/T4). For a more
detailed view on the activation of BAT see Figure 2 in Chapter 6.

Pathophysiology. The excess risk of cardiovascular disease in South Asians most likely
reflects interactions between genetic susceptibility and environmental factors, such as
changes secondary to urbanization and migration. Indeed, the risk of cardiovascular dis-
ease appears to increase as South Asians move from rural India to urban India to other
countries.” With urbanization and migration to Western environments the consumption
of energy rich diets markedly increases. In addition, energy expenditure decreases due
to less physical activity, and exposure to stress increases. Acculturation is positively asso-
ciated with coronary artery disease and type 2 diabetes in South Asian immigrants in the
USA.% Thus, migration itself could be an aggravating factor in the high cardiovascular
disease risk of migrant South Asians.

The major cause of cardiovascular disease is atherosclerosis, which is present many
years before any clinical symptoms of cardiovascular disease become manifest, and which
may be promoted by several risk factors. Several of these risk factors are highly present
in South Asians.”’*?***® As already mentioned, South Asians are known for their disad-
vantageous metabolic phenotype, consisting of insulin resistance, central obesity and
dyslipidemia. However, after correction for these ‘classical’risk factors, ethnicity remains an
independent determinant of cardiovascular events.'**”* Thus, residual risk is present sug-
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Chapter 1

gesting that additional ‘non-classical’ risk factors must play a role. This residual risk is most
likely caused by genetic factors since it is present in both native and migrant South Asians.
In Chapter 8, we review classical risk factors contributing to the increased cardiovascular
risk of South Asians and discuss potential other non-classical factors that might elucidate
the unexplained ‘excess'risk for cardiovascular disease in this population.

RELEVANCE OF THIS THESIS

The high prevalence of type 2 diabetes and cardiovascular disease in South Asians,
who comprise one fifth of the total world’s population, poses a major health and so-
cioeconomic burden worldwide. The underlying cause of this excess risk is still poorly
understood. Remarkably, though, only few in-depth studies have been conducted to
investigate the pathogenesis of type 2 diabetes and cardiovascular disease in South
Asians. Therefore, this thesis aimed to gain more insight in the pathogenesis of, and to
provide new leads for preventive strategies and treatment options for type 2 diabetes
and cardiovascular disease in people of South Asian descent. For this purpose, sophis-
ticated techniques such as a hyperinsulinemic euglycemic clamp with stable isotopes,
indirect calorimetry, skeletal muscle biopsies, and magnetic resonance (MR)- and PET-
CT-imaging were used, combined with short-term dietary interventions, in both young
adult and adult subjects. A large cohort of South Asian immigrants, or Dutch Hindostani,
lives in The Netherlands. The subjects who participated in the studies in this thesis are
from this cohort, in addition to Dutch white Caucasian subjects who formed the control
groups. See Intermezzo: Study population for more details on the study subjects.

INTERMEZZO: STUDY POPULATION

Caucasian subjects. The Caucasian subjects who participated in the studies described in this thesis are
all of Dutch origin. Caucasian has multiple meanings. In this thesis Caucasian means of white or West-
ern European origin. White Caucasian and Caucasian are used interchangeably throughout this text.

South Asian subjects. The South Asian subjects who participated in the studies included in this thesis
are all Dutch Hindostani.

Etymology. Hindostan or Hindustan is derived from the Persian word Hindu, which is derived from
the old Sanskrit name for the Indus River: Sindhu. Hence, originally, Hindu were the people in the
land beyond the Indus River and Hindustan meant “land of the Indus”. Hindostani or Hindustani
are an ethnic group of South Asian origin in the Netherlands and Surinam. In Dutch they are called
‘Hindostanen’ or ‘Hindoestanen’, although some people say that ‘Hindoestanen’ refers to the religion
(Hindu) and ‘Hindostanen’ to the ethnic group.

20
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Migration history. Dutch Hindostani originally come from North India. After the abolition of slavery in
1862 in Dutch colonies, such as Surinam, the Dutch were allowed by the British in 1873 to recruit la-
bourers in North India to Surinam. The recruitment of immigrants from North India was mainly done
in one area: the United Provinces of Agra and Oudh, now known as the Indian states Uttar Pradesh
and West Bihar. This area was known for its overpopulation, poverty and shortage of food and em-
ployment. The Dutch government chose this area hoping for more recruitment. South Asian migrants
who were found physically fit after medical screening were selected. In total, around 34.000 South
Asians migrated to Surinam, mainly to Nickerie and the districts Paramaribo, Wanica and Commewi-
jne, and worked on the plantations (agriculture and sugar cane). After five years, they had the option
to return to India with a free passage; around one third of the immigrants returned. Just before and
just after the independence of Surinam in 1975 many Hindostani emigrated to the Netherlands.” The
migration history of Dutch Hindostani is shown in Figure 4.

In 2010, around 123.000 — 147.000 Hindostani lived in the Netherlands (0.7-0.9% of the total pop-
ulation). The estimated number of Hindostani in Surinam was almost 147.000 in 2012 (27.4% of
the total population); around 100.000 live elsewhere in the world. In the Netherlands, the largest
group lives in The Hague with around 45.000 Hindostani; other cities are Almere (~7000), Rotterdam
(~30.000), Amsterdam (~12.000) and Utrecht (~5000).”*"

Figure 4. Migration history of Dutch Hindostani. The South Asian subjects who participated in
the studies included in this thesis are Dutch Hindostani. They originally come from North India. Af-
ter the abolition of slavery in 1862 in Dutch colonies, such as Surinam, the Dutch were allowed by
the British in 1873 to recruit labourers in North India to Surinam (arrow 1). Just before and just after
the independence of Surinam in 1975 many Hindostani emigrated to the Netherlands (arrow 2).
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Chapter 1

OUTLINE OF THE THESIS

The first part of this thesis focuses on the high prevalence of type 2 diabetes in South
Asians. In Chapter 2 we review the available literature on potential pathophysiological
mechanisms responsible for the increased risk of type 2 diabetes in South Asians com-
pared to white Caucasians, and we suggest several other areas of interest that should
be explored to further investigate the increased risk for insulin resistance and type 2
diabetes.

Multiple studies have repeatedly shown that South Asians have higher insulin
levels during an oral glucose test (OGTT) compared to white Caucasians. Therefore, in
Chapter 3, we aimed to investigate if this increased insulin response causes reactive
hypoglycemia, and if an increased glucagon-like-peptide-1 (GLP-1) response, which
could contribute to the hyperinsulinemia, is present in young, healthy South Asian men,
using a prolonged 6-hour 75-g OGTT.

In Chapter 4 we compare the metabolic adaptation to a 5-day high-fat-high-calorie
diet (HFHCD) between young, healthy, lean South Asian and white Caucasian men. In
particular, we were interested whether differences in the activity of mTOR in skeletal
muscle exist between the two ethnicities. Furthermore, hepatic and peripheral insulin
sensitivity, substrate oxidation, abdominal fat distribution and skeletal muscle insulin
signalling and mitochondrial respiratory-chain content were assessed. In Chapter 5 we
assessed the effect of caloric restriction through an 8-day very low calorie diet (VLCD)
on skeletal muscle energy/nutrient-sensing pathways in middle-aged overweight South
Asian and white Caucasian men. We hypothesized that differences in the regulation of
energy/nutrient-sensing pathways in metabolic tissues may affect whole-body substrate
metabolism, and ultimately contribute to the increased risk of type 2 diabetes in South
Asians.

Recently, brown adipose tissue has emerged as a novel player in energy metabolism
in humans by combusting fatty acids towards heat. In Chapter 6 we give an overview of
the anatomy, physiology and function of BAT and describe how BAT could be manipu-
lated in order to increase energy expenditure and possibly induce weight loss. South
Asians frequently exhibit a disadvantageous metabolic phenotype, consisting of central
obesity, insulin resistance, and dyslipidemia. Since BAT is involved in total energy ex-
penditure and clearance of serum triglycerides and glucose, we hypothesized that a low
BAT volume and/or activity might underlie this disadvantageous metabolic phenotype
and high susceptibility for type 2 diabetes in South Asians. Therefore, in Chapter 7, we
investigated resting energy expenditure as well as BAT volume and activity in young
healthy lean South Asian and white Caucasian men, using ventilated hoods and cold-
induced '*F-FDG-PET-CT-scans. In addition, we examined the effect of cold exposure on
non-shivering thermogenesis, thermoregulation, and plasma lipid levels.
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General introduction

Part two of this thesis focuses on the high risk of developing cardiovascular disease in
South Asians. In Chapter 8, we review potential factors, both classical ‘metabolic’ and
non-classical ‘inflammatory’ factors, contributing to the increased cardiovascular risk of
South Asians and propose a pathophysiological mechanism underlying the high preva-
lence of classical risk factors, i.e. the disadvantageous metabolic phenotype, in South
Asians. Furthermore, we discuss novel therapeutic strategies based on recent insights.

Chapter 9 aimed to assess whether cardiac dimensions, cardiovascular function and
myocardial triglyceride content differ between young, healthy South Asian and white
Caucasian men, possibly contributing to the increased cardiovascular disease risk in
South Asians. In addition, we hypothesized that possible differences in cardiovascular
function between both ethnicities can be attributed to alterations in energy metabo-
lism, including a differential fat distribution in South Asians. Therefore, we subjected
the participants to a 5-day HFHCD. In Chapter 10 we assessed whether metabolic and
functional cardiovascular flexibility to caloric restriction differs between middle-aged,
overweight South Asian and white Caucasian men.

Finally, numerous studies have consistently shown a strong inverse association
between the level of high density lipoprotein (HDL)-cholesterol and cardiovascular
risk. The cardiovascular protective effects of HDL have been attributed to several
anti-atherogenic properties. Interestingly, multiple studies have repeatedly found lower
HDL-cholesterol levels in South Asians compared to white Caucasians, even in South
Asian neonates. Hence, a possible contributing factor to the high risk of developing
cardiovascular disease in South Asians might be dysfunction of HDL. Therefore, Chapter
11, aimed to compare HDL function in South Asian and white Caucasian subjects.

The findings of this thesis are discussed in Chapter 12. This chapter also offers a per-
spective for future research.
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Chapter 2

ABSTRACT

The risk of developing type 2 diabetes is exceptionally high among both native and
migrant South Asians. Type 2 diabetes occurs more often and at a younger age and
lower BMI, and the risk of coronary artery and cerebrovascular disease and renal com-
plications is higher for this ethnicity compared to people of white Caucasian descent.
The high prevalence of diabetes and its related complications in South Asians, which
comprise one fifth of the total world’s population, poses a major health and socioeco-
nomic burden. The underlying cause of this excess risk, however, is still not completely
understood. Therefore, gaining insight in the pathogenesis of type 2 diabetes in South
Asians is of great importance. The predominant mechanism in this ethnicity seems to be
insulin resistance rather than impairment in 3-cell function. In this systematic review we
describe several possible mechanisms that may underlie or contribute to the increased
insulin resistance observed in South Asians.
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Type 2 diabetes in South Asians

INTRODUCTION

Worldwide the prevalence of type 2 diabetes increases, particularly in South Asian coun-
tries and especially in India, which currently has the highest global number of diabetes
patients, with an estimated prevalence of up to 16.8% in urban areas.'™ Similar preva-
lence rates have also been reported in migrants of South Asian descent (India, Pakistan,
Bangladesh, Nepal and Sri Lanka) in the United States of America (USA), Canada and vari-
ous European countries.”® In the Netherlands, South Asians mostly consist of Hindustani
Surinamese who migrated from Surinam, a former Dutch colony in South America, and
whose ancestors came from the Indian subcontinent about a century ago. Hindustani
Surinamese have the highest type 2 diabetes prevalence of all ethnic minorities living in
the Netherlands.” An age-standardized prevalence rate of type 2 diabetes of 26.7% for
this group has been reported, compared to 5.5% in ethnic Dutch (Table 1)."°

In addition to the increased prevalence, South Asians develop diabetes at a much
younger age than white Caucasians and have an increased incidence of retinopathy,
microalbuminuria and end-stage renal disease."""* Furthermore, South Asians have an
increased risk of developing coronary artery and cerebrovascular disease, and a 50%
higher age-adjusted mortality rate from coronary heart disease.’

Uncovering the underlying mechanisms involved in the higher prevalence of type
2 diabetes in South Asians is very relevant, as they represent over 20% of the world’s
population. In this review we discuss the available literature on potential pathophysi-
ological mechanisms responsible for the increased prevalence of type 2 diabetes in
South Asians as compared to white Caucasians.

Table 1. Prevalence of T2DM in South Asians and white Caucasians

Prevalence of T2DM References
Rural India 3.0-83% 2
Urban India 10.9-14.2% 2
South Asians (Dutch) 26.7% 10
white Caucasians (Dutch) 5.5% 10

METHODS

The literature was searched using international databases: PubMed (1949 to July 2013),
EMBASE (OVID-version, 1980 to July 2013), Web of Science (1945 to July 2013), and the
Cochrane Library (1990 to July 2013). Terms used were ‘South Asian’OR‘Indo Asian’com-
bined with several keywords related to diabetes and its risk factors (i.e. type 2 diabetes
mellitus, obesity, metabolic syndrome, insulin resistance, insulin secretion, body fat, liver
fat, skeletal muscle, mitochondrial dysfunction, endothelial dysfunction, adipokines, in-

33



Chapter 2

flammation). References were limited to studies in humans, written in English or Dutch.
See the Supplementary Methods online for the complete literature search.

TYPE 2 DIABETES MELLITUS IN SOUTH ASIANS

Pathogenesis

Type 2 diabetes mellitus is a chronic, multifactorial disease characterized by a combina-
tion of insulin resistance and impaired insulin secretion (Figure 1)."* The predominant
mechanism, however, appears to be different in various ethnic groups.

<+—— Insulin resistance
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Figure 1. The relation between insulin sensitivity and B-cell function in type 2 diabetes. 3-cell func-
tion adapts to insulin resistance in order to maintain glucose tolerance normal (derived from thesis .M.
Jazet, 2006, chapter 1, page 25).

Multiple studies have repeatedly shown that South Asians have higher fasting insu-
lin concentrations compared to other ethnic groups regardless of age, gender or BMI,
suggesting a higher rate of insulin resistance in this population.'®” Already in neonates

26,27

fasting insulin levels are markedly higher compared to white Caucasian neonates,”" and

%2%and teenagers.’® In addition, studies

fasting insulin remains higher in school children
with an oral glucose or meal tolerance test each show a higher serum insulin level after
two hours and/or a higher insulin area under the curve with a normal glucose response
in South Asians compared to different ethnicities.'®”%202325283132 The rasponse to an
insulin tolerance test is also worse in South Asians.>"** Moreover, hyperinsulinemic eug-
lycemic clamp studies in men and women of all age groups and with a relatively normal
BMI all show lower insulin sensitivity (up to almost 50%) in South Asians compared to
different ethnic populations.'®'®*'2325333¢ Thys, South Asians seem to resemble Pima
Indians, in whom insulin resistance and hyperinsulinemia are also predominant findings

starting from a young age.””?®
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Type 2 diabetes in South Asians

Insulin secretion or B-cell function has been investigated in fewer studies and with
more inferior techniques (e.g. no hyperglycemic clamp studies have been performed)
compared to insulin sensitivity in South Asians. In a large study of the UK Prospective
Diabetes Study (UKPDS) in 5098 newly diagnosed type 2 diabetes patients (82% white
Caucasians, 10% South Asians and 8% Afro-Caribbeans), B-cell function, measured with
HOMA %B, was best in South Asians and worse in Afro-Caribbeans, while for insulin
sensitivity, measured with HOMA %S, the opposite was true.” In another study, in which
an intravenous glucose tolerance test (IVGTT) was performed in 17 healthy first degree
relatives of patients with type 2 diabetes and 17 healthy controls with no family his-
tory of type 2 diabetes, insulin secretory defects prevailed in the European relatives
(n=10), whereas insulin resistance was predominant in the South Asian relatives (n=7).*
Similar results were found in a study in which an oral glucose tolerance test (OGTT)
was performed in 260 middle-aged South Asians with different stages of glucose toler-
ance. They found that impaired glucose tolerance was not associated with a significant
defect in insulin secretion, whereas insulin resistance was present already in an early
stage of glucose intolerance, suggesting that insulin resistance might precede p-cell
deficiency.” Another study found that Asian Indian men (n=21) had a ~30% increase
in basal B-cell responsivity, measured by the oral C-peptide minimal model, compared
to Caucasian men (n=71).> Although this increase in B-cell function was inadequate
for their degree of insulin resistance as reflected by a lower disposition index, this com-
pensatory increase suggests that 3-cell dysfunction is not the main problem. Hence,
impairment in insulin secretion does not seem the primary defect in the development
of type 2 diabetes in South Asians, in contrast to other ethnicities, such as Japanese and
Afro-Caribbeans.*"*?

In the next sections we will describe several possible mechanisms that may contrib-
ute to the increased risk of type 2 diabetes, and in particular insulin resistance, in South
Asians.

Evolutionary and developmental hypotheses
The excess risk of type 2 diabetes among South Asians has been attributed to several
hypotheses (Table 2).

The thrifty genotype hypothesis states that predisposition to diabetes must have
evolved as an adaptive trait in certain environmental situations that later turned disad-
vantageous due to changes in life style. According to Neel, the thrifty genotype helped
survival in the “feast-or-famine days of hunting and gathering cultures’, but has now
turned detrimental in the modern era of “continuous feasting”* In line with the thrifty

genotype hypothesis, other evolutionary theories, such as the adipose tissue overflow™
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(see “Body composition and fat distribution”), El Nifo™ and the variable disease selec-

tion® hypotheses, postulate that South Asians are particularly susceptible to central
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Table 2. Evolutionary and developmental hypotheses explaining the excess risk of type 2 diabetes among

South Asians.

Hypothesis

Description

Arguments pro/contra

Evolutionary hypotheses

Thrifty genotype

Neel, 1962

Adipose tissue
compartment

Sniderman, 2007

Predisposition to T2DM must have evolved
as an adaptive trait in certain environmental
situations that later turned disadvantageous
due to changes in lifestyle

The primary adipose tissue compartment is

less developed in South Asians due to climatic

influences, resulting in early expansion of

Does not explain why South Asians, in
particular, are susceptible to central
rather than peripheral obesity, or why
central obesity is more important than
generalized obesity in relation to T2DM.

Explains why South Asians are particularly
susceptible to central obesity, and why
white Caucasians appear to be relatively
protected from metabolic abnormalities

the secondary adipose tissue compartments,
especially in the face of excess energy intake,
eventually leading to metabolic disturbances
such as dysglycemia and dyslipidemia.

and diabetes.

El Nifo Susceptibility to central obesity and Explains why South Asians are particularly
subsequently to insulin resistance and T2DM  susceptible to central obesity.
Wells, 2007 is due to nutritional influences. Chronic For many generations, South Asians

energy deficiency favours increased allocation
to the visceral depot.

have endured fluctuations of energy
supply, associated in turn with global
climate patterns (El Nifio) and geographic
circumstances.

Variable disease  Susceptibility to central obesity and Explains why South Asians are particularly

selection subsequently to insulin resistance and T2DM  susceptible to central obesity.
is due to infectious influences. Exposures to Chronic exposures to endemic
Wells, 2009 varying burdens of infectious disease may gastrointestinal diseases, including

have been a selective pressure accounting
for genetic ethnic variability in adipose tissue
distribution.

cholera, have been a long-term stress in
South Asian populations.

Mitochondrial Energy producing efficiency of mitochondria  Explains the tendency of South Asians to

efficiency enhanced the successful adaptation of South  obesity per se, central obesity and adverse
hypothesis Asians to climatic (heat) and other nutritional metabolic outcomes in our current

exposures (periods of starvation). Instead of environment, where food is abundant and
Bhopal 2009 using energy to generate heat, South Asian’ physical activity is low.

mitochondria are more likely to produce and
subsequently store energy. This mitochondrial
efficiency might be disadvantageous when
adopting a new lifestyle with low physical
activity and a high caloric diet.

Integrates other hypotheses, and offers
a biological mechanism (mitochondrial
gene mutations).

Developmental hypotheses

Thrifty phenotype An intrauterine disadvantageous environment
induces thrifty mechanisms that sets the
metabolism to cope with potential future
food shortages, which is beneficial for early
survival, but increases the risk of T2DM later in
life in a nutrient rich environment. Based on
strong association between low birth weight
and increased risk of T2DM later in life, which
is further increased by rapid weight gain in
childhood.

Low birth weight and rapid weight gain
are common in both native and migrant
Hales & Barker, South Asian neonates.
2001
Does not explain why South Asians

are susceptible to central rather than
peripheral obesity, or why central obesity
is more important than generalized
obesity in relation to T2DM.
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obesity and subsequently to insulin resistance and type 2 diabetes due to selective
evolutionary pressures (e.g. climatic, nutritional, or infectious). Recently Bhopal and
Rafnsson proposed the mitochondrial efficiency hypothesis: the energy producing ef-
ficiency of mitochondria enhanced the successful adaptation of South Asians to climatic
(heat) and other nutritional exposures (periods of starvation). Instead of using energy
to generate heat, South Asian mitochondria are therefore more likely to produce and
subsequently store energy. This mitochondrial efficiency might be disadvantageous
when adopting a new lifestyle with low physical activity and a high caloric diet, as
is currently the case for South Asians.*’ The study of Nair et al. (discussed in “Skeletal
muscle”), supports this hypothesis in that they found higher mitochondrial capacity for
oxidative phosphorylation in both non-diabetic and diabetic South Asians compared to
non-diabetic white Caucasians.”

Finally, according to the thrifty phenotype hypothesis, a developmental theory,
there is a mismatch between intrauterine and adult life environments. An intrauterine
disadvantageous environment (due to maternal malnutrition, maternal hyperglyce-
mia, or other maternal/placental influences) induces thrifty mechanisms that sets the
metabolism to cope with potential future food shortages, which is beneficial for early
survival, but increases the risk of diabetes later in life in a nutrient rich environment.***
This theory is based on the strong association between low birth weight and increased
risk of type 2 diabetes later in life observed in a variety of ethnic populations.®® Low
birth weight is common in both native and migrant South Asian neonates.”””"** The risk
to develop type 2 diabetes is further increased by rapid weight gain (catch-up growth)
in childhood. This applies particularly to countries going through a rapid nutritional
transition or when migration takes place from less developed to developed countries,
as is the case for both native and migrant South Asians. Interestingly, recent studies in
rats showed that intrauterine growth restriction increases the susceptibility to high fat
diet induced alterations of fat distribution, adipocyte size, lipid metabolism, and insulin-
signalling pathways, supporting the thrifty phenotype hypothesis,” and resembling the
problem in South Asians.

Although these hypotheses help explain better why South Asians are at an increased
risk of developing insulin resistance and type 2 diabetes, they do not give an exact
molecular mechanism, except the mitochondrial efficiency hypothesis.

Genetic factors

Type 2 diabetes is considered a polygenic disease that involves polymorphisms of sev-
eral genes with a high gene-environment interaction.> Many loci associated with type
2 diabetes have been found in white Caucasians, however all variants found up till now
have a modest effect size, with approximately twofold the lifetime prevalence rate of
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type 2 diabetes in persons carrying two copies of the risk allele as compared to persons
with none.*

Most loci found in white Caucasians have been verified in studies with South Asian
subjects,***® but few differences between the ethnic groups have been found and the
differences are not all consistently shown. For example, Radha et al. found that in South
Asians the Pro12Ala polymorphism of the peroxisome proliferator activator gamma
(PPARY) gene, which has a protective effect on type 2 diabetes development in white
populations, is present at the same frequency in South Asians with and without diabetes
and was not associated with a decreased risk of type 2 diabetes.”® However, in a study
in Asian Indian Sikhs they did see a protective effect of the polymorphism, suggesting
that there might be differences between specific South Asian groups.® An interesting
difference might lie in the fat-mass and obesity-associated (FTO) gene, which holds
the strongest known obesity-susceptibility locus in Europeans. An association with
type 2 diabetes has also been shown, but this seemed to be secondary to obesity. In
South Asians however, the FTO polymorphism was found to be associated with type 2
diabetes independently of BMI,*"® implying that in South Asians there may be a differ-
ent relationship between BMI and type 2 diabetes. However, associations between FTO
and type 2 diabetes that were mediated by obesity have been found in South Asians as
well®* and in a study in North India none of the FTO variants was even associated with
type 2 diabetes.”” Two other recent studies in South Asians found polymorphisms of
genes related to skeletal muscle; one associated with abdominal obesity and low lean
body mass (myostatin)®, and one contributing to type 2 diabetes susceptibility (SCGC)¥,
which merit further investigation.

Thus, so far no clear genetic differences between white Caucasians and South Asians
have been found. Interestingly, most loci associated with type 2 diabetes are related
to impaired B-cell function and insulin secretion, which is not considered the primary
defect in the South Asian population, as discussed before. Therefore, differences be-
tween the two ethnic groups on these loci is unlikely. However, an exceptionally high
percentage of South Asians have a positive family history of type 2 diabetes, making it
likely that genetic differences are somehow involved in the increased prevalence of TDM
and insulin resistance in this ethnic group.

Diet and exercise

An unhealthy diet is a known risk factor for type 2 diabetes. Various studies have
reported a number of dietary imbalances in South Asian diets associated with insulin
resistance, such as high intake of total fat, saturated fatty acids, long chain w-6 poly-
unsaturated fatty acids (PUFA), transfatty acids, and carbohydrates, and low intake of
monounsaturated fatty acids, long chain w-3 PUFAs, fibre and several micronutrients
(e.g. magnesium, calcium, vitamin D).®*”* Furthermore, children and adolescents already
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have a high intake of w-6 PUFA and a low intake of w-3 PUFA, which is correlated with
fasting hyperinsulinemia.”*”> However, supplementation of w-3 PUFAs (fish oil) did not
improve insulin sensitivity in South Asians.®*’® Moreover, other studies even reported
that South Asian diets are healthier compared to Caucasian diets (lower intake of fat).”*””
7 Furthermore, different regional and religious South Asian communities in the United
Kingdom (UK) all had a similar, markedly higher prevalence of diabetes compared to
white Europeans, despite the known dietary, cultural and socioeconomic differences
between these different South Asian communities. In addition, there were no discern-
ible differences in the dietary customs of those with normal glucose tolerance, impaired
glucose tolerance and newly diagnosed type 2 diabetes.**®' Lack of exercise is another
risk factor for type 2 diabetes. The 2004 Health Survey for England data reported lower
levels of physical activity in South Asian groups compared to the general UK population
and other ethnic minority groups,” and other studies showed similar results in migrant
and urban South Asians.®™**® This low level of physical activity is already present in
children and adolescents.””#*%¢*!

Hence, although lifestyle factors will certainly play a role in the etiology of insulin re-
sistance as they do in white Caucasians, there is no reason to assume that this role is any
different between both ethnicities. This is strengthened by the fact that the excessive
risk for type 2 diabetes applies to both native and migrant South Asians despite differ-
ences in lifestyle. Hence, South Asians seem to have an exceptionally high susceptibility
to develop type 2 diabetes in the context of the same environmental pressure when

compared to other ethnicities.

Body composition and fat distribution
South Asians develop insulin resistance and type 2 diabetes at lower ranges of BMI than
white Caucasians. An equivalent incidence rate of type 2 diabetes is seen at a BMI of 24
kg/m? in South Asians compared to 30 kg/m? in Caucasian subjects.”” Gray et al. even
showed an equivalent level of dysglycemia at a BMI cut-off point of 22.6 kg/m” in South
Asian males as compared to 30.0 kg/m?” in white Caucasian males.” In addition, a cross-
sectional study of 4633 9- to 10-year-old children of South Asian, black African-Caribbean
and white European origin showed that South Asian children were more metabolically
sensitive to adiposity as indicated by stronger positive associations between HOMA-IR
and adiposity measures.”® It has been proposed that an increase in total fat mass and
an adverse pattern of fat distribution contributes to the higher risk of type 2 diabetes in
South Asians at similar BMI levels. Therefore, it has been suggested that ethnic-specific
BMI cut off values should be used for assessing diabetes risk in different populations.
Several studies have shown that South Asians have a higher percentage of body fat
for comparable levels of BMI compared with white Caucasians and are therefore referred
to as ‘metabolically obese’ (Table 3).'%%*3%>%7 Thjs is already apparent in children and
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Table 3. Differences in body composition in South Asians vs. white Caucasians

South Asians vs. white Caucasians References
Higher percentage of body fat 16;23;34;95-97
Thin fat phenotype in neonates 27;101-103
Increased abdominal adiposity 16;23;34;95;96
Increased VAT 23,96
Increased deep SAT, lower or similar superficial SAT 109;110
Decreased skeletal muscle mass/lean body mass 16;95;109;146

VAT: visceral adipose tissue; SAT: subcutaneous adipose tissue.

adolescents.”®'® Also the distribution of fat differs between ethnicities. South Asian
neonates exhibit the ‘thin-fat phenotype) described as low muscle mass with preserved

subscapular (central) fat?1°"1%

and this phenotype is retained in Surinam South Asian
babies of the fourth to fifth generation after migration from India.'” Modi et al. showed
that South Asian neonates have significantly increased abdominal adiposity as compared
to European babies'® and this increase in abdominal adiposity has also been observed
in adults in several other studies.'®***%***® The ‘thin-fat phenotype’ is also apparent in
pre-pubertal Indian children who have greater adiposity than white UK children despite
significantly lower BMIs.”

Itis currently unclear which of the abdominal adipose tissue compartments, visceral
adipose tissue (VAT) or subcutaneous adipose tissue (SAT), has the most detrimental
effect on insulin sensitivity.* Banerji et al. showed that South Asians have high amounts
of VAT and that insulin resistance is correlated with total visceral and not subcutaneous
abdominal adipose tissue volume.'® Other studies also showed an association of VAT
with diabetes'® and cardiovascular risk factors in South Asians.'”®'” However, in a study
of Raji et al., insulin sensitivity measured with a hyperinsulinemic euglycemic clamp in
healthy South Asians and white Caucasians was inversely related with VAT as well as
abdominal SAT and total abdominal adipose tissue.” This was however a small study
including only 12 South Asian and 12 white Caucasian subjects. In another study in 171
South Asians, abdominal SAT was a better predictor of the metabolic syndrome. Also,
SAT (and not VAT) was significantly correlated with insulin resistance, however insulin re-
sistance was measured by HOMA and data were available for 46 patients only.'” Further-
more, Chandalia et al. showed that insulin resistance was present in South Asians who
had higher percentages of total body fat and abdominal SAT, but similar amounts of VAT
as compared to white Caucasians.>* However, these studies do not discriminate between
superficial SAT (SSAT) and deep SAT (DSAT). Itis believed that an increase in DSAT, similar
to VAT, is associated with metabolic disturbances.* Sniderman et al. theorized in their
‘overflow hypothesis’ that SSAT is the primary adipose tissue compartment and DSAT
and VAT are secondary compartments, which have adverse metabolic consequences.
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They propose that South Asians have a less developed primary compartment, resulting
in earlier expansion of the secondary compartment, thereby leading to the increased
risk of type 2 diabetes and cardiovascular disease.** Studies showing that South Asians
have higher levels of DSAT and lower or similar amounts of abdominal SSAT as compared
to white Caucasians support this hypothesis.'®'"

Thus, South Asians have higher total fat mass than white Caucasians. This fat is pri-
marily stored in the visceral and deep subcutaneous compartments and correlates with
insulin resistance. This might be due to different metabolic characteristics of adipocytes

in this compartment as discussed below.

Adipose tissue dysfunction and inflammation

Not only the amount and distribution of body fat differs between South Asians and
white Caucasians. It has been proposed that South Asians have abnormalities in adipo-
cyte function as well (Table 4). Adipocytes serve as buffer for the daily influx of fat. When
adipocytes are overloaded, for example in case of obesity, they become dysfunctional;
the ability to store lipids is decreased.'" Studies have shown that South Asians have
significantly increased subcutaneous adipocyte size.**'” Hypertrophic adipocytes are
thought of as dysfunctional and appear to be associated with insulin resistance in
non-diabetic individuals independent of BMI and to be an independent predictor for
the development of type 2 diabetes."'*'"* Furthermore, Balakrishnan et al. showed that
South Asians not only have a higher fraction of very large adipocytes, but also exhibit a
higher ratio of small-to-larger adipocytes, which is considered a defect in adipose tissue
maturation, resulting in a decreased storage capacity of triglycerides.'* Also, in a recent
study, normoglycemic young South Asian men were shown to have increased expres-
sion of col6a3 in SAT, which is known to reduce adipocyte maturation.®

Table 4. Differences in adipose tissue in South Asians vs. white Caucasians

South Asians vs. white Caucasians References
Increased adipocyte size 34,109,114
Increased FFA release 115
Increased leptin 18;22;115;117-119
Decreased adiponectin 36;119;124;125
Increased IL-6 and TNF-alpha release 22,131
Increased CRP production 132;133

Adipocyte dysfunction was also shown in a study of Abate et al., demonstrating that
non-diabetic South Asians have higher fasting levels of free fatty acids (FFAs) compared
to white Caucasians, even when adjusted for body fat content, and fail to completely
suppress plasma FFA concentration during hyperinsulinemia induced by an OGTT.'”
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This suggests that in healthy South Asians insulin is unable to sufficiently inhibit lipoly-
sis, resulting in an excess efflux of FFA, which may play a role in the development of type
2 diabetes.

White adipose tissue not only has a function in the storage and release of FFAs, but
is more and more recognized as an endocrine organ secreting several proteins called
adipocytokines. Of those, leptin and adiponectin are the most frequently studied in
relation to insulin resistance and type 2 diabetes. Leptin has an important role in food in-
take, energy expenditure and glucose metabolism. Leptin seems to have a glucose- and
insulin-lowering and insulin-sensitising effect on the whole body level. Plasma leptin
levels are positively correlated with plasma insulin, BMI and body fat content, therefore
obesity reflects a state of leptin-resistance.””® Plasma leptin levels were increased in

South Asians as compared to Caucasian subjects in several studies'#**''>117119

indepen-
dent of overall or abdominal obesity. Leptin levels were found to be correlated with SAT
and not with VAT.'®'° However, in some of these studies a difference in fat mass was
present between the two groups, or data on fat mass were not reported. Furthermore, in
a recent study, no correlation was shown between leptin and insulin resistance in South
Asians."’

In contrast to leptin, adiponectin is decreased in obesity, insulin resistance and type
2 diabetes.'” Adiponectin is thought to exert insulin-sensitizing, antiatherogenic and
anti-inflammatory effects.'” South Asians exhibit lower levels of adiponectin compared
to white Caucasians.*®'"'* This is already apparent in babies of 3-6 months old."”
Furthermore, lower adiponectin levels have been found in South Asians with impaired
glucose tolerance and type 2 diabetes as compared to normal glucose tolerant South
Asian individuals."”""'*® In addition, low adiponectin levels were found to be an indepen-
dent predictor for type 2 diabetes development in South Asians.'”” However, another
study showed no relation between adiponectin and insulin sensitivity in the South Asian
group.'®

Dysfunctional adipose tissue also produces pro-inflammatory cytokines, such as
TNF-a and IL-6, leading to a chronic inflammatory state. Although not yet fully eluci-
dated, it is hypothesized that activation of proinflammatory pathways in for example
muscle, liver, and adipose tissue, leads to insulin resistance by inhibiting the insulin
signalling cascade."*"*° Middle-aged South Asian women were shown to exhibit sig-
nificantly higher IL-6 levels than Europeans, however no ethnic difference in IL-6 was
detected among men.”' In young South Asian men however, II-6 levels were found to
be elevated as compared to white Caucasians.”” In this study, TNF-a was elevated as well,
yet this difference disappeared when correcting for insulin sensitivity. In addition, in
comparison to white Caucasians, studies showed higher C-reactive protein (CRP) levels
in South Asians, also suggesting a state of low grade inflammation.””'** The primary
production site of CRP is the liver, and not adipose tissue. However, visceral fat is drained
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by the portal vein to the liver and CRP production is induced by cytokines, such as IL-6.'*
In South Asians, visceral fat was positively associated with CRP levels, independent of
total adiposity and was associated with fasting and 2-h insulin levels during an OGTT."*?

In conclusion, dysfunctional adipose tissue and inflammation are likely to contribute
to the South Asian phenotype of increased insulin resistance and type 2 diabetes. It
is, however, difficult to determine the primary defect: adipocyte dysfunction leads to
abnormalities in the insulin signalling pathway, or vice versa: abnormal insulin signalling
results in adipocyte dysfunction. Abate et al.'”® proposed that it might be a vicious cycle
starting with primary insulin resistance, leading to adipose tissue dysfunction, which
is reflected by the increased secretion of FFAs and (adipo)cytokines. The high levels
of circulating FFAs in turn can aggravate insulin resistance through the deposition of

triglycerides in non-adipose tissues,'

also called ectopic fat.

Ectopic fat

Insulin resistance and type 2 diabetes are associated with ectopic fat accumulation, i.e.
the storage of triglycerides in nonadipose tissues such as the liver, heart, and skeletal
muscle. Intracellular lipid deposition in these tissues is a consequence of oversupply of
FFAs due to increased caloric intake, obesity, adipocyte dysfunction, increase in fatty
acid transporters and/or impairment in mitochondrial lipid oxidation. The subsequent
accumulation of intermediates of lipid metabolism, such as long-chain acyl-CoA, diacyl-
glycerol, and ceramids, in these organs appears to disrupt normal metabolic processes,
causing organ-specific dysfunction.'*

Deposition of fat in the liver in the absence of excessive alcohol intake is referred to
as nonalcoholic fatty liver disease (NAFLD), and is associated with hepatic insulin resis-
tance.””"* This is due to a reduction in insulin-stimulated hepatic glucose uptake and
decreased insulin suppressibility of hepatic glucose production, which both contribute
to increased plasma glucose levels."** In South Asians, limited data have reported higher
hepatic triglyceride content in comparison to white Caucasians, as measured by 'H-
MRS.?*'% Petersen et al. showed that young healthy South Asian men (n=23) had a higher
prevalence of insulin resistance, as assessed with an OGTT in combination with the insu-
lin sensitivity index, which was associated with a ~2-fold increase in hepatic triglyceride
content compared with Caucasian men (n=73).> Another study reported higher fat
infiltration in the liver in adult South Asians (n=56) vs. white Caucasians (n=52).'” These
data suggest that South Asians appear to be predisposed to develop hepatic steatosis,
associated with hepatic insulin resistance.

In non-athletic white Caucasians, intramyocellular lipid (IMCL) accumulation is as-
sociated with insulin resistance and type 2 diabetes, due to its toxic effects on insulin
signalling."””"*® In South Asians, IMCL content seems to be higher compared to white
Caucasians.?*"® However, in contrast to white Caucasians, no correlation between IMCL
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and insulin resistance has been found in South Asians so far. *'%"*%* This suggests
that IMCL is of less significance to skeletal muscle insulin sensitivity in South Asians as
compared to Caucasians.

Role of skeletal muscle

Muscle glucose uptake accounts for 75-80% of whole-body insulin-stimulated glucose
disposal.’** Total body muscle mass (relative to body size) has been shown to exert
an independent effect on insulin sensitivity and glucose disposal.'* Several studies
reported that skeletal muscle mass, or lean body mass, is lower in South Asians than
in white Caucasians.'®***71%1%14 Fyrthermore, low muscle mass was associated with
reduced insulin sensitivity in young, lean South Asian men.'" In studies conducted at
our research centre, we also found lower lean body mass in healthy young South Asian
men compared to BMI-matched Caucasians, as measured by dual-energy x-ray absorpti-
ometry (DEXA) scan (unpublished data).

In Caucasian type 2 diabetes patients the primary defect at the skeletal muscle level
seems to reside in non-oxidative glucose disposal (NOGD), i.e. glycogen synthesis, due
to impairments in insulin-stimulated GLUT-4 translocation leading to impaired glucose
transport.”*®"*° These impairments in the insulin signalling pathway seem to be induced
by defects in mitochondrial fatty acid oxidation and/or increased delivery of fatty
acids, leading to IMCL. IMCL, in turn, can impair insulin signal transduction.” Indeed,
in type 2 diabetes patients a number of defects in the insulin signalling pathway have
been found.”' Furthermore, reduced mitochondrial density with reduced oxidative
phosphorylation have been described in insulin-resistant offspring of patients with type
2 diabetes.'® Moreover, maximal oxygen uptake, or VO,n., (a measure of whole-body
oxidative capacity), is found to be a strong independent predictor of peripheral insulin

sensitivity in white Caucasians,'**"**

and low cardiorespiratory fitness is associated with
low skeletal muscle lipid oxidative capacity.””® One might speculate, therefore, that the
increased risk of insulin resistance and type 2 diabetes in South Asians might be, at least
in part, explained by reduced skeletal muscle oxidative capacity.

In South Asians, several studies reported lower VO,,. values in South Asians com-
pared to matched white Caucasians.?*'**"*” A recent study of Ghouri et al. confirmed this
finding in middle-aged South Asian men without type 2 diabetes (n=87) compared to
age- and BMI-matched European men (n=99) and, importantly, found that the lower
cardiorespiratory fitness explained 68% of the ethnic difference in HOMA-IR.”” Of note,
the lower VO,..x could not be explained by their lower levels of physical activity, indicat-
ing that low physical fitness is an innate feature of the South Asian phenotype. However,
so far only two relatively small in-depth studies have been performed in South Asians,
in which skeletal muscle biopsies were obtained to find out more about the molecular
mechanisms of the increased risk of insulin resistance and type 2 diabetes in this eth-

44



Type 2 diabetes in South Asians

nicity. In a study of Nair et al. no impairment in mitochondrial function (measured as
skeletal muscle mitochondrial capacity for oxidative phosphorylation (OXPHOS) as as-
sessed by mitochondrial DNA copy number (mtDNA), OXPHOS gene transcripts, citrate
synthase activity, and maximal mitochondrial ATP production rate (MAPR)) was found in
13 healthy, middle-aged South Asians living in the USA, even despite the finding that
they were more insulin resistant than 13 age-, sex- and BMI-matched Northern European
Americans. On the contrary: South Asians had even higher mitochondrial capacity for
oxidative phosphorylation.”’ Hall et al. also reported that healthy, young, lean male
South Asians (n=20) compared to age- and BMI-matched white Caucasians (n=20) did
not exhibit lower expression of skeletal muscle oxidative and lipid metabolism genes,
and mitochondrial DNA to nuclear DNA ratio (index of mitochondrial biogenesis) did
not differ between groups. Gene expression of carnitine palmitoyltransferase 1A (CPT1A)
and fatty acid synthase (FASN), both involved in lipid metabolism, was even higher in
South Asians.'* Consequently, both studies concluded that mitochondrial dysfunction
did not account for the observed insulin resistance in South Asians. Importantly, Hall
also showed that South Asians oxidized less fat during submaximal exercise, whereas
the resting rate of fat oxidation did not differ between groups. This difference, however,
was not reflected in reduced skeletal muscle expression of oxidative and lipid metabo-
lism genes.'* It should be noted, however, that these results are derived from only two
relatively small studies in different age groups, and thus extrapolation of these results to
the whole South Asian population should be done with caution.

The above-mentioned study of Hall et al. is the only study that compared skeletal
muscle insulin signalling between both ethnicities.'* Interestingly, this study showed
that South Asians had reduced skeletal muscle protein expression of key insulin signal-
ling proteins (phosphatidylinositol 3'-kinase p85 subunit (PI3K (p85)) and protein kinase
B serine 473 phosphorylation (pPKB-Ser473)). Basal Ser473 phosphorylation of PKB
was even 60% lower in South Asians, and was significantly correlated with whole-body
insulin sensitivity. However, the expression of the insulin signalling proteins in hyperin-
sulinemic condition was assessed in response to maximal insulin stimulation via incuba-
tion for 10 minutes in the presence of 10 nM human soluble insulin, instead of using a
hyperinsulinemic clamp. Hence, the meaning of this finding needs to be corroborated.

To summarize, South Asians have less skeletal muscle mass and seem to have lower
cardiorespiratory fitness and reduced capacity for fat oxidation during submaximal
exercise, all correlating with their reduced whole-body insulin sensitivity, which is not
reflected in reduced expression of oxidative and lipid metabolism genes in skeletal
muscle."® However, so far only two relatively small in-depth studies have been per-
formed in South Asians, therefore these results should be interpreted with caution and
more research is warranted.
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Nitric oxide bioavailability: endothelial and HDL-cholesterol dysfunction

Apart from the aforementioned metabolic functions, insulin also stimulates the re-
lease of nitric oxide (NO) from endothelium, which leads to peripheral vasodilatation,
increased capillary recruitment and increased blood flow. Subsequently, these hemo-
dynamic actions increase the delivery of insulin to (underperfused) tissues and enhance
the delivery of glucose and other substrates to skeletal muscle. It is thought that 25-40%
of insulin-mediated glucose disposal is due to its hemodynamic effects.”**'*

Several studies have demonstrated that South Asians have lower NO bioavailability
compared to white Caucasians.'®'®" NO is mainly produced by the endothelium as a
consequence of an interaction with high density lipoprotein (HDL)-cholesterol.'®*'®
Thus, a diminished NO bioavailability might be caused by dysfunction of the endothe-
lium and/or dysfunctional HDL. To what extent lower NO availability is present in South
Asians as well as its cause, endothelial or HDL dysfunction or a combination of both, are
yet unknown.

Endothelial dysfunction is defined as inadequate endothelial-mediated vasodi-
latation and is present in patients with obesity, dyslipidemia, diabetes and very early
in individuals with (a high risk of) atherosclerosis. Insulin resistance and endothelial
dysfunction are closely related. It has been shown that gluco- and lipotoxicity decrease
NO availability.””®*'* In South Asians impairments in endothelial function have been
demonstrated. Chambers et al. showed that endothelium-dependent dilatation (mea-
sured as brachial artery flow mediated dilatation) was reduced in South Asians living
in the UK as compared to white Caucasians and this was confirmed by others.”®"'** In
yet another study, although no difference in vasodilatation was observed after reactive
hyperemia or sublingual nitroglycerin administration between the two ethnic groups,
the increase in vasodilatation during hyperinsulinemia as compared to basal conditions
was significantly lower in South Asians.”* Signs of endothelial dysfunctions are already
present early in life in South Asians. Din et al. showed that healthy, young South Asian
men have increased arterial stiffness (reflected by an increased augmentation of radial
artery pressure waveforms) compared to matched white Caucasians.'® Interestingly, in
cord blood of South Asian neonates an elevated level of E-selectin, a marker of endo-
thelial dysfunction which has been shown to predict the occurrence of type 2 diabetes
in adult women, was found, suggesting that endothelial dysfunction might already be
present at birth.?® Furthermore, it was shown that South Asians have lower circulating
numbers of endothelial progenitor cells (EPCs) and EPC colony forming units, which may
result in a reduced capacity for endothelial repair."®*'®" However, others did not find a
difference in the EPC count between South Asian and Caucasian men with established
atherosclerosis.'®

Besides endothelial dysfunction, HDL dysfunction might also play a role in the
decreased NO bioavailability observed in South Asians. Multiple studies have consis-
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tently shown lower HDL-cholesterol levels in South Asians compared to white Cauca-

19:202333:997132167 Not only do they have lower levels of HDL-cholesterol, they also

sians.
seem to have more small-dense dysfunctional HDL particles, which are thought to be
proinflammatory and less protective compared to normal HDL particles..'®

A diminished NO bioavailability in South Asians might thus be caused by both endo-
thelial and HDL dysfunction, and might be a factor in the increased incidence of type 2

diabetes and cardiovascular disease in this ethnic group.

CONCLUSION & FUTURE DIRECTIONS

The risk of developing type 2 diabetes is exceptionally high among both native and mi-
grant South Asians, comprising one fifth of the worlds’ population. The disease develops
about a decade earlier than in white Caucasians and South Asians also have an increased
incidence of retinopathy, nephropathy and coronary artery and cerebrovascular disease.
Even non-diabetic individuals have higher insulin levels compared to other ethnic
groups regardless of age, gender or BMI. This points to an impairment in insulin sensitiv-
ity. Indeed, several studies have shown that the predominant mechanism leading to the
increased risk of type 2 diabetes in South Asians seems to be insulin resistance rather
than decreased (3-cell function.

We have tried to review several pathogenetic factors that might underlie the in-
creased and accelerated risk to develop insulin resistance and type 2 diabetes in South
Asians, which is illustrated in Figure 2.

Given the strong familial clustering of type 2 diabetes in South Asians, one would
assume distinctive genetic differences between white Caucasians and South Asians.
However, the presence of polymorphisms associated with type 2 diabetes found thus
far do not clearly differ between the two ethnicities. It might be that either the wrong
loci have been investigated (i.e. South Asians have different polymorphisms), the sample
sizes were too small, or that the increased risk is caused by epigenetic differences. We
believe that genetics or epigenetics must play a role, despite the fact that this has not
been confirmed yet.

South Asians unmistakably have a different body composition than white Cauca-
sians with relatively thin extremities and increased abdominal adiposity, both in the
visceral as well as in the deep subcutaneous compartments. Increased visceral and deep
subcutaneous fat mass are associated with insulin resistance. Up till now, however, stud-
ies in South Asians show contradictory results with either an association of VAT with
insulin resistance or of SAT with insulin resistance. Furthermore, South Asians appear to
have dysfunctional adipocytes, leading to a decreased storage capacity for triglycerides
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Figure 2. Potential pathophysiological mechanisms that may underlie or contribute to the increased
risk of type 2 diabetes in South Asians as compared to white Caucasians.

and impaired release of FFA’s, adipokines and pro-inflammatory cytokines, which are
thought to disrupt the insulin signalling pathway.

Remarkably, as of yet no convincing differences in intracellular signalling cascades
and enzymatic process involved in insulin signalling have been found between South
Asians and Caucasians. However, so far only two relatively small studies obtained muscle
biopsies and investigated mitochondrial function, and only one investigated the insulin
signalling pathway. Some studies show differences in endothelial function, suggesting
that perhaps impaired insulin-mediated capillary recruitment plays a role in the devel-
opment of insulin resistance in South Asians. This would lead to diminished delivery of
insulin to its site of action. Hence, perhaps the fact that no difference in insulin signalling
was observed is a quantitative problem.

Differences in dietary habits do not seem to play an important role in the increased
diabetes risk. The number of studies examining the effect of exercise are small but con-
sistently show - self-reported - lower daily activity levels and lower cardiorespiratory
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fitness (maximal oxygen uptake VO2,,,) in South Asians, which appears to contribute
to the increased level of insulin resistance. Further research should not only focus on
duration and intensity of physical activity and exercise (endurance vs. strength) but also
on the underlying cellular mechanisms.

We think there are several other areas of interest that should be explored in South Asians
to further investigate the increased risk for insulin resistance and type 2 diabetes. Firstly,
brown adipose tissue. Brown adipose tissue burns triglycerides and glucose to generate
heat through a process called mitochondrial uncoupling'®. Since brown adipose tissue
is involved in around 20% of total energy expenditure'’® and clearance of serum triglyc-
erides and glucose, it could play a role in the disturbed metabolic phenotype of South
Asians. Secondly, and in light with the interest in brown adipose tissue, is Irisin. Irisin is
a recently discovered myokine that increases with exercise and is, at least in rodents,
involved in browning of white adipose tissue.'”' Given the fact that South Asians have
lower muscle mass and lower physical activity levels the role of Irisin in insulin resistance
and amount of brown adipose tissue should be further explored. Thirdly, the gut micro-
biota of South Asians might be quite different from white Caucasians. The gut microbiota
of obese subjects appears to be different from that of lean subjects and is thought to
be associated with insulin resistance.'’” Fourthly, the thin-fat phenotype might suggest
differences in the hypothalamic-pituitary-adrenal axis with (tissue-specific) impaired
cortisol metabolism.

As for now, we conclude that the strong genetic predisposition for type 2 diabetes
in South Asians should be explained by as of yet undiscovered polymorphisms that
negatively interact with environmental factors such as Western-type diet and low physi-
cal activity level. In addition, genetic makeup accounts for the disadvantageous body
composition with low muscle mass and increased visceral fat mass. The ensuing effects
on release of pro-inflammatory adipocytokines, myokines and FFAs disrupt cellular
processes and induce insulin resistance.
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ABSTRACT

Objective: Higher insulin levels during an oral glucose test (OGTT) have consequently
been shown in South Asians. We aimed to investigate if this increased insulin response
causes reactive hypoglycemia later on, and if an increased glucagon-like-peptide-1
(GLP-1) response, which could contribute to the hyperinsulinemia, is present in this
ethnic group.

Methods: A prolonged, 6-hour, 75-g OGTT was performed in healthy, young white
Caucasian (n = 10) and South Asian (n = 8) men. The glucose, insulin and GLP-1 response
was measured and indices of insulin sensitivity and beta-cell activity were calculated.

Results: Age (Caucasians 21.5+0.7 years vs. South Asians 21.4+0.7 years (mean+SEM)
and body mass index (Caucasians 22.7+0.7 kg/m? vs. South Asians 22.1+0.8 kg/m?) were
comparable between the two groups. South Asian men were more insulin resistant, as
indicated by a comparable glucose but significantly higherinsulin response, and a signifi-
cantly lower Matsuda index (Caucasians 8.7(8.6) vs. South Asians 3.2(19.2), median(IQR)).
South Asians showed a higher GLP-1 response, as reflected by a higher area under the
curve for GLP-1 (Caucasians 851 + 100 mmol/L*h vs. South Asians 1235 + 155 mmol/L*h).
During the whole 6-hour period, no reactive hypoglycemia was observed.

Conclusion: Healthy, young South Asian men have higher insulin levels during an OGTT
as compared to white Caucasians. This does not, however, lead to reactive hypoglyce-
mia. The hyperinsulinemia is accompanied by increased levels of GLP-1. Whether this is
an adaptive response to facilitate hyperinsulinemia to overcome insulin resistance or
reflects a GLP-1 resistant state has yet to be elucidated.
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INTRODUCTION

Among both native and migrant South Asians the risk of developing type 2 diabetes is
exceptionally high. Furthermore, type 2 diabetes occurs at a younger age and lower BMI
as compared to white Caucasians.'” Also, long-term complications start earlier and run a
more serious course. The predominant mechanism involved in the pathogenesis of type
2 diabetes in South Asians seems to be a decrease in insulin sensitivity.”®

It has repeatedly been shown that South Asians, as compared to Caucasians, exhibit
higher 2-hour insulin levels or a higher area under the curve (AUC) for insulin, with a normal

glucose response, during an oral glucose or meal tolerance test (OGTT).””

These higher
insulin levels are considered a compensatory mechanism to overcome insulin resistance
and maintain glucose tolerance. The hyperinsulinemia might be caused by a decreased
insulin clearance,’ but an increased B-cell response has been reported as well."
Glucagon-like peptide-1 (GLP-1), an incretin secreted from the enteroendocrine
L-cells in the gut in response to eating, is known to stimulate insulin secretion from pan-
creatic B-cells."” An increased GLP-1 response could therefore contribute to the glucose-
stimulated hyperinsulinemia consequently seen in South Asians. However, whether
GLP-1 levels are indeed higher in this ethnic group is currently unknown. Furthermore,
not only the underlying mechanism, but also the consequences of the hyperinsulinemia
in people of South Asian descent are not yet fully elucidated. It is, for instance, unknown
if the increased insulin response in people of South Asian descent causes reactive hypo-
glycemia, a condition characterized by a drop in glucose levels 4-6 hours after a glucose
load, which is considered a sign of early latent diabetes.””™ In the present study we
therefore studied the glucose and insulin response during a prolonged 6-hour OGTT in
healthy, young South Asian and white Caucasian men. Furthermore, GLP-1 levels were
assessed to investigate whether an increased GLP-1 response is present in South Asians.

SUBJECTS AND METHODS

Subjects

Eighteen healthy, young men were included in the study (10 white Caucasians, 8 South
Asians). Male subjects aged 18-25 years, with a BMI between 18.5 and 25 kg/m’ and
a positive family history of type 2 diabetes were eligible for enrolment. The South
Asian subjects were all Hindustani Surinamese. In the Netherlands, almost all South
Asians are Hindustani Surinamese, an ethnic group that has migrated from Surinam,
a former Dutch colony in South America, and whose ancestors came from the Indian
subcontinent. Seven of the South Asian subjects were born in the Netherlands. One was
born in Surinam and migrated to the Netherlands at the age of eight. Exclusion criteria
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were type 2 diabetes or any other chronic disease, smoking, use of medication known
to influence glucose metabolism, and recent weight change. Subjects were recruited
via advertisements placed online, in local media, and in public places. This study was
approved by the Medical Ethical Committee of the Leiden University Medical Centre
and performed in accordance with the Declaration of Helsinki. Informed consent was
obtained from all subjects before participation.

Oral glucose tolerance test

Following an initial screening visit, each subject was studied once. Subjects arrived at the
research centre at 8.00 AM after an overnight fast. Anthropometric measurements were
obtained and fat mass was assessed by bioelectrical impedance analysis (Bodystat® 1500,
Bodystat Ltd., Douglas, Isle of Man, UK). After insertion of an intravenous catheter, two
baseline blood samples were drawn (t =-15 and t = 0). Thereafter, subjects underwent a
prolonged 75-g OGTT, with measurements of glucose and insulin at t = 15, 30, 60, 90, 120,
150, 180, 210, 240, 300, and 360 minutes. Samples for the measurement of GLP-1 were
drawn at baseline and att =15, 30, 60, 90, 120, 150, and 180 minutes. Dipeptidyl peptidase
IV (DPP-IV) inhibitor (10 pl/mL blood; Merck Millipore, Billerica, MA, USA) was added to
these samples immediately. Blood samples were cooled on ice and centrifuged at 4 °C.
Hereafter samples were distributed into aliquots and stored at —80 °C until analysis.

Assays

Serum glucose, total cholesterol, HDL-cholesterol and triglycerides were measured on a
Modular P800 analyser (Roche, Almere, The Netherlands). LDL-cholesterol was calculated
according to Friedewald’s formula."” Serum insulin levels were analysed on an Immulite
2500 (Siemens, The Netherlands). Active GLP-1 was measured using a standardized
ELISA kit (Meso Scale Diagnostics, Gaithersburg, MD, USA).

Statistical analysis and calculations

Results are expressed as mean + standard error (SEM) or median and interquartile range
(IQR) in case of non-normally distributed data. Baseline values for glucose, insulin and
GLP-1 were calculated as the average of the two baseline measurements (t=-15and t =
0). Reactive hypoglycemia was defined as a glucose level of 3 mmol/L or less between 3
and 6 hours after the oral glucose load. For type 2 diabetes patients on glucose lowering
therapy usually a cut-off value for hypoglycemia of < 3.9 mmol/L is used. We chose a
lower cut-off value for hypoglycemia suggested by Marks et al. (Hypoglycemia, 1987)
that 3.0 mmol/L is an appropriate cut-off point for evaluating hypoglycemia in healthy
(non-diabetic) volunteers, since 95% of blood glucose levels in healthy volunteers are
above this level. AUC values were determined using the trapezoidal rule.'® Incremental
values are calculated by deducting the area below the baseline value from total AUCs.
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Insulin sensitivity was estimated using the Matsuda index (glucose: mg/dL; insulin:
mU/L).”” Recently it was shown that the Matsuda index correlates highly with insulin
sensitivity measured with a hyperinsulinemic clamp in South Asians and Caucasians.'®
The insulinogenic index (IGl; Aly_30/AG_30) Was used as a measurement of early insulin
secretion (glucose: mmol/I insulin: pmol/L).” The oral disposition index (Dly; (Alg_so/
AGy_30)/fasting insulin) (glucose: mmol/L; insulin: mU/L) was used to provide an estimate
of B-cell function relative to the prevailing level of insulin resistance.”**'

The independent Student’s t-test was used for comparisons between the groups. A
non-parametric test (Mann-Whitney U test) was applied when appropriate. A p-value of
< 0.05 was considered statistically significant. Statistical analyses were performed using
SPSS for Windows (release 20.0, IBM, USA).

RESULTS

Anthropometric and laboratory measurements

Data on anthropometric and laboratory measurements are shown in Table 1. South
Asians were significantly smaller and lighter compared to the Caucasian subjects. BMI,
however, was comparable between the groups (Caucasians: 22.7 £ 0.7 vs. South Asians:
22.1 + 0.8 kg/m?). There were no significant differences in (percent of) fat mass, waist
circumference, or fasting levels of glucose, insulin and lipids.

Table 1. Anthropometric and laboratory parameters in young, healthy white Caucasian and South Asian men.

white Caucasians South Asians
(n=10) (n=8)

age (years) 21.5+0.7 214+0.7
height (m) 1.82£0.01 1.72£0.02
weight (kg) 76.0+2.7 65.7 + 2.8%
BMI (kg/m?) 22.7+0.7 221408
waist (cm) 81+22 78 £2.1
fat mass (%) 149+ 0.9 152+1.5
fasting glucose (mmol/L) 49+0.2 52+0.1
fasting insulin (mU/L) 53+15 95+ 15
HOMA-IR 1.2+04 22+04
total cholesterol (mmol/L) 3.68+0.26 3.90+0.19
LDL-cholesterol (mmol/L) 2.10+0.24 222+0.12
triglycerides (mmol/L) 1.03+0.13 0.92+0.11
HDL-cholesterol (mmol/L) 1.10 £ 0.06 1.3+£0.06

Mean + SEM. * p < 0.05 BMI: body mass index; HDL: high density lipoprotein; LDL: low density lipoprotein;
HOMA-IR: homeostasis model of assessment insulin resistance
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Prolonged oral glucose tolerance test

Time courses for glucose and insulin during the prolonged 75-g OGTT are shown in
Figure 1. Insulin levels were significantly higher in the South Asian group at several
time points. During the whole 6-hour period there were no differences in glucose levels
between the groups and reactive hypoglycemia did not occur. The AUCs for glucose and
insulin are depicted in Figure 2. The AUGC;q, for insulin was significantly higher in the
South Asian group (Caucasians: 6.6 + 0.9%¥10° vs. South Asians: 16.7 + 4.2¥10° mU/L*h;

Figure 1. Time courses for plasma concentrations of glucose, insulin and glucagon-like peptide
(GLP)-1 during an oral glucose tolerance test (OGTT) in healthy young white Caucasian and South
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p<0.05). South Asians were less insulin sensitive as reflected by a lower Matsuda index
(Table 2). A compensatory increase in insulin secretion was observed in this group as
shown by an increased IGl, although this was only borderline significant (p=0.051). 3-cell
function in relation to the level of insulin sensitivity, as assessed by the oral disposition
index, did not differ between the two groups.
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Figure 2. Area under the curve (AUC) for glucose, insulin and glucagon-like peptide (GLP)-1 during

an oral glucose tolerance test (OGTT) in healthy, young white Caucasian and South Asian men. Data
are mean + SEM; * p<0.05.
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Table 2. Glucose, insulin and GLP-1 indices during a 6-hour 75-g oral glucose tolerance test in young,
healthy white Caucasian and South Asian men.

white Caucasians South Asians
(n=10) (n=38)

peak glucose (mmol/L) 8.8+0.30 9.1+0.33
peak glucose time (min) (median, IQR) 30(30) 30(23)
peak insulin (mU/L) 59+8.7 155 + 39*
peak insulin time (min) (median, IQR) 60 (30) 60 (0)
peak GLP-1 (mmol/L) 94+0.9 22.1+6.2
peak GLP-1 time (min) (median, IQR) 30 (30) 30(15)
AUC, glucose (mmol/L * h) 818+ 34 837 +32
AUC, insulin (mU/L * h) 4.7 £0.6¥10° 12.0 + 3.0%10%
AUC;4 glucose (mmol/L * h) 1924 +47 1936 +48
AUCsgo insulin (mU/L * h) 6.6+ 0.9%10° 16.7 £ 4.210%
AUC50 GLP-1 (mmol/L * h) 851 +100 1235+ 155*
AUC,g incremental GLP-1 (mmol/L * h) 619+ 94 851+ 142
AUC, 5 glucose/AUC, 5 insulin (mmol/mU) 0.21+0.33 0.13+0.04
Matsuda index (median, IQR) 8.7 (8.6) 3.2(19.2)*
IG5, (pmol/mmol) (median, IQR) 83 (41) 175 (189)P=00%!
DI, (median, IQR) 3.1(3.5) 24(1.4)

Mean + SEM, unless otherwise specified. * p < 0.05. GLP-1: glucagon-like peptide-1; AUC: area under the
curve; IGl: insulinogenic index, Dl,: oral disposition index

GLP-1

The time course and AUC for GLP-1 during the OGTT are shown in Figure 1 and 2. The
AUC;g, for GLP-1 was higher in South Asian subjects compared to Caucasian subjects
(Caucasians: 851 £ 100 vs. South Asians: 1235 + 155 mmol/L*h; p<0.05). The incremental
AUC,g, was higher in South Asians as well, although this did not reach statistical differ-
ence (Caucasians: 619 + 94 vs. South Asians: 851 £ 142 mmol/L*h; p=0.18). In univariate
analysis, fat percentage or waist circumference did not significantly predict the GLP-1
AUC, g (p=0.852 and p=0.102). However when included in the model, they do alter
the significance level of the between group difference in GLP-1 AUC;g, (p=0.055 and
p=0.103 instead of p=0.046). GLP-1 and insulin levels were highly correlated at several
time points, especially GLP-1 at t = 15 min (with insulin at t = 15, 30, 90, 120, 150, 180,
210, 240, 300 min; p<0.05). The GLP-1 AUC,4, showed a significant correlation with the
insulin AUC,,, and the insulin AUC;4 (0.607, p=0.008, and 0.599, p=0.009), but not with
the AUCs for glucose. Due to the small sample size, correlations could not be calculated
for South Asians and Caucasians separately.
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DISCUSSION

In this study we investigated the glucose, insulin and GLP-1 response during a pro-
longed OGTT in young, healthy South Asian men. We confirmed that young, healthy
South Asian men are more insulin resistant, as reflected by higher insulin levels during
an OGTT, than their white Caucasian counterparts. A novel finding is that these higher
insulin levels are accompanied by increased levels of GLP-1. Also we demonstrated that
no reactive hypoglycemia occurred in the South Asians.

Whether the hyperinsulinemia in South Asians is caused by reduced clearance or
increased secretion of insulin is unclear. A decreased insulin clearance has been found
in South Asians during a euglycemic hyperinsulinemic clamp by our group (unpublished
data) and by others.” On the other hand, Petersen et al. showed an increase in B-cell re-
sponse (estimated using the oral C-peptide minimal model) in South Asians as compared
to Caucasians during a 2-hour, 75-g OGTT.’ This increased B-cell response was, however,
inadequate for their degree of insulin resistance as reflected by a lower disposition in-
dex. Itis well known that to maintain glucose tolerance with declining insulin sensitivity,
a proportionate increase in insulin output has to occur as a compensatory mechanism.?
In our study the South Asian men were more insulin resistant, as shown by a comparable
glucose but significantly higher insulin response and a decreased Matsuda index, and
indeed showed an increased B-cell response, as reflected by a higher IGI. The oral dispo-
sition index did not differ between groups, suggesting that the increased insulin output
was adequate for the level of insulin resistance.

In this study, we further explored a possible consequence of the glucose-stimulated
hyperinsulinemia in South Asian men: reactive hypoglycemia. Despite the higher insulin
levels, no reactive hypoglycemia was seen in this group. Reactive hypoglycemia 4-6
hours after a glucose load has been observed in obese subjects and is considered an
early sign of diabetes.””'* Reactive hypoglycemia has also been found in young, lean
women with polycystic ovary syndrome (PCOS), a condition known to be associated
with insulin resistance and increased risk of diabetes development.” The fact that hypo-
glycemia did not occur in our study might be due to a high level of insulin resistance on
a cellular level in the South Asian subjects, or by the induction of insulin resistance and
increased hepatic glucose output by counter regulatory hormones, such as glucagon,
catecholamines and cortisol, which were not measured in our study. Furthermore, be-
cause of the small sample size, it is possible that a difference was missed.

A novel finding is that the South Asians displayed a higher GLP-1 response to an oral
glucose load, as reflected by an increased AUC for GLP-1. To our knowledge, this is the
first study investigating the GLP-1 response in subjects of South Asian descent. GLP-1 is
known to have several beneficial effects on glucose regulation. It stimulates endogenous
insulin secretion in response to oral glucose or eating, suppresses glucagon secretion
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resulting in a decreased hepatic glucose output, and is thought to exert extrapancreatic
effects, since it improves glucose disposal and decreases endogenous glucose produc-
tion independent of its release of islet hormones.”**® Therefore, we hypothesized that
an increased GLP-1 response could possibly explain, or at least contribute to the higher
insulin levels in South Asians, which may initially help overcome the insulin resistance
in this ethnic group.

The preciserole of GLP-1 in the pathogenesis of type 2 diabetes is currently unknown.
It is well known that the incretin effect (i.e. the augmented insulin secretion in response
to oral compared with intravenous isoglycemic administration of glucose) is diminished
in type 2 diabetes patients.” It has been debated if this impaired incretin effect is caused
by impaired GLP-1 and glucose-dependent insulinotropic polypeptide (GIP) secretion or
by a defective insulin secretory effect of these hormones (‘incretin resistance’). Several
studies showed a lower postprandial GLP-1 release in subjects with type 2 diabetes and
insulin resistance, but a recent meta-analysis found that patients with type 2 diabetes
on the whole do not exhibit reduced GLP-1 secretion in response to oral glucose or meal
tests and that type 2 diabetes patients may even have higher GLP-1 peak levels.?® Our
data suggest that a state of insulin resistance leads to a higher GLP-1 response. Possibly,
GLP-1 secretion changes during the progression from normal glucose tolerance to type
2 diabetes, which was also suggested by the authors of the aforementioned meta-
analysis.”® Early stages of type 2 diabetes may lead to compensatory increased GLP-1
secretion from intestinal L-cells, which is then followed by the exhaustion of these cells
when the disease progresses. Indeed, a study by Theodorakis et al. in newly diagnosed
type 2 diabetes patients showed an increase in late-phase (20-80 min) GLP-1 secretion
after a 75-g OGTT, in parallel with rising plasma insulin levels. Furthermore, they found
increased numbers of L-cells in the duodenum in this group.”” However, in a study of
Knop et al. insulin resistant, but normal glucose tolerant, obese subjects did not show an
increased GLP-1 response. In this study, however, an oral glucose load of 50-g was used,
instead of the 75-g OGTT in our study. Furthermore, these subjects already displayed
signs of 3-cell dysfunction, as shown by a decreased disposition index, indicating a more
progressed state of insulin resistance.” In another study, insulin resistance induced in
healthy, young men (using a 12 day intervention with prednisolone treatment, high-
energy diet, and relative physical inactivity) led to higher fasting GLP-1 levels, but no
difference in the GLP-1 response to an oral glucose load was found when comparing the
baseline and insulin resistant state.>’ This might be due to the fact that the subjects in
this study not only were insulin resistant, but also less glucose tolerant. Four of the 10
subjects even displayed impaired glucose tolerance or diabetes after the intervention,
whereas all our subjects were normal glucose tolerant. Hence, glucotoxicity might have
attenuated the GLP-1 response.
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The increased GLP-1 response found in the South Asian subjects in our study on the
other hand might also indicate a state of GLP-1 resistance. Although debated, evidence
suggests that GLP-1 resistance is present in type 2 diabetes patients and their healthy
offspring.** Furthermore, in the aforementioned study in which insulin resistance was
induced in healthy subjects, although no alterations in the GLP-1 response were seen, a
reduction in the incretin effect was shown.?' In addition, the insulinotropic effect of GLP-
1 was impaired, suggesting that incretin resistance was present and is a consequence of
insulin resistance. We also showed higher fasting GLP-1 levels in the South Asian group.
However, since the incretin effect and the direct insulinotropic action of GLP-1 were
not assessed in our study, it remains to be elucidated whether the higher fasting GLP-1
levels and higher GLP-1 response in South Asians are due to a compensatory increased
secretion or reflecting a GLP-1 resistant state. However, the peak GLP-1 levels preceded
the peak insulin response and paralleled the increased B-cell activity (IGl), suggesting a
direct relation between the increased GLP-1 response and the insulin secretion by the
B-cell.

A limitation of our study is the small sample size. However, even with only 18
subjects, a difference in GLP-1 response was found. Further research is required to see
whether these findings can be reproduced in larger samples. In univariate analysis, fat
percentage and waist circumference did influence the significance level of the between
group difference in GLP-1 AUC180. It can therefore not be excluded that differences in
body composition, although not significantly different between the two groups, has
influenced our findings on GLP-1 levels. In addition, we do not have data on nutritional
intake and exercise. It is possible that differences in intake and physical activity influ-
enced insulin resistance and GLP-1 secretion. However, it is unlikely that differences
in behaviour solely explain the increased insulin sensitivity found in diverse groups of
South Asians.® Furthermore, in a previous study of our group in a similar study popula-
tion no differences were found in diet and exercise.”®> Hence, it seems unlikely that these
factors have influenced our findings.

In conclusion, we confirmed that young, healthy South Asian men are more insulin
resistant and have higherinsulin levels during an OGTT than their white Caucasian coun-
terparts. The higher insulin levels were accompanied by increased levels of GLP-1. No
reactive hypoglycemia was observed in the South Asians despite the hyperinsulinemia.
Whether this is an adaptive response to facilitate hyperinsulinemia to overcome insulin
resistance or reflects a GLP-1 resistant state has yet to be elucidated.
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Chapter 4

ABSTRACT

South Asians develop type 2 diabetes at a younger age and lower BMI compared to
white Caucasians. The underlying cause is still poorly understood but might result from
an innate inability to adapt to the Westernized diet. This study aimed to compare the
metabolic adaptation to a high fat high calorie diet (HFHCD) between both ethnicities.
Twelve healthy young lean male South Asians and 12 matched white Caucasians un-
derwent a 2-step hyperinsulinemic-euglycemic clamp with skeletal muscle biopsies and
indirect calorimetry before and after a 5-day HFHCD. Hepatic triglyceride content (HTG)
and abdominal fat distribution were assessed using MRI/S. At baseline, South Asians had
higher insulin clamp levels than Caucasians, indicating reduced insulin clearance rate.
Despite the higher insulin levels, endogenous glucose production was comparable be-
tween groups, suggesting lower hepatic insulin sensitivity in South Asians. Furthermore,
a 5-day HFHCD decreased insulin-stimulated (non-oxidative) glucose disposal rate only
in South Asians. In skeletal muscle no significant differences were found between groups
in insulin/mTOR-signalling, metabolic gene expression and mitochondrial respiratory-
chain content. Furthermore, no differences in (mobilization of) HTG and abdominal fat
were detected. We conclude that HFHC-feeding rapidly induces insulin resistance only
in South Asians. Thus, distinct adaptation to “Western” food may partly explain their
propensity to develop type 2 diabetes.
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INTRODUCTION

The incidence of type 2 diabetes is increasing rapidly worldwide, especially in people
of South Asian descent.' South Asians originate from the Indian subcontinent and
represent one fifth of the world’s population. Both native and migrant South Asians
are at high risk of developing type 2 diabetes compared to Caucasians.>* Not only is
the prevalence of type 2 diabetes four to six times higher, it also occurs at a younger
age and lower BML*® Moreover, the risk of cardiovascular and renal complications is
higher.”"°The underlying cause of this excess risk is still not completely understood, and
only few in-depth studies have been conducted to investigate the pathogenesis of type
2 diabetes in South Asians.'""?

The observation that South Asians have high hepatic and intramyocellular lipid con-

1314

tent compared to people of Caucasian descent’”* might suggest that South Asians have
an impaired mitochondrial fatty acid beta-oxidation in either skeletal muscle and/or adi-
pose tissue, resulting in ectopic fat deposition in peripheral tissues, eventually leading
to insulin resistance and other metabolic dysfunctions.” South Asians may therefore be
less capable to handle the Western-type high fat (HF)-diet as compared to Caucasians.

Interesting in this context are recent findings on the nutrient and energy-sensing
mammalian target of rapamycin (mTOR)-pathway. The mTOR-pathway regulates cell
growth according to cellular energy status and nutrient availability.'® Activated mTOR
complex 1 (mTORC1) controls key cellular processes, e.g. it inhibits insulin signalling'’
and plays a crucial role in the regulation of oxidative metabolism and mitochondrial
biogenesis.'®*" Importantly, mTORC1 also appears to promote lipid synthesis and stor-
age, while inhibiting processes leading to lipid consumption.?” Indeed, there is grow-
ing evidence that mTORC1 suppresses fatty acid beta-oxidation.”’”*** Therefore, we
hypothesize that differences in mTOR activity between the two ethnicities may underlie
or contribute to the increased risk of type 2 diabetes in South Asians.

The aim of this study was to investigate whether the metabolic adaptation to a 5-day
high fat high calorie diet (HFHCD) is different between young healthy lean South Asian
males and matched Caucasians. In particular, we were interested whether differences
in the activity of mTOR in skeletal muscle exist between the two ethnicities, both at
baseline and in response to the HFHCD. Furthermore, hepatic and peripheral insulin
sensitivity, substrate oxidation, abdominal fat distribution and skeletal muscle insulin
signalling and mitochondrial respiratory-chain content were assessed.
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RESEARCH DESIGN AND METHODS

Subjects

Twelve Dutch South Asian and twelve Dutch Caucasian, lean (BMI < 25 kg/m?) and healthy
men, aged 19-25 years with a positive family history of type 2 diabetes were enrolled via
local advertisements. Subjects underwent a medical screening including their medical
history, a physical examination, blood chemistry tests and an oral glucose tolerance test
to exclude individuals with type 2 diabetes according to the American Diabetes Associa-
tion 2010 criteria. Other exclusion criteria were rigorous exercise, smoking and recent body
weight change. The study was approved by the Medical Ethical Committee of the Leiden
University Medical Centre and performed in accordance with the principles of the revised
Declaration of Helsinki. All volunteers gave written informed consent before participation.

Study design

Subjects were studied before and after a 5-day HFHCD, consisting of the subject’s regu-
lar diet supplemented with 375 mL of cream per day (=1275 kcal/day, 94% fat). At the
end of the first study day, subjects received 15 125 mL cups of cream to take home.They
were instructed to continue their regular diet and, on top of that, to consume three cups
of cream per day, directly following a meal in order to make sure they could adhere to
their regular dietary habits. In addition, they kept a food diary before and during the
HFHCD to estimate normal dietary intake, to maximize compliance with the diet, and to
check for compliance and compensation behaviour. Diaries were entered and analysed
using a specialized internet application (http://www.dieetinzicht.nl, Dutch). Compliance
was measured by asking to bring leftover cups, inquiring, analysing the food diaries and
laboratory parameters. Subjects were instructed not to alter life style habits, and not to
perform physical activity in the last 48 hours before the study days. Magnetic resonance
(MR) studies were performed shortly before and on the fifth day of the HFHCD. Metabolic
studies were performed one day before and one day after the diet.

MR studies

Abdominal fat depots were quantified with turbo spin echo MR-imaging using a 1.5
Tesla whole body MR-scanner (Gyroscan ACS-NT15; Philips, The Netherlands) four hours

after the last meal.”®

During one breath hold, three transverse images were obtained at
the level of L5. Volumes of visceral and subcutaneous fat depots were quantified using
MASS analytical software (Medis, The Netherlands). The number of pixels were converted
to cm” and multiplied by the slice thickness (10mm). Hepatic triglyceride content (HTG)
was assessed by proton MR-spectroscopy ('H-MRS)*® A spectrum without water suppres-
sion, four averages, as internal standard was obtained, and 64 averages were collected

with water suppression. The spectra were fitted using Java-based MR user interface soft-
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ware (jJMRUI version 2.2).”° The percentage of hepatic triglyceride signals was calculated
as: (signal amplitude hepatic triglycerides / signal amplitude water) x 100.

Metabolic studies

Anthropometric measurements, a 2-step hyperinsulinemic-euglycemic clamp with stable
isotopes and indirect calorimetry were performed after an overnight fast. In addition,
skeletal muscle biopsies were obtained. Fat and lean body mass (LBM) were assessed by
bioelectrical impedance analysis (BIA; Bodystat® 1500, Bodystat Ltd., Douglas, UK).

Hyperinsulinemic-euglycemic clamp A 6-h 2-step hyperinsulinemic-euglycemic
clamp was performed as described previously.”’ In short, a primed constant infusion
of glucose tracer ([6,6-°H,]-glucose; 0.22 umol/kg/min) was used to determine rates of
glucose appearance (R,) and disposal (Ry). At t=120 min (step 1) and t=240 min (step 2),
a primed constant infusion of insulin (step 1: 10 mU/m?/min, step 2: 40 mU/m?/min) was
started and glucose-20% enriched with 3% [6,6-’H.]-glucose was infused at a variable
rate to maintain glucose level at 5.0 mmol/L. In basal state (t=0 min), at the end of the
non-insulin stimulated period (t=95-115 min) and at the end of each step (t=210-240
min and t=330-360 min), blood samples were taken for determination of glucose, insu-
lin, C-peptide, free fatty acids (FFAs), and [6,6-’H,]-glucose specific activity.

Indirect calorimetry Indirect calorimetry was performed with a ventilated hood
(Oxycon Pro™, CareFusion, Germany) in basal condition and during both steps of the
clamp.

Skeletal muscle biopsies Muscle biopsies from the m. vastus lateralis (~75-100 mg)
were collected in basal and hyperinsulinemic condition (at 30 minutes of step 2) under
localized anesthesia, using a modified Bergstrom needle.”® Muscle samples were divided
into two parts, snap-frozen in liquid nitrogen and stored at -80°C until further analysis.

Calculations

Glucose R, and Ry were calculated as the tracer infusion rate divided by the tracer-to-
tracee ratio.”” Endogenous glucose production (EGP) was calculated as the difference
between the rates of R, and glucose infusion. Ry and EGP were adjusted for kilograms
LBM. The metabolic clearance rate of insulin (MCR;) was computed according to Elahi et
al* Resting energy expenditure (REE), respiratory quotient (RQ) and substrate oxidation
rates were determined as described by Simonson and DeFronzo.>' Non-oxidative glu-
cose disposal (NOGD) was calculated by subtracting the glucose oxidation rate from R.
The hepatic insulin resistance index (HIR) was calculated as the product of non-insulin
stimulated EGP and fasting serum insulin concentration.?” Glucose metabolic clearance
rate (MCR,) was calculated as the rate of disappearance of glucose (Rqy) divided by the
serum glucose concentration (average of steady-state measurements).”
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Laboratory analysis

Fasting serum glucose and triglycerides were measured on a Modular P800 analyser
(Roche, The Netherlands), serum insulin and C-peptide levels on an Immulite 2500 (Sie-
mens, The Netherlands), HbA;. on an HPLC machine Primus Ultra 2 (Kordia, The Nether-
lands), and plasma FFAs were determined by a colorimetric method (Wako Chemicals,
Germany). Arterialized whole blood glucose levels during the clamp were measured
by glucose dehydrogenase-NAD technique (Precision Xtra Blood Glucose Monitoring
System, Abbott USA). [6,6-°H,]-glucose enrichment was measured in a single analytical
run using gas chromatography-mass spectrometry as described previously.**

DNA/RNA isolation and real-time RT-PCR

Total RNA was isolated from skeletal muscle biopsies (~25-30 mg) using the phenol-
chloroform extraction method (Tripure RNA Isolation reagent, Roche, Germany),
treated with a DNAse kit according to the manufacturer instruction (TURBO DNAse, Life
Technologies, The Netherlands), and quantified by NanoDrop. First-strand cDNA were
synthesized from 1 pg total RNA using a Superscript first strand synthesis kit (Invitrogen,
The Netherlands). Real-time PCR assays were performed using specific primers sets (se-
quences provided on request) and SYBR Green on a StepOne Plus Real-time PCR system
(Applied Biosystems, USA). mRNA expression was normalized to ribosomal protein S18
(Rps18) and expressed as arbitrary units. Genomic DNA was extracted using the Qiagen
Tissue and Blood Kit (Qiagen, Germany) and concentrations were measured spectropho-
tometrically (GeneQuant, GE Healthcare, Germany). Mitochondrial (mtDNA) and nuclear
(nDNA) DNA copy numbers were quantified as described before* and the mtDNA-to-
nDNA-ratio was used as an index of mitochondrial density. A complete overview of all
analysed genes can be found in Supplemental Table 1.

Western Blot

Skeletal muscle biopsies (~30-45mg) were homogenized by Ultra-Turrax (22.000 rpm;
2x5sec) in a 6:1 (v/w) ratio of ice-cold buffer containing: 50mM HEPES (pH 7.6), 50mM
NaF, 50mM KCl, 5mM NaPPi, TmM EDTA, 1TmM EGTA, 5mM 3-GP, TmM Na3vO4, TmM DTT,
1% NP40 and protease inhibitors cocktail (Complete, Roche, The Netherlands). Western
blots were performed using phospho-specific (Ser473-PKB, phospho-Akt substrate,
Ser2448-mTOR, and Thr389-S6K from Cell Signalling; Thr246-PRAS40 from Biosource) or
total primary antibodies (Tubulin, Akt1+2, Akt substrate of 160kDa, mTOR and S6K from
Cell Signalling; PRAS40 from Biosource; MitoProfile OXPHOS from AbCam; IRB from Santa
Cruz).* Blots were quantified by densitometric analysis using Image J software (NIH USA).
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Statistical analysis

Data are presented as mean+SEM when normally distributed or as median (IQR) when
not normally distributed. A mixed effects model was applied to assess mean differ-
ences before and after the intervention within and between groups, and to determine
differences in diet effect. Groups and intervention were modelled as fixed effects and
the subject specific deviances from the group mean were modelled as random effects.
Nonparametric tests (Wilcoxon signed-rank test within group, Mann-Whitney between
groups) were performed when appropriate. Significance level was set at p<0.05. Statisti-
cal analyses were performed using SPSS for Windows version 20.0 (IBM, USA).

RESULTS

Clinical characteristics

BMI did not differ between groups (South Asians: 20.9+0.6 vs. Caucasians: 22.2+0.6 kg/
m?, p=0.11), but South Asian subjects were significantly shorter and lighter (Table 1).
The percentage of fat mass was significantly higher in South Asians on both study days,
and, consequently, the percentage of LBM was lower. Waist circumference did not differ
between groups. Fasting glucose and insulin levels were similar at baseline, but were
significantly higher in South Asians after the HFHCD. Fasting C-peptide levels increased
significantly to a similar degree in both groups. HbA,. was higher in South Asians, as was
LDL-cholesterol (2.77 (1.69) vs. 1.84 (0.91) mmol/L, p=0.03).

Diet and exercise

The physical activity level was comparable between both ethnicities (Supplemental
Table 2). The South Asian diet consisted of fewer calories per day (South Asians:
2170+102 vs. Caucasians: 2593100 kcal, p=0.008), but corrected for bodyweight the
amount of calories was similar (South Asians: 34+2 vs. Caucasians: 35+1 kcal/day/kg,
p=0.91). Both ethnicities ate the same percentage of fat (~30%), carbohydrates (~50%)
and proteins (~16%). Both groups complied well with the diet. Mean daily calorie intake
was ~55% higher compared to their normal diet, and ~54% of energy was derived from
fat (Supplemental Table 2).

Fat distribution

No differences were found between groups for visceral and subcutaneous fat volumes
both at baseline and after the HFHCD. Furthermore, no diet effect was observed. HTG
increased significantly after the diet in both groups, but no differences between groups
were observed (Table 1).

81



Chapter 4

Table 1. Clinical characteristics, body composition, and fasting plasma and serum levels before and after a
5-day HFHCD in healthy, young South Asian men and matched white Caucasians.

white Caucasians South Asians

before HFHCD after HFHCD before HFHCD after HFHCD
Clinical characteristics
age (years) 22.1+£06 222+07
length (m) 1.84+0.01 1.74 +£0.02"
weight (kg) 75118 756+ 1.8 632+23" 63.7 23"
BMI (kg/m?) 222+06 224+06 209+0.6 21.0+£06"
waist (cm) 81.3+22 820+23 789+22 795+2.6
Body composition
fat mass (%) 113+0.9 113+08 15.1£0.9° 147 £0.8
visceral fat (mL) 104+ 14 111 +£12 120+ 19 125+18
subcutaneous fat (mL) 348+ 54 363+59 442 £ 61 432+54
hepatic TG content (%) 1.7+04 45+08"™ 13+04 3.0+0.5™
Fasting plasma and serum levels
HbA (%) 5.0+0.1 52+0.1
HbA,. (mmol/mol) 31.2+05 33806
glucose (mmol/L) 5.1+0.1 52+0.1 53+0.1 55+0.1™"
insulin (pmol/L) 34(32) 49 (46) 49 (29) 73 (34)1"
C-peptide (nmol/L) 0.47 (0.15) 0.57 (0.28)" 0.48(0.11) 0.61(0.18)""
FFA (g/L) 0.131+0.01 0.121 £ 0.01 0.144 +0.01 0.151 +£0.01
TG (mmol/L) 0.79 (0.26) 0.75(0.67) 1.01 (0.65) 1.12(0.77)

Data are presented as mean = SEM or median (IQR). BMI, body mass index. TG, triglyceride. FFA, free fatty
acid. T p<0.05, t1 p<0.005 within group vs. before diet. * p<0.05, ** p<0.005 vs. Caucasians. ¥ p<0.05, ++
p<0.005 diet effect vs. Caucasians.

Endogenous glucose production and rate of glucose disposal

During the hyperinsulinemic-euglycemic clamp glucose concentrations were similar
within and between groups for both steps (Table 2). Clamp insulin levels were signifi-
cantly higher in South Asians compared to Caucasians before and after the HFHCD; no
diet effect was observed. The MCR; was significantly lower in South Asians on both study
days. EGP in basal and insulin-stimulated conditions was similar for both groups, despite
higher insulin levels in insulin-stimulated conditions in South Asians. Furthermore, no
diet effect was observed. However, the calculated HIR index was higher in South Asians
compared to Caucasians (p=0.065 before diet, p=0.002 after diet), and showed a signifi-
cant increase after the diet only in South Asians (p diet effect = 0.008). Suppression of
EGP by insulin was comparable between groups and was around 24% in step 1 and 42%
in step 2. Insulin-stimulated Ry in step 1 was similar for both groups on both occasions.
In step 2 Ry was higher in South Asians compared to Caucasians before the diet (South
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Asians: 48.7+2.9 vs. Caucasians: 41.7+2.9 umol/kg gu/min; p=0.003). However, when cor-
rected for insulin level, this difference disappeared and was almost reversed (p=0.052).
After the diet Ry decreased significantly in South Asians despite similar insulin levels,

Table 2. Metabolic parameters of a 2-step hyperinsulinemic-euglycemic clamp with stable isotopes before
and after a 5-day HFHCD in healthy, young South Asian men and matched white Caucasians.

white Caucasians South Asians

before HFHCD  after HFHCD before HFHCD after HFHCD
Basal steady state
average glucose (mmol/L) 51+0.1 51+0.1 52+0.1 54+0.1"
average insulin (pmol/L) 41 (26) 41(27) 49 (36) 68 (45)""
EGP = Ry (umol kgigw ' min™) 163+04 17.0+0.3 175+0.5 17.5+04
HIR (umol pmol ™ kgygy' min™ L) 562 (600) 760 (778) 763 (512) 1269 (520)""F
MCR, (mL kgigy ' min™) 32+0.1 33+0.1 3.4+0.1 33£0.1
Step 1
average glucose (mmol/L) 5.1+0.1 52+0.1 5.0+0.1 5.2+0.1
average insulin (pmol/L) 83+12 89+ 11 116+6" 126+ 117
average C-peptide (nmol/L) 0.26 (0.13) 0.27 (0.13) 0.22(0.14) 0.29 (0.15)"
EGP (umol kgieu ' min™) 126+0.5 13.4+04 12.8+0.4 128+04
suppression EGP (%) -226+1.8 -21.6+1.6 -26.8+1.3 -272+1.0
Rq (umol kggy min™) 153+0.8 174+1.2 16.2+0.9 153+ 1.1
MCR, (ML kgiew ' min™) 3.0+£02 3.4+02 32+02 3.0+£0.2
Step 2
average glucose (mmol/L) 48+0.1 48+0.1 4.6+0.1 46+0.1
average insulin (pmol/L) 276 +19 285+ 19 396+15" 386 +21"
average C-peptide (nmol/L) 0.07 (0.12) 0.07 (0.09) 0.06 (0.12) 0.08 (0.08)"
EGP (umol kgiew' min™) 10.0+0.7 102+05 9.7+0.7 9.6+0.5
suppression EGP (%) -38.9+3.5 -39.8+27 -43.9+3.0 -45.7+2.3
Rq (umol kgigy min™) 417429 41.0+28 487+29" 39.0 +2.1"#
R4/ insulin (pmol L kgygy " min™ muU™) 1.14+0.13 1.07 £0.12 0.87 +0.07 0.72+0.05""
MCR; (mL m™ min) 1076 (397) 1054 (270) 735 (70)" 771 (164)" "
MCRg (ML kgiew™ min™) 88+07 87+06 10.7 £0.8" 86+05"H

Data are presented as mean + SEM or median (IQR). Due to hypoglycemia in the last part of step 2 of the
clamp, two South Asian subjects on occasion 1 and one Caucasian subject on occasion 2 were excluded
in the analysis of step 2. EGP=endogenous glucose production. Ry=rate of glucose disposal. HIR=hepatic
insulin resistance. MCRg=metabolic clearance rate of glucose. MCR=metabolic clearance rate of insulin. +
p<0.05, t1 p < 0.005 within group vs. before diet. * p<0.05, ** p<0.005 vs. Caucasians. ¥ p<0.05, ¥ p<0.005
diet effect vs. Caucasians.
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whereas no diet effect was found in Caucasians (South Asians: 39.0+2.1 umol/kg gw/min
(p<0.001) vs. Caucasians: 41.0£2.8 pmol/kg gw/min (p=0.78); p diet effect = 0.002).

Glucose and lipid oxidation rates

REE, corrected for LBM, RQ, substrate oxidation rates and NOGD in basal condition
and step 1 of the clamp were comparable for both groups before and after the HFHCD
(Table 3). In step 2, however, glucose oxidation increased significantly in South Asians,
whereas no diet effect was observed in Caucasians. Interestingly, NOGD in step 2 was
significantly higher in South Asians compared to Caucasians at baseline (p<0.001), but
decreased significantly after the HFHCD only in South Asians (South Asians: 34.4+4.0 vs.
19.3£2.0 pmol/kggw/min (p<0.001), Caucasians: 24.1+2.1 vs. 23.8+1.6 pmol/kg gw/min
(p=0.87); p diet effect < 0.001).

Table 3. Parameters for indirect calorimetry before and after a 5-day HFHCD in healthy, young South Asian
men and matched Caucasians.

white Caucasians South Asians
before HFHCD  after HFHCD before HFHCD  after HFHCD

Basal

REE (kcal/day) 1469 + 50 1523 +38 1220317 1224 +22"
REE (kcal day“ kgusm™) 224 +0.7 22.7+05 23.0+0.9 228+0.9
RQ 0.88 +0.01 0.87 £0.01 0.87 +£0.02 0.89 +0.02
glucose oxidation (umol kg gy’ min™) 143+1.0 13.6+1.1 13.9+1.3 147+15
lipid oxidation (umol kg gy min™) 24+03 27+03 27+04 24+0.5
NOGD (umol kgygy™ min™) 23407 37408 42412 35+14
Step 1

RQ 0.90 = 0.02 0.91 £0.02 0.88 +0.02 0.90 +0.03
glucose oxidation (umol kgigy ' min™) 162+ 1.6 164+ 1.6 143+1.7 148+1.5
lipid oxidation (umol kg gy ' min™) 22405 19+04 26+05 23+05
NOGD (umol kgigy" min”) 18409 28+09 31412 25412
Step 2

RQ 0.92 +0.02 0.93 £0.02 0.88 +0.02 0.95 +0.02"
glucose oxidation (umol kg gy min™) 17715 182+1.8 144+1.2 192 +1.5"
lipid oxidation (umol kg gy min™) 1.8+04 1.6+04 25+04 14+04
NOGD (umol kggy™ min™) 24.1+2.1 238+1.6 344+40" 19.3 420"

Data are presented as mean + SEM. REE=resting energy expenditure. RQ=respiratory quotient. NOGD=non-
oxidative glucose disposal rate. T p<0.05, t1 p<0.005 within group vs. before diet. ** p<0.005 vs. Caucasians.
+F p<0.005 diet effect vs. Caucasians.
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Skeletal muscle signalling

The protein expression and phosphorylation state of key molecules involved in the in-
sulin and mTOR signalling pathways were determined in basal condition and during the
hyperinsulinemic-euglycemic clamp in skeletal muscle (Figure 1). A trend for a reduced
IRB expression was observed in South Asians. During hyperinsulinemia, the phosphory-
lation state of key proteins involved in the insulin/mTOR pathway (PKB, AS160, PRAS40,
mTOR and S6K1) was significantly increased when compared to basal, as expected (Fig-
ure 1). No obvious differences were observed between groups whatever the conditions.

Skeletal muscle metabolic gene expression

The skeletal muscle expression of key metabolic genes involved in the regulation of
glucose and fatty acid metabolism was determined (Supplemental Table 1).

At baseline, no significant differences between groups were observed in the tran-
script levels of all analysed genes. The HFHCD induced significant downregulation of
SLC2A4, GSK3A, GYS1, AGL, PPP1R3A, PDK2, ACACA, PPARA and PPARD mRNA expres-
sion in Caucasian subjects, with a comparable response in South Asians. Only PKM2 was
differentially affected in South Asians in response to the HFHCD.

Skeletal muscle mitochondrial respiratory-chain content

The protein expression of several mitochondrial respiratory chain complex subunits was
determined (Figure 2A). Although at baseline no differences were observed between
groups, the expression of respiratory chain complex 1 and 2 was significantly increased
after the HFHCD only in Caucasians (Figure 2B). However, the complex 2-on-complex
1 ratio, as a measure of change in fat vs. glucose oxidation, was not significantly differ-
ent between both ethnicities (Figure 2C). The mtDNA-on-nDNA-ratio was significantly
lower in South Asians compared to Caucasians, but was not affected in response to the
diet (Figure 2D). Of note, the mRNA expression of key genes involved in mitochondrial
biogenesis and tricarboxylic acid cycle was not different between groups, whatever the
conditions (Supplemental Table 1).

DISCUSSION

This is the first study in South Asians in which a 2-step hyperinsulinemic-euglycemic
clamp with stable isotopes was performed to measure peripheral and hepatic insulin
sensitivity, and the first one in this ethnicity which assessed the effect of HF-feeding
on both insulin sensitivity and skeletal muscle insulin and mTOR signalling. Strikingly, a
5-day HFHCD was already sufficient to impair insulin-stimulated (non-oxidative) glucose
disposal in South Asians, while such an effect was not observed in Caucasians.
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Figure 1. Insulin and mTOR signalling in skeletal muscle from healthy, young South Asian men and
matched white Caucasians before (black bars) and after (white bars) a 5-day HFHCD. The protein ex-
pression of A. IRB, B. Ser473-PKB, C. PKB, D. phospho-AS160, E. AS160, F. Thr246-PRAS40, G. PRAS40, H.
Ser2448-mTOR, I. mTOR, J. Thr389-S6K, and K. S6K, were assessed by Western Blot. The phosphorylation
state in basal and hyperinsulinemic (step 2) conditions (B, D, F, H, J), or the protein expression in basal
conditions (A, C, E, G, |, K) are shown. Representative blots for one subject per group are shown. Results
are normalized to Caucasian subjects (before diet, basal condition) and expressed as mean + SEM. Due to
a small amount of tissue two Caucasian subjects were excluded for Western Blot analysis. t p<0.05 within
group vs. before diet. § p<0.05, §§ p<0.005 within groups vs. basal condition. * p<0.05 vs. Caucasians. IR,
insulin receptor isoform (. PKB, protein kinase B. AS160, Akt substrate of 160 kDa. PRAS40, Proline rich Akt
substrate of 40 kDa. mTOR, mammalian target of rapamycin. S6K1, ribosomal protein S6 kinase 1.
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Figure 2. Protein expression of mitochondrial respiratory-chain subunits in skeletal muscle from
healthy, young South Asian (striped bars) men and matched white Caucasians (closed bars) before
(black bars) and after (white bars) a 5-day HFHCD. A. Representative blots for one subject per group. B.
The expression of various mitochondrial-respiratory chain subunits (Cl: NDUFB8, Cll: SDHB, Clll: UQCRC2,
CIV: MTCO1, CV: ATP5A) were assessed by Western Blot in basal condition. C. The respiratory-chain complex
2-on-complex 1 ratios were calculated. D. The mtDNA on nDNA ratio as assessed by gPCR in basal condition
(n=7/12 (Caucasian/South Asian)). Results are normalized to Caucasian subjects (before diet) and expressed
as mean = SEM. Due to a small amount of tissue two Caucasian subjects were excluded for Western Blot
analysis. t p<0.05 within group vs. before diet. * p<0.05 vs. Caucasians. Cl-V, mitochondrial respiratory
chain subunits [-V.

Baseline comparisons

In contrast to other studies, waist fat distribution and HTG did not significantly differ
between both ethnicities."”'**”?® In addition, we did not find higher fasting serum in-
sulin levels,"**" nor lower peripheral insulin sensitivity in South Asians compared to
Caucasians at baseline in both basal and insulin-stimulated conditions.'**¥%**? |nstead,

South Asians seemed to have even higher insulin-stimulated peripheral insulin sensitiv-
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ity. However, insulin levels during the clamp were higher in South Asians on both study
days, which is in line with other studies.**** After correction for insulin levels, the differ-
ence in Ry between groups disappeared and was almost reversed. The higher insulin
levels were presumably due to a lower MCR; in South Asians, which has been shown
before.* The lower MCR; together with the higher HIR index in South Asians indicates
lower hepatic insulin sensitivity both at baseline and after the diet.

The difference in above-mentioned findings compared to literature might be
explained by the relatively young age, low BMI and sex (no females were included) of
our subjects, geographical differences as reflected by dietary and/or other acculturation
changes, and/or the small sample size (despite power calculation beforehand).

Response to a 5-day HFHCD

The mean daily calorie intake during the HFHCD was ~55% higher compared to their
normal diet, and both groups reached ~54% of energy derived from fat compared to
~30% of their normal daily energy intake. HTG increased significantly after the diet in
both groups, indicating good compliance to the diet, and consistent with a previous
study in which young, healthy Caucasian males were subjected to a 3-day HF-diet.”® In
contrast, fasting glucose and insulin levels increased significantly only in South Asians.
No effect of the diet on basal EGP or on the capacity of insulin to suppress EGP was
observed in either group, although the HIR index, which corrects EGP for insulin level,*
was significantly increased in South Asians only. Strikingly, insulin-stimulated Ry was
significantly impaired after the diet in South Asians, whereas no diet effect was observed
in Caucasians.

The response to a HF-diet on (skeletal muscle) insulin sensitivity in people of Cau-
casian descent is variable in the literature, depending on the percentage of fat and
carbohydrates, duration of the diet, amount of calories (eucaloric or hypercaloric), effect
on bodyweight, and method used to assess insulin sensitivity. In general, HF-diets of

434 \whereas after HF-

several hours up to 3 days induce whole-body insulin resistance,
diets of several days up to 3 weeks usually no effect is seen on insulin sensitivity.** This
difference in effect on insulin sensitivity might be attributed to a greater intramuscular
lipid storage and/or use after several days, compensating for the increase in FFA avail-
ability induced by the HF-diet.”

The impairment in insulin-stimulated Ry after the diet in South Asians appears
to be due to a decrease in NOGD, suggesting a defect in glycogen storage. Impaired
non-oxidative glucose disposal is the main defect observed in patients with type 2
diabetes.* Interestingly, at baseline insulin-stimulated NOGD was significantly higher
in South Asians compared to Caucasians, but this was possibly due to the higher insulin
levels in South Asians. Because of the impairment in NOGD in South Asians after the
diet, we also analysed proteins (Supplemental figure 1) and genes involved in glycolysis
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and glycogen synthesis. However, no obvious differences were found between groups.
The mRNA expression of GYS was significantly reduced in both groups after the diet
(Supplemental table 1). Of note, in contrast to what was observed in South Asians in
the present study, in several short-term HF-diet studies in Caucasians an increase in

NOGD and a decrease in glucose oxidation was observed,**/*&*°

accompanied by an
increase in skeletal muscle mRNA level of pyruvate dehydrogenase kinase 4 (PDK4) and
a corresponding decrease in pyruvate dehydrogenase enzyme complex (PDH) in basal
and insulin-stimulated conditions.****® In the present study, PDK4 was not affected by
the diet, and PDH was reduced only in South Asians (Supplemental Table 1). Therefore,
it would have been interesting to determine skeletal muscle glycogen content. Further
research is required to clarify the pathophysiological relevance of these apparent para-

doxical findings in glycogen metabolism in South Asians.

The nutrient-sensing mTOR-pathway is mostly known for its regulating role in cellular
proliferation and growth but it was also recently shown to be involved in key metabolic
processes.'® Therefore, it constitutes an interesting and relevant pathway to be inves-
tigated in the context of increased insulin resistance together with increased ectopic
fat deposition in South Asians vs. Caucasians. Interestingly, mTORC1 appears to have
negative effects on insulin signalling.'” There are various mechanisms through which
this negative feedback loop of MTORC1 on insulin signalling is initiated. When activated
by mTORC1, downstream target S6K1 can suppress IRS-1 via direct phosphorylation of
IRS1 on multiple serine residues, and via transcription repression of IRS1 gene expres-
sion. Additionally, mTORC1 directly interacts with IRS1 via raptor and phosphorylates
IRST at Ser636/639. Furthermore, several biochemical and genetic studies have shown
that mTORC1 plays a crucial role in the regulation of oxidative metabolism and mito-

1821 35 well as in lipid metabolism.? In particular, mMTORC1 seems to

chondrial biogenesis
suppress FA beta-oxidation.?"”*** Therefore, we hypothesized that differences in mTOR
activity between the two ethnicities might underlie or contribute to the increased risk
of insulin resistance and type 2 diabetes in South Asians. However, we did not find
obvious differences in the mTOR-pathway between or within groups, neither at baseline
nor after a 5-day HFHCD. Additionally, apart from a small difference in diet effect on
respiratory chain complex subunits 1 and 2, we did not observe relevant differences in
diet effect on skeletal muscle insulin signalling, mitochondrial density and expression of
genes involved in oxidative phosphorylation and mitochondrial biogenesis that could
explain the diet-induced impairment in insulin-stimulated Ry in South Asians, which is in
line with a previous study in which young, healthy Caucasian males were subjected to a
5-day HFHCD.*® The fact that we did not find obvious differences between groups might
be explained by the relatively good health of our subjects and/or the small sample size.
Of note, to confirm our findings on mitochondrial function other mitochondrial markers,
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such as ex vivo determination of activities of mitochondrial respiratory-chain complexes
and citrate synthase activity should be measured in future studies.

Only two other studies have been performed before in South Asians in which skeletal
muscle biopsies were obtained to assess insulin signalling and/or mitochondrial function,
and none assessed the mTOR-pathway. Nair et al. found no impairment in mitochondrial
function in healthy, middle-aged South Asians, even despite the finding that they were
more insulin resistant than matched Caucasians.'” Correspondingly, Hall and colleagues
reported that healthy, young, lean South Asian males did not exhibit lower expression
of skeletal muscle oxidative and lipid metabolism genes compared to matched white
Caucasians, and that mtDNA-to-nDNA-ratio, an index of mitochondrial content, did not
significantly differ between groups, although a trend for a lower ratio in South Asians
was observed." Thus, both studies concluded that mitochondrial dysfunction did not
account for the observed insulin resistance in South Asians, which is in line with our
present findings concerning the effect of a HFHCD. Additionally, Hall’s study showed
that South Asians had reduced skeletal muscle protein expression of key insulin signal-
ling proteins in the fasted state." In that study, insulin sensitivity, as measured from the
Matsuda insulin sensitivity index, was however significantly lower in South Asians. Thus,
these subjects might have been more insulin resistant, explaining the reduced expres-
sion of insulin signalling proteins as compared to our study. Other possibilities for the
different findings on insulin signalling are the larger group size in the study of Hall, and/
or geographical differences as reflected by dietary and/or other acculturation changes.

Finally, we cannot exclude the possibility that white adipose tissue might have
contributed to the diet-induced impairment in insulin-stimulated Ry in South Asians.
Indeed, about 10-20% of whole-body glucose uptake occurs in white adipose tissue,
which corresponds to the observed reduction in Ry in South Asians (mean percentage
decrease: 20+£5%).

In conclusion, we showed that a 5-day HFHCD is already sufficient to affect insulin-
stimulated (non-oxidative) glucose disposal in healthy, young, lean South Asian males,
whereas no diet effect was found in age- and BMI-matched Caucasians, suggesting that
the propensity of South Asians to develop type 2 diabetes may be partly explained by the
way they adapt to HF western food. The mTOR-pathway does not seem to be involved, at
least in skeletal muscle. These findings might provide new leads for further investigation
aimed to elucidate the pathogenesis of insulin resistance and type 2 diabetes in South
Asians.
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