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Abstract

Aim To determine prospectively the association of baseline hypertriglyceridaemic waist phenotype with incident
diabetes in Asian-Indian men with impaired glucose tolerance.

Methods In a randomized 2-year diabetes prevention trial in 517 men with impaired glucose tolerance, 123 (23.8%)
developed diabetes. Baseline anthropometric, metabolic and clinical variables were estimated. Associations of
hypertriglyceridaemic waist phenotype (waist circumference > 90cm and a serum triglyceride level of > 1.7 mmol/l)
with insulin resistance and incident diabetes were assessed using multiple linear regression and Cox’s proportional
hazard models, respectively.

Results Men with an isolated enlarged waistline and hypertriglyceridaemic waist phenotype had significantly higher
BMI and percentage of total body fat compared with the group with normal waistline and triglyceride levels and the
group with isolated hypertriglyceridaemia. The men with hypertriglyceridaemic waist phenotype had higher insulin
resistance (mean =+ sb homeostasis model assessment of insulin resistance value: 3.6 + 1.5) compared with those in the
isolated enlarged waistline, the isolated hypertriglyceridaemia or the normal waistline and triglyceride level groups (3.1
+ 1.4, 2.7 +£ 1.0 and 2.5 £ 1.1, respectively, all P < 0.05 compared with hypertriglyceridaemic waist phenotype).
Multiple linear regression analyses showed that hypertriglyceridaemic waist phenotype was significantly associated with
insulin resistance after adjusting for age, BMI, family history, percentage of total body fat, smoking, alcohol intake, 2-h
plasma glucose and HDL cholesterol level. Hypertriglyceridaemic waist phenotype was independently associated with
incident diabetes after adjusting for the above confounders and gamma-glutamyl transferase (hazard ratio 1.49, 95% CI
1.01-2.21; P = 0.047). The association of hypertriglyceridaemic waist phenotype with incident diabetes was abolished
when insulin resistance was introduced into the model (hazard ratio 1.39, 95% CI 0.092-2.10; P=0.12).

Conclusions Hypertriglyceridaemic waist phenotype is a simple clinical proxy measurement for insulin resistance and is
strongly associated with incident diabetes in Asian-Indian men with impaired glucose tolerance.

Diabet. Med. 31, 1542-1549 (2014)

Introduction high risk of developing diabetes is therefore imperative for

targeted prevention strategies. There is strong evidence that

The prevalence of cardiometabolic risk factors [1-4], partic-
ularly overweight/obesity [5], has increased in the last
three decades, especially in developing countries, as a result
of unhealthy dietary habits and sedentary behaviour.
Multi-ethnic, prospective, long-term clinical trials have
conclusively shown that diabetes can be prevented by
lifestyle modification [6]. The identification of people at
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excess visceral fat, as measured by an enlarged waist
circumference, is closely associated with insulin resistance
and disturbance in lipid glucose metabolism [7]. Previous
studies in Asian-Indian people [8], including one by the
present authors [9], have reported an association of waist
circumference with diabetes, suggesting that the increased
accumulation of fat in the abdominal cavity may be one of
the contributors to diabetes in this ethnic group. The
increasing prevalence of central obesity, sedentary behaviour
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What’s new?

» Hypertriglyceridaemic waist phenotype is shown to be
associated with insulin resistance and can be used as a
simple proxy for insulin resistance.

 In this study among Asian-Indian men with impaired
glucose tolerance, the presence of hypertriglyceridaemic
waist phenotype at baseline was found to be predictive
of incident diabetes over the 2-year follow-up period.

* A combined measurement of waist circumference and
fasting serum triglyceride levels may help in identifying
people at risk of developing Type 2 diabetes and in the
institution of preventive strategies.

and unhealthy dietary habits lead to hypertriglyceridaemia
which is a risk factor for insulin resistance, Type 2 diabetes
and prediabetes [10]. Enlarged waist circumference cannot
be distinguished from intra-abdominal adiposity and subcu-
taneous fat depots; therefore, Lemieux et al. [11] proposed
that the presence of elevated triglyceride levels in the
presence of central adiposity be used as a ‘proxy’ measure
to identify individuals with an increased risk of the
atherogenic lipid triad (elevated triglycerides, decreased
high-density lipoprotein cholesterol, and raised small dense
low-density lipoprotein cholesterol), hyperinsulinaemia and
subclinical inflammation. In fact, the presence of the hyper-
triglyceridaemic waist phenotype was proposed as a simple
screening method to identify participants at high cardiomet-
abolic risk [12,13]. Although cross-sectional studies [14-17],
including a study by the present authors [18], have shown an
association of this phenotype with diabetes, the usefulness of
this measure for the prediction of incident diabetes has been
little studied. The present ancillary cohort analysis was
performed using the prospective data from a primary
prevention trial in Asian-Indian men with prediabetes [19]
with the aim of analysing the possible association of
hypertriglyceridaemic waist phenotype with incident diabe-
tes, considering the simplicity of identifying the presence of
hypertriglyceridaemic waist phenotype and its known
association with other cardiometabolic risk factors.

Study participants

The present analyses are based on a cohort of men with
impaired glucose tolerance who were followed up for 2
years in a randomized controlled primary prevention trial of
diabetes in India [19]. A total of 537 men were randomized
into two groups: a control arm, which received standard
care advice only at baseline, and an intervention arm, which
received automated, customized text messages about healthy
lifestyle habits in addition to standard care advice. The
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study showed for the first time that text messaging is an
effective and acceptable tool to deliver and support lifestyle
modification to prevent Type 2 diabetes in Asian-Indian men
with impaired glucose tolerance [19]. The present analysis
was limited to 517 participants who had completed the
2-year follow-up. As both the control and intervention
groups received one-to-one lifestyle advice at baseline and as
the major objective of the present analysis was to explore
the association of hypertriglyceridaemic waist phenotype
with incident diabetes, we considered both the groups as a
single cohort for our analysis. The men gave written
informed consent to participate in the study, which was
approved by the Institutional Ethics Committee of the India
Diabetes Research Foundation, India.

Physical and biochemical analyses: body weight, height,
waist circumference, percentage of total body fat and
blood pressure were measured using standard procedures
[19]. Body Mass Index (BMI; Kg/m?) was calculated. The
presence of impaired glucose tolerance was confirmed by a
standard oral glucose tolerance test on two occasions in the
course of 1 week. Plasma glucose (hexokinase method),
fasting serum triglycerides, total cholesterol and HDL
cholesterol levels, gamma-glutamyl transferase and alanine
transaminase were measured using an automated analyser
with appropriate quality control measures. Plasma insulin
was measured using an electro chemiluminiscence assay in an
Elesys Cobas e411 auto-analyzer (Roche Diagnostics, Mann-
heim, Germany). The lower detection limit was 0.2 pU/ml
with a measuring range of 0.2-1000 pU/ml. Homeostasis
model assessment was used to assess insulin resistance [20]
using fasting plasma glucose and insulin values. The insuli-
nogenic index was calculated by dividing the increment in
serum insulin at 30 min by plasma glucose at 30 min during
the oral glucose tolerance test [21].

Definition of variables

The diagnosis of diabetes was based on the World Health
Organization (WHO) diagnostic criteria [22]: a fasting
plasma glucose concentration of > 7.0 mmol/l (> 126 mg/
dl) and/or a 2-h plasma glucose concentration of > 11.1
mmol/l (> 200 mg/dl) after a 75-g oral glucose load [22]. At
6- and 18-month reviews, 2-h plasma glucose concentration
was measured and if the value was > 11.1 mmol/l, the
diagnosis was confirmed with an oral glucose tolerance test
within 1 week. At annual follow-up, all participants without
diabetes underwent an oral glucose tolerance test.

The thresholds for waist circumference and triglyceride level
recommended for the Asian population by the International
Diabetes Federation [23] were used to categorize the partic-
ipants into four groups: (1) a group with normal waistline and
triglycerides (waist circumference < 90 cm; serum triglyceride
level <1.7 mmol/l); (2) a group with an enlarged waistline and
normal triglyceride level (isolated enlarged waistline: waist
circumference > 90 cm and serum triglycerides < 1.7 mmol/l);
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(3) a group with normal waistline and raised triglycerides level
(isolated hypertriglyceridaemia: waist circumference < 90 cmy;
serum triglycerides > 1.7 mmol/l); and 4) a group with
hypertriglyceridaemic waist phenotype (waist circumference
> 90 cm and serum triglycerides > 1.7 mmol/l).

Statistical analysis

General characteristics of individuals among the study
phenotypes were compared using one-way ANOVA for nor-
mally distributed variables after Bonferroni post hoc correc-
tion, the Kruskal-Wallis test for skewed variables with
Dunn’s multiple comparison test, and the chi-squared test for
categorical measures after Bonferroni P-value correction.
Linear regression analyses were used to assess associations of
isolated enlarged waistline, isolated hypertriglyceridaemia
and hypertriglyceridaemic waist phenotype with insulin
resistance as measured by homeostasis model assessment
(dependent variable). Adjustment for age, BMI, family
history of diabetes, hypertension, percentage of total body
fat, smoking and alcohol consumption was also performed in
Models 1 and 2 for 2-h plasma glucose concentration and
HDL cholesterol level. Cox regression analysis was used to
calculate hazard ratios and the corresponding 95% ClIs for
the risk of Type 2 diabetes for different categories of enlarged
waistline and/or hypertriglyceridaemia as shown above, after
adjusting for potential confounding factors known to
affect the outcome variable. All associations of an enlarged
waistline > 90cm (irrespective of triglyceride level) and
hypertriglyceridaemia (triglycerides > 1.7 mmol/l, irrespec-
tive of waist circumference) with incident diabetes were also
assessed. Cox’s proportional hazard models were computed
to assess the relative risk of hypertriglyceridaemic waist
phenotype with incident diabetes after adjusting for the
potential confounding variables. The covariates that were
shown to have significant univariate associations with
hypertriglyceridaemic waist phenotype were chosen for the
multivariate analyses. Age, family history of diabetes and 2-h
plasma glucose concentration values were included in the
model because of their strong associations with diabetes.
Analyses were adjusted for the dichotomous variables (study
group, family history, known hypertension, smoking and
drinking habits) and for the continuous variables (baseline
age, BMI, percentage of total body fat, 2-h plasma glucose
concentration, gamma-glutamyl transferase and homeostasis
model assessment of insulin resistance). Survival curves were
computed based on the phenotype categories. A P value
< 0.05 was taken to indicate statistical significance. spss
software (IBM SPSS Statistics for Windows, v. 19.0. IBM
Corp., Armonk, NY, USA) was used for the analyses.

The baseline characteristics of the four subgroups are shown
in Table 1. The mean + sp age of the study participants was
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46.1 + 4.7 years and the mean + sp BMI was 25.8 + 3.2 kg/
m?. At baseline, no participant was receiving lipid-modifying
treatment and 138 were receiving hypotensive medication.
At the 2-year follow-up, 123 (23.8%) of the men had
developed diabetes.

Baseline characteristics of the study cohort stratified by
waist circumference and triglyceride level are shown in
Table 1. Isolated hypertriglyceridaemia was present in 64
men (12.4%), 167 men (32.3%) had the hypertriglyceridae-
mic waist phenotype and 231 men (44.7%) had fasting
hypertriglyceridaemia. Central adiposity was present in 358
(69.2%) men, of whom 191 (36.9%) had isolated enlarged
waist phenotype. The men with isolated enlarged waistline
and hypertriglyceridaemic waist phenotypes had significantly
higher BMI and percentage of total body fat compared with
the group with normal waist circumference and triglyceride
levels and the group with isolated hypertriglyceridaemia
(P <0.001). Men with the hypertriglyceridaemic waist
phenotype had higher diastolic blood pressure compared
with the group with normal waistline and triglyceride levels
(P <0.05). No significant differences in fasting and 2-h
plasma glucose concentration levels were observed between
the groups. As expected, the groups with hypertriglyceridae-
mic waist phenotype and isolated hypertriglyceridaemia
phenotypes had significantly higher total cholesterol and
lower HDL cholesterol
compared with the group with normal waistline and triglyc-

triglyceride levels and levels
eride levels and the group with isolated enlarged waistline
(P < 0.0001). The group with hypertriglyceridaemic waist
phenotype had higher insulin resistance compared with the
group with normal waistline and triglyceride levels and the
group with isolated hypertriglyceridaemia (P < 0.0001 for
both), and also had higher values than the group with
isolated enlarged waistline (P < 0.05). The men with the
hypertriglyceridaemic waist phenotype also had a higher
insulinogenic index compared with the group with normal
waistline and triglyceride levels (P < 0.05).

The association between insulin resistance and the cate-
gories of abnormality assessed by multiple linear regression
analyses are shown in Table 2. Hypertriglyceridaemic waist
phenotype was positively associated with insulin resistance
after adjusting for an array of potential confounders. Isolated
enlarged waistline was observed to have a significant
association with insulin resistance in an unadjusted model,
but the association was attenuated when anthropometric and
other confounding variables were entered into the model.
Isolated hypertriglyceridaemia was not shown to be signif-
icantly associated with homeostasis model assessment of
insulin resistance.

Table 3 shows the hazard ratios attributed to the different
variables, with and without adjusting for the study groups
(intervention vs standard care), baseline age, BMI, percentage
of total body fat, family history, smoking and alcohol habits
(Model 1), 2-h plasma glucose concentration, total choles-
terol and HDL cholesterol (Model 2) and gamma-glutamyl
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Linear regression analyses showing the association of different abnormalities with insulin resistance

Unadjusted analysis

Model 1

Model 2

Regression coefficient

Regression coefficient

Regression coefficient

Baseline variable (95% CI) P (95% CI) 2 (95% CI) P

Normal waistline and Ref - - Ref -
triglyceride level

Isolated enlarged waist 0.25 (0.13-0.36) < 0.0001 0.13 (—0.01-0.26) 0.052 0.13 (—0.01-0.26) 0.067

Isolated 0.14 (—0.02-0.28) 0.090 0.08 (—0.08-0.22) 0.345 0.04 (—0.12-0.20) 0.620
hypertriglyceridaemia

Hypertriglyceridaemic 0.38 (0.27-0.50) < 0.0001 0.27 (0.14-0.41) < 0.0001 0.23 (0.09-0.37) 0.001

waist phenotype

Dependent variable: insulin resistance (homeostasis model assessment: log-transformed).
Model 1: adjusted for age, BMI, family history of diabetes, hypertension, body fat percentage, smoking and drinking habits.
Model 2: Model 1 further adjusted for 2-h plasma glucose during oral glucose tolerance test and HDL cholesterol.

transferase levels (Model 3). The hazard ratio of the unad-
justed model was 1.53 (95% CI 1.07-2.20; P = 0.019). The
relationship remained significant after adjusting for the above
confounding factors [Model 3: hazard ratio 1.49, 95% CI
1.01-2.21; P = 0.047 (Fig. 1)]. Addition of insulin resistance
to Model 3 nullified the significance (Model 4; hazard ratio
1.39, 95% CI 0.92-2.10; P = 0.119); however, addition of
B-cell function (as estimated by the insulinogenic index,
omitting insulin resistance) did not affect the association of
hypertriglyceridaemic waist phenotype with incident diabetes
(Model 5: hazard ratio 1.59, 95% CI 1.05-2.23; P = 0.040).
Hypertriglyceridaemia (> 1.7 mmol/l, ignoring waist circum-
ference) was observed to have a significant association with
diabetes in an unadjusted model (hazard ratio 1.48, 95% CI
1.04-2.11; P = 0.029) which was attenuated when anthro-
pometric and demographic variables were added (Model 1:
hazard ratio 1.41, 95% CI 0.99-2.03; P = 0.059). Waist
circumference did not show a significant association, even in
the unadjusted model [hazard ratio 1.34, 95% CI 0.90-2.01;
P =0.152 (Table 3)].

Alternative combinations of thresholds for waist circum-
ference and triglyceride levels were explored in relation to
incident diabetes and baseline insulin resistance (homeostasis
model assessment of insulin resistance value > 4.1), but off-
ered no improvement regarding sensitivity and specificity
over the chosen threshold of waist circumference > 90 cm
and triglyceride level > 1.7 mmol/l (results not shown).

The present analyses showed that hypertriglyceridaemic
waist phenotype was associated with insulin resistance and
higher risk of diabetes in Asian-Indian men with impaired
glucose tolerance. Men with the hypertriglyceridaemic waist
phenotype were also observed to have elevated compensatory
early phase insulin secretion. Although baseline glycaemia
levels were similar in the four subgroups, the presence of
hypertriglyceridaemic waist phenotype alone conferred a
higher risk of diabetes. The findings are in accordance with
other studies: a Canadian study of healthy men in which

Cox-proportional hazard model for incident diabetes during the 2-year follow-up

Hypertriglyceridaemic waist phenotype  Triglycerides only

Waist circumference only

Regression
coefficient
Variable (SE)

Regression
HR [95% CI] P

coefficient (SE)

Regression

HR [95% CI] P coefficient (se) HR [95% CI] P

Unadjusted  0.43 (0.18) 1.53 [1.07-2.20] 0.019 0.39 (0.18)
Model 1 0.38 (0.19) 1.47 [1.02-2.13] 0.041 0.35 (0.18)
Model 2 0.41 (0.20) 1.50 [1.01-2.22] 0.043 -
Model 3 0.40 (0.20) 1.49 [1.01-2.21] 0.047 -
Model 4 0.35 (0.21) 1.39[0.92-2.10] 0.119 -
Model S 0.41(0.19) 1.59 [1.05-2.23] 0.040 —

1.48 [1.04-2.11] 0.029 0.29 (0.21) 1.34 [0.90-2.01] 0.152
1.41 [0.99-2.03] 0.059 - = =

HR, hazard ratio. Dependent variable: diabetes vs no diabetes.

Hypertriglyceridaemic waist phenotype category was dichotomized (hypertriglyceridaemic waist phenotype vs others); triglycerides only >

1.7 mmol/l; waist circumference only > 90 cm.

Model 1: Adjusted for age, group, BMI, total body fat percentage, family history of diabetes, hypertension, smoking and drinking; Model 2:
Model 1 + 2 hr plasma glucose, cholesterol and HDL cholesterol; Model 3: Model 2 + gamma-glutamyl transferase; Model 4: Model 3 +

insulin resistance
Model-5: Model-3 + insulinogenic index.
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1.00

0.95 4

0.90 4

0.85 -
Others

Cumulative Survival

0.80 - N

0.75 .

070 9 HR: 1.49 [1.01-2.21]; P = 0.047
T T T T T T
0.00 5.00 10.00 15.00 20.00 25.00

Time, months

Survival curve for the men who remained free of diabetes,
stratified by hypertriglyceridaemic waist phenotype category. Curve
plotted after adjusting for study group, age, BMI, percentage of total
body fat, family history of diabetes, hypertension, alcohol
consumption, smoking habits, and 2-h plasma glucose, total
cholesterol, HDL cholesterol and gamma-glutamyl transferase levels.
HR, hazard ratio.

hypertriglyceridaemic waist phenotype was associated with
hyperinsulinaemia as well as elevated apolipoprotein B, and
small dense LDL [11], a Chinese community-based prospec-
tive study in urban adults which showed an association of
hypertriglyceridaemic waist phenotype with diabetes [24]
and a study in elderly men which showed an increased
association of hypertriglyceridaemic waist phenotype with
‘glucometabolic risk’ and decreased insulin sensitivity [17].
Previously, our group showed an association of hypertrigly-
ceridaemic waist phenotype with atherogenic dyslipidaemia
and glucose intolerance in a cross-sectional analysis in an
Asian-Indian population [18]. The present prospective data
suggest a possible aetiological association of hypertriglycer-
idaemic waist phenotype with Type 2 diabetes. This was
rendered nonsignificant by inclusion of insulin resistance in
the model, suggesting that the association between hypertri-
glyceridaemic waist phenotype and risk of incident Type 2
diabetes was mediated through insulin resistance.

In the present cohort, hypertriglyceridaemia was found to
have a marginal association with incident diabetes, whereas
an enlarged waist circumference did not show an association.
We reported a strong association of central adiposity with
Type 2 diabetes in a previous cross-sectional study in an
Indian population [9]. Similar observations have also been
reported in a migrant South-Asian population by McKeigue
et al. [8]. The discordant observation noted in the present
study could be attributable to the fact that the majority of the

© 2014 The Authors.
Diabetic Medicine © 2014 Diabetes UK

DIABETICMedicine

at-risk participants in our study had an enlarged waist
circumference at baseline (69.2%), such that an enlarged
waist circumference per se might have offered less potential
for Type 2 diabetes risk discrimination than in the general
population.

In an earlier study of people with normoglycaemia, we
noted a strong association between triglyceride levels and
insulin resistance in the Asian-Indian population. Using the
receiver-operating characteristic procedure, a triglyceride
concentration of > 1.7 mmol/l was found to have a sensitivity
of 66.2% and specificity of 62.2% to distinguish insulin
resistance [10]. The positive association of triglyceride
levels with incident diabetes noted in the present study
suggested that it might have a pathogenic role mediated
through insulin resistance; however, the effect was enhanced
when hypertriglyceridaemia co-existed with an enlarged
waist circumference.

The association of hypertriglyceridaemic waist phenotype
with incident diabetes was significant even after the adjusting
for 2-h plasma glucose concentration and gamma-glutamyl
transferase, but the relationship was attenuated after adjust-
ing for homeostasis model assessment of insulin resistance.
Additionally, hypertriglyceridaemic waist phenotype has
been shown to be associated with increased visceral adiposity
in patients with glucose intolerance [13]. For a given BMI,
Asian-Indian people have a higher waist-hip ratio and a
greater accumulation of abdominal fat than many other
populations [10,25-27]. The presence of upper body adipos-
ity coupled with hypertriglyceridaemia appears to induce a
high degree of insulin resistance [18], even among non-obese
Asian-Indian people.

There is no universally accepted, clinically approved
numeric expression that defines insulin resistance and B-cell
dysfunction. The threshold for insulin resistance varies
among different ethnic groups, so the use of these measures
requires careful interpretation and expertise, which may not
be feasible in routine clinical practice. Although homeostasis
model assessment provides a robust, clinical and epidemio-
logical tool with which to assess insulin action, its applica-
tion may be limited in non-obese participants [28]. Plasma
insulin level is not routinely measured in most clinical
laboratories, especially in developing countries; therefore, as
an alternative simple approach, clinical measures such as
BMI, waist circumference [29] and lipids (HDL cholesterol/
triglycerides ratio) [18] have been proposed as proxy
measures to identify participants with high risk of insulin
resistance and compromised B-cell function; however, these
measures explain only a modest amount of the variation in
directly measured insulin resistance compared with insu-
lin-based indices. Hypertriglyceridaemic waist phenotype
offers a simple, alternative tool to screen for individuals
with a higher risk of incident diabetes among those with
prediabetes.

The strengths of the present study are its prospective
design, its inclusion of Asian-Indian people who have a high
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susceptibility to develop diabetes and the that fact that it
shows, even among a group of individuals at high risk, with
impaired glucose tolerance, that hypertriglyceridaemic waist
phenotype could be used to predict incident diabetes.

The study also has some limitations. The study group
comprised only men and, therefore, the association of
hypertriglyceridaemic waist phenotype with incident diabe-
tes in women remains to be studied. Although imaging data
would be ideal for the determination of visceral adiposity, it
is generally not feasible for a large epidemiological analysis,
because of the high cost of imaging and the need for
specialized technical expertise. The use of hypertriglyceri-
daemic waist phenotype as a predictor of incident diabetes
has significant public health importance with regard to
implementing preventive studies. Hypertriglyceridaemic
waist phenotype can be assessed by routine laboratory
measures and can serve as a simple screening tool to identify
people with insulin resistance, who have a high risk of
developing diabetes.

Funding sources

The main study was funded by the UK India Education and
Research Initiative (UKIERI, IND/CONT/06-07/187E). We
also acknowledge partial funding from the World Diabetes
Foundation (08 — 406).

Competing interests

None declared.

Acknowledgements

We thank Mary Simon, C.K. Sathish Kumar and Tamil
Selvan for the conduct of the survey. We also thank L.Vijaya
for assistance in statistical analyses and for secretarial help.

—_

Farzadfar F, Finucane MM, Danaei G, Pelizzari PM, Cowan M],
Paciorek CJ et al. National, regional, and global trends in serum
total cholesterol since 1980: systematic analysis of health exami-
nation surveys and epidemiological studies with 321 country-years
and 3.0 million participants. Lancet 2011; 377: 578-586.

Danaei G, Finucane MM, Lu Y, Singh GM, Cowan M]J, Paciorek CJ
et al. National, regional, and global trends in fasting plasma glucose
and diabetes prevalence since 1980: systematic analysis of health
examination surveys and epidemiological studies with 370 coun-
try-years and 2.7 million participants. Lancer 2011; 378: 31-40.
Danaei G, Finucane MM, Lin JK, Singh GM, Paciorek CJ, Cowan
M] et al. National, regional, and global trends in systolic blood
pressure since 1980: systematic analysis of health examination
surveys and epidemiological studies with 786 country-years and 5.4
million participants. Lancet 20115 377: 568-577.

4 Katikireddi SV, Morling JR, Bhopal R. Is there a divergence in time
trends in the prevalence of impaired glucose tolerance and diabetes?
A systematic review in South Asian populations. Int | Epidemiol
2011; 40: 1542-1553.

[ 5]

(O8]

1548

oo}

10

1

[

12

13

14

15

16

17

18

19

20

Hypertriglyceridaemic waist phenotype predicts incident diabetes o J. Ram et al.

Finucane MM, Stevens GA, Cowan M], Danaei G, Lin JK, Paciorek
CJ et al. National, regional, and global trends in body-mass index
since 1980: systematic analysis of health examination surveys and
epidemiological studies with 960 country-years and 9.1 million
participants. Lancet 2011; 377: 557-567.

Ramachandran A, Snehalatha C. Diabetes prevention programs.
Med Clin North Am 2011; 95: 353-372.

Carr DB, Utzschneider KM, Hull RL, Kodama K, Retzlaff BM,
Brunzell JD et al. Intra-abdominal fat is a major determinant of the
National Cholesterol Education Program Adult Treatment Panel I1I
criteria for the metabolic syndrome. Diabetes 2004; 53: 2087-
2094.

McKeigue PM, Shah B, Marmot MG. Relation of central obesity
and insulin resistance with high diabetes prevalence and cardiovas-
cular risk in South Asians. Lancet 1991; 337: 382-386.
Ramachandran A, Snehalatha C, Viswanathan V, Viswanathan M,
Haffner SM. Risk of noninsulin dependent diabetes mellitus
conferred by obesity and central adiposity in different ethnic
groups: a comparative analysis between Asian Indians, Mexican
Americans and Whites. Diabetes Res Clin Pract 1997; 36: 121-125.
Snehalatha C, Satyavani K, Sivasankari S, Vijay V, Ramachandran
A: Serum triglycerides as a marker of insulin resistance in
non-diabetic urban Indians. Diabetes Res Clin Pract 2005; 69:
205-206.

Lemieux I, Pascot A, Couillard C et al. Hypertriglyceridemic waist:
A marker of the atherogenic metabolic triad (hyperinsulinemia;
hyperapolipoprotein B; small, dense LDL) in men? Circulation
2000; 102: 179-184.

Lemieux I, Poirier P, Bergeron J, Almeras N, Lamarche B, Cantin B
et al. Hypertriglyceridemic waist: a useful screening phenotype in
preventive cardiology? Can | Cardiol 2007; 23 (Suppl. B):23B-31B.
Sam S, Haffner S, Davidson MH, D’Agostino RB Sr., Feinstein S,
Kondos G et al. Hypertriglyceridemic waist phenotype predicts
increased visceral fat in subjects with type 2 diabetes. Diabetes Care
2009; 32: 1916-1920.

St-Pierre J, Lemieux I, Vohl MC, Perron P, Tremblay G, Despres JP
et al. Contribution of abdominal obesity and hypertriglyceridemia
to impaired fasting glucose and coronary artery disease. Am |
Cardiol 2002; 90: 15-18.

Lemieux I, Almeras N, Mauriege P, Blanchet C, Dewailly E,
Bergeron | et al. Prevalence of ‘hypertriglyceridemic waist” in men
who participated in the Quebec Health Survey: association with
atherogenic and diabetogenic metabolic risk factors. Can | Cardiol
2002; 18: 725-732.

Pollex RL, Hanley AJ, Zinman B, Harris SB, Hegele RA. Clinical
and genetic associations with hypertriglyceridemic waist in a
Canadian aboriginal population. Int | Obes (Lond) 2006; 30:
484-491.

Carlsson AC, Riserus U, Arnlov J. Hypertriglyceridemic Waist
Phenotype is Associated with Decreased Insulin Sensitivity and
Incident Diabetes in Elderly Men. Obesity (Silver Spring) 2014; 22:
526-529.

Snehalatha C, Nanditha A, Shetty AS, Ramachandran A. Hyper-
triglyceridaemia either in isolation or in combination with abdom-
inal obesity is strongly associated with atherogenic dyslipidaemia in
Asian Indians. Diabetes Res Clin Pract 2011; 94: 140-145.
Ramachandran A, Snehalatha C, Ram ], Selvam S, Simon M,
Nanditha A er al. Effectiveness of mobile phone messaging in
prevention of type 2 diabetes by lifestyle modification in men in
India: a prospective, parallel-group, randomised controlled trial.
Lancet Diabetes Endocrinol 2013; 1: 191-198.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF,
Turner RC. Homeostasis model assessment: insulin resistance and
beta-cell function from fasting plasma glucose and insulin concen-
trations in man. Diabetologia 1985; 28: 412-419.

© 2014 The Authors.
Diabetic Medicine © 2014 Diabetes UK



21

22

23

24

25

Research article

Wareham NJ, Phillips DI, Byrne CD, Hales CN. The 30 minute
insulin incremental response in an oral glucose tolerance test as a
measure of insulin secretion. Diabet Med 1995; 12: 931.

World Health Organization: Definition, Diagnosis and Classifica-
tion of Diabetes Mellitus and its Complications. Report of a WHO
Consultation. Part 1: Diagnosis and Classification of Diabetes
Mellitus. Geneva: World Health Organization, 1999.

Zimmet P, Magliano D, Matsuzawa Y, Alberti G, Shaw J. The
metabolic syndrome: a global public health problem and a new
definition. | Atheroscler Thromb 2005; 12: 295-300.

Zhang M, Gao Y, Chang H, Wang X, Liu D, Zhu Z et al.
Hypertriglyceridemic-waist phenotype predicts diabetes: a cohort
study in Chinese urban adults. BMC Public Health 2012; 12: 1081.
Snehalatha C, Ramachandran A, Satyavani K, Vallabi MY,
Viswanathan V. Computed axial tomographic scan measurement
of abdominal fat distribution and its correlation with anthropom-
etry and insulin secretion in healthy Asian Indians. Metabolism
1997; 46: 1220-1224.

© 2014 The Authors.
Diabetic Medicine © 2014 Diabetes UK

26

27

28

29

DIABETICMedicine

Ramachandran A, Snehalatha C, Viswanathan V, Viswanathan M,
Haffner SM. Risk of noninsulin dependent diabetes mellitus
conferred by obesity and central adiposity in different ethnic groups:
a comparative analysis between Asian Indians, Mexican Americans
and Whites. Diabetes Res Clin Pract 1997; 36: 121-125.

Raji A, Seely EW, Arky RA, Simonson DC. Body fat distribution
and insulin resistance in healthy Asian Indians and Caucasians.
J Clin Endocrinol Metab 2001; 86: 5366-5371.

Kang ES, Yun YS, Park SW, Kim HJ, Ahn CW, Song YD et al.
Limitation of the validity of the homeostasis model assessment as an
index of insulin resistance in Korea. Metabolism 2005; 54: 206-211.
Ades PA, Savage PD, Toth MJ, Schneider DJ, Audelin MC, Bunn
JY et al. The influence of obesity and consequent insulin resistance
on coronary risk factors in medically treated patients with coronary
disease. Int | Obes (Lond) 2008; 32: 967-974.

1549



Copyright of Diabetic Medicine is the property of Wiley-Blackwell and its content may not be
copied or emailed to multiple sites or posted to alistserv without the copyright holder's
express written permission. However, users may print, download, or email articles for
individual use.



