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Abstract

Aims/hypothesis We estimated the current prevalence of
type 2 diabetes in the Vietnamese population and developed
simple diagnostic models for identifying individuals at high
risk of undiagnosed type 2 diabetes.

Methods The study was designed as a cross-sectional
investigation with 721 men and 1,421 women, who were
aged between 30 and 72 years and were randomly sampled
from Ho Chi Minh City (formerly Saigon) in Vietnam. A
75 g oral glucose tolerance test to assess fasting and 2 h
plasma glucose concentrations were determined for each
individual. The ADA diagnostic criteria were used to
determine the prevalence of type 2 diabetes. WHR and
blood pressure were also measured in all individuals.
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Results The prevalence of type 2 diabetes was 10.8% in
men and 11.7% in women. Higher WHR and blood
pressure were independently associated with a greater risk
of type 2 diabetes. Compared with participants without
central obesity and hypertension, the odds of diabetes was
increased by 6.4-fold (95% CI 3.2-13.0) in men and 4.1-
fold (2.2-7.6) in women with central obesity and hyperten-
sion. Two nomograms were developed that help identify
men and women at high risk of type 2 diabetes.
Conclusions/interpretation The current prevalence of type 2
diabetes in the Vietnamese population is high. Simple
field measurements such as waist-to-hip ratio and systolic
blood pressure can identify individuals at high risk of
undiagnosed type 2 diabetes.
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Abbreviations
FPG Fasting plasma glucose
IFG  Impaired fasting glucose

IGT  Impaired glucose tolerance

NNS  Number of individuals needed to undergo screening
ROC Receiver operating characteristic

Introduction

Type 2 diabetes mellitus is recognised as an important public
health problem across the world, because it is highly prevalent
in the general population and incurs serious health conse-
quences [1, 2]. The global prevalence of type 2 diabetes
mellitus is projected to increase from 2.8% in 2000 to 4.4%
in 2030, with the actual number of people with the disease
doubling during the same period [3]. A large increase in the

@ Springer



2140

Diabetologia (2010) 53:2139-2146

global prevalence of type 2 diabetes mellitus will take place
in the developing world, with 80% of all new cases expected
to appear in the developing countries by 2025 [4]. The Asia-
Pacific region, including Vietnam, has been identified as of
‘prime importance to the epidemiology of diabetes’ [5]
because the prevalence of type 2 diabetes in this part of the
world is higher than in other developing countries [1],
possibly reflecting an even higher effect of evolutionary
pressure and thrifty genes in some ethnic groups.

Few studies have examined the prevalence of type 2
diabetes and its risk factors in Vietnam [6, 7], where type 2
diabetes and obesity are increasingly becoming public health
concerns. A difficult aspect of estimating the prevalence of
type 2 diabetes is that the disease is often asymptomatic at
onset and can remain undiagnosed for several years [7, 8],
such that in the developed world approximately 50% of
individuals with type 2 diabetes are undiagnosed [9].
However, universal screening is not cost-effective or
recommended. The present study sought to (1) estimate the
prevalence of, and risk factors for undiagnosed type 2
diabetes mellitus; and (2) develop nomograms for predicting
type 2 diabetes risk in Vietnamese men and women.

Methods

Study design and participants The study was designed as a
cross-sectional investigation, conducted in Ho Chi Minh
City (formerly Saigon). The city is a major economic centre
in Vietnam, with a population of 6.4 million and a
population density of 3,400 people per square km. The
present study protocol and procedures were approved by
the Ethics Committee of the Department of Science and
Technology, Ho Chi Minh City.

Based on the electoral roll (in Vietnam voting is
compulsory) of 17 districts within the city, we randomly
selected 30 suburbs for sampling. The sampling scheme was
based on the population proportionate to size methodology,
in which for each selected suburb (cluster), the list of
households and individuals aged between 30 and 70 years
old was obtained. A computer program was then used to
randomly select participants and send letters of invitation to
participate in the study. The rate of acceptance was around
90%. Participants received a free health check-up, but no
reimbursement. Inclusion criteria were: men and women
aged between 30 and 70 years, not known to have type 2
diabetes at time of acceptance to participate in the study. We
excluded men or women who were deemed to have impaired
cognitive function or were unwilling to give consent or were
physically unable to complete the clinical examination.

Sample size was estimated based on the number of
events per predictor in the logistic regression model. From
the literature, we anticipated that there would be around
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five predictors of type 2 diabetes. According to Peduzzi et
al. [10], the number of events per predictor should be 10 or
more; as a result, we aimed to obtain at least 50 diabetic
individuals for each sex in the study. Previous studies in
Vietnam and Asia suggest that the prevalence of type 2
diabetes is about 10% [11]. Thus, the required sample size
was estimated to be at least 500 for each sex. This sample
size has an 80% chance of detecting an association between
a risk factor and type 2 diabetes with an odds ratio of 1.5 or
greater at a significance level of 5%.

Clinical and biochemical measurements Anthropometric
variables including age, weight and standing height were
obtained. Body weight was measured using digital scales
(HN-210; Omron, Tokyo, Japan) in indoor clothing without
shoes. Height was determined without shoes on a portable
stadiometer (Idea Height Scale 966; Hata Exercise Tool
Company, Tokyo, Japan) with mandible plane parallel to
the floor. BMI was calculated as weight (kg) divided by the
square of height (m). In addition, waist and hip circum-
ference (and hence WHR) were also measured. Waist
circumference was measured at the mid-way between the
lower rib margin and the iliac crest, while hip circum-
ference was measured at the level of the anterior superior
iliac spine, where this could be felt, otherwise at the
broadest circumference below the waist. The measurement
was done by an unstretched tape meter to the nearest
0.1 cm. The participants were instructed to wear light
clothing and breathe gently during the measurements.

Body fat was measured using bioelectric impedance on
a body fat analyser (BC-118; Tanita, Tokyo, Japan). Fat
mass was expressed as per cent of body weight (i.e. per
cent body fat).

Participants were instructed to avoid alcohol, cigarette
smoking and coffee for at least 30 min before their blood
pressure measurement. Three consecutive blood pressure
measurements per participant were obtained by an attending
doctor according to a standardised protocol, with participants
in a seated position after having rested for at least 5 min. A
calibrated mercury sphygmomanometer was used, with one
of four cuff sizes depending on the participant’s arm
circumference.

Diagnosis of type 2 diabetes All participants were instructed
to fast overnight before the examination. Venous blood
(20 ml) was taken from each participant by venepuncture
between 07:00 and 11:00 hours. The serum was imme-
diately frozen to —20°C prior to biochemical analysis.
Fasting plasma glucose (FPG) level was measured by the
glucose oxidase method (GOD-PAP; Boehringer-Mannheim,
Mannheim, Germany). All specimens were analysed at the
MEDIC’s Department of Biochemistry and Paraclinical
Services (Ho Chi Minh City, Vietnam).



Diabetologia (2010) 53:2139-2146

2141

An OGTT was administered after an 8 h fast. A fasting
blood sample for plasma glucose was obtained and then
75 g of monohydrate glucose solution was ingested. Blood
samples were obtained at 120 min after ingestion and were
later assayed for glucose concentrations.

Individuals were classified into five groups according to
FPG and glucose tolerance limit as follows: (1) normal
glucose tolerance if FPG was less than 5.5 mmol/l and 2 h
plasma glucose was less than 7.8 mmol/l; (2) isolated
impaired fasting glucose (IFG) if FPG was between 5.5 and
6.9 mmol/l, and/or 2 h plasma glucose was less than
7.8 mmol/l; (3) isolated impaired glucose tolerance (IGT) if
FPG was less than 5.5 mmol/l and 2 h plasma glucose was
between 7.8 and 11.0 mmol/l; (4) combined IFG and IGT if
FPG was between 5.5 and 6.9 mmol/l, and 2 h plasma
glucose was between 7.8 and 11.0 mmol/l; and (5) type 2
diabetes if FPG was equal to or higher than 7.0 mmol/l and/
or 2 h plasma glucose was 11.1 mmol/l or higher.

The study was approved by the Medical Ethics Commit-
tee of the Department of Health, Ho Chi Minh City, Vietnam.
All volunteer participants were provided with full informa-
tion about the study’s purpose and gave informed consent to
participate in the study, according to the principles of
medical ethics of the World Health Organization.

Data analysis Our primary objective was to determine risk
factors for undiagnosed type 2 diabetes and then develop a
diagnostic model for predicting the risk of type 2 diabetes
in an individual. The logistic regression model was used to
develop a risk assessment model. The potential risk factors
were age, weight, BMI, per cent body fat, abdominal fat,
waist circumference, WHR, family history of diabetes, and
systolic and diastolic blood pressure. Given multiple risk
factors, many possible multiple logistic regression models
could be formed to predict the risk of type 2 diabetes. In
this study, we used the Bayesian model average approach
[12] to search for a model with maximum parsimony (i.e.
minimum number of risk factors and maximum discrimi-
natory power). According to this approach, the model with
the lowest Bayesian information criterion value is con-
sidered the most parsimonious. Based on the variable
estimates from the most parsimonious model, nomograms
[13] were constructed for prediction of the risk of type 2
diabetes. The prognostic performance of parsimonious
models was assessed by the area under the receiver
operating characteristic (ROC) curve [14, 15]. The nomo-
grams were internally validated by the bootstrap method,
which assesses how accurately the model will predict type 2
diabetes in a new similar sample of participants. In this
method, 500 sub-samples of the entire sample, each
consisting of 150 participants, were repeatedly re-sampled
(with replacement) and analysed, from which biases were
estimated [16]. In a further validation, the predicted

probability of type 2 diabetes was compared with the actual
probability (i.e. nomogram calibration) in the entire sample,
again using 1,000 bootstrap resample to reduce overfit bias,
which would have overstated the accuracy of the nomo-
gram. All analyses were performed using the R language
[17] on a Windows XP platform.

Results

Baseline characteristics of participants Overall, approxi-
mately 49% men and 56% women had impaired glucose
homeostasis, with the majority being isolated IFG (men
23.5%, women 22%). The prevalence of type 2 diabetes in
men (Fig. 1a) was 10.8% (78/721) and was not significantly
different from women (Fig. 1b), among whom the
prevalence was 11.7% (188/1,609).

Demographic, anthropometric and clinical characteristics
of participants classified by diabetic status are shown in
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Fig. 1 Prevalence of impaired glucose homeostasis in Vietnamese
men (a) and women (b) aged 30 years and above. DM, type 2 diabetes
mellitus
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Table 1. The average age of participants was ~50 (SD 6)
years, with range being 34 to 72 years. In both sexes, there
was no significant difference in age between those with and
without type 2 diabetes.

As expected, men and women with type 2 diabetes
had greater body weight, BMI, per cent body fat and
abdominal fat than those without type 2 diabetes. Using
the criterion of BMI >25 kg/m?, 21.7% (n=157) men and
26.1% (n=420) women were classified as overweight or
obese. However, in diabetic individuals, the prevalence of
obesity was significantly higher than the population
average. Approximately 40% (n=31) of diabetic men
and 42% (n=79) of diabetic women had overweight or
obesity.

In both sexes, diabetic individuals had significantly higher
systolic and diastolic BP than non-diabetic individuals. For
instance, systolic BP in diabetic men was on average
13 mmHg higher than in non-diabetic men, a difference also
observed in women (9 mmHg). Among diabetic men, 55%

(n=43) were hypertensive, which was significantly greater
than among non-diabetic men, in whom prevalence of
hypertension was 32%. In women, hypertension was present
in 38% of diabetic women, which was significantly higher
than in non-diabetic women (24%).

Risk factors and diagnostic model of type 2 diabetes Uni-
variate analysis (Table 2) suggested that each of the risk
factors in Table | was significantly associated with type 2
diabetes. In univariate analysis, WHR was the most
important risk factor, with each 0.07 increase in WHR
being associated with an odds ratio of 2.5 (95% CI 1.85—
3.50) in women and 1.72 (1.46-2.03) in men. Results of the
Bayesian model average analysis suggested that blood
pressure and measures of fat mass (e.g. weight, BMI,
WHR, per cent body fat and abdominal fat) were related to
type 2 diabetes.

Using the Bayesian information criteria as a metric of
model selection, we found that the model with WHR and

Table 1 Baseline characteristics

stratified by sex Variable Diabetic status Difference, mean (95% CI)
Non-diabetes Diabetes
Men
n 643 78
Age (years) 50.0 (5.9) 51.3 (6.8) 1.5 (0.05, 2.9)
Weight (kg) 58.9 (10.3) 64.2 (10.8) 522.8,7.7)
BMI (kg/m?) 22.2 (3.75) 24.2 (3.7) 2.0 (1.1, 2.8)
Waist circumference (cm) 82.6 (10.0) 89.2 (10.2) 6.6 (4.3,9.0)
WHR 0.90 (0.06) 0.95 (0.06) 0.05 (0.03, 0.06)
Lean mass (kg) 46.4 (5.7) 48.1 (5.4) 1.7 (0.3, 3.1)
Per cent body fat 20.4 (6.4) 25.7 (7.0) 3.7 (2.1,5.2)
Abdominal fat (kg) 7.5 (3.4) 9.5 (4.0) 2.0 (1.2,2.8)
Systolic BP (mmHg) 129 (22) 142 (24) 13 (7, 18)
Diastolic BP (mmHg) 83 (14) 88 (12) 52,98
Insulin (pmol/l) 4.7 (4.6) 5.9 (6.3) 1.2 (-0.05, 2.46)
Women

n 1,421 188
Age (years) 49.4 (5.9) 50.7 (6.1) 1.3 (0.4,2.2)
Weight (kg) 53.5 (8.5) 57.0 (9.3) 3.5(2.2,4.8)
BMI (kg/m?) 23.0 (3.3) 24.5 (3.7) 1.5 (1.0, 2.0)
Waist circumference (cm) 84.9 (9.8) 89.5 (9.8) 4.5 (3.0, 6.0)
WHR 0.91 (0.07) 0.95 (0.07) 0.04 (0.03, 0.05)
Lean mass (kg) 343 (5.9) 36.7 (6.4) 24 (1.5,3.3)
Per cent body fat 34.7 (3.4) 353 4.1) 0.6 (0.03, 1.1)
Abdominal fat (kg) 10.7 (3.6) 12.4 (3.8) 1.7 (1.1, 2.2)
Systolic BP (mmHg) 124 (20) 133 (21) 9 (6, 12)
Diastolic BP (mmHg) 78 (12) 82 (12) 4(2,6)

Unless otherwise indicated, Insulin (pmol/l) 5.2 (4.3) 6.8 (5.1) 1.5 (0.8, 2.3)

values are mean (SD)
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Table 2 Association between risk factor and type 2 diabetes: univariate logistic regression analysis

Risk factor

Comparison unit® Men

OR (95% CI)

c statistic

‘Women

OR (95% CI)

c statistic

Age (years) 5 1.28 (1.05-1.56)
Weight (kg) 10 1.57 (1.26-1.96)
Waist circumference (cm) 10 1.89 (1.48-2.40)
WHR 0.07 2.54 (1.85-3.50)
Lean mass (kg) 7 1.46 (1.08-1.96)
Fat mass (kg) 7 1.84 (1.43-2.38)
Per cent body fat 10 2.29 (1.61-3.28)
Abdominal fat (kg) 4 1.77 (1.38-2.27)
Systolic BP (mmHg) 20 1.62 (1.32-2.00)
Diastolic BP (mmHg) 12 1.44 (1.16-1.79)

0.58
0.64
0.69
0.71
0.59
0.66
0.66
0.65
0.65
0.62

1.19 (1.05-1.36)
1.53 (1.30-1.81)
1.60 (1.37-1.86)
1.72 (1.46-2.03)
1.36 (1.00-1.85)
1.60 (1.36-1.88)
2.01 (1.54-2.65)
1.58 (1.35-1.84)
1.50 (1.31-1.73)
1.40 (1.21-1.61)

0.56
0.61
0.63
0.64
0.55
0.62
0.62
0.63
0.63
0.61

#The comparison unit was set to be close to the standard deviation of each risk factor

systolic BP was the most parsimonious. In this model, each
SD (0.07) lower in WHR was associated with a 2.26-fold
(1.6-3.1) and 1.59-fold (1.35-1.88) increase in the odds of
type 2 diabetes in men and women, respectively. The odds
ratio for systolic BP (per 20 mmHg increase) was 1.41
(1.13-1.76) in men and 1.52 (1.29-1.58) in women. The
magnitude of association between these risk factors and
type 2 diabetes was somewhat lower in women than in
men. The area under the ROC curve for this model was
0.73 for men and 0.67 for women. Internal validation by the
bootstrap method suggested that the maximum calibration
error in predicting probability of type diabetes was about
0.6% in men and 0.4% in women. The predicted risk was
slightly overestimated in the highest risk group compared
with observed risk in men, but the opposite applied in
women (data not shown).

Based on the model’s variables, we estimated the risk of
type 2 diabetes in men (Fig. 2a) and women (Fig. 2b)
according to the following equations: risk = 1/(1 + e*), where
x = —15.194 + 11.615 x WHR + 0.017 x SBP for men,
and x = —10.297 4 6.669 x WHR + 0.016 x SBP for
women (SBP denotes systolic blood pressure). Since the
magnitude of the association between each risk factor and
diabetic risk was greater in men than in women, the predicted
risk of type 2 diabetes in men was higher than in women for a
given WHR and systolic BP.

We next addressed the question of how many cases of
type 2 diabetes could be attributed to excess abdominal fat
(as estimated by WHR) and/or hypertension. Based on the
distribution of risk factors and their associated risk ratio,
66.5% (95% CI 47.7-85.4%) and 56% (95% CI 34.1-
78.6%) of type 2 diabetes in men and women, respectively,
could be attributed to blood pressure and WHR. A majority
of this attributable fraction was due to WHR. After
adjusting for systolic blood pressure, 51.4% (95% CI

30.5-72.4%) and 43.5% (95% CI 17.5-69.4%) in men
and women, respectively, could be attributed to WHR.

Predictive nomograms Using the estimated variables in the
final model, we constructed two nomograms for predicting
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Fig. 2 Predicted risk of type 2 diabetes in men (a) and women (b) for
a given systolic blood pressure and WHR
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Fig. 3 Nomogram for predicting the risk of type 2 diabetes for a man.
The nomogram has two columns representing WHR and systolic BP,
with a vertical line between them that indicates the predicted risk of
diabetes. For a man with systolic BP of 140 mmHg and WHR 0.95,
simply draw a straight line from the systolic BP axis at 140 to the
WHR axis at 0.95. The point of intersection between the straight line
and the middle axis is the predicted probability of diabetes (here ~15%)

the risk of type 2 diabetes in men (Fig. 3) and women (Fig. 4)
separately. Each nomogram has two axes representing WHR
and systolic BP, with a vertical line between them indicating
the predicted risk of type 2 diabetes. Clinical applications of
the nomograms can be illustrated by the following case
scenario of a man with systolic BP 140 mmHg and WHR 0.95.
On Fig. 3, a straight line drawn from the systolic BP axis to
the WHR axis intersects the risk of diabetes axis at the point
that predicts probability of type 2 diabetes (i.e. ~15%).

Discussion

The growing prevalence of type 2 diabetes and cardiovas-
cular diseases in developing countries is a global concern
[18], but there are few data on risk factors of type 2
diabetes in these countries. In this study, we have shown that
in asymptomatic individuals of Southeast Asian background
aged between 30 and 70 years, the prevalence of type 2
diabetes was as high as 11% in men and 12% in women.
These prevalence rates are even higher than in developed
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countries, where prevalence ranges between 6% [19] and 8%
[20]. We have also shown that, using simple field measures
such as blood pressure and WHR, it is possible to identify a
substantial number of high-risk individuals.

Both risk factors have a biological basis. Hypertension
has long been known to be a consequence of type 2 diabetes,
but recent studies suggest that it may also precede the disease
[21, 22]. Excessive body fat, especially central fat, has long
been recognised as a risk factor for type 2 diabetes. Our
data show that central adiposity was associated with 3.7-
fold and 2.4-fold increases in the risk of type 2 diabetes,
findings that are very comparable to those of a prospective
study, where central obesity was associated with a 2.8-fold
increase in the risk of developing type 2 diabetes [23].
Taken together, the results of this study are consistent with
that presumption and support the view that systolic blood
pressure and WHR can be used as simple and robust risk
factors to identify individuals at high risk of type 2 diabetes.

A number of prognostic models have been developed for
predicting the risk of type 2 diabetes in Whites [24-28] and
Asians [29]. These models use risk factors such as ethnicity,
age, sex, family history of diabetes, indicators of hyperten-
sion (e.g. systolic BP, use of anti-hypertensive drugs) and
measures of obesity (e.g. BMI, waist circumference). The

Systolic
blood pressure

Risk of
diabetes WHR

0.70 1
110
0.75 1
1304 0.05 -
0.80 1
150 4
0.14
0.85
170 4
4 0.90 1
190 4 o2
0.31 0.95
2104
0.41
1.00 4
230 4
0.5 1
1.05
0.6
1.10 4

1.15

Fig. 4 Nomogram for predicting the risk of type 2 diabetes for a
woman. The nomogram has two axes representing WHR and systolic
BP, with a vertical line between them that indicates the predicted risk
of diabetes. Using the method described (Fig. 3) and identical values,
the predicted probability of diabetes for a woman is ~13%
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area under the ROC curve of these models varies between
0.54 and 0.83. In this study, we found only two risk factors,
systolic blood pressure and WHR, that are significant
predictors of type 2 diabetes risk; the area under the ROC
curve model with the two risk factors was 0.73 for men and
0.69 for women. Thus, the prognostic performance of our
model is comparable to that of previous models with more
risk variables. However, there are several differences
between our model and previous ones. Most previous
models, such as that of Gao et al. [29], are based on the
concept of risk stratification, in which continuous variables
are categorised into subgroups. Our model, in contrast, is
based on the concept of individualisation, with the con-
tinuous nature of risk factors being preserved in order to
increase the degree of uniqueness of an individual. With
continuous variables, the more risk factors that are con-
sidered, the greater the likelihood that the uniqueness of an
individual’s profile can be defined. Therefore, by modelling
risk factors on their continuous scale, the models of the
present study can be uniquely tailored to an individual.

Recent analysis suggests that screening for type 2
diabetes could be cost-effective in white populations [30].
Although such an analysis has not been done in Asian
populations, assessment of absolute risk of type 2 diabetes
can have practical applications in treatment allocation, risk
communication and decision-making. Not all individuals
with high predicted risk of type 2 diabetes actually have
diabetes; conversely, not all individuals with low predicted
risk of diabetes are free of the disease. Ideally, the nomo-
grams presented here are best used as an initial screening tool
followed by confirmatory or diagnostic tests, including
assessment of glycaemia, HbA, lipids and family history.
To this end, it is important to derive a threshold for decision
making. Such a threshold is a function of test sensitivity,
test specificity, cost-effectiveness considerations and risks
of treatment [31], the latter of which are not currently
available. Therefore, further research is required to derive
these thresholds for the assessment of diabetic risk. While
such a threshold remains to be determined, it is possible to
consider the number of individuals needed to undergo
screening (NNS) and the ensuing diagnosis or intervention
that would be needed to reduce cases with adverse outcome
by one. Assuming that an intervention reduces the risk of
diabetes by 30% if the threshold is set at 15%, then the
NNS would range between 65 (for men) and 68 (for
women); if the threshold was set at 10%, the NNS would
fall to 41 men and 43 women. Thus, the present nomogram
may help in selective screening for type 2 diabetes and save
on universal non-selective screening test.

The present findings should be interpreted within the
context of strengths and potential weaknesses. A major
strength of this study is that the diagnosis of type 2 diabetes
mellitus was by OGTT incorporating FPG, which mini-

mises any possibility of misdiagnosis. The sample size was
large enough to ensure that the study could assess modest
effect sizes otherwise not possible in smaller studies. The
participants were randomly selected from the general
population by a rigorous sampling methodology, which
enhances the external validity of this study. However, as the
study was undertaken in an Asian city setting, the models
derived from this study may not be applicable to rural
populations or non-Asian populations, whose lifestyle and
demographic structure may be different from those of the
present population. Indeed, clinical diagnostic models of
diabetes can perform well in one population, but not in other
populations [25]. The age range of participants in this study
was relatively narrow (mostly between 40 and 60 years),
which could also limit the generalisability of the present
findings to the general population. Nevertheless, individuals
in this age range are ideal for screening because, compared
with younger working adults, they represent the economi-
cally productive members of the general population with a
relatively short time to type 2 diabetes development.

In summary, these data show an already high prevalence
of type 2 diabetes in an urban Vietnamese population,
namely 11% in men and 12% in women. They also show
that systolic blood pressure and WHR can be used for
identifying individuals at high risk of undiagnosed type 2
diabetes. Our findings thus suggest that measurement of
simple clinical indices (i.e. WHR and blood pressure)
available to all health workers could account for half of the
diabetic cases detected.
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