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Introduction

Type 2 diabetes mellitus is one of the major non-communicable
diseases in the world. The incidence and prevalence of diabetes
are increasing, especially in developing and newly industrial-
ized countries. In 1995, it was calculated that there were
already 135 million people with diabetes around the world
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Abstract

Aims To determine the prevalence of diabetes and associated risk factors in Ho
Chi Minh City, Vietnam.

Methods A total of 2932 participants aged 15 and above in Ho Chi Minh City
were screened for diabetes in a cross-sectional study. The study was conducted
from March–May 2001. Demographic, occupation, anthropometry and blood
pressure were recorded. Blood glucose was calculated on fasting capillary
and venous blood. The classification of diabetes and impaired fasting glucose
(IFG) was carried out according to WHO and American Diabetes Association
criteria.

Results The crude prevalence of diabetes and IFG were 6.6 and 3.2%, respec-
tively. After age, sex-adjustment to the Vietnam population census, the preva-
lence was 3.8 and 2.5%, respectively; approximately 40% of cases were found
to be newly diagnosed diabetes. The crude prevalence of diabetes in the urban
area was approximately 2.8 times higher than that recorded in the 1993 study
(6.9 vs. 2.5%, respectively). In this study, there was a positive association
between diabetes and sex, age, overweight, waist hip ratio (WHR), and having a
history of delivering large for gestational age child; there was a negative associ-
ation between diabetes and physical activity and occupation.

Conclusions This study found that the age, sex-adjusted prevalence of diabetes
and IFG in Ho Chi Minh City were 3.8 and 2.5%, respectively, a rapid increase
in the recent decade. Our study also indicates that ageing, a high WHR level,
overweight and a sedentary lifestyle may be important determinants of the
increased prevalence of diabetes during this transition period in Vietnam.
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and that this number will rise to 300 million by the year 2025
[1]. Of these cases, more than 228 million will be in developing
countries. This increase probably relates to the changes in
dietary habits and lifestyle that accompany industrialization
and urbanization.

During the last decade, the Vietnamese socio-economy has
undergone rapid changes, strongly affecting the lifestyle and
dietary habits of the people; dietary patterns and meal structure
are two examples of habits that have changed. These changes
have been accompanied by health consequences in which
non-communicable chronic diseases incidence has increased
[2,3].

Information on diabetes and its risk factors in Vietnam are
limited. According to previous surveys, which were conducted
in three big cities in Vietnam, the prevalence of diabetes in Hanoi
(1991) [4], Ho Chi Minh City (1993) [5] and Hue (1994) [6]
were 1.2, 2.52 and 0.96%, respectively. In these surveys, the
rates of newly diagnosed diabetes were 87.5, 50.8 and 77.1%,
respectively. In addition, the complications associated with dia-
betes were widespread. Of the people with either undiagnosed
or newly diagnosed Type 2 diabetes, 20% had retinopathy [7],
8% had nephropathy [8] and 9% had neuropathy [9], and
10% [9] had cardiovascular and peripheral vascular diseases.
Moreover, 74.5% of silent atheromatous lesions in carotid
arteries and 26.9% of lesion in lower limb arteries were found
among diabetic patients without clinical symptoms [10].

The purpose of this study was to evaluate the current prev-
alence of diabetes in Ho Chi Minh City and to investigate risk
factors for the disease in this population.

Patients and methods

Subjects

Located in southern Vietnam, Ho Chi Minh City is the biggest
city in Vietnam with a population of over 5 million. It is the in-
dustrial and commercial centre of Vietnam. There are 303
wards and communes, which are divided into 238 wards in
urban areas and 65 communes in rural areas [11]. This survey
included 3000 participants living in Ho Chi Minh City.

The multistage sampling method was used in this study. First,
using the probability proportion-to-size method, we selected 60
of the 303 wards and communes (urban and rural areas). In
each of the selected wards and communes, a listing of all fami-
lies and family codes were constructed. From this list, the first
family was selected by randomly picking a family code. All the
adults in this selected family that were invited to participate
were without deformity, free of acute illnesses, and had resided
in the selected areas for at least 6 months prior to the survey.
From this first family, using the ‘random walking’ method,
we approached another family and added subjects to obtain
50 adults for each selected ward and commune [12].

To maximize participation, the local health staffs explained
the purpose of the survey and obtained written, informed con-
sent from the subjects. In addition, the local health staff went to
the participants’ houses to remind them of the time and date of
the survey.

The survey was conducted in the local health office of the
selected ward and commune over 2-months (between March
and May 2001).

The protocol of this survey was approved by the Research
and Ethical Review Board of the Nutrition Center of Ho Chi
Minh City.

Assessments of socio-economic status and physical activity

A diabetic screening questionnaire was completed by each par-
ticipant prior to the measurement of blood glucose. The ques-
tionnaire included an assessment of the subject’s medical
history, family history of diabetes, socio-economic status, occu-
pation and physical activities.

Education level was classified into three groups: high level as
high school, college and university; medium level as junior high
school; low level as illiterate, literate, and primary school. Oc-
cupation was classified into four categories: unskilled workers,
including students and unskilled workers with the same activity
level; office workers; home-makers; and retired workers, includ-
ing unemployed subjects. Physical activities were assessed and
classified on the basis of questions that related to leisure activities,
frequency and duration of physical activities, exercises habits and
occupational activities. The physical activity level was classified
into four groups: sedentary, light, moderate and heavy [13,14].

Anthropometry, clinical and biochemical measurements

Height, weight, waist and hip circumferences were measured
when the participants were in the standing position wearing
light clothing and no shoes. BMI was calculated as the ratio of
weight (kg) to height squared (m). Waist circumference was
measured at the minimum circumference between the umbilicus
and iliac crest; hip circumference was measured at the widest
circumference around the buttocks. Blood pressure was meas-
ured twice in a sitting position after participants rested for at
least 5 min. The mean of the two values was used in the ana-
lysis. Hypertension was classified using WHO criteria [15].
Participants currently taking anti-hypertensive medications
were classified as hypertensive.

Prior to blood glucose measurement, participants were ques-
tioned as to any past diagnosis of diabetes. In order to maxi-
mize sensitivity and specificity, minimize the number of missed
cases and reduce the number of false positives, two screening
tests were applied in the study [16]. First, all subjects had a
finger-prick fasting capillary blood glucose (FCBG) level deter-
mined by a trained nurse using an Omnitest Sensor (B-Braun
Medical Ltd-Germany). The Omnitest Sensor is a biosensor
based on an electron-mediated glucose oxidase reaction. The
results appeared within 30 s. The range of the glucose measure-
ments was 2.2–25 mmol/ l. If the capillary blood glucose was
> 5.5 mmol/ l, the subjects were asked to return for a fasting
plasma glucose (FPG) test on a different day. The FPG was
measured by the glucose oxidase method (GOD-PAP method,
Human-Germany). Before conducting this survey, a pilot test
was done in which 39 normal volunteers had their blood glu-
cose level determined by both a capillary glucose test (Omnitest
Sensor) and a venous glucose test in the fasting condition. The
mean and standard deviation of the blood glucose concentration
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from the two methods were calculated. There was a significant
linear correlation between simultaneously measured FCBG and
FPG (Pearson’s correlation coefficient r = 0.75, P < 0.001). The
1998 WHO [17] and American Diabetes Association (ADA)
diagnostic criteria [18], in which diabetes is defined as FPG
level ≥ 7.0 mmol/ l; and impaired fasting glucose (IFG) as
6.1 mmol/ l ≤ FPG level < 7.0 mmol/ l, were used to classified
glucose metabolic status. Previously diagnosed Type 2 diabetes
was defined by the current use of oral hypoglycemic treatment
and FPG level ≥ 7.0 mmol/l by the above blood tests.

The age, sex-adjusted prevalence of diabetes and IFG was
calculated according to the 1999 Ho Chi Minh census data [11].

Statistical analysis

Data are presented as percentage and mean ± SD. One-way
analysis of variances (ANOVA) was used to test the trend of mean

values among diabetes, those with IFG and the normal group.
Analyses of differences in locality, education level, occupation
and physical activity level between diabetes and those with IFG
and normoglycemic subjects were performed using chi-square
analysis. A history of gestational diabetes, and a history of hav-
ing a large for gestational age (LGA) baby were also analysed
by chi-square test for female subjects only. Multiple logistic
regression was used to test several models for the association
of diabetes and IFG and other variables. A P-value < 0.05
was considered to be significant. All statistical analyses were
carried out with the Statistics Package for the Social Sciences
software release 9.0 (SPSS, Chicago, IL, USA).

Results

Of the 3000 subjects scheduled for the survey, 68 subjects
declined to participate. Because of Vietnamese society features,

Table 1 Crude prevalence of diabetes and IFG in 2932 people age 15 years old and above
 

Variables
Total 
population

Diabetes

IFGPrevious New Total

All 2932 118 (4.0) 76 (2.6) 194 (6.6) 93 (3.2)

Male
Locality

Urban 630 19 (3.0) 14 (2.2) 33 (5.2) 13 (2.1)
Rural 120 5 (4.2) 1 (0.8) 6 (5.0) 3 (2.5)

Age (years)
15–24 96 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
25–34 101 0 (0.0) 1 (1.0) 1 (1.0) 1 (1.0)
35–44 172 7 (4.1) 1 (0.6) 8 (4.7) 5 (2.9)
45–54 144 5 (3.5) 2 (1.4) 7 (4.9) 4 (2.7)
55–64 104 5 (4.8) 3 (2.9) 8 (7.7) 3 (2.9)
≥ 65 133 7 (5.3) 8 (6.0) 15 (11.3) 3 (2.3)

Occupation
Unskilled workers 385 4 (1.0) 5 (2.3) 9 (2.3) 4 (1.0)
Office workers 120 4 (3.3) 1 (0.9) 5 (4.2) 4 (3.3)
home-makers 4 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Retired workers 241 16 (6.6) 9 (3.8) 25 (10.4) 8 (3.3)

Female
Locality

Urban 1860 84 (4.5) 56 (3.0) 140 (7.5) 74 (4.0)
Rural 322 10 (3.1) 5 (1.6) 15 (4.7) 3 (0.9)

Age (years)
15–24 181 0 (0.0) 0 (0.0) 0 (0.0) 2 (1.1)
25–34 290 1 (0.3) 1 (0.3) 2 (0.7) 1 (0.3)
35–44 570 9 (1.6) 11 (1.9) 20 (3.5) 20 (3.5)
45–54 488 11 (2.3) 23 (4.7) 34 (7.0) 18 (3.7)
55–64 347 33 (9.5) 10 (2.9) 43 (12.4) 17 (4.9)
≥ 65 306 40 (13.1) 16 (5.2) 56 (18.3) 19 (6.2)

Occupation
Unskilled workers 768 15 (2.0) 11 (1.4) 26 (3.4) 19 (2.5)
Office workers 231 6 (2.6) 2 (0.9) 8 (3.5) 5 (2.2)
home-makers 857 40 (4.7) 36 (4.2) 76 (8.9) 39 (4.6)
Retired workers 325 33 (10.1) 12 (3.7) 45 (13.8) 14 (4.3)

Data were presented as n (%).



© 2004 Diabetes UK. Diabetic Medicine, 21, 371–376

374 Diabetes in Ho Chi Minh City • L. N. T. Duc Son et al.

the men have to work to provide for their family and working
men often stay in dormitories of factory or industrial zones
and so were unavailable for study. Finally, the complete data
of 2932 (2182 female and 750 male) were analysed. The char-
acteristics of the subjects are shown in Table 1.

In accordance with the protocol, 608 subjects (20.7%) with
capillary blood glucose concentrations > 5.5 mmol/ l returned
for a fasting plasma glucose test. Using this test, we found that
287 of 608 subjects (47.2%) had plasma glucose concentra-
tions ≥ 6.1 mmol/ l.

Using the 1998 WHO and ADA diagnostic criteria, the crude
prevalence of diabetes and IFG in this sample of individuals
from Ho Chi Minh City were found to be 6.6 and 3.2%, res-
pectively. Of these diabetic subjects, 39.2% were newly diag-
nosed (Table 1).

After statistical adjustment for age and sex, the estimated
prevalence of diabetes and IFG were 3.8% (95% CI 3.5–4.1)
and 2.5% (95% CI 2.1–3.0), respectively.

The prevalence of diabetes increased with age and a maxi-
mum prevalence was found in subjects of over 65 years old (χ2

trend = 26.7, P < 0.0001).
Table 2 shows that the prevalence of diabetes in urban areas

was slightly higher than that in rural areas; however, a signifi-
cant difference was not observed. In contrast, the prevalence of
IFG in urban areas was significantly higher than that in rural
areas (P < 0.05).

As shown in Table 2, the prevalence of diabetes and IFG in
subjects over 40 years of age was significantly higher than that
in subjects under 40 years of age (P < 0.001). There was no sig-
nificant difference in the family history of diabetes among peo-
ple with diabetes, or IFG and normoglycemic subjects. The
prevalence of diabetes was significantly lower in subjects with
a high level of education than in subjects with a low level of
education (4.7 vs. 12.1%, respectively; P < 0.01). When occu-
pation of the subjects was classified, the maximum rate of dia-
betes was seen among retired subjects and the difference in the
prevalence of diabetes among classified groups of occupation
was significant (P < 0.001). In comparison, the difference of
prevalence of diabetes among physical activity level groups
were significant (P < 0.05) and the maximum rate of diabetes
was seen among those reporting a light level of physical activity.
A significant difference was found in IFG prevalence among
unskilled subjects and both home-makers and retired subjects
(P < 0.01) (Table 2).

In female subjects, there was a significantly higher propor-
tion of diabetes in those with a history of gestational diabetes
mellitus (P < 0.05) or having an LGA baby (P < 0.001) com-
pared with those in the normoglycemic group (Table 2).

Our findings showed that subjects with diabetes and IFG
had higher mean BMI, WHR, and systolic, diastolic blood pres-
sure values compared with normoglycemic subjects (Table 3).
Overweight status was seen in a total of 545 cases (18.6%),

Table 2 Prevalence of diabetes and IFG in relation to variables
 

Variable Diabetes P IFG P

Age
< 40 year 1.8 < 0.001 1.7 < 0.001
≥ 40 year 9.8 4.4

Locality
Rural 4.8 NS 1.4 < 0.05
Urban 6.9 3.5

Family history of diabetes
No 6.7 NS 3.4 NS
Yes 8.7 3.7

Education level
High 4.7 < 0.01 2.7 NS
Medium 7.2 1, 2 vs. 3 3.7
Low 12.1 4.6

Occupation
Unskilled workers 3.1 < 0.001 2.1 < 0.01
Office workers 3.8 3, 4 vs. 1; 2 2.7 1 vs. 3, 4
home-makers 9.3 < 0.05 5.0
Retired workers 12.9 1 vs. 2 4.4

Physical activity
Heavy 0.0 < 0.05 1.6 NS
Moderate 6.2 1, 2, 3 vs. 4 2.1 1, 2, 3 vs. 4
Light 8.8 4.6
Sedentary 7.8 3.1

Gestation diabetes mellitus*
No 6.7 < 0.05 3.4 NS
Yes 19.2 0.0

Having an LGA baby*
No 6.3 < 0.001 3.7 NS
Yes 16.9 5.0

Data were presented as percentage. Data were compared with normal 
subjects.
NS, not significant; LGA, large for gestational age.
*Analysed in female only.

Table 3 Characteristics of normal, diabetes and IFG subjects
 

Variables
Normal  
n = 2645 Diabetes  n = 194 IFG  n = 93

BMI
Male 21.1 ± 3.5 22.7 ± 3.8a1; b0 24.3 ± 4.2a1

Female 21.8 ± 3.6 23.3 ± 4.1a3; b0 24.2 ± 3.7a3

WHR
Male 0.86 ± 0.07 0.90 ± 0.07a3; b0 0.90 ± 0.06a1

Female 0.83 ± 0.08 0.90 ± 0.07a3; b0 0.88 ± 0.1a3

Overweight (%) 16.9 29.9a3; b1 43.0a3

SBP (mmHg) 119.2 ± 21.3 131.8 ± 21.8a3; b0 131.8 ± 25.4a3

DBP (mmHg) 75.5 ± 12.9 80.0 ± 11.8a3; b0 80.7 ± 13.4a2

Hypertension (%) 23.8 49.5a3; b0 45.2a3

Data were presented as mean ± SD or (%).
avs. normal group; bvs. IFG group. 0P > 0.05; 1P < 0.05; 2P < 0.01; 
3P < 0.001.
Overweight was defined BMI > 25 kg/m2.
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whereas hypertension was recorded in 768 (26.2%). There
was a higher prevalence of overweight and hypertension in
subjects with diabetes and IFG.

Multiple logistic regression analyses were used to assess the
association of independent variables with diabetes and IFG.
The findings show that sex (female gender), age, overweight
status, WHR, lower levels of physical activity, and the occupa-
tional categories of retired persons and home-makers were
factors that were significantly associated with the prevalence
of diabetes. In addition, a history of having an LGA baby was
also associated with diabetes in female subjects. Using the
same statistical analysis, age, overweight, WHR and the occu-
pational categories of home-makers were factors associated
with IFG (Table 4).

Discussion

Type 2 diabetes mellitus in adults is now a major global public
health problem and developing countries face the greatest
risk. The results of this study show that the age, sex-adjusted
prevalence of diabetes was 3.8% in Ho Chi Minh City,
approximately three times higher than that observed in Hanoi
in 1994 [4] Moreover, the crude prevalence of Type 2 diabetes
in urban areas of Ho Chi Minh City increased from 2.5 to
6.9% compared to 8 years ago [5]. Although the prevalence of
diabetes in Ho Chi Minh City is lower when compared with
some developing countries in Asia such Indonesia (5.7%) [19];
Malaysia (10.5%) [20] and Thailand (13.9%) [21], it is higher
than in China (2.5%) [22]. These trends suggest that diabetes
will be a significant health problem in Vietnam.

According to Wahl [23], a fasting blood glucose test alone in
elderly subjects may underestimate the prevalence of diabetes.
However, Stolk and others have suggested a fasting blood glu-
cose test alone is most appropriate for epidemiological studies
[16,24–26]. In this study, we used fasting glucose to estimate the
prevalence of diabetes; but to increase the predictive value [16],
two tests were applied. For these reasons, our data represent or even
underestimate the prevalence of diabetes in Ho Chi Minh City.

It is well known that the complications of diabetes are haz-
ardous to health [7–10], and may be silently developing in the
undiagnosed condition. Diabetic patients often already have
complications at the time of diagnosis [9]. The present results
indicate that approximately 40% of these diabetic patients were
newly diagnosed; a higher figure than in previous surveys [4–6].

In developing countries, the number of people with diabetes
increases rapidly in urban areas because of development indus-
trialization and the shift of dietary habits to a high fat intake
[2]; the global urban-to-rural ratio of diabetes frequency is pre-
dicted to rise 3.3-fold in 2025 [1]. Differences in the prevalence
of diabetes between urban and rural areas have been demon-
strated in many epidemiological studies [27–29], but in the
present study, the prevalence of diabetes in urban areas was
only slightly and not significantly higher than that in rural
areas. This may be because in Ho Chi Minh City the rural area
is only 15–20 km from the city centre. As a result, a number of
adults living in rural areas work in urban industrial zones.

Our study revealed that the prevalence of diabetes and IFG
in the over 40 years-olds was significantly higher than that in
the under 40s as in other surveys [4,5,22,30–33]. As the larg-
est proportion of the population (51.3%) is between 15 and
40 years of age [11], there may be a significant increase in
diabetes prevalence as this population ages.

With the increasing developing and industrialization taking
place in Ho Chi Minh City, there is a shift from a traditional
lifestyle (higher levels of occupational as well as leisure-time
physical activities, moderate body weight, and lower calorie,
lower fat meals) to a more westernized one [2]. According to
the nutrition survey performed in Ho Chi Minh City from
1996 to 2001, the prevalence of obesity in adults was higher in
females and increased with age [3]. These changes may also be

Table 4 Associated factors of IFG and diabetes
 

Diabetes IFG 

Odds ratio P Odds ratio P

Sex
Male 1.0 1.0
Female 1.8 (1.2–2.8) 0.01 1.7 (0.9–3.4)  0.09

Age
< 40 year 1.0 1.0
≥ 40 year 3.3 (1.9–5.5) < 0.001 1.8 (1.1–3.1)  0.048

Overweight
Negative 1.0 1.0
Positive 1.5 (1.1–2.0) 0.031 2.8 (1.8–4.4) < 0.001

WHR
Normal 1.0 1.0
High 2.6 (1.9–3.6) < 0.001 1.9 (1.2–3.1)  0.005

Education level
High 1.0 1.0
Medium 1.4 (0.9–2.0) 0.11 1.2 (0.7–2.0)  0.53
Low 1.3 (0.8–2.1) 0.3 0.9 (0.4–2.0)  0.86

Physical activity
Heavy 1.0 1.0
Moderate 2.7 (0.8–5.3) 0.33 0.8 (0.07–7.7)  0.81
Light 2.2 (1.2–4.2) < 0.001 1.1 (0.2–9.2)  0.90
Sedentary 2.1 (1.2–4.1) < 0.001 1.1 (0.2–8.1)  0.97

Occupation
Unskilled workers 1.0 1.0
Office workers 1.4 (0.7–2.8) 0.33 1.5 (0.8–2.9)  0.18
home-makers 2.2 (1.4–3.4) < 0.001 1.8 (1.1–3.2)  0.038
Retired workers 2.7 (1.7–4.2) < 0.001 1.2 (0.5–2.9)  0.6

Gestation diabetes mellitus*
No 1.0 —
Yes 2.4 (0.9–6.7) 0.09 — —

Having a LGA baby*
No 1.0 1.0
Yes 2.7 (1.6–4.4) < 0.001 1.9 (0.7–4.9)  0.18

LGA, large for gestational age.
*Analysed in female only.
Values in parentheses are 95% confidence intervals.
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responsible for the increase in diabetes in Ho Chi Minh City as
well as in the whole country, suggesting that a national pro-
gramme for the prevention and control of obesity and diabetes
is needed.

In conclusion, the prevalence of diabetes has rapidly
increased and become a public health priority in Vietnam. The
ageing process, a high WHR level, overweight and a sedentary
lifestyle may be important determinants for this increased
prevalence of diabetes.
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