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Summary
Background The abdominal obesity trends and prevalence are important contributing factors to significant rise of
many noncommunicable diseases in Vietnam but have not been well-documented in the literature. This study aimed
to describe the prevalence and trends of obesity and abdominal obesity in Vietnam from 2009 to 2015 and evaluate
how different definitions of obesity and abdominal obesity are associated with metabolic-related conditions.

Methods We conducted a secondary analysis based on the Vietnam STEPS (STEPwise approach to Surveillance)
cross-sectional Survey 2009 and 2015. Obesity and abdominal obesity were defined using the body mass index (BMI),
waist circumference (WC), and waist-hip ratio (WHR) cut-offs from the World Health Organization (WHO) and
International Diabetes Federation (IDF).

Findings Depending on the specific cut-offs, from 2009 to 2015, obesity prevalence increased from 0.8%–10% to
1.7%–16.4% in women and from 0.8%–10.3% to 1.7%–15% in men; abdominal obesity prevalence increased from
3%–31.3% to 8%–41.7% in women and from 0.3%–19.3% to 0.4%–25% in men. Abdominal obesity using WC-
IDF and WHR-WHO definitions had noticeably higher sensitivity and lower specificity for metabolic-related
conditions compared to the other four criteria. All anthropometric measurements were statistically correlated with
biomarkers/blood pressure in 2009 and 2015 except for fasting glucose. Only WC-IDF and WHR-WHO
definitions showed consistent association with all reported metabolic-related conditions regardless of sex and
survey years.

Interpretation The prevalence of obesity and abdominal obesity in Vietnam is increasing rapidly, especially abdominal
obesity in women regardless of the criteria used. More studies are needed to investigate how using different diag-
nostic criteria for obesity and abdominal obesity could better identify metabolic-related conditions.

Funding Authors received no funding for this study.

Copyright © 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
As a transitional economy, the pattern of diseases in
Vietnam has shifted rapidly in the last 20 years.1–4

Among the changes, the increase in obesity prevalence
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has been recognized as one contributing factor to the
significant rise of many non-communicable diseases
(NCDs).4,5 Several studies from 2009 to 2015 showed
that the prevalence of overweight or obesity in Vietnam
oi, Viet Nam.
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Research in context

Evidence before this study
The increase in obesity prevalence has been recognized as one
contributing factor to the significant rise of many non-
communicable diseases (NCDs) in Vietnam. While BMI is a
good proxy measure of total body fat in the general
population, many studies have shown that abdominal
adiposity, measured by waist circumference (WC) or waist-hip
ratio (WHR), could be a better indicator of health risk
compared to total body adiposity, as measured by BMI.
Despite its importance, the prevalence of and trends in
abdominal obesity in Vietnam are not well-documented in
the literature. Furthermore, different diagnosis criteria can
yield greatly different prevalence estimates, which may
provide disparate implications to policymakers.

Added value of this study
Our findings suggest that depending on the specific cut-offs,
from 2009 to 2015, obesity prevalence increased from 0.8%–
10% to 1.7%–16.4% in women and from 0.8%–10.3% to
1.7%–15% in men; abdominal obesity prevalence increased
from 3%–31.3% to 8%–41.7% in women and from

0.3%–19.3% to 0.4%–25% in men. Abdominal obesity using
WC-IDF and WHR-WHO definitions had noticeably higher
sensitivity and lower specificity in screening for metabolic-
related conditions compared to the other criteria. Only WC-
IDF and WHR-WHO definitions showed consistent association
with all reported metabolic-related conditions regardless of
sex and survey years.

Implications of all the available evidence
While the prevalence of obesity in Vietnam using BMI-based
definitions similarly increased in women and men over the
years, the prevalence of abdominal obesity in Vietnam is
much higher and increased more rapidly in women compared
to men. The agreements between BMI-based definitions and
WC/WHR definitions were low, especially with BMI cut-off
based on WHO standard definitions. The findings reinforce
the importance of monitoring abdominal obesity based on
WC-IDF or WHR-WHO criteria as a risk factor for metabolic-
related conditions in clinical settings and support further
studies to explore the contributors to the rapid increase of
abdominal obesity in Vietnam.
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ranged from 15.6% to nearly 30% using the WHO
general cut-off values for body mass index (BMI).5–7

Using the WHO 2004 standard BMI cut-off for Asian
populations, the prevalence ranged from 26.1% to
33.7%.5,8 Unfortunately, the burden of obesity in Viet-
nam will probably continue to increase in the next
decade due to the ongoing changes in diet patterns, fa-
voring Westernization, and increased sedentary life-
style.4,5 Therefore, the Vietnamese government created
the “National Strategy for the prevention and control of
non-communicable diseases 2015–2025” and aimed to
keep the prevalence of overweight and obesity (BMI
≥25 kg/m2) under 10% in children and 15% in adults.9

Most studies that served as evidence for the National
Strategy were based on either the WHO general cut-off
(BMI ≥25 for overweight and BMI ≥30 for obesity) or
the WHO 2004 standard cut-off for the Asian population
(BMI ≥ 23 for overweight and BMI ≥ 27.5 for obesity
pertaining to the health risks that trigger public health
action).5,6,8,9However, the most recent guideline for
obesity diagnosis and treatment of the Ministry of
Health (MoH) in Vietnam used WHO 2000 standard
cut-off for Asian population (BMI ≥23 for overweight
and BMI ≥ 25 for obesity).10 Use of varied criteria of
BMI for defining obesity makes it difficult to tracking of
obesity trends.

While BMI is a rather good proxy measure of total
body fat in the general population, many studies have
shown that abdominal adiposity, measured by Waist
circumference (WC) or Waist-hip ratio (WHR), could be
a better indicator of health risk compared to total body
adiposity, as measured by BMI.11–16 Some studies have
shown that individuals with normal BMI but high WC
or WHR could still have an elevated risk for various
common obesity-related conditions such as car-
diometabolic diseases, cancer, and premature mortal-
ity.11,12,16 The reasons for this phenomenon could be that
the increase in abdominal or visceral adiposity leads to
insulin resistance, impaired insulin secretion, and in-
flammations, which are precursors for many NCDs.17 As
abdominal obesity is more pathogenic than general
obesity, it is useful to monitor WC or WHR to estimate
risk for metabolic diseases rather than BMI alone.

Despite its importance, the national prevalence of
and trends in abdominal obesity in Vietnam are not
well-documented in the literature. Some studies re-
ported abdominal obesity prevalence in Vietnam, as a
component of metabolic syndrome, ranging between
8.7% and 30.2% from 2004 to 2019.18–23 However, these
studies were conducted in different provinces and used
different sampling schemes, which cannot provide na-
tional estimates to inform key decision makers in
planning national NCD prevention strategies. Mean-
while, WHO has provided publicly available datasets
collected from nationally representative surveys that
contains important information related to these health
conditions in Vietnam.24 Therefore, we conducted a
secondary analysis of the WHO STEPwise approach to
chronic disease risk factor surveillance (STEPS) surveys in
Vietnam to describe the obesity and abdominal obesity
trends and prevalence in Vietnam from 2009 to 2015
and evaluate how different definitions of obesity and
abdominal obesity are associated with metabolic-related
conditions. To our knowledge, this study is the first
www.thelancet.com Vol 39 October, 2023
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study that provides an overview picture of national
prevalence of obesity and abdominal obesity in Vietnam
adults from different aspects based on reliable national
surveys.
Methods
Study design and study population
We performed a secondary analysis on data from
two nationally representative household-based cross-
sectional surveys of the WHO and MoH in Vietnam
(among adults 25–64 years in 2009 and on adults 18–69
years in 2015)—the details of the sampling method were
described elsewhere.7,25–27 In brief, the STEPS survey
utilized the standard procedure from the WHO STEP-
wise approach to monitoring NCDs and their risk
factors.28

For both the 2009 and 2015 surveys, information was
collected in three STEPS. STEPS 1 was an interviewer-
administered survey on demographic and behavioral
risk factors; STEPS 2 was physical measurements
(height, weight, blood pressure, waist circumference,
hip circumference); STEPS 3 was blood and urine
sample collection to measure blood glucose, blood
cholesterol, HDL, creatinine, and sodium concentration
in urine.7,25,27

In 2009, 22,940 individuals (aged 25–64) were invited
to join the survey, the overall response rate was 64%
(14,706 participants); whereas, in 2015, 3856 individuals
(aged 18–64) were invited, the response rate was 97.4%
for STEPS 1 (3758 participants) and 79.8% for both
STEPS 2 and STEPS 3, collected at the same time (3080
participants).7,26,27 The sample size calculations and
methods for the 2009 and 2015 survey were reported
elsewhere, and the sample calculation of STEPS 2009 is
not well-documented compared to STEPS 2015.7,29

In this study, we used public STEPS data requested
from WHO’s NCD Microdata Repository24 and further
obtained information on residence, ethnicity, asset, hip
circumference from colleagues from MoH in Vietnam,
which were merged by participant de-identified id to the
public dataset for our analysis with their permission.
Indicator

Obesity using BMI–WHO general definition

Obesity using BMI–WHO 2004 definition in Asian population

Obesity using BMI–WHO 2000 definition in Asian population

Abdominal obesity using WC–WHO definition

Abdominal obesity using WC–IDF definition (for South Asians, Chinese, and Japan

Abdominal obesity using WHR–WHO definition

Abbreviation: BMI–Body mass index (kg/m2); WC–Waist circumference (cm); WHR–Wais

Table 1: Obesity and abdominal obesity definitions.
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Exclusion criteria
Our study excluded any participants who were pregnant
at enrollment (90 cases). Implausible values of weight
(<25 kg or >170 kg), height (<100 cm or >220 cm) and
other biological and anthropometric measurements
were changed to missing (Supplemental File S1). Bio-
logical implausible values limits were internally defined
among the research team based on this study sample.30

Obesity and abdominal obesity assessment
All physical measurements in the STEPS survey were
conducted by provincial preventive medicine centers
using standardized tools recommended by the WHO in
Vietnam, including standard electronic scales, stadi-
ometers, and constant tension tape.7,31 Weight (in kilo-
grams) and height (in centimeters) were measured in
bare feet with light clothing in a standing posture. Waist
circumference (in centimeters) was measured horizon-
tally in the midpoint between the lowest inferior point of
the last rib and the iliac crest while standing. Hip
circumference (in centimeter) was measured horizon-
tally at the largest posterior protuberance of the buttocks
while standing.31 Waist-hip ratio was calculated by
dividing the measurement of waist circumference by the
measurement of hip circumference. In Table 1, we
present the definitions of obesity and abdominal obesity
for both sexes in the scope of this study. Abdominal
obesity was defined using the “World Health Organi-
zation cut-off points and risk of metabolic complica-
tions” or the IDF–“International Diabetes Federation
cut-off points for different ethnic groups”.32 Obesity
was defined using the WHO general BMI cut-off or
WHO BMI cut-off in 2000 or 2004 for the Asian
population.32–34 We added the WHO BMI cut-off in 2000
for the Asian population into our analysis because the
most recent guideline for obesity diagnosis and treat-
ment of the Ministry of Health (MoH) in Vietnam in
2022 recommended this cut-off.10 For WHO 2004 cut-off
points, we based on the proposed trigger point for
public health action to define obesity as ≥27.5 kg/m2

which is considered associated with higher higher-risk
for chronic diseases and death.33
Cut-off points for female Cut-off points for male

BMI ≥30 kg/m2 for obesity

BMI ≥27.5 kg/m2 for obesity

BMI ≥25 kg/m2 for obesity

WC > 88 cm WC > 102 cm

ese) WC > 80 cm WC > 90 cm

WHR ≥ 0.85 WHR ≥ 0.90

t-to-hip ratio.
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Metabolic-related condition assessment
The measurement of blood glucose, blood cholesterol,
HDL was conducted at the community health station by
three trained health staff in the early morning to ensure
that the subject was fasting according to WHO STEPS
protocol, and the detailed information on these mea-
surements was reported elsewhere.7,29

Blood pressure was taken three times at the
midpoint of the right arm after at least 5 min of rest.35

Hypertension was defined as having the mean systolic
blood pressure ≥130 mmHg or mean diastolic blood
pressure ≥80 mmHg according to the recommendation
of the current American Heart Association.36

The biochemical measures, including fasting blood
glucose, fasting total cholesterol and high-density
cholesterol (HDL) were collected by finger capillary
blood tests.7,31 Diabetes type 2 was defined as having
fasting blood glucose ≥7 mmol/l (i.e., 126 mg/dl) ac-
cording to the recommendation of the American Dia-
betes Association37 or having used any medication for
diabetes prescribed by a doctor or other health worker in
the past two weeks. High total cholesterol was defined as
having the level of total cholesterol over 6.2 mmol/l (i.e.,
240 mg/dl) and low HDL was defined as <1 mmol/l
(i.e., 40 mg/dl) in men and <1.3 mmol/l in women (i.e.,
50 mg/dl).38

Information regarding sampling and covariate assess-
ments was further presented in Supplemental File S1.

Data analysis
We used Stata 16.1 survey command (svy) to adjust for
sampling weight, cluster sampling, and calculated the
prevalence of obesity and abdominal obesity. The survey
weight variables for each STEP survey provided in the
obtained data were calculated based on the inverse of the
probability of selection, adjustment for the non-
response, and population structure of Vietnam in the
survey year.

To assess the correlation between different adiposity
measurements and biomarkers, we calculated the
weighted Spearman’s correlation coefficients for complex
survey data by transforming these continuous variables
into rank-order measures (using the rank command in
Stata) and using the CORR_SVY pack to calculate cor-
relation matrix based on these rank-order measure.39 For
individuals currently taking medication for hypertension,
diabetes, or hyperlipidemia, we assigned diagnostic
threshold values to mean systolic and diastolic blood
pressure, fasting blood glucose, and total cholesterol if
their current values were below the diagnostic thresholds
(Supplemental File S1). Spearman’s correlation co-
efficients range from −1 to +1 and represent the direction
and strength of monotonic relationship between the
rank-ordered values of two variables.40 Due to the differ-
ences in scale and distributions of our continuous mea-
surements, Spearman’s correlation coefficients produce
more stable estimates compared to Pearson’s correlation
coefficient. The sensitivity, specificity, the weighted pos-
itive likelihood ratio (LR+), which equals to [sensitivity/(1-
specificity)], and the negative likelihood ratio (LR−),
which equals to [(1-sensitivity)/specificity],41 of each
obesity criterion for diagnosing metabolic conditions
were also calculated using weighted data. When
compared to the gold standard, the further LR + goes
beyond 1, the more posttest odds of the disease or
outcome would increase.42 On the other hand, the more
LR-is smaller than 1, the more posttest odds of the dis-
ease or outcome would decrease.42

To examine the association of each obesity criteria
with type 2 diabetes, high total cholesterol, hypertension,
and low HDL, we calculated prevalence ratios (PRs) using
univariable modified Poisson regression models with
robust error variances stratified by sex and survey year.43,44

We used the statistical significance at the alpha level
of 0.05 and the Bonferroni correction to adjust for
multiple testing in supplement Figures S1 and S2.45

Our study is a secondary analysis on publicly avail-
able and deidentified datasets, which does not require
an IRB approval in Vietnam. The original STEPS sur-
veys were approved by the Ethics Committee of Vietnam
Ministry of Health and the Tasmanian Health and
Medical Human Research Ethics Committee in 200946

and Hanoi School of Public Health in 2015.7 All par-
ticipants provided verbal and/or written informed con-
sent and could decline or withdraw from the study at
any time.

Role of the funding source
Authors received no funding for this study.
Results
In Table 2, we present the weighted characteristics of
the surveyed participants in 2009 and 2015. The 2015
study population was more educated than the 2009
study population. Noticeably, there were some striking
differences in lifestyle factors between two surveyed
populations. Participants in 2015 were more likely to
drink alcohol in the past 12 months, meet WHO rec-
ommendations fruit/vegetable consumption, and be
slightly more physically active than participants in 2009.
However, the 2015 group also had more individuals
with more than 6 h spent in sedentary activities per day
than 2009 group. Other physical measurements, such as
height, weight, BMI, and WC were higher in the 2015
group than in 2009. The prevalence of smoking also
seemed to be higher in 2009 than 2015, but the amount
of missing data in 2009 for this variable (63.2%) makes
this estimate unreliable.

In Table S1, we presented the weighted prevalence of
obesity and abdominal obesity by age groups in 2009.
Using BMI as the measure reference, all WHO defini-
tions provided similar results for obesity between males
and females. However, there was a large discrepancy
www.thelancet.com Vol 39 October, 2023
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2009 2015

Female Male Total Missings in the
unweighted
sample

Female Male Total Missings in the
unweighted
sample

Estimate 95% CI Estimate 95% CI Estimate 95% CI Missing/N (%) Estimate 95% CI Estimate 95% CI Estimate 95% CI Missing/N (%)

Demographic

Age group (%) 0/14,519 (0.00) 0/3720 (0.00)

18–24 N/A N/A N/A 18.08 15.76–20.65 21.11 18.20–24.34 19.66 17.63–21.86

25–29 14.72 12.25–17.59 14.83 12.01–18.18 14.78 12.26–17.70 16.72 14.37–19.37 15.64 12.90–18.83 16.16 14.33–18.16

30–39 31.71 30.10–33.37 33.88 31.67–36.17 32.77 31.24–34.33 20.36 18.34–22.55 21.80 19.77–23.98 21.12 19.63–22.68

40–49 28.56 26.74–30.44 28.33 26.67–30.05 28.45 26.94–30.01 21.01 19.13–23.03 21.61 19.18–24.27 21.33 19.79–22.95

50–64 25.01 22.70–27.47 22.96 20.70–25.39 24.01 21.91–26.25 20.09 18.19–22.14 16.10 14.33–18.04 18.00 16.61–19.48

65–69 N/A N/A N/A 3.74 2.97–4.69 3.74 2.99–4.67 3.74 3.15–4.42

Residential area (%) 14,519/14,519
(100.00)

0/3720 (0.00)

Urban N/A N/A N/A 41.45 39.03–43.91 38.78 36.10–41.52 40.05 38.39–41.74

Rural N/A N/A N/A 58.55 56.09–60.97 61.22 58.48–63.90 59.95 58.26–61.61

Years of education (mean) 7.45 6.33–8.57 8.49 7.60–9.37 7.95 6.98–8.93 547/14,519
(3.77)

8.36 8.02–8.71 9.03 8.67–9.38 8.70 8.41–8.98 679/3720 (18.25)

Education levels (%) 31/14,519 (0.21) 3/3720 (0.08)

Primary and below 51.68 35.25–67.75 42.50 31.99–53.72 47.21 33.77–61.07 38.88 35.64–42.23 31.96 28.48–35.65 35.26 32.41–38.22

Secondary school 25.70 17.46–36.13 29.69 24.39–35.60 27.64 20.82–35.69 24.55 22.04–27.24 26.75 23.85–29.85 25.70 23.54–27.98

High school 11.82 7.45–18.27 14.49 11.40–18.25 13.12 9.36–18.10 17.43 15.24–19.86 22.83 20.06–25.86 20.25 18.46–22.17

College and above 10.80 6.40–17.64 13.33 7.95–21.48 12.03 7.20–19.42 19.14 16.84–21.66 18.46 15.89–21.35 18.78 16.80–20.94

Employment status (%) 1090/14,519
(7.51)

2/3720 (0.05)

Currently employed 77.60 64.00–87.10 92.32 88.45–94.97 84.76 76.52–90.47 79.36 76.52–81.94 91.75 89.75–93.39 85.84 84.11–87.41

Not currently employed 22.40 12.90–36.00 7.68 5.03–11.55 15.24 9.53–23.48 20.64 18.06–23.48 8.25 6.61–10.25 14.16 12.59–15.89

Lifestyle factors

Smoking status (%) 9173/14,519
(63.18)

10/3720 (0.27)

Never smoker 11.84 4.30–28.63 3.09 1.67–5.63 3.48 1.92–6.23 97.82 96.54–98.63 33.86 30.68–37.20 64.35 62.11–66.54

Former smoker 17.60 13.18–23.10 21.17 16.99–26.06 21.01 16.84–25.89 0.69 0.40–1.18 16.31 14.35–18.48 8.86 7.84–10.01

Current smoker 70.56 60.09–79.24 75.74 71.10–79.85 75.51 70.98–79.54 1.49 0.84–2.62 49.83 46.59–53.06 26.78 24.69–28.98

Drinking status in the past 12
months (%)

64/14,519 (0.44) 11/3720 (0.30)

Abstainer in past 12 months 88.68 84.90–91.60 18.38 15.26–21.97 54.58 51.27–57.85 57.09 54.13–60.01 8.41 6.83–10.31 31.70 29.76–33.70

Less than once a month 6.39 4.69–8.63 11.85 7.62–17.98 9.04 6.85–11.84 36.09 33.40–38.87 22.08 19.32–25.11 28.78 26.87–30.78

More than once a month but
not daily

4.48 2.94–6.77 56.58 50.27–62.69 29.75 26.21–33.55 6.48 5.06–8.27 58.71 55.51–61.85 33.73 31.53–36.00

Daily 0.46 0.20–1.04 13.19 8.25–20.43 6.63 4.12–10.50 0.33 0.15–0.75 10.80 9.11–12.76 5.79 4.87–6.88

(Table 2 continues on next page)
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2009 2015

Female Male Total Missings in the
unweighted
sample

Female Male Total Missings in the
unweighted
sample

Estimate 95% CI Estimate 95% CI Estimate 95% CI Missing/N (%) Estimate 95% CI Estimate 95% CI Estimate 95% CI Missing/N (%)

(Continued from previous page)

Eat more than 5 daily servings
of fruits or vegetables per day
(%)

79/14,519 (0.54) 25/3720 (0.67)

No 71.23 61.28–79.47 70.82 62.61–77.87 71.03 62.58–78.24 29.75 26.78–32.91 36.32 33.22–39.53 33.18 30.94–35.49

Yes 28.77 20.53–38.72 29.18 22.13–37.39 28.97 21.76–37.42 70.25 67.09–73.22 63.68 60.47–66.78 66.82 64.51–69.06

Met the WHO recommendation
on physical activity (%)

2218/14,519
(15.28)

695/3720 (18.68)

No 23.63 12.99–39.06 20.72 10.70–36.30 22.22 11.93–37.59 36.97 33.89–40.16 20.77 18.39–23.37 28.55 26.40–30.80

Yes 76.37 60.94–87.01 79.28 63.70–89.30 77.78 62.41–88.07 63.03 59.84–66.11 79.23 76.63–81.61 71.45 69.20–73.60

Levels of total physical activity
(%)

2218/14,519
(15.28)

695/3720 (18.68)

Low 26.15 15.28–41.01 23.82 13.06–39.43 25.02 14.27–40.09 39.65 36.46–42.92 26.43 23.79–29.25 32.78 30.50–35.14

Moderate 22.31 15.07–31.72 16.19 11.31–22.64 19.34 13.29–27.27 24.03 21.61–26.62 15.61 13.63–17.82 19.65 18.07–21.34

High 51.54 31.70–70.91 59.99 41.50–76.02 55.64 36.39–73.33 36.33 33.21–39.57 57.96 54.81–61.05 47.57 45.00–50.15

Total time (hours) spent in
sedentary activities per day
(mean)

3.79 2.73–4.85 3.74 2.70–4.79 3.77 2.72–4.81 240/14,519
(1.65)

4.28 4.05–4.50 4.00 3.78–4.22 4.13 3.95–4.31 27/3720 (0.73)

More than 6 h spent in
sedentary activities per day (%)

240/14,519
(1.65)

27/3720 (0.73)

No 81.06 65.62–90.56 82.63 66.08–92.07 81.83 66.08–91.23 74.56 71.47–77.42 78.35 75.50–80.96 76.54 74.19–78.74

Yes 18.94 9.44–34.38 17.37 7.93–33.92 18.17 8.77–33.92 25.44 22.58–28.53 21.65 19.04–24.50 23.46 21.26–25.81

Body measurement

Height in cm(mean) 152.18 151.57–152.79 162.25 161.68–162.82 157.08 156.52–157.64 8/14,519 (0.06) 152.59 152.15–153.02 162.43 161.97–162.89 157.55 157.16–157.94 682/3720 (18.33)

Weight in kg (mean) 49.21 47.55–50.88 56.02 54.18–57.87 52.53 50.85–54.21 6/14,519 (0.04) 51.15 50.57–51.73 58.14 57.43–58.85 54.67 54.16–55.19 682/3720 (18.33)

BMI in kg/m2 (mean) 21.23 20.61–21.85 21.24 20.69–21.80 21.23 20.67–21.80 8/14,519 (0.06) 21.96 21.74–22.19 22.02 21.77–22.27 21.99 21.81–22.17 682/3720 (18.33)

Waist circumference in cm
(mean)

71.11 68.44–73.79 74.05 71.48–76.63 72.54 69.94–75.14 8/14,519 (0.06) 75.49 74.76–76.21 77.79 77.01–78.58 76.65 76.05–77.25 685/3720 (18.41)

Hip circumference in cm
(mean)

86.17 84.41–87.94 87.17 85.28–89.07 86.66 84.85–88.47 11/14,519 (0.08) 89.99 89.46–90.52 90.72 90.15–91.28 90.36 89.92–90.79 685/3720 (18.41)

Waist-to-hip ratio (mean) 0.82 0.81–0.84 0.85 0.83–0.86 0.84 0.82–0.85 13/14,519 (0.09) 0.84 0.83–0.84 0.86 0.85–0.86 0.85 0.84–0.85 685/3720 (18.41)

Table 2: Characteristics of the surveyed participants in 2009 and 2015.
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1.68 1.736.17 5.4616.39 15.017.96 0.4328.49 9.1841.65 24.970.78 0.812.91 2.999.95 10.322.98 0.3314.37 4.4631.30 19.30
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Female 2009 Female 2015 Male 2009 Male 2015

Obesity using BMI - WHO definition
Obesity using BMI - WHO 2004 definition in Asian population
Obesity using BMI - WHO 2000 definition in Asian population
Abdominal obesity using WC - WHO definition
Abdominal obesity using WC - IDF definition (for South Asians, Chinese, and Japanese)
Abdominal obesity using WHR - WHO definition

Fig. 1: Prevalence of obesity and abdominal obesity in 2009 and 2015.

Articles
among males and females regarding abdominal obesity
in 2009. Using WC-WHO definition, the prevalence for
men was only 0.3% (95% CI: 0.1%–1.1%) while it was
3.0% (95% CI: 1.5%–5.7%) for women. The difference
also was present when using WC with IDF definition, as
the prevalence for men and women was 4.5% (95% CI:
2.1%–9.1%) and 14.4% (95% CI: 8.9%–22.3%), respec-
tively. We also observed different patterns of obesity
across age groups for men and women. In both sexes,
obesity and abdominal obesity prevalence tended to in-
crease with age groups except for obesity using BMI-
WHO general definition.

The weighted prevalence of obesity and abdominal
obesity in the 2015 survey across age groups is pre-
sented in Table S2. In terms of obesity prevalence, there
were small differences between men and women when
using BMI-WHO general definition and two WHO
definitions for the Asian population. However, we
continued to observe a large discrepancy in abdominal
obesity between the two sexes. The prevalence of
abdominal obesity ranged from 8% to 41.7% in women
depends on the specific cut-off and definitions, while
this prevalence ranged from 0.4% to 25% in men. We
also observed the same pattern of increasing obesity and
abdominal obesity prevalence across age groups in both
men and women, but more pronounced in women. In
order to directly compare results with data in 2009, we
also restricted the analysis of data in 2015 to a subpop-
ulation aged 25–64. We found that prevalence of obesity
and abdominal obesity in both sexes in this
www.thelancet.com Vol 39 October, 2023
subpopulation were consistent with the corresponding
prevalence in the whole population.

The sex differences in obesity and abdominal obesity
prevalence between the two survey years are summarized
in Fig. 1. There was an increasing trend in both obesity
and abdominal obesity over time in Vietnam, which was
greater in women than in men. Using obesity definitions
with BMI–WHO references, we noticed only a slight
absolute increase in prevalence of obesity in both men
and women from 2009 to 2015. However, for abdominal
obesity, the differences between men and women over
time were large regardless of the definitions.

In Fig. 2, we present the Spearman correlation co-
efficients between different anthropometric measure-
ments and biomarkers/blood pressure in 2009 and 2015.
All anthropometric measurements were statistically
correlated with biomarkers/blood pressure in 2009 and
2015 except for fasting glucose. The correlations were
positive for most reported biomarkers and negative for
HDL cholesterol. Regarding the strength of the correla-
tions, we could see that the correlations appeared to be
weak or modest, and these coefficients were stronger in
2015 compared to 2009. In 2009, weak correlations were
observed between total cholesterol and WC/BMI in
women and men, and between diastolic blood pressure
and WC/WHR in men. On the other hand, in 2015,
noticeable correlations were observed between systolic
blood pressure and WC/WHR in women, diastolic blood
pressure and WC/BMI in women and men. We further
present the scatter plots and median-spline relationship
7
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Fig. 2: Spearman’s correlation coefficients between anthropometric measurements and biomarkers/blood pressure. WC: waist circumference,
WHR: waist-to-hip ratio, BMI: body mass index, FG: fasting glucose, TC: total cholesterol, SBP: systolic blood pressure, DBP: diastolic blood
pressure, HDL: high-density lipoprotein cholesterol.
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between anthropometric measurements and bio-
markers/blood pressure in Figures S1 and S2.

We estimated how obesity and abdominal obesity
could be used to screen for some metabolic-related
conditions in Table 3. In both years, obesity based on
BMI-WHO general definition consistently had the
highest specificity (98.4%–99.5%) and lowest sensitivity
(1.3%–10.1%) for screening for diabetes type 2, high
total cholesterol, hypertension, and low HDL cholesterol
(in 2015 only). Consistently, only obesity based on BMI-
WHO general definition yielded LR+ > 4 for classifying
diabetes type 2 (in both 2009 and 2015) and hyperten-
sion (in 2015). Obesity using BMI definitions and
abdominal obesity using WC-WHO definition had quite
similar values of sensitivity and specificity in both sur-
vey years. Abdominal obesity using WC-IDF definition
and WHR-WHO definition had noticeably higher
sensitivity and lower specificity compared to the other
three criteria. Interestingly, while the specificity of all
obesity criteria was rather similar over time, the sensi-
tivity increased from 2009 to 2015. LR− was close to 1
with obesity using BMI definitions and abdominal
obesity using WC-WHO definition and were lowest with
abdominal obesity using WHR-WHO definition in all
diseases. In addition, the areas under the ROC curve of
those anthropometries for chronic diseases screening
ranged from 0.58 to 0.76, which were showed in
Figure S3. Noticeably, WHR generally yielded higher
AUC values for diabetes in both sexes compared to other
measurements. When compared to BMI, WC and WHR
consistently showed better AUC values except for high
total cholesterol and low HDL cholesterol in males in
2015. The Kappa statistics comparing multiple obesity
criteria in 2009 and 2015 are also presented in Table S3.

Table 4 presents the crude associations between
obesity and metabolic-related conditions in Poisson
regression models.

For diabetes type 2 in 2009, abdominal obesity using
either WC (both WHO and IDF definition) or WHR
appeared to be a better predictor than other criteria; but
in 2015, BMI-WHO defined obesity was shown to be the
better predictor among male and second best in female
coming only after WHR. For high total cholesterol, all
abdominal obesity criteria showed an association with
the outcome among female in both 2009 and 2015. In
2015, only obesity using BMI-WHO general or BMI-
WHO 2004 for Asian population was not associated
with this outcome. Regarding hypertension, all criteria
demonstrated to be similarly associated with this con-
dition except for BMI-WHO general criterion among
male in 2009. For low HDL cholesterol, all criteria
also demonstrated to be similarly associated with the
outcome except for BMI-WHO 2004 for Asian popula-
tion among female and BMI-WHO, WC-WHO criteria
among males. Overall, only abdominal obesity based on
WC-IDF or WHR-WHO definition showed consistent
www.thelancet.com Vol 39 October, 2023
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Female 2009 2015
Diabetes Sensitivity Lower CI Upper CI Specificity Lower CI Upper CI LR+ LR- Sensitivity Lower CI Upper CI Specificity Lower CI Upper CI LR+ LR-
BMI - WHO general 2.38% 0.67% 8.13% 99.23% 98.21% 99.67% 3.09 0.98 7.84% 2.63% 21.14% 98.39% 97.51% 98.97% 4.87 0.94
BMI - WHO 2004 Asian 5.24% 2.06% 12.69% 97.21% 94.59% 98.58% 1.88 0.97 15.07% 7.35% 28.41% 93.75% 91.92% 95.19% 2.41 0.91
BMI - WHO 2000 Asian 18.37% 13.60% 24.34% 90.47% 85.54% 93.83% 1.93 0.90 28.16% 17.99% 41.20% 83.99% 81.55% 86.16% 1.76 0.86
WC - WHO 9.98% 6.50% 15.03% 97.21% 94.53% 98.60% 3.58 0.93 23.57% 13.82% 37.23% 92.49% 90.80% 93.89% 3.14 0.83
WC - IDF 38.54% 29.09% 48.95% 86.34% 78.43% 91.66% 2.82 0.71 50.08% 36.96% 63.19% 71.73% 68.48% 74.77% 1.77 0.70
WHR - WHO 68.99% 56.59% 79.16% 69.64% 60.68% 77.33% 2.27 0.45 77.62% 63.69% 87.28% 59.37% 55.76% 62.88% 1.91 0.38

High total cholesterol
BMI - WHO general 1.96% 0.77% 4.89% 99.23% 98.25% 99.67% 2.55 0.99 3.14% 1.38% 6.99% 98.38% 97.42% 98.98% 1.94 0.98
BMI - WHO 2004 Asian 7.20% 3.26% 15.15% 97.36% 95.05% 98.61% 2.73 0.95 7.45% 4.23% 12.80% 93.60% 91.63% 95.13% 1.16 0.99
BMI - WHO 2000 Asian 23.19% 16.92% 30.92% 90.80% 86.18% 93.99% 2.52 0.85 24.10% 18.21% 31.16% 84.60% 82.04% 86.86% 1.56 0.90
WC - WHO 6.55% 3.45% 12.07% 97.23% 94.59% 98.60% 2.36 0.96 13.67% 9.17% 19.91% 92.73% 90.96% 94.18% 1.88 0.93
WC - IDF 30.81% 20.22% 43.90% 86.71% 78.93% 91.91% 2.32 0.80 48.84% 40.50% 57.24% 73.61% 70.28% 76.69% 1.85 0.70
WHR - WHO 52.39% 43.00% 61.61% 69.97% 61.00% 77.64% 1.74 0.68 63.52% 54.62% 71.58% 61.05% 57.29% 64.68% 1.63 0.60

Hypertension
BMI - WHO general 1.64% 0.65% 4.08% 99.59% 99.18% 99.79% 4.00 0.99 3.63% 2.43% 5.41% 99.38% 98.24% 99.78% 5.85 0.97
BMI - WHO 2004 Asian 6.21% 3.13% 11.98% 98.49% 96.95% 99.26% 4.11 0.95 11.13% 8.34% 14.71% 96.52% 94.73% 97.72% 3.20 0.92
BMI - WHO 2000 Asian 18.39% 11.42% 28.24% 93.61% 89.53% 96.17% 2.88 0.87 26.97% 22.81% 31.58% 89.34% 86.74% 91.49% 2.53 0.82
WC - WHO 6.39% 3.23% 12.28% 98.46% 97.04% 99.21% 4.15 0.95 14.75% 11.71% 18.40% 95.73% 93.96% 96.99% 3.45 0.89
WC - IDF 24.73% 15.50% 37.03% 90.01% 83.71% 94.04% 2.48 0.84 46.35% 41.35% 51.44% 81.20% 77.77% 84.20% 2.47 0.66
WHR - WHO 45.04% 34.28% 56.29% 74.51% 66.44% 81.20% 1.77 0.74 59.17% 54.19% 63.96% 67.84% 63.63% 71.78% 1.84 0.60

Low HDL cholesterol
BMI - WHO general 2.21% 1.45% 3.34% 99.46% 98.52% 99.81% 4.09 0.98
BMI - WHO 2004 Asian 7.10% 5.36% 9.33% 95.24% 92.21% 97.13% 1.49 0.98
BMI - WHO 2000 Asian 17.61% 14.99% 20.59% 87.35% 83.30% 90.53% 1.39 0.94
WC - WHO 9.01% 7.31% 11.07% 95.10% 92.39% 96.88% 1.84 0.96 Sens & spec LR+ LR-
WC - IDF 32.54% 28.98% 36.32% 82.03% 77.23% 86.00% 1.81 0.82 100% 10.00 0.00
WHR - WHO 45.53% 41.62% 49.50% 69.80% 63.69% 75.28% 1.51 0.78 90% 9.00 0.10

Male 80% 8.00 0.20
Diabetes Sensitivity 95% CI Specificity 95% CI LR+ LR- Sensitivity 95% CI Specificity 95% CI LR+ LR- 70% 7.00 0.30
BMI - WHO general 3.93% 0.54% 23.65% 99.30% 98.16% 99.73% 5.61 0.97 12.64% 2.02% 50.43% 98.39% 97.37% 99.02% 7.85 0.89 60% 6.00 0.40
BMI - WHO 2004 Asian 7.64% 3.01% 18.08% 97.17% 94.90% 98.45% 2.70 0.95 21.44% 5.68% 55.27% 94.99% 93.32% 96.26% 4.28 0.83 50% 5.00 0.50
BMI - WHO 2000 Asian 20.99% 13.09% 31.91% 89.98% 84.37% 93.72% 2.09 0.88 41.61% 21.62% 64.80% 86.48% 83.88% 88.71% 3.08 0.68 40% 4.00 0.60
WC - WHO 3.34% 0.72% 14.15% 99.74% 98.78% 99.95% 12.85 0.97 0.00% N/A N/A 99.54% 98.73% 99.83% 0.00 1.00 30% 3.00 0.70
WC - IDF 18.94% 11.63% 29.33% 95.86% 91.16% 98.11% 4.57 0.85 39.07% 18.89% 63.83% 91.94% 89.81% 93.66% 4.85 0.66 20% 2.00 0.80
WHR - WHO 59.10% 45.38% 71.55% 81.33% 72.02% 88.05% 3.17 0.50 55.94% 34.42% 75.43% 76.12% 73.00% 78.98% 2.34 0.58 10% 1.00 0.90

0% 0.00 1.00
High total cholesterol
BMI - WHO general 2.31% 0.79% 6.55% 99.29% 98.15% 99.73% 3.25 0.98 2.92% 0.83% 9.71% 98.53% 97.49% 99.14% 1.99 0.99
BMI - WHO 2004 Asian 9.51% 6.42% 13.86% 97.26% 94.85% 98.56% 3.47 0.93 14.34% 8.19% 23.91% 95.54% 93.89% 96.76% 3.22 0.90
BMI - WHO 2000 Asian 27.76% 21.74% 34.70% 90.12% 84.44% 93.87% 2.81 0.80 23.29% 15.13% 34.08% 86.71% 84.03% 89.00% 1.75 0.88
WC - WHO 1.37% 0.47% 3.90% 99.74% 98.99% 99.93% 5.27 0.99 2.02% 0.42% 9.18% 99.67% 98.80% 99.91% 6.12 0.98
WC - IDF 14.95% 9.84% 22.05% 95.91% 90.99% 98.20% 3.66 0.89 22.21% 14.04% 33.28% 92.45% 90.32% 94.15% 2.94 0.84
WHR - WHO 45.60% 32.30% 59.55% 81.54% 72.74% 87.97% 2.47 0.67 38.69% 27.73% 50.93% 76.65% 73.43% 79.58% 1.66 0.80

Hypertension
BMI - WHO general 1.04% 0.37% 2.86% 99.37% 98.69% 99.70% 1.65 1.00 3.07% 1.75% 5.33% 99.56% 98.59% 99.86% 6.98 0.97
BMI - WHO 2004 Asian 4.65% 2.59% 8.22% 98.39% 96.83% 99.19% 2.89 0.97 9.37% 6.91% 12.60% 98.31% 96.91% 99.08% 5.54 0.92
BMI - WHO 2000 Asian 14.52% 9.93% 20.75% 93.18% 86.97% 96.55% 2.13 0.92 21.91% 18.36% 25.92% 91.64% 87.70% 94.40% 2.62 0.85
WC - WHO 0.50% 0.13% 1.91% 99.81% 99.41% 99.94% 2.63 1.00 0.82% 0.30% 2.22% 99.95% 99.62% 99.99% 16.40 0.99
WC - IDF 6.73% 3.21% 13.56% 97.47% 94.20% 98.91% 2.66 0.96 14.85% 11.90% 18.37% 96.31% 92.88% 98.12% 4.02 0.88
WHR - WHO 26.84% 18.10% 37.85% 87.00% 78.27% 92.55% 2.06 0.84 33.60% 29.45% 38.02% 83.36% 79.43% 86.66% 2.02 0.80

Low HDL cholesterol
BMI - WHO general 1.94% 1.10% 3.41% 99.11% 97.70% 99.66% 2.18 0.99
BMI - WHO 2004 Asian 6.83% 5.07% 9.14% 98.08% 96.27% 99.02% 3.56 0.95
BMI - WHO 2000 Asian 16.95% 13.99% 20.40% 91.65% 88.51% 93.98% 2.03 0.91
WC - WHO 0.52% 0.16% 1.68% 99.68% 97.74% 99.96% 1.63 1.00
WC - IDF 10.35% 8.01% 13.28% 94.81% 91.91% 96.71% 1.99 0.95
WHR - WHO 27.31% 23.64% 31.31% 81.01% 76.21% 85.04% 1.44 0.90

BMI–WHO general: Obesity using BMI–WHO general definition. BMI–WHO 2004 Asian: Obesity using BMI–WHO definition in 2004 for Asian population. BMI–WHO 2000 Asian: Obesity using BMI–WHO
definition in 2000 for Asian population. WC–WHO: Abdominal obesity using WC–WHO definition. WC–IDF: Abdominal obesity using WC–IDF definition. WHR–WHO: Abdominal obesity using WHR–WHO
definition. CI: 95% confidence interval.

Table 3: Sensitivity, specificity, and likelihood ratio of obesity and abdominal obesity in screening for metabolic-related conditions.

Articles
association with all outcomes regardless of sex and
survey years. When further adjusted for sex, age, edu-
cation level, weekly physical activity, daily sitting hours,
alcohol drinking in the past 12 months, fruit or vege-
table consumption, the association between abdominal
obesity using WC-IDF or WHR-WHO definition with
metabolic-related conditions remained consistently sig-
nificant, which is shown in Table S4. When combining
the two survey datasets without taking survey weight
into account in Table S5, we also found that, generally,
abdominal obesity appeared to be a better predictor with
higher significant prevalence ratios for most metabolic-
related conditions in both sexes compared to obesity
using BMI-WHO definitions.
Discussion
Our study showed that depending on the specific cut-
offs, from 2009 to 2015, obesity prevalence increased
from 0.8%–10% to 1.7%–16.4% in women and from
0.8%–10.3% to 1.7%–15% in men; abdominal obesity
www.thelancet.com Vol 39 October, 2023
prevalence increased from 3%–31.3% to 8%–41.7% in
women and from 0.3%–19.3% to 0.4%–25% in men.
Regardless of the specific cut-off values used, we found
that the prevalence of obesity and abdominal obesity
increased in Vietnam between 2009 and 2015, in both
men and women. A handful of studies in Vietnam have
reported on prevalence of abdominal obesity in different
regions over the last two decades18–23,47,48 which was
mostly similar to our findings that showed higher
prevalence of abdominal obesity in women compared to
men.18–21,23 In 2004, Tran et al. conducted a survey in Ho
Chi Minh City, the largest city in Vietnam, using a
random sample and reported that the prevalence of
abdominal obesity was 8.1% for women and 12.0% for
men.47 However, Tran et al. used the same WC cut-off
for both sexes (WC ≥ 86 cm), explaining why the
prevalence was higher among men than women in this
study. Furthermore, this survey was also conducted
in 2004, which is 5 and 11 years prior to our data,
which can partly explain the reported lower prevalence.
Other Pubmed-indexed studies that employed WC-IDF
9
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2009 2015

Prevalence of metabolic
related conditions
among obese
individuals (PPV)

Prevalence of obesity
among individuals with
metabolic related
conditions (Sensitivity)

PR 95% CI p-value Prevalence of metabolic
related conditions
among obese
individuals (PPV)

Prevalence of obesity
among individuals with
metabolic related
conditions (Sensitivity)

PR 95% CI p-value

Female

Diabetes

BMI–WHO general 5.12% 2.38% 3.036 0.649–14.203 0.13562 13.05% 7.84% 4.664 1.585–13.724 0.00530

BMI–WHO 2004 Asian 3.17% 5.24% 1.899 0.586–6.152 0.24361 6.90% 15.07% 2.547 1.152–5.630 0.02103

BMI–WHO 2000 Asian 3.25% 18.37% 2.099 1.394–3.158 0.00307 5.13% 28.16% 2.002 1.131–3.544 0.01739

WC–WHO 5.88% 9.98% 3.701 2.181–6.283 0.00045 8.80% 23.57% 3.551 1.870–6.744 0.00012

WC–IDF 4.69% 38.54% 3.827 2.806–5.219 0.00001 5.16% 50.08% 2.466 1.443–4.213 0.00103

WHR–WHO 3.81% 68.99% 4.949 3.413–7.176 0.00001 5.55% 77.62% 4.843 2.467–9.509 0.00001

High total cholesterol

BMI–WHO general 11.30% 1.96% 2.406 1.190–4.863 0.02065 19.86% 3.14% 1.775 0.814–3.870 0.14837

BMI–WHO 2004 Asian 11.98% 7.20% 2.637 1.371–5.073 0.00911 12.97% 7.45% 1.155 0.647–2.063 0.62518

BMI–WHO 2000 Asian 11.17% 23.19% 2.759 2.096–3.631 0.00003 16.68% 24.10% 1.620 1.158–2.266 0.00497

WC–WHO 10.55% 6.55% 2.305 1.379–3.851 0.00562 19.40% 13.67% 1.823 1.196–2.777 0.00536

WC–IDF 10.37% 30.81% 2.708 2.011–3.645 0.00006 19.15% 48.84% 2.344 1.703–3.228 0.00016

WHR–WHO 8.01% 52.39% 2.439 1.977–3.009 0.00001 17.27% 63.52% 2.430 1.708–3.457 0.00049

Hypertension

BMI–WHO general 62.74% 1.64% 2.126 1.696–2.665 0.00006 75.92% 3.63% 2.205 1.668–2.915 <0.00001

BMI–WHO 2004 Asian 63.60% 6.21% 2.212 1.872–2.613 <0.00001 63.39% 11.13% 1.905 1.544–2.352 <0.00001

BMI–WHO 2000 Asian 54.97% 18.39% 2.037 1.666–2.490 0.00004 57.81% 26.97% 1.884 1.597–2.223 <0.00001

WC–WHO 63.81% 6.39% 2.222 1.908–2.588 <0.00001 65.16% 14.75% 2.001 1.687–2.373 <0.00001

WC–IDF 51.18% 24.73% 1.956 1.659–2.307 0.00001 57.20% 46.35% 2.169 1.855–2.536 <0.00001

WHR–WHO 42.82% 45.04% 1.956 1.659–2.307 0.00001 49.94% 59.17% 2.030 1.717–2.399 <0.00001

Low HDL cholesterol

BMI–WHO general 92.61% 2.21% 1.236 1.132–1.349 <0.00001

BMI–WHO 2004 Asian 81.93% 7.10% 1.095 0.979–1.225 0.11029

BMI–WHO 2000 Asian 80.90% 17.61% 1.091 1.009–1.180 0.02956

WC–WHO 84.83% 9.01% 1.140 1.047–1.240 0.00251

WC–IDF 84.63% 32.54% 1.185 1.109–1.266 <0.00001

WHR–WHO 82.10% 45.53% 1.167 1.084–1.256 0.00005

Male

Diabetes

BMI–WHO general 6.88% 3.93% 5.466 0.754–39.641 0.08344 17.11% 12.64% 7.490 1.399–40.093 0.01882

BMI–WHO 2004 Asian 3.44% 7.64% 2.781 1.210–6.389 0.02200 10.12% 21.44% 4.750 1.164–19.379 0.02997

BMI–WHO 2000 Asian 2.68% 20.99% 2.347 1.448–3.804 0.00356 7.49% 41.61% 4.291 1.717–10.722 0.00192

WC–WHO 14.49% 3.34% 11.494 1.672–79.023 0.01927 0.00% 0.00% N/A N/A N/A

WC–IDF 5.68% 18.94% 5.154 3.290–8.073 0.00003 11.32% 39.07% 6.600 2.555–17.047 0.00011

WHR–WHO 4.01% 59.10% 6.083 4.198–8.814 <0.00001 5.81% 55.94% 3.869 1.646–9.096 0.00201

High total cholesterol

BMI–WHO general 11.13% 2.31% 3.044 1.175–7.891 0.02725 13.43% 2.92% 1.879 0.561–6.295 0.30557

BMI–WHO 2004 Asian 11.82% 9.51% 3.410 1.630–7.133 0.00499 20.07% 14.34% 3.066 1.707–5.507 0.00020

(Table 4 continues on next page)
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2009 2015

Prevalence of metabolic
related conditions
among obese
individuals (PPV)

Prevalence of obesity
among individuals with
metabolic related
conditions (Sensitivity)

PR 95% CI p-value Prevalence of metabolic
related conditions
among obese
individuals (PPV)

Prevalence of obesity
among individuals with
metabolic related
conditions (Sensitivity)

PR 95% CI p-value

(Continued from previous page)

BMI–WHO 2000 Asian 9.77% 27.76% 3.258 1.917–5.537 0.00089 12.04% 23.29% 1.863 1.118–3.104 0.01715

WC–WHO 16.73% 1.37% 4.553 2.446–8.478 0.00050 32.31% 2.02% 4.529 1.098–18.679 0.03672

WC–IDF 12.37% 14.95% 3.739 1.822–7.673 0.00288 18.69% 22.21% 3.030 1.811–5.072 0.00003

WHR–WHO 8.69% 45.60% 3.467 2.366–5.080 0.00007 11.46% 38.69% 1.948 1.203–3.156 0.00690

Hypertension

BMI–WHO general 58.02% 1.04% 1.280 0.954–1.717 0.08887 87.11% 3.07% 1.797 1.494–2.161 <0.00001

BMI–WHO 2004 Asian 70.67% 4.65% 1.582 1.361–1.839 0.00011 84.26% 9.37% 1.788 1.573–2.033 <0.00001

BMI–WHO 2000 Asian 63.96% 14.52% 1.477 1.273–1.714 0.00031 71.70% 21.91% 1.587 1.383–1.822 <0.00001

WC–WHO 69.14% 0.50% 1.525 1.117–2.082 0.01407 93.74% 0.82% 1.912 1.639–2.232 <0.00001

WC–IDF 68.85% 6.73% 1.553 1.348–1.790 0.00010 79.58% 14.85% 1.725 1.468–2.026 <0.00001

WHR–WHO 63.19% 26.84% 1.535 1.361–1.732 0.00004 66.17% 33.60% 1.519 1.330–1.735 <0.00001

Low HDL cholesterol

BMI–WHO general 80.45% 1.94% 1.236 0.985–1.552 0.06697

BMI–WHO 2004 Asian 87.01% 6.83% 1.357 1.215–1.515 <0.00001

BMI–WHO 2000 Asian 79.25% 16.95% 1.257 1.143–1.382 <0.00001

WC–WHO 75.50% 0.52% 1.157 0.656–2.038 0.61358

WC–IDF 78.99% 10.35% 1.234 1.091–1.395 0.00089

WHR–WHO 73.04% 27.31% 1.163 1.054–1.283 0.00278

Bold values indicated statistical significance at alpha = 0.05 level. P-values were not adjusted for multiple testing. PPV: Positive predictive value. BMI–WHO general: Obesity using BMI–WHO general definition. BMI–WHO 2004 Asian: Obesity using
BMI–WHO definition in 2004 for Asian population. BMI–WHO 2000 Asian: Obesity using BMI–WHO definition in 2000 for Asian population. WC–WHO: Abdominal obesity using WC–WHO definition. WC–IDF: Abdominal obesity using WC–IDF
definition. WHR–WHO: Abdominal obesity using WHR–WHO definition. PR: prevalence ratio.

Table 4: Univariate associations between obesity and metabolic-related conditions in Poisson regression models.

A
rticles

w
w
w
.thelancet.com

V
ol

39
O
ctober,

20
23

11

www.thelancet.com/digital-health


Articles

12
definition with Asian cutoffs to define abdominal
obesity found the prevalence of abdominal obesity was
8.7%–30.2% over the past two decades depending on
study site.18–23

In 2019, Tran et al. reported that the prevalence of
abdominal obesity in urban Ho Chi Minh City was
49.4% using WHR-WHO definition.48 However, this
study suffered from two significant limitations: the
study did not employ random sampling, and more than
half of the participants were over 45 years old. We also
observed a high prevalence of abdominal obesity with
WHR-WHO definition in this age group (39.4%–

64.2%). Moreover, this study was conducted in an urban
area, which could probably have a high prevalence of
obesity and other chronic diseases compared to rural
areas.

In other countries in Asia, the burden of abdominal
obesity is also rising.49 Several studies in China reported
that abdominal obesity prevalence in 2011 was 43.2%
using the WC-IDF cut-off.50 The International Day for
the Evaluation of Abdominal Obesity in Asian (IDEA)
regions study in 2007 showed that South Asians’ prev-
alence was 78% for women and 58% for men using WC-
WHO definition.51 Our results were somewhat similar
to China and lower compared to other South Asian
countries. The similarities in time trends in Vietnamese
and Chinese economic development, diets, and life-
styles in recent years could partly explain the compara-
ble prevalence between the two countries.

Our study also showed that the prevalence of
abdominal obesity was much higher in women than
men and that this prevalence tended to increase with
age. One biological hypothesis explaining these differ-
ences is changing fat distribution and adipocyte differ-
entiation due to sex hormones and older age.52 However,
we could not rule out the role of behaviors (e.g.,
smoking or sedentary behaviors) and socioeconomic
(e.g., access to healthy food) in this disparity.52 The cut
points used to diagnose abdominal obesity are arbitrary
in both men and women so it is difficult to make direct
comparisons. We also showed that the correlation be-
tween anthropometric measurements and biomarkers/
blood pressure among Vietnamese population were
modest, which is very similar to other recent studies
reported correlations on Chinese,53 Brazillian,54

Turkey,55 and US population.56

Our results on the positive association between
obesity and abdominal obesity with metabolic diseases
were also consistent with previous reports.11–13,57–60 That
et al. found that obesity (BMI ≥25) and WC-based
abdominal obesity were independently associated with
diabetes risk in the population of Danang city, Vietnam
in 2020 (aOR:1.36 (95% CI: 1.16,1.58) and aOR: 1.53
(95% CI: 1.31, 1.80), respectively).59 Hien et al. reported
increased risk for hypertension in participants with
overweight/obese (BMI ≥ 23) or WHR-based abdominal
obesity (aOR: 1.82 (1.35–2.45) and aOR: 1.40
(1.03–1.91), respectively).60 Other prospective studies
with very large sample sizes showed the stronger asso-
ciations between abdominal obesity and major adverse
cardiac events11 and mortality13 compared to general
obesity. In our study, abdominal obesity based on WC-
IDF and WHR-WHO criteria also showed the highest
sensitivity when used as screening proxy for major
chronic conditions. As WC-IDF and WHR-WHO
criteria seem to be strong risk factors for diabetes type
2, hypertension, high cholesterol, and low HDL
cholesterol, it would be useful to refer to this abdominal
obesity criteria to predict better the risk of these health
conditions compared to BMI-based criteria.61 Clinical
implications for such differences between abdominal
obesity and obesity for screening diseases in Vietnam
are not entirely clear at the moment; however, BMI
measures total body fat (and lean mass) and WC/WHR
measures abdominal fat.62 Such discrepancies between
abdominal obesity and obesity prevalence could be bet-
ter understood by examining the distribution of partic-
ipants’ fat and muscle mass. Further studies with better
measurements, such as dual-energy X-ray absorptiom-
etry, MRI, or CT scan, are needed to investigate this
issue.

Our study’s strength was a nationally representative
sample that allowed us to calculate the obesity and
abdominal prevalence among the target population. The
survey in 2015 achieved a reasonably good response rate
(around 80%), which enhanced the internal validity of
our study. Moreover, all questionnaires and physical
measurements were standardized by WHO in Vietnam
and collected by trained data collectors. The measure-
ment errors of BMI, WC, and WHR compared to other
specialized tools in measuring body fat mass and
muscle mass were relatively low.56

However, our study had several limitations. First, the
non-response issue (36% in the 2009 sample and 20%
in the 2015 sample) probably causes non-response bias
in the prevalence estimates. Secondly, the information
about health behavior such as smoking and diet patterns
was limited, so we cannot reduce confounding caused
by these factors in our models. Moreover, the datasets
used for this analysis were collected 14 and 8 years ago,
which may not reflect the current prevalence and asso-
ciations between anthropometric measures and
metabolic-related conditions well. Finally, the cross-
sectional study design’s nature, which only allowed us
to explore associations between anthropometric mea-
surements and metabolic-related conditions, is prone to
reverse causation. We believe that a prospective cohort
would be needed to explore the causal relationship be-
tween obesity and metabolic-related diseases and pro-
vide stronger and more informative evidence to the
policymakers regarding the obesity pandemic in
Vietnam.
www.thelancet.com Vol 39 October, 2023
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Conclusions
In summary, the prevalence of obesity in Vietnam using
BMI-based definitions similarly increased in women
and men over years, but the prevalence of abdominal
obesity in Vietnam is much higher and increased more
rapidly in women compared to men. The agreements
between BMI-based definitions and WC/WHR defini-
tions were low, especially with BMI cut-off based on
WHO standard definitions. More studies are needed to
explore the contributors to abdominal obesity in
Vietnam.
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