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Background
The burden of obesity in Vietnam has not been well defined because there is a lack of reference data for percent body fat (PBF) in Asians. This study sought to define the relationship
between PBF and body mass index (BMI) in the Vietnamese population.

Methods
The study was designed as a comparative cross-sectional investigation that involved 1217
individuals of Vietnamese background (862 women) aged 20 years and older (average age
47 yr) who were randomly selected from the general population in Ho Chi Minh City. Lean
mass (LM) and fat mass (FM) were measured by DXA (Hologic QDR 4500). PBF was derived as FM over body weight.

Results
Based on BMI 30, the prevalence of obesity was 1.1% and 1.3% for men and women, respectively. The prevalence of overweight and obesity combined (BMI 25) was ~24% and
~19% in men and women, respectively. Based on the quadratic relationship between BMI
and PBF, the approximate PBF corresponding to the BMI threshold of 30 (obese) was 30.5
in men and 41 in women. Using the criteria of PBF >30 in men and PBF >40 in women, approximately 15% of men and women were considered obese.

Conclusion
These data suggest that body mass index underestimates the prevalence of obesity. We
suggest that a PBF >30 in men or PBF >40 in women is used as criteria for the diagnosis of
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obesity in Vietnamese adults. Using these criteria, 15% of Vietnamese adults in Ho Chi
Minh City was considered obese.

Introduction
Obesity is recognized as a global health problem because it affects a large proportion of individuals in developed and developing countries [1, 2]. In the United States, 32% of adult men and
35% of adult women are obese (ie BMI  30 kg/m2) [3]. In Asia, approximately 17% of population is considered obese by World Health Organization (WHO) [4]. Obesity is associated with
an increased risk of mortality [5], type 2 diabetes [6], cardiovascular diseases and cancer [7].
Moreover, obese individuals have 7 times higher the risk of developing diabetes than individuals of a normal BMI [8]. Since obesity is increased with advancing age, the on-going rapid
aging of the population will further impose a greater burden on the society. Indeed, it has been
estimated that by 2030 nearly one-third of the world population is overweight or obese [1].
Although it is believed that obesity is increasing in Asian populations, there is actually no
consensus on the definition of obesity for Asians. In 2004, a WHO expert consultation concluded that Asian individuals are at greater risk of type 2 diabetes and cardiovascular disease
with a lower BMI than their Caucasian counterparts, but the consultation did not come up
with a consensus cut-off BMI for defining obesity in Asians [9]. The consultation also proposed
that the WHO BMI cut-off points should be retained as international classifications. In reality,
some groups use the BMI 25 or BMI 27.5 as a cut-off value for the diagnosis of obesity in
Asian men and women [10, 11].
Clinically, obesity is defined as the accumulation of excess body fat to the extent that it may
have adverse effects on health. It is crucial to determine a threshold of body fat that is associated with potential harm to an individual’s health. In the absence of body fat measurement, the
ratio of weight over height squared or body mass index (BMI), also referred to as Quetelet
index, is a common and useful indicator for defining obesity in adult individuals [12]. However, it is increasingly recognized that fat mass, rather than BMI, is a better indicator of true fat
mass and hence obesity. Weight is primarily made up of fat mass and muscle mass. BMI, with
weight in the numerator, can not distinguish between the two components. Thus, an individual
with high muscle mass can be classified as obese, even though the individual does not carry excess body fat. By the clinical definition, a better measure of obesity should be based on an individual’s percent body fat (PBF), which can now be measured by a variety of instruments,
including bioelectrical impedance analysis, magnetic resonance imaging, computed tomography, and dual energy X-ray absorptiometry (DXA).
While the WHO recommended BMI thresholds for defining obesity and overweight are
well established, it is not clear what is the appropriate threshold of PBF for classifying an individual as obese. It is widely claimed that a PBF greater than 25% for men and 35% for women
are the criteria for diagnosing obesity [13–18]. The claim is attributed to a WHO report, but we
have pointed out that this claim is a misquotation of the WHO Technical Report [19], which
makes no recommendation of any PBF threshold. As a matter of fact, until now there exist no
body fat thresholds for defining obesity.
It has been assumed that for a given BMI, Asians have greater PBF than Caucasians [20, 21].
However, a close examination of the data on which this assumption is based on[21] reveals little difference in PBF between Chinese in New York and Caucasian women. We have previously
shown that after matching for BMI, Vietnamese women and American white women have virtually identical PBF [22]. Thus, it appears that there is no sound justification for lowering BMI
criteria for defining obesity in Asians.
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Vietnam is a developing country with a population of approximately 92 million [23], representing 1.3% of the world population. Approximately 70% of the population lives in rural areas.
During the past 20 years, the country has continued to be one of the world's fastest economic
growth, with annual growth rate of ~5% [24]. Parallel with the economic development, Vietnam
has also undergone remarkable changes in dietary patterns [25] which led to a change in BMI
[26]. Therefore, the population is an ideal setting for studying the burden of obesity in transitional
economies. However, no studies in the past have examined the burden of obesity using PBF as an
indicator in Vietnam. Thus, in this study, we sought to analyze the association between PBF and
BMI, and to define the prevalence of overweight and obesity using both BMI and PBF criteria.

Study Design and Methods
Study setting and population
The study was conducted in Ho Chi Minh City, the largest city in Vietnam. The city is also a
major economic hub, with a population of 7.8 million (Vietnam General Statistics Office, 27/3/
2015). The recruitment of participants and data collection had taken place between February
2010 and December 2010. The study was conducted in accordance with the principles of medical ethics of the World Health Organization. All participants were provided with full information about the study's purposes, and gave written informed consent to participate in the study.
The research protocol and procedures were approved by the Scientific Committee of the People's Hospital 115 and Pham Ngoc Thach University of Medicine.
Details of study procedures have been published elsewhere [27, 28]. Briefly, the study was
designed as a cross-sectional investigation, in which individuals were sampled from the general
population according to a random sampling scheme. We approached community organizations, including churches and temples, in each district to obtain the list of members aged 18
years and above, and this list was served as a sampling frame for the study. Next, we use an R
program package to randomly select individuals aged 18 years or above, and the selected individuals were contacted to invite to participate in the study. About 5% of the invited individuals
did not respond to our letter, and they were invited via phone. The participants did not receive
any financial incentive, but they received a free health check-up, including lipid and blood glucose analyses. Participants were excluded from the study if they had rheumatoid arthritis.

Measurements and data collection
Data collection was done by direct interview and direct measurement. Upon signed the informed consent form, participants were administered a structured questionnaire that collected
data concerning anthropometry, lifestyle, and clinical history. Each participant was asked to
provide information on current and past smoking habits. Smoking status and alcohol use (current, past, and never) was ascertained by the questionnaire. Clinical data including blood pressure, pulse, and reproductive history (i.e. parity, age of menarche, and age of menopause),
medical history (i.e. previous fracture, previous and current use of pharmacological therapies)
were also obtained. Body weight was measured on an electronic scale with indoor clothing
without shoes. Height was determined without shoes on a portable stadiometer with mandible
plane parallel to the floor. Body mass index (BMI) was calculated as weight in kg over height in
meter squared.
All participants underwent a DXA scan of the whole body (Hologic QDR 4500, Hologic,
Inc., Bedford, MA, USA). Body composition, including lean mass, fat mass and bone mineral
content, was obtained from the scan. The densitometer was standardized by a standard phantom before each measurement was undertaken. Fat mass was expressed in kilogram as well as
in percentage of body weight.
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In addition, in order to adjust for body height, we fitted the equation of log FM or log LM
against height: log(FM) = k + a×log(height), and log(LM) = c + b×log(height). Using the observed data from our study, we found that a = 1.96 and b = 1.70, which is close to 2. Therefore,
we derived the fat mass index (FMi) and lean mass index (LMi) by the following formulae:
FMi = FM / (height)2 and LMi = LM / (height)2, which is interestingly similar to the calculation
of body mass index [29].

Data analysis
The relationship between PBF and BMI was analyzed by a Bayesian multiple linear regression
model. In the model, PBF was considered the dependent variable; BMI, age, and gender were
independent variables. In exploratory analysis, we found that the relationship between PBF
and BMI was not linear, and a quadratic model was appropriate. Thus, the model was PBF = α
+ β1×Gender + β2×Age + β3×BMI + β4×BMI2, in which α and β coefficients were estimated by
observed data. The uniform prior was used in the regression model by placing equal likelihood
to all possible values of the regression coefficient can take. The assumptions of the linear regression (i.e. normal distribution, homogeneity and independent errors) were satisfied by residual analysis. All analyses were conducted with the R statistical language [30] and the
Bayesian analyses were performed with the MCMC package [31].

Results
The study included 355 men and 862 women aged 20 years and above. The average age was 44
(SD 19) and 49 (SD16) for men and women, respectively. As expected, men had lower fat mass
and PBF, but greater lean body mass and bone density than women. The difference in PBF between men and women was almost 2 SDs. Almost 45% of men and 1% of women self-reported
as past and current smokers (Table 1).
Table 1. Anthropometric characteristics and lifestyle factors of study participants.
Variable

Men

Women

Number of participants

355

862

P-value

Age (yr)

43.7 (18.8)

48.6 (16.4)

18–29

107

134

30–39

46

95

40–49

54

209

50–59

74

212

60+

74

212

Weight (kg)

62.0 (9.5)

52.3 (7.7)

<0.0001

Height (cm)

165.1 (6.7)

153.3 (5.6)

<0.0001

Body mass index (kg/m2)

22.7 (3.0)

22.3 (3.1)

0.013

Whole body fat mass (kg)

15.0 (5.1)

18.2 (5.0)

<0.0001

Percent body fat (%)

24.2 (5.8)

34.7 (5.2)

<0.0001

Whole body lean mass (kg)

43.8 (5.8)

32.0 (4.0)

<0.0001

Whole body bone density (g/cm2)

1.06 (0.10)

0.98 (0.11)

<0.0001

Current smokers (n; %)

159 (44.8)

7 (0.8)

<0.0001

Alcohol users (n; %)

182 (51.3)

29 (3.4)

<0.0001

<0.0001

Number of participants by age group

Note: Values are mean and standard deviation (in brackets), or actual number of participants and genderspeciﬁc percentage (in brackets).
doi:10.1371/journal.pone.0127198.t001
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Descriptive analyses of fat mass and lean mass by 10-year age group are shown in Table 2.
PBF increased with advancing age, and the rate of increase was greater in women than in men.
By the age of 60 or above, PBF in men was 26% (SD 5.9%) and in women 37% (SD 5.3%). Even
after correcting for height, fat mass index still showed a downward trend with advancing age.
There was a divergent trend in lean mass between men and women. In men, there was an ageassociated decline in lean mass, with the rate of decline being 0.11 kg/year. However, in
women, there was no significant change in lean mass with age.
Table 2. Mean and standard deviation of percent fat mass, fat mass, and lean mass in 355 men and
862 women classified by age group.
Age group

Men (n = 355)

Women (n = 862)

18–29

23.17 (6.21)

31.18 (4.70)

30–39

22.17 (5.54)

32.91 (4.82)

40–49

24.34 (5.12)

34.46 (4.63)

50–59

24.85 (5.01)

35.61 (4.62)

60+

25.99 (5.86)

36.94 (5.27)

18–29

15.05 (5.95)

15.20 (4.12)

30–39

13.36 (4.80)

16.63 (4.61)

40–49

15.43 (4.43)

18.42 (4.42)

50–59

15.58 (4.62)

19.41 (4.82)

60+

14.94 (4.83)

19.53 (5.24)

18–29

5.15 (1.94)

6.23 (1.56)

30–39

5.02 (1.74)

7.02 (1.89)

40–49

5.78 (1.67)

7.79 (1.85)

50–59

5.79 (1.68)

8.19 (2.01)

60+

5.77 (1.80)

8.64 (2.21)

18–29

46.00 (5.61)

31.30 (3.99)

30–39

43.48 (5.28)

31.45 (4.04)

40–49

45.21 (6.11)

32.75 (3.68)

50–59

43.92 (5.06)

32.85 (3.96)

60+

39.49 (4.59)

31.28 (3.96)

18–29

15.79 (1.56)

12.84 (1.26)

30–39

16.37 (1.44)

13.28 (1.52)

40–49

16.89 (2.19)

13.84 (1.33)

50–59

16.35 (1.69)

13.86 (1.44)

60+

15.27 (1.55)

13.85 (1.47)

18–29

22.08 (2.89)

20.00 (2.18)

30–39

22.66 (2.66)

21.11 (2.54)

40–49

23.92 (3.37)

22.54 (2.75)

50–59

23.34 (2.98)

23.04 (3.08)

60+

22.25 (3.00)

23.13 (3.15)

Percent body fat

Fat mass (kg)

Fat mass index (kg/m2)

Lean mass (kg)

Lean mass index (kg/m2)

Body mass index (kg/m2)

Note: Values shown are actual number of individuals and gender-speciﬁc percentages. Fat mass index and
lean mass index were calculated as actual mass (in kg) per height in meter squared.
doi:10.1371/journal.pone.0127198.t002
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Table 3. Prevalence of underweight, overweight and obesity by various BMI criteria.
BMI Criteria

Men (n = 355)

Women (n = 862)

<18.5

31 (8.7)

76 (8.8)

18.5 to 24.9

239 (67.3)

626 (72.6)

25.0 to 29.9

81 (22.8)

149 (17.3)

30 and above

4 (1.1)

11 (1.3)

Note: Values shown are actual number of individuals and gender-speciﬁc percentages.
doi:10.1371/journal.pone.0127198.t003

Prevalence of overweight and obesity based on BMI
Approximately 9% of adult men and women were classified as underweight (i.e., BMI less than
18.5, Table 3). Using BMI 25.0 criteria, approximately 24% of men and 19% of women were
classified as overweight or obese. However, only 1.1% of men and 1.3% of women were obese.
If the BMI 27.5 criteria were used, 6.5% of men and 4.9% of women were considered obese.
The prevalence of overweight and obesity was increased with age. Among those aged less
than 30 years, only 1.5% of women were classified as overweight or obese compared with ~15%
of men. Among those aged 60 years and older, almost 30% of women and 24% of men were
overweight or obese (data not shown).

Relationship between PBF and BMI
In either gender, the relationship between BMI and PBF could be described by a quadratic regression model. Accordingly, among individuals with BMI <27, PBF was linearly related to
BMI; but among those with BMI >27 the relationship between the two variables were leveled
off (Fig 1). In addition, age and gender were also statistically associated with PBF (Table 4).

Fig 1. Relationship between BMI and PBF (%) for men (grey dots) and women (black dots).
doi:10.1371/journal.pone.0127198.g001
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Table 4. Bayesian regression models for predicting percent body fat.
Predictor

Regression
coefﬁcients

95% Credible
internal

Intercept

-18.9

-26.7 to -11.2

Sex (men)

-10.9

Model I: Predictors are gender, age, and BMI

Age (yr)
Body mass index (BMI)
BMI squared

-11.4 to -10.4

0.044

0.031 to 0.057

3.473

2.812 to 4.153

-0.051

-0.066 to -0.037

Model II: Predictors are gender, lean mass, and
BMI
Intercept

-13.1

-20.0 to -6.2

Sex (men)

-9.0

-12.2 to -5.8

Lean mass (kg)

-0.55

-0.6 to -0.5

Body mass index (BMI)
BMI squared
BMI x Sex(men)

4.20
-0.056
0.18

3.6 to 4.8
-0.069 to -0.043
0.03 to 0.32

Notes: For model I, the coefﬁcient of determination (R2) was 0.71, with variance being 15.2 (95% CI, 14.0
to 16.5). For model II, the R2 was 0.77, and variance was 12.0 (95% CI, 11.0 to 13.0).
doi:10.1371/journal.pone.0127198.t004

After adjusting for age and BMI, men on average had PBF lower than women by ~11% (95%
CrI, 10.4 to 11.4%). In either men or women, each year increase in age was associated with
0.04% (95% CrI, 0.03 to 0.06%) increase in PBF. Collectively, the 3 factors (ie age, gender, and
BMI) explained ~70% of the variation in PBF among individuals. An alternative model for describing PBF is shown in Table 4, where age is replaced by lean mass. According to this model
(with R-squared value being 0.77), each kg increase in lean mass was associated with a 0.55%
decrease in PBF, and this effect was independent of gender.
Based on the estimated parameters of model I, we derived the PBF values corresponding to a
BMI for men and women aged 50 years (Table 5). In men, the approximate PBF threshold corresponding to BMI of 18.5, 25, and 30 kg/m2 were 19.1, 27.2, and 30.5, respectively. The corresponding approximate PBF values for women were 30.0, 38.1, and 41.4, respectively. Fig 2shows
the cumulative distribution of PBF for men and women. It can be estimated from the figure that
approximately 14% of men had PBF greater than 30, and ~15% of women had PBF greater than
40.

Discussion
Vietnam is a country in the middle of transition from an agrarian society to industrialized society with middle level income. The country is, thus, an ideal setting to study the burden of overweight and obesity which has not been well documented. In this study, we have shown that
using BMI, the prevalence of obesity was still low (around 1%), but the prevalence of overweight and obesity was 20%. However, using PBF>30 (in men) and PBF>40 (in women), the
prevalence of obesity was ~15%.
The diagnosis of obesity has been largely based on BMI. Based on the relationship between
BMI and mortality risk in Caucasian population, it was proposed that an adult who had BMI of
30 or greater is considered obese [32]. However, some argued that such a threshold may not be
applicable to Asians, because there were observations that Asian people tended to have type 2
diabetes and cardiovascular disease at BMI levels lower than that in Caucasian people [16, 33].
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Table 5. Mean and 95% confidence interval of percent body fat corresponding to a BMI threshold for
men and women aged 40, 50, and 60 years.
Gender and BMI

Predicted percent body fat by age
40 yr

50 yr

60 yr

18.5 kg/m2

18.7 (11.0, 26.4)

19.1 (11.5, 26.8)

19.6 (11.9, 27.3)

25.0 kg/m2

26.9 (19.1, 34.5)

27.2 (19.6, 34.9)

27.7 (20.0, 35.3)

30.0 kg/m2

30.1 (22.4, 37.8)

30.5 (22.8, 38.2)

30.9 (23.2, 38.6)

18.5 kg/m2

29.6 (21.9, 37.2)

30.0 (22.4, 37.7)

30.5 (22.8, 38.1)

2

25.0 kg/m

37.7 (30.0, 45.3)

38.1 (30.4, 45.8)

38.5 (30.9, 46.2)

30.0 kg/m2

40.9 (33.2, 48.6)

41.4 (33.7, 49.1)

41.8 (34.1, 49.5)

Men

Women

Note: Values were derived from model I: PBF = -18.9–10.9×(sex = men) + 0.044×Age + 3.473×BMI − 0.051×
BMI×BMI.
doi:10.1371/journal.pone.0127198.t005

Some experts proposed that the criteria for defining obesity in Asian populations should be
lowered to BMI 27.5 kg/m2 [32]. Nevertheless, recent studies on the association between BMI
and mortality in Asians have shown that people with BMI in the range of 18.5 to 25.0 have lowest mortality risk, and the risk was elevated when BMI exceeds 30 [34, 35]. Studies in Taiwan
[36], China [35] and Singapore [37] all showed that the relationship between BMI and mortality followed a similar pattern of those observed in Caucasian populations. Thus, it appears reasonable that a BMI 25 and 30 kg/m2 can be considered "overweight" and "obese" (or at
higher risk of death), respectively.
By using this criteria (BMI 25 kg/m2), we found that one-fifth of the Vietnamese adult
population is overweight or obese. This prevalence is slightly lower than those observed in
China [38], Thailand [39], Malaysia [40]. In China, the prevalence of overweight and obesity
was 27% in men and 31% in women [38]. In Thailand, the country with lower per-capita income than China, approximately a-quarter of the adult population was overweight or obese,
with the prevalence of obesity being ~5% [39]. In Malaysia, the country with better per-capita
income than China and Thailand, the prevalence estimates for overweight (34%) and obesity
(19.5%) are approaching the prevalence observed in Western populations [40]. Collectively,
these data appear to suggest that the prevalence of obesity varies proportionately with incomes
or levels of economic development. As Vietnam is approaching the status of a middle income
country, it can be predicted that the burden of overweight and obesity is increasing in the near
future. Indeed, national survey data showed that the prevalence of overweight and obesity
(BMI 25) in 2005 (7%) was almost double the rate in 2000 (3.7%).
Although overweight/obesity is a serious concern, underweight is another public health
problem in Vietnam. In our study, we found that almost 9% of adult men and women are
underweight. This prevalence is only half of a previous national estimate which was 20.9%
[41]. However, our study sampled adult people from Ho Chi Minh City (formerly Saigon)
which is a urban population, and it is expected that the prevalence of underweight in rural
areas is even higher than that in urban areas.
Although BMI is a practical measure, it is clearly not an ideal indicator of obesity. The main
reason is that BMI, being a crude measure, could not distinguish between fat mass and lean
mass. A body composition assessment which could accurately measure the amount of whole
body fat mass (and hence PBF) is an ideal indicator of obesity. For approximately 20 years, it
has been assumed that for a given BMI level, Asian people have greater fat mass than Caucasian
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Fig 2. Cumulative distribution of percent body fat for men (dotted line) and women (solid line).
doi:10.1371/journal.pone.0127198.g002

people [14, 16, 21, 42, 43]. However, in a study comparing PBF between Vietnamese and
White American women, we found no difference in PBF between the two groups even after
matching for BMI [22]. In this study, we also note that the gender-and-age-specific PBF was
lower than that observed in the White population [44]. Thus, again there is no good rationale
for lowering BMI threshold for defining obesity in Asians.
While the WHO recommended BMI thresholds for defining obesity and overweight are
well established, it is not clear what is an appropriate threshold of PBF for classifying an individual as obese. Many investigators have previously asserted that obesity is defined as a PBF
greater than 25% for men and 35% for women, because the thresholds are believed to correspond to a BMI of 30 kg/m2 in young Caucasians[45], and attributed this fact to a WHO Technical Report [19]. As a result, the PBF thresholds have been used widely as a rationale for
conducting studies into the validity of BMI. However, in reality, the WHO Technical Report
makes no recommendation of any PBF threshold for defining obesity, and we have raised this
point [46]. Moreover, the WHO Report [19] nowhere states that a PBF of 25% in men and 35%
in women corresponds to a BMI of 30 kg/m2. The attribution to WHO Technical Report is,
thus, a misquotation, and many research in this particular area (ie PBF and obesity) over the
past 10 years has been built on an incorrect referencing.
The best and most appropriate approach to define a threshold for obesity is based on the relationship between PBF and “hard” outcome such as mortality in long-term prospective study
which has not been done. Thus, an alternative approach is required. In a previous study based
on the Korean population, investigators used CVD as an outcome, and they found that the “optimal” PBF cutoffs were 21% for men and 37% for women [47]. With these thresholds, the investigators estimated that the prevalence of obesity in men and women was 42% and 16%,
respectively [47], a large discrepancy. If we were based on these criteria, the prevalence of obesity
in our population would be 73% for men and 34% for women, which appear to be unreasonable.
In this study, based on the relationship between PBF and BMI, we have derived PBF thresholds corresponding to underweight (BMI 18.5), overweight (BMI 25) and obese (BMI 30). We
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found that a PBF of ~30 in men and 40 in women aged 50 years are corresponding to the BMI
of 30. Using the criteria of PBF >30 in men and PBF >40 in women, approximately 14% of
men and 15% of women were considered overweight. These estimates are higher than those
based on BMI 30 criteria, but this difference is expected because for a given BMI level, there
is a considerable variation in PBF. In other words, BMI considerably underestimated the prevalence of obesity in this population, and this finding is consistent with previous studies in Caucasian populations [48, 49].
The present study’s findings must be interpreted within context of strengths and weaknesses. The study was based on a reasonably large sample size, and participants were randomly
selected from the general population to ensure its representativeness and external validity. The
use of DXA technology is a strength, because the technology is considered “gold standard” for
measuring body composition parameters. The study is the first to provide reference data for
DXA-based body composition in the Vietnamese population. However, a number of potential
weaknesses should also be noted. The study was designed as a cross-sectional investigation,
and it is therefore not possible to make any causal inference on the relationship between PBF
and BMI. Our participants were sampled from a urban setting; therefore, our results may not
be generalizable to the general population in Vietnam where there is ~70% of population living
in rural areas. Nevertheless, our results provide an intriguing glimpse into the double burden
of underweight and overweight in a population that is undergoing rapid transition, and is thus
a good reference for future studies in transitional populations.
In conclusion, these data suggest that body mass index underestimates the prevalence of
obesity in the Vietnamese population. We propose that a percent body fat >30 in men or PBF
>40 in women is used as criteria for the diagnosis of obesity in Vietnamese adults. Using these
criteria, 15% of Vietnamese adults in Ho Chi Minh City was considered obese.

Acknowledgments
The study was partially supported by a grant from the Department of Science and Technology,
Ho Chi Minh City, and a grant from the University Commission for Development (CUD) program, Belgium. We thank the following friends and colleagues for their support and help in the
recruitment and providing logistic support for the study: Fr. Pham Ba Lam, Fr. Vu Minh
Danh, Mr. Pham Doan Phong, Mr. Luong Thanh Phat, Mr. Nguyen Cong Phu, and Mr. Tien
Ngoc Tuan. We thank Dr. Le Thi Ngoc Linh, Dr. Pham Ngoc Khanh of the People’s Hospital
115; and our medical students Nguyen Hai Dang, Vo ThiThuy An, Nguyen ThiThanhThao,
Mai DuyLinh, Nguyen Vu Dat, Diem Dang Khoa, and Tran Hong Bao for their assistance in
the interview of participants.

Author Contributions
Conceived and designed the experiments: LTH TVN. Performed the experiments: LTH TQL
MTTN. Analyzed the data: TVN. Contributed reagents/materials/analysis tools: LTH TVN.
Wrote the paper: LTH TVN.

References
1.

Kelly T, Yang W, Chen CS, Reynolds K, He J. Global burden of obesity in 2005 and projections to
2030. Int J Obes (Lond) 2008; 32(9):1431–7. doi: 10.1038/ijo.2008.102 PMID: 18607383

2.

Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al. Global, regional, and national
prevalence of overweight and obesity in children and adults during 1980–2013: a systematic analysis
for the Global Burden of Disease Study 2013. Lancet 2014; 384(9945):766–81. doi: 10.1016/S01406736(14)60460-8 PMID: 24880830

PLOS ONE | DOI:10.1371/journal.pone.0127198 May 27, 2015

10 / 13

Underweight and Overweight in Vietnam

3.

Flegal KM, Carroll MD, Ogden CL, Curtin LR. Prevalence and trends in obesity among US adults,
1999–2008. JAMA 2010; 303(3):235–41. doi: 10.1001/jama.2009.2014 PMID: 20071471

4.

Appropriate body-mass index for Asian populations and its implications for policy and intervention strategies. Lancet 2004; 363(9403):157–63. PMID: 14726171

5.

Whitlock G, Lewington S, Sherliker P, Clarke R, Emberson J, Halsey J, et al. Body-mass index and
cause-specific mortality in 900 000 adults: collaborative analyses of 57 prospective studies. Lancet
2009; 373(9669):1083–96. doi: 10.1016/S0140-6736(09)60318-4 PMID: 19299006

6.

Kodama S, Horikawa C, Fujihara K, Heianza Y, Hirasawa R, Yachi Y, et al. Comparisons of the strength
of associations with future type 2 diabetes risk among anthropometric obesity indicators, including
waist-to-height ratio: a meta-analysis. Am J Epidemiol 2012; 176(11):959–69. doi: 10.1093/aje/kws172
PMID: 23144362

7.

Bray GA. Medical consequences of obesity. J Clin Endocrinol Metab 2004; 89(6):2583–9. PMID:
15181027

8.

Abdullah A, Peeters A, de Courten M, Stoelwinder J. The magnitude of association between overweight
and obesity and the risk of diabetes: a meta-analysis of prospective cohort studies. Diabetes Res Clin
Pract 2010; 89(3):309–19. doi: 10.1016/j.diabres.2010.04.012 PMID: 20493574

9.

WHO. Appropriate body-mass index for Asian populations and its implications for policy and intervention strategies. Lancet 2004; 363(9403):157–63. PMID: 14726171

10.

Weisell RC. Body mass index as an indicator of obesity. Asia Pac J Clin Nutr 2002; 11 Suppl 8:S681–4.

11.

Anuurad E, Shiwaku K, Nogi A, Kitajima K, Enkhmaa B, Shimono K, et al. The new BMI criteria for
asians by the regional office for the western pacific region of WHO are suitable for screening of overweight to prevent metabolic syndrome in elder Japanese workers. J Occup Health 2003; 45(6):335–43.
PMID: 14676412

12.

WHO. Obesity: preventing and managing the global epidemic. Report of a WHO consultation. WHO
Technical Report Series 2000; 894:1–253.

13.

Ko GT, Tang J, Chan JC, Sung R, Wu MM, Wai HP, et al. Lower BMI cut-off value to define obesity in
Hong Kong Chinese: an analysis based on body fat assessment by bioelectrical impedance. Br J Nutr
2001; 85(2):239–42. PMID: 11242492

14.

Chang CJ, Wu CH, Chang CS, Yao WJ, Yang YC, Wu JS, et al. Low body mass index but high percent
body fat in Taiwanese subjects: implications of obesity cutoffs. Int J Obes Relat Metab Disord 2003; 27
(2):253–9. PMID: 12587007

15.

Deurenberg P. Universal cut-off BMI points for obesity are not appropriate. Br J Nutr 2001; 85(2):135–
6. PMID: 11280336

16.

Deurenberg-Yap M, Chew SK, Deurenberg P. Elevated body fat percentage and cardiovascular risks
at low body mass index levels among Singaporean Chinese, Malays and Indians. Obes Rev 2002; 3
(3):209–15. PMID: 12164474

17.

He M, Tan KC, Li ET, Kung AW. Body fat determination by dual energy X-ray absorptiometry and its relation to body mass index and waist circumference in Hong Kong Chinese. Int J Obes Relat Metab Disord 2001; 25(5):748–52. PMID: 11360160

18.

Romero-Corral A, Somers VK, Sierra-Johnson J, Thomas RJ, Collazo-Clavell ML, Korinek J, et al. Accuracy of body mass index in diagnosing obesity in the adult general population. Int J Obes (Lond)
2008; 32(6):959–66. doi: 10.1038/ijo.2008.11 PMID: 18283284

19.

WHO. Physical status: the use and interpretation of anthropometry. Report of a WHO Expert Consultation. WHO Technical Report Series 1995; 854( Geneva: World Health Organization).

20.

Deurenberg-Yap M, Schmidt G, van Staveren WA, Deurenberg P. The paradox of low body mass index
and high body fat percentage among Chinese, Malays and Indians in Singapore. Int J Obes Relat
Metab Disord 2000; 24(8):1011–7. PMID: 10951540

21.

Wang J, Thornton JC, Russell M, Burastero S, Heymsfield S, Pierson RN Jr. Asians have lower body
mass index (BMI) but higher percent body fat than do whites: comparisons of anthropometric measurements. Am J Clin Nutr 1994; 60(1):23–8. PMID: 8017333

22.

Ho-Pham LT, Lai TQ, Nguyen ND, Barrett-Connor E, Nguyen TV. Similarity in percent body fat between
white and Vietnamese women: implication for a universal definition of obesity. Obesity (Silver Spring)
2010; 18(6):1242–6. doi: 10.1038/oby.2010.19 PMID: 20150903

23.

Bank W. World Development Indicator. World Bank 2014; Available: http://data.worldbank.org/
indicator/SP.POP.TOTL. Accessed 1 January 2015.

24.

Bank W. World Development Indicators. World Bank 2014; Available: http://databank.worldbank.org/
data/views/reports/tableview.aspx.

PLOS ONE | DOI:10.1371/journal.pone.0127198 May 27, 2015

11 / 13

Underweight and Overweight in Vietnam

25.

Thang NM, Popkin BM. Patterns of food consumption in Vietnam: effects on socioeconomic groups during an era of economic growth. Eur J Clin Nutr 2004; 58(1):145–53. PMID: 14679380

26.

Tuan NT, Tuong PD, Popkin BM. Body mass index (BMI) dynamics in Vietnam. Eur J Clin Nutr 2008;
62(1):78–86. PMID: 17299463

27.

Ho-Pham LT, Lai TQ, Mai LD, Doan MC, Pham HN, Nguyen TV. Prevalence of radiographic osteoarthritis of the knee and its relationship to self-reported pain. PLoS ONE 2014; 9(4):e94563. doi: 10.1371/
journal.pone.0094563 PMID: 24722559

28.

Ho-Pham LT, Nguyen ND, Lai TQ, Nguyen TV. Contributions of lean mass and fat mass to bone mineral density: a study in postmenopausal women. BMC Musculoskelet Disord 2010; 11:59. doi: 10.1186/
1471-2474-11-59 PMID: 20346165

29.

Cole TJ, Fewtrell MS, Prentice A. The fallacy of using percentage body fat as a measure of adiposity.
Am J Clin Nutr 2008; 87(6):1959; author reply 1959–60. PMID: 18541591

30.

R Development Core Team. R: A Language and Environment for Statistical Computing. Available:
http://www.R-project.org. 2.7.0 ed. Vienna, Austria: R Foundation for Statistical Computing; 2008.

31.

Martin AD, Quinn KM, Park JH. MCMCpack: Markov Chain Monte Carlo in R. J Statist Software 2011;
42(9):1–21.

32.

WHO expert consultation. Appropriate body-mass index for Asian populations and its implications for
policy and intervention strategies. Lancet 2004; 363(9403):157–63. PMID: 14726171

33.

Zhou BF. Predictive values of body mass index and waist circumference for risk factors of certain related diseases in Chinese adults—study on optimal cut-off points of body mass index and waist circumference in Chinese adults. Biomed Environ Sci 2002; 15(1):83–96. PMID: 12046553

34.

Lin WY, Tsai SL, Albu JB, Lin CC, Li TC, Pi-Sunyer FX, et al. Body mass index and all-cause mortality
in a large Chinese cohort. CMAJ 2011; 183(6):E329–36. doi: 10.1503/cmaj.101303 PMID: 21398246

35.

Gu D, He J, Duan X, Reynolds K, Wu X, Chen J, et al. Body weight and mortality among men and
women in China. Jama 2006; 295(7):776–83. PMID: 16478900

36.

Lin WY, Tsai SL, Albu JB, Lin CC, Li TC, Pi-Sunyer FX, et al. Body mass index and all-cause mortality
in a large Chinese cohort. CMAJ 2011.

37.

Odegaard AO, Pereira MA, Koh WP, Gross MD, Duval S, Yu MC, et al. BMI, all-cause and cause-specific mortality in Chinese Singaporean men and women: the Singapore Chinese health study. PLoS
One 2010; 5(11):e14000. doi: 10.1371/journal.pone.0014000 PMID: 21085577

38.

Reynolds K, Gu D, Whelton PK, Wu X, Duan X, Mo J, et al. Prevalence and risk factors of overweight
and obesity in China. Obesity (Silver Spring) 2007; 15(1):10–8. PMID: 17228026

39.

Jitnarin N, Kosulwat V, Rojroongwasinkul N, Boonpraderm A, Haddock CK, Poston WS. Prevalence of
overweight and obesity in Thai population: results of the National Thai Food Consumption Survey. Eat
Weight Disord 2011; 16(4):e242–9. PMID: 22526130

40.

Mohamud WN, Musa KI, Khir AS, Ismail AA, Ismail IS, Kadir KA, et al. Prevalence of overweight and
obesity among adult Malaysians: an update. Asia Pac J Clin Nutr 2011; 20(1):35–41. PMID: 21393108

41.

Ha do TP, Feskens EJ, Deurenberg P, Mai le B, Khan NC, Kok FJ. Nationwide shifts in the double burden of overweight and underweight in Vietnamese adults in 2000 and 2005: two national nutrition surveys. BMC Public Health 2011; 11:62. doi: 10.1186/1471-2458-11-62 PMID: 21276266

42.

Yajnik CS, Yudkin JS. The Y-Y paradox. Lancet 2004; 363(9403):163. PMID: 14726172

43.

Lee K, Lee S, Kim SY, Kim SJ, Kim YJ. Percent body fat cutoff values for classifying overweight and
obesity recommended by the International Obesity Task Force (IOTF) in Korean children. Asia Pac J
Clin Nutr 2007; 16(4):649–55. PMID: 18042524

44.

Kelly TL, Wilson KE, Heymsfield SB. Dual energy X-Ray absorptiometry body composition reference
values from NHANES. PLoS One 2009; 4(9):e7038. doi: 10.1371/journal.pone.0007038 PMID:
19753111

45.

Deurenberg P, Yap M, van Staveren WA. Body mass index and percent body fat: a meta analysis
among different ethnic groups. Int J Obes Relat Metab Disord 1998; 22(12):1164–71. PMID: 9877251

46.

Ho-Pham LT, Campbell LV, Nguyen TV. More on body fat cutoff points. Mayo Clin Proc 2011; 86
(6):584; author reply 584–5. doi: 10.4065/mcp.2011.0097 PMID: 21628621

47.

Kim CH, Park HS, Park M, Kim H, Kim C. Optimal cutoffs of percentage body fat for predicting obesityrelated cardiovascular disease risk factors in Korean adults. Am J Clin Nutr 2011; 94(1):34–9. doi: 10.
3945/ajcn.110.001867 PMID: 21525205

48.

Pasco JA, Nicholson GC, Brennan SL, Kotowicz MA. Prevalence of obesity and the relationship between the body mass index and body fat: cross-sectional, population-based data. PLoS One 2012; 7
(1):e29580. doi: 10.1371/journal.pone.0029580 PMID: 22253741

PLOS ONE | DOI:10.1371/journal.pone.0127198 May 27, 2015

12 / 13

Underweight and Overweight in Vietnam

49.

Gomez-Ambrosi J, Silva C, Galofre JC, Escalada J, Santos S, Millan D, et al. Body mass index classification misses subjects with increased cardiometabolic risk factors related to elevated adiposity. Int J
Obes (Lond) 2012; 36(2):286–94. doi: 10.1038/ijo.2011.100 PMID: 21587201

PLOS ONE | DOI:10.1371/journal.pone.0127198 May 27, 2015

13 / 13

