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Abstract

Background: The 2000 Vietnamese National Nutrition Survey showed that the population’s dietary intake had improved
since 1987. However, inequalities were found in food consumption between socioeconomic groups. As no national data
exist on the prevalence of micronutrient deficiencies, a survey was conducted in 2010 to assess the micronutrient status of
randomly selected 1526 women of reproductive age and 586 children aged 6–75 mo.

Principal Findings: In women, according to international thresholds, prevalence of zinc deficiency (ZnD, 67.262.6%) and
vitamin B12 deficiency (11.761.7%) represented public health problems, whereas prevalence of anemia (11.661.0%) and
iron deficiency (ID, 13.761.1%) were considered low, and folate (,3%) and vitamin A (VAD, ,2%) deficiencies were
considered negligible. However, many women had marginal folate (25.1%) and vitamin A status (13.6%). Moreover,
overweight (BMI$23 kg/m2 for Asian population) or underweight occurred in 20% of women respectively highlighting the
double burden of malnutrition. In children, a similar pattern was observed for ZnD (51.963.5%), anemia (9.161.4%) and ID
(12.961.5%) whereas prevalence of marginal vitamin A status was also high (47.362.2%). There was a significant effect of
age on anemia and ID prevalence, with the youngest age group (6–17 mo) having the highest risk for anemia, ID, ZnD and
marginal vitamin A status as compared to other groups. Moreover, the poorest groups of population had a higher risk for
zinc, anemia and ID.

Conclusion: The prevalence of anemia and ID in Vietnam has been markedly reduced over the last decade, but a large part
of the population is still at risk for other deficiencies such as zinc, vitamin A, folate and vitamin B12 especially the youngest
children aged 6–17 mo. Consequently specific interventions to improve food diversity and quality should be implemented,
among them food fortification of staple foods and condiments and improvement of complementary feeding.

Citation: Laillou A, Pham TV, Tran NT, Le HT, Wieringa F, et al. (2012) Micronutrient Deficits Are Still Public Health Issues among Women and Young Children in
Vietnam. PLoS ONE 7(4): e34906. doi:10.1371/journal.pone.0034906

Editor: Brenda Smith, Oklahoma State University, United States of America

Received November 10, 2011; Accepted March 7, 2012; Published April 1 , 2012

Copyright: � 2012 Laillou et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: The survey was funded by the Bill and Melinda Gates Foundation. The funders had no role in study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

* E-mail: alaillou@gainhealth.org

Introduction

A recent review of dietary intake data from Asia showed that

recommended daily intakes of many essential micronutrients, such

as vitamin A, iron, calcium, riboflavin, zinc and iodine, were not

met [1]. This is also the situation for Vietnam where besides

micronutrient intake, macronutrient intake is also too low [2].

Indeed, the food consumption survey conducted in 2009 showed

that 20% of the Vietnamese population was not meeting its energy

requirements (personal communication), against 40% in 2005 [2].

In 2005, the energy intake comes from a predominantly rice based

diet, with an average rice consumption of over 350 g/d [2]. This

diet also results in low intakes of micronutrients with over 70% of

Vietnamese population consuming less than the recommended

amounts of most micronutrients [2]. Over the last decade,

Vietnam experienced a period of rapid economic growth [3]

and a reduction in poverty from 37.4% in 1998 to 16% in 2006

[4], and to 13.4% in 2008 [5]. In the same time, nutrient intakes,

especially vitamins, increased significantly [2].

In parallel to dietary intake data, nutritional status as measured

by anthropometry has improved over the last decades but remains

of concern. The prevalence of underweight among children under

5 years of age declined from 45% in 1990 to 26.6% in 2004 [6]

and the prevalence of stunting decreased from 60% in 1985 to

30% in 2005 [7]. Moreover, recent intervention pilot studies

showed that the prevalence of anemia ranges from 25% to 45% in

schoolchildren [8,9] and 24% in women of reproductive age [10].

In addition, the prevalence of zinc and selenium deficiencies were

also reported to be very high (.50%) in rural Vietnamese children

[11]. However, another study carried out in 2008 in two

Vietnamese provinces of the Mekong of Delta among women of

reproductive age did not show evidence of folate and vitamin B12

deficiencies, although many women had marginal folate status

[11].

Over the last 10 years, a number of trials conducted in Vietnam

have demonstrated the efficacy of micronutrient fortification of

fish sauce [10,12], milk [9], biscuits [8,13], complementary food
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[14], instant noodles [15,16] and of micronutrient supplements

[17,18,19], to reduce micronutrient deficiencies among several

population groups (infants, preschool and school-aged children,

and women of reproductive age).

Controlling micronutrient deficiencies has been one of the

priorities for the Vietnamese government in the 2001–2010

National Nutrition Strategy and is still a priority in the 2011–2020

National Nutrition Strategy. However, to develop a comprehen-

sive national plan of interventions, there is an urgent need for

national data on vitamin and mineral deficiencies. In 2009 a

nationwide food consumption survey (FCS) was carried out among

young children and women of reproductive age. The present study

was carried-out on a subset of households from the FCS that were

re-surveyed in 2010 to provide additional information on iron,

zinc, vitamin A, vitamin B12 and folate status of women in

reproductive age and young children, in relation to their living

area (urban/rural) and socio-economical status.

Materials and Methods

Study design and sampling
The survey population of the 2009 FCS consisted of 7680

households (HH), sampled from 512 clusters (104 urban and 408

rural). HH were randomly selected using a stratified 2-stage cluster

sampling procedure with probability proportionate to size (PPS). A

subset of HH from the FCS was selected for this 2010

micronutrient study (MNS). The sample size for this study was

estimated on the basis of a prevalence of anemia among women of

reproductive age of 50% as in the latest anemia national survey

implemented in 1995, 39.9% of the non-pregnant and 52.5% of

pregnant women were anemic [20]. Therefore, a sample size of

694 women per stratum (urban/rural) was calculated to get a

precision of 5.0% with an expected design effect of 2.0.

Anticipating an estimated 17% refusal or absence of women in

the selected HH, 840 HH per stratum were required. Conse-

quently a total of 56 urban and 56 rural clusters of 15 households

were selected for this study. Every woman and every child from 6

months to 7 years of the selected households were surveyed. With

an estimation of 0.28 child per household in the age range of 6–59

months, the study planned to recruit at least 470 children. Due to

limited funding, 19 provinces were first selected by NIN at random

on the list of the 64 provinces to pick 56 urban clusters from those

selected for the 2009 FCS. Thereafter, 56 rural clusters also from

those selected for the 2009 FCS were randomly selected in the

same 19 provinces. Selected households were incorporate in the

study with assistance of local guides who were involved in the 2009

FCS.

Inclusion and exclusion criteria
The women of reproductive age were selected according to the

following criteria: i) Living in households having participated in

the 2009 food consumption survey; ii) Non-pregnant women aged

15–49 years; iii) No reported severe or chronic illness; iv) No

reported or diagnosed current fever, diarrhea, ARI, or other acute

infections; v) Having signed the informed consent form to

participate.

The criteria for children less than six years to participate in the

survey were as follows: i) From households having participated in

the 2009 food consumption survey; ii) No reported severe or

chronic illness, including congenital abnormalities, mental or

severe physical handicap; iii) No reported or diagnosed current

fever, diarrhea, ARI, or other acute infections; iv) Written

informed consent signed by at least one parent.

Anthropometry
Selected women and children were invited to come to the

Commune Health Center early morning. Children and women

were weighed without shoes or sandals and wearing light clothes

by using a balance with a precision of 0.1 kg (Body Composition

Monitor Scale Tanita BC-543, Japan). Height was measured by

using a height measuring device with a precision of 0.1 cm

(wooden height board, UNICEF). For children under two years,

measurement of recumbent length was taken on an adjustable

child length measuring board with a precision of 0.1 cm (wooden

length board, UNICEF).

Anthropometric data were entered through EpiData (version

6.0, CDC). For children from 6 months to 6 years, anthropometric

z-scores were calculated using the National Center for Health

Statistics/WHO growth reference data of 2006 [21], using the

Access Visual Basic program incorporating tables from the WHO

Anthro software for standard population. Anthropometric status

was assessed by the following indicators: weight-for-age,-2z-

scores (WAZ) for underweight, height-for-age,-2 z-scores (HAZ)

for stunting and weight-for-height,-2 z-scores (WHZ) for wasting.

For women, Body Mass Index (BMI) was calculated as the body

weight (in kg) divided by the square of height (in meters). Women

were classified using BMI cut-off points endorsed by WHO as

underweight (BMI,18.5 kg/m2), normal (BMI of 18.5–24.9 kg/

m2), overweight (BMI$25 kg/m2) and obese (BMI $30 kg/m2)

[22]. As other specific cut-offs have been suggested for Asian

populations a BMI of 23–27.49 kg/m2 was also used for

overweight and a BMI $27.5 kg/m2 for obesity [23].

Blood sampling and analysis
Just after anthropometry, a non-fasting blood sample was

collected between 0700 and 0900 hours from women and children

from the selected HH. Venous blood, 6 ml for women and 4 ml

for children, was drawn by venipuncture in trace-element free

heparinized sampling tubes (Vacuette, Greiner Bio One, Austria)

by licensed medical technicians at the health center of the

commune. Blood samples were stored in the dark in a cool box

and transported within 4 hours of collection to the laboratory of

Provincial Medical Center (PMC) for hemoglobin determination.

Hemoglobin concentration (Hb) was then measured immediately

using the HemoCue device (Hemocue 301, Ängelholm, Sweden)

and control material provided by Hemocue and according to the

manufacturer’s instructions. Thereafter, plasma was obtained by

centrifugation at 3000 g for 10 min at 4uC. Plasma was aliquoted

into 200 mL pre-labeled Eppendorf tubes and kept frozen at

220uC at the PMC before being sent (within two weeks) on dry ice

to the National Institute of Nutrition (NIN) where samples were

stored at 270uC until analysis.

Plasma concentrations of ferritin (PF), retinol (PR), zinc (ZN),

and C-reactive protein (CRP) were determined at the Micronu-

trient Laboratory of NIN. PF was measured by ELISA using

commercial kits that included reference samples (Ramco Labora-

tories Inc, Houston, Texas). The accuracy was tested with Bio-Rad

liquicheck control (Bio-Rad Laboratories, USA). PR concentration

was determined by reverse-phase HPLC (LC-10 ADVP, Shi-

madzu, Japan) according to the method of the International

Vitamin A Consultative Group in a dimly lighted room [24]. ZN

was analyzed using a flame atomic absorption spectrophotometer

(GBC, Avanta+) using trace element-free procedures, and powder

free gloves (Latex Surgical Glove), and results were verified using

reference materials (Liquicheck, Bio-Rad Laboratories, USA). A

control for potential contamination of material used for blood

sampling and blood treatment by external zinc was carried out by

analyzing zinc content of at least 20 sets of material (needle,
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syringe, vacutainers and eppendorf tubes) where blood was

replaced by bi-distilled water. CRP, an acute phase protein was

used to quantify the acute phase response as a marker of

inflammation and infection. Plasma CRP was measured by ELISA

using a commercial kit from GenWay (Biotech, Inc., San Diego,

California), with reference materials included in each assay

(Liquicheck, Bio-Rad Laboratories, USA).

Aliquots of plasma were sent to the Swiss Vitamin Institute

(Epalinges, Switzerland) for analysis of folate and vitamin B12

using a microbiological assay. For vitamin B12, a random plasma

sample of 505 women of reproductive age was selected. For pre-

school children, a random plasma sub-sample of 268 for folate

analysis was selected but vitamin B12 was not analyzed. Extracted

folates were diluted with basal medium containing all required

growth nutrients except folate [25]. The growth response of

Lactobacillus casei, subspecies rhamnosus (ATCC 7469) to extracted

folates was compared to the growth response to calibration

solutions with known concentrations. Vitamin B12 was analyzed

turbidimetrically using the growth of Lactobacillus plantarum (ATCC

8014) as test organism [26,27,28]. The growth response of the

organism is proportional to the quantity of vitamin B12 [29]. The

within-assay variability for plasma ferritin, retinol, folate, zinc,

vitamin B12, and CRP was ,6%.

Anemia was defined according to WHO standards as Hb below

110 g/l for children aged from 6 months to 5 years, below 115 g/l

for children from 5 to 11 years and 120 g/l for women of

reproductive age [30]. Iron deficiency (ID) was defined as PF

,12 mg/l for children 6–59 months and PF ,15 mg/L for

children above 5 years of age and women [30] and using a

correction factor of 0.65 for ferritin concentration from subjects

with sub-clinical inflammation as indicated by increased concen-

trations of CRP (.5 mg/l) [31]. Iron deficiency anemia (IDA) was

defined as the combination of anemia and ID [30]. Sub-clinical

vitamin A deficiency was defined using WHO cut-offs as PR

,0.7 mmol/l [30] while marginal status was defined as population

with a PR between 0.7 and 1.05 mmol/l [32] and plasma retinol

concentrations were corrected where sub-clinical infection existed

[33]. Zinc deficiency was defined using the International Zinc

Nutrition Consultative Group (IZiNCG) cutoffs by ZN

,9.9 mmol/l for children and ZN,10.1 mmol/l for women

[34]. Vitamin B12 deficiency was defined as plasma vitamin B12

values below 148 pmol/l, and marginal status when the

concentration was between 148–220 pmol/l [35]. Folate deficien-

cy and marginal status were considered when plasma folate was

respectively below 6.8 nmol/l and between 6.8–13.4 nmol/l [35].

Socioeconomic status
Socio-economic status was calculated from data obtained during

the 2009 FCS [36], using the Demographic Health Statistic (DHS)

Wealth Index to divide households surveyed into five socio-

economic quintiles: the ‘‘extreme poor’’ (category 1), the‘‘ poor’’

(category 2), the ‘‘intermediate’’ categories 3 and 4 and the

‘‘wealthiest’’ (category 5). The Wealth Index was constructed from

recorded data on household assets such as tables, chairs,

refrigerator, air conditioners and beds and also from housing

conditions (materials of house floor, house roof, main wall) and

facilities (energy for cooking, electricity and latrines), income and

expenditure were not used [37].

Ethical issues
The Scientific Committees of the National Institute of Nutrition

(NIN) (Hanoi, Vietnam) and of the Ministry of Health (Hanoi,

Vietnam) reviewed and approved the study protocol. All women

were informed verbally and in writing about the aims and

procedures of the study, and written informed consent was

obtained from all women and children, via their mother or

guardian approval for these later, before enrollment.

Statistical analysis
Data entry, including quality checks was performed with Excel

2007TM. Data management and analysis were performed with

SAS software version 9.2TM (SAS, V9.2; SAS institute, Cary, NC).

All analysis took into account characteristics of the cluster

sampling design using the appropriate survey procedures of SAS

(surveyfreq and surveymeans procedures as introduced in SAS

Institute Inc. 2008) [38]. Qualitative variables were expressed as

percentages and standard error percentage. Continuous variables

were expressed as arithmetic means and standard error of the

mean except ferritin whose data were not normally distributed.

For, ferritin, concentrations were log-transformed before statistical

analysis, and are expressed as geometric means.

Associations between prevalence and region or area (urban/

rural) were assessed using univariate logistic regression models

(surveylogistic procedure). Associations between continuous vari-

ables and region or area were assessed using univariate linear

regression models (surveyreg procedure). The first type error rate

was set at 0.05.

Logistic regression models with micronutrient prevalence as the

response variable were used to assess the effect of the different

factors (urban or rural area, socioeconomic class and age class for

children) and to estimate Odd Ratios (OR).

Results

In total, 1526 women and 586 children from 1526 households,

51.6% urban, and 48.4% rural, were surveyed. Among the

children, 53.7% were male and 46.3% female. The majority of the

surveyed women were from the Kinh ethnic group (86.2%). 15.4%

had no education degree, 22.6% had completed primary

schooling, 30.7% were secondary school graduates, and 31.3%

high school graduates or more. Among households, 16.5% were

classified in the ‘‘extreme poor’’ category (category 1), 15.0% in

the poor category (category 2), 18.5% in intermediate category 3

and 21.0% in category 4, and 29.1% in the ‘‘wealthiest’’ (category

5).

Anthropometric characteristics of the surveyed women are

shown in table 1, respectively, disaggregated by rural and urban

strata. The age range of women was 15 to 50 years (Table 1).

Among them, 20.5% were classified as underweight, significantly

more in rural than in urban area. Less than 10% of the women

were classified as overweight or obese, according to the

international reference. Using Asian reference, more than 20.0%

of the women were classified as overweight or obese. Prevalence of

overweight (including obesity) was not significantly different

between urban and rural populations with the international

reference but significantly higher in the urban population when

the Asian reference was applied 22.3% (61.5%) in urban and

17.9% (61.4%) in rural area (p,0.05). This double burden is

represented in all socioeconomic groups of women with signifi-

cantly higher overweight and obesity and lower underweight in the

two wealthiest groups (p,0.001).

Micronutrient status of women is also presented in table 2.

Anemia prevalence was affecting approximately 12% of women;

Prevalence of ID was present in approximately 14% of women,

with 5.4% of the women classified as IDA. The prevalence of zinc

deficiency was much higher, affecting two-third of the women.

The prevalence of vitamin A deficiency was ,2% in women

whereas approximately 14% had a marginal vitamin A status.

Micronutrient Deficiencies in Vietnam
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Prevalence of folate deficiency was ,3% whereas marginal folate

status affected one fourth of women. Prevalence of vitamin B12

deficiency was 12%, with an additional 4% of the women having a

marginal status.

The age range of children was 10 to 75 months: 23% was

stunted and 6% wasted. In contrast, 7% of the children were

overweight or obese. Anemia prevalence was close to 10%, ID was

13% with 3% of the children having IDA (Table 3). The

prevalence of zinc deficiency was high, affecting more than half of

the children, and significantly more prevalent in rural than in

urban areas. The prevalence of Vitamin A deficiency was 10%

whereas almost half of children had a marginal vitamin A status.

Folate deficiency was less than 1% in children and marginal folate

approximately 6%, with urban children being more affected by

marginal-deficient status than rural children (p,0.05). Figure 1

shows the prevalence of the micronutrient deficiencies according

to the age. There was a clear effect of age on anemia prevalence

and iron status, with the youngest age group (6–17 mo) having the

highest risk for anemia and IDA as compared to the other groups

(table S1). For zinc and vitamin A deficiency, age was a less strong

factor, although the risk for deficiency or marginal status was

highest in the youngest age group.

Data were also analyzed by socio-economic (SE) categories.

Women in the poorest category had approximately 2 times higher

risk for anemia and ID than women in the other categories (table 4

and figure 2). Zinc deficiency showed a trend going in the same

direction with prevalence decreasing from 77% to 60% from the

poorest to the wealthiest category whereas the risk for vitamin A

marginal status was in contrast significantly lower in the poorest

category 1. The risks for folate or vitamin B12 deficiencies were

not significantly different among SE categories. In children (table 5

and figure 3), the risk for zinc deficiency and vitamin A deficiency

and marginal status was significantly higher in the poorest

category.

Discussion

This study showed that according to the WHO classification

[30] the prevalence of anemia was a mild public health problem

([5.0–20[% [39]) in both the women of reproductive age and

children aged from 0.5 to 7 years. Vitamin A deficiency was also

recognized as a mild public health problem ($10% of the

population) among young children as more than 10% were

deficient [30,40] but not in women. Zinc deficiency was notably

high in both women and children representing a severe public

health concern ($25% among children under 5 years of age) [41].

Folate deficiency was not of concern in both population groups

whereas the prevalence of low serum vitamin B12 among women,

two times higher than the cut-off of 5%, pointed out a country-

wide public health problem [42].

Figure 1. Prevalence of micronutrient deficiencies among young children by age groups (in %). ID: iron deficiency; IDA: iron deficiency
anemia, ZnD: zinc deficiency, VAD: vitamin A deficiency; mo: months.
doi:10.1371/journal.pone.0034906.g001
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In the 2000 ‘‘National Anemia, Nutrition and Risk Factor

Survey’’, anemia prevalence in Vietnam was 34% in children

under five years of age and 25% in women of reproductive age

[43]. In the present study, the prevalence of anemia in women and

children is much less, suggesting a substantial improvement in the

prevalence of anemia over the last decade. Several factors might

have contributed to these findings. Firstly, the health authorities in

Vietnam have included the prevention of iron deficiency in their

2001–2010 National Plan of Action for Nutrition [44]. The

strategy focused on reducing child malnutrition and low birth

weights, and also vitamin A, iron and iodine deficiencies through

supplementation, and food diversification and fortification.

Secondly, from the late 1990’s to 2005, the per capita income in

Vietnam increased from US$300 to more than US$400

[45,46,47], and child malnutrition was improved with a decline

from 1990 to 2010 of stunting from 56.5% to 29.3% and

underweight from 51.5% to 17.5% [6,48]. Evidence from South

East Asia shows that economic growth generally leads to

improvement in human nutrition [45]. In Vietnam, the increase

of income since the 1990’s is associated with an increased

consumption of meats, fish and fruits [49] which are mainly rich

source of heme iron and/or enhancing factors for non-heme iron

absorption [50].

We cannot discard the possibility that the method used in this

study to measure hemoglobin concentrations has impacted the

results. Indeed, in the present study, the hemoglobin concentration

was measured with the new HemoCue Hb301H device and a

recent study showed that this device yields slightly higher values

(+0.5 g/dL) than the Hemocue Hb201H device used in most of the

previous studies in Vietnam [51]. However, using cut-offs for

anemia increased by 5 g/L to correct for this, anemia would be

present in 16.0% (CI: 12.3–19.8 g/L%) of the children and 21.4%

(CI: 19.0–23.8%) of the women without significant difference

between urban and rural populations. Hence, still lower than the

anemia prevalence data from 2000.

The measure of iron stores, that is not often included in national

surveys, indicated that the prevalence of iron deficiency was also

low and associated to approximately half or less of the anemia

cases, suggesting others causes than iron for anemia, such as other

micronutrients deficiencies (vitamin A, folate or VitB12) or

hemoglobinopathies as malaria was not an important issue in

the present study. Hemoglobinopathies can cause a shift to the left

in the Hb distribution, leading to more people having hemoglobin

concentrations below the relevant cut-offs, without having clear

physiological consequences. In addition, chronic inflammation

(e.g. intestinal parasites) can lead to anemia through reduced

Figure 2. Prevalence of micronutrient deficiencies among women of reproductive age by socioeconomic groups* (in %). *note:
Socio-economic categories: 1: the ‘‘extreme poor’’; 2: the ‘‘poor’’, 3 and 4: the ‘‘intermediate’’ and 5: the ‘‘wealthiest’’. Sample size respectively for
category 1,2,3,4 and 5: Anemia (n = 248, 226, 279, 319 and 440); ID (n = 246, 227, 278, 319, 439); Vitamin A deficiency and marginal status (n = 240, 219,
260, 313, 429); ZD (n = 247, 227, 277, 319, 438); folate deficiency and marginal status (n = 245, 221, 261, 304, 428); vitamin B12 deficiency and marginal
status (n = 67, 80, 106, 98, 150).
doi:10.1371/journal.pone.0034906.g002
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erythropoiesis (a reduction in red blood cell production by the

bone marrow). Unfortunately, we do not have data to identify

which of these factors underlies the anemia in our cohort.

Moreover, half of the ID was not associated with anemia

suggesting that daily iron intake in these subjects was sufficient

to allow normal physiological functions but not adequate to build

iron stores. Over 25% of children and women had a ferritin

concentration ,30 mg/l that indicates low iron stores (less than

180–200 mg of iron). This is especially important for women of

reproductive age as iron stores of 300–500 mg before pregnancy

are recommended [52]. Anemia has many etiologies, iron

deficiency being only one of them.

In children, the stratification of anemia, ID and IDA by age

group showed that the prevalence and risk of anemia, iron

deficiency and iron deficiency anemia was significantly higher in

the 6–17 mo. age group. In this age group, the prevalence of

anemia was considered as a moderate public health problem and

most of anemia was associated with iron deficiency. More than

half of children had ID, a finding consistent with intervention trials

carried out in previous years in Vietnamese infants and young

children [14,53,54]. In older children risk for anemia and ID was

much lower, although still high for the 18–23 mo group (,30%).

A recent situational review of infant and young child feeding

practices in Viet Nam showed that exclusive breastfeeding until 6

months is rare in Vietnam [55]. The article also suggested that

complementary foods for young children have low energy density,

low protein and micronutrient content as rice flour and rice

porridge are the most common used food, which might increase

the risk of iron deficiency anemia. The strong effect of age on

anemia and iron status is probably due to access of the children to

a more diversified diet, perhaps with fortified products such as fish

sauce, and to lower iron needs [56].

Very few countries have national data on zinc deficiency

measured through plasma zinc. Indeed, most of data on zinc

deficiency are obtained from prevalence of zinc intakes below the

EAR, and of stunted children less than 5 years of age [41,57,58].

Although plasma zinc is often questioned as a marker for

individual zinc status, it is still a reliable marker on population

level [59,60]. One of the main concerns with plasma zinc is the

potential contamination of blood samples that may lead to

underestimate the prevalence of zinc deficiency. In this survey

material and procedure were controlled for contamination. The

high prevalence of zinc deficiency in both women and children in

this survey is intriguing, although consistent with several

intervention trials carried-out in Vietnam in the recent years

which indicated zinc deficiency prevalence ranging from 32% to

67% in young children under 2 years of age [14,54] and of 52.1%

among rural primary schoolchildren aged 6 to 8 years of age [8].

Moreover, according to a recent review assessing the risk of zinc

deficiency, South and Southeast Asia, appear to be at the highest

risk of zinc deficiency [59]. In Southeast Asia, 6 over 10 evaluated

countries were categorized as high risk countries for zinc

deficiency, including Vietnam [61]. Considering children under

2 years of age, 30.1% were stunted and 56.2% had zinc deficiency.

This would suggest that data on stunting, without zinc dietary

assessment, as a proxy for zinc deficiency is not relevant. In

Figure 3. Prevalence of micronutrient deficiencies among young children by socioeconomic groups* (in %). *note: Socio-economic
categories: 1: the ‘‘extreme poor’’; 2: the ‘‘poor’’, 3 and 4: the ‘‘intermediate’’ and 5: the ‘‘wealthiest’’. Sample size respectively for category 1,2,3,4 and
5: Anemia (n = 131, 91, 92, 110, 154); ID (n = 132, 89, 88, 105, 150); Vitamin A deficiency and marginal status (n = 129, 88, 84, 97, 144); ZD (n = 130, 89,
88, 103, 150); folate deficiency and marginal status (n = 63,48, 59, 64, 93).
doi:10.1371/journal.pone.0034906.g003
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addition, stunting is a cumulative phenomenon due to many

causes and it is difficult to link stunting to a single measure of

plasma zinc.

Vitamin A deficiency as well as marginal vitamin A status was

low in women and much higher in children. The most recent

survey conducted in 2000 in 4 ecological regions of Vietnam

showed a prevalence of VAD in children under 2 years of age of

15% [62]. Now, a decade later, VAD prevalence was not notably

lower as 11.8% in the children under two years of age, and 11.9%

of the children between 2 to 5 years of age were VAD deficient.

More than half of children had a marginal or deficient vitamin A

status with a significant higher risk for the youngest. This high

prevalence of marginal vitamin A status would suggest that efforts

to prevent vitamin A deficiency have to be maintained and even

strengthened especially for the under 2 year old children.

Eliminating vitamin A deficiency through vitamin A supplemen-

tation has been the focus of universal efforts. However, two studies

in the Philippines and India show that the effect of high dose

vitamin A capsules last between 2–3 mo with no more effect after

6 mo. [63,64]. This would suggest that other complementary types

of intervention, such as food fortification or food diversification

should be planed and evaluated.

Very few countries, especially from Asia have national data on

folate or vitamin B12 status [42]. The low prevalence of folate

deficiency in women in this survey is in agreement with a recent

study conducted in 2006 among women living in Hanoi and Hai

Phuong provinces that did not show evidence of folate and vitamin

B12 deficiencies [11]. However, approximately one third of women

in our survey had a marginal folate status. In the 2006 study,

suboptimal folate status, measured on red blood cell folate

concentration, was also much higher (60%) than folate deficiency,

warranting special attention to ways to improve folate status also.

Our study may also suggest that marginal folate status is affecting

women more than young children, a finding not described before.

In contrast with the 2006 study, vitamin B12 deficiency represented

a public health problem in our survey. This situation could place the

future babies at increased risk for neural tube defects as deficient or

inadequate maternal vitamin B12 and folate are associated with a

significantly increased risk for neural tube defects [65,66]. The

marginal folate and vitamin B12 status found here and the fact that

adequate folate and vitamin B12 status one month before pregnancy

and during the first trimester of pregnancy are strongly recom-

mended [67] suggest that preventive measures to increase intakes of

folate and B12 should be taken into consideration.

Prevalence of micronutrient deficiencies differed according to

socio-economic levels. The highest risk for anemia, iron and zinc

deficiency in the poorest category of women and children was

probably due to the lowest consumption of food containing bio-

available iron and zinc such as meat or fish as demonstrated in a

recent study [68]. Risk of marginal vitamin A status was also

significantly higher among the poorest children but surprisingly

lower among women. At this stage, we cannot propose any

explanation until the analysis of food consumption data has been

completed.

This survey showed also that Vietnam is facing the so-called

double burden of malnutrition, with on one side, women with

overweight (20%) and on the other side women with underweight

(20%) or/and micronutrient deficiencies. Those results confirms

previous findings which emphasize the Vietnamese nutrition

transition [7]. This double burden is represented in all

socioeconomic groups of women with significantly higher

overweight and obesity and lower underweight in the two higher

wealthiest groups. This survey shows that overweight and obesity,

measured with international reference, increased over the last

decade. The two last Vietnamese Living Standard Surveys (VLSS)

show that the prevalence of overweight in Vietnamese adults

doubled between 1992 and 2002, from 2% to 5.5%, respectively

[69], and to 8% in this survey. Moreover, the prevalence of

overweight and obesity measured with the Asian BMI cut-off in

our study was higher (22.4%) than in the 2005 National Adult

Obesity survey that was 16.3% [70]. In contrast, the prevalence of

underweight did not change notably between 2005 and now. In

this survey, the prevalence of overweight (including obesity) was

significantly higher in the urban population. This is reinforced by

the prevalence of 33.2% of overweight and obesity found in 2005

in a representative sample of 1,971 adults aged 25–64 years living

in Ho Chi Minh City (HCMC) [71]. The magnitude of overweight

(measured with international cut-offs) is still much less in Vietnam

than in many of the neighboring countries. In Thailand, the

National Health Examination Survey II showed a prevalence of

overweight in adults aged 20–59 years of 28%, with highest values

in women (33.9%) and in the urban population (34.8%) [72]. The

problem of overweight and obesity is also rapidly increasing in

China in all gender and age groups and in geographical areas,

particularly in the urban area, with overall reported prevalence

rates of 15% in 1992 and 22% in 2002 [73]. Other countries in the

region are also hit by over-nutrition as 29% of the adults in Hong

Kong [74] and 26.7% in South-Korea [75] are classified

overweight or obese.

Conclusion
One of the main new findings of this survey was that zinc

deficiency is a severe public health problem among women in

reproductive age and in children age 6–75 mo. In women,

Vitamin B12 deficiency was also a concern. In contrast, in both

population groups, the prevalence of anemia, iron and vitamin A

deficiency have decreased compared to previous surveys. Howev-

er, marginal anemia and marginal vitamin A status are still

prevalent. The other main finding was that the group of children

from 6 to 18 months of age was particularly at risk for

micronutrient deficiencies. Consequently specific interventions

for this age group to improve food diversity and quality should be

implemented. Among them, the micronutrient fortification of

staple foods and condiments as well as special attention to

complementary feeding could contribute to prevent the Vietnam-

ese population from becoming micronutrient deficient, and need

to be explored.

Supporting Information

Table S1 Prevalence of vitamins and mineral deficien-
cies for children by age groups*. *SEP: standard of error of

the prevalence; SEM: standard error of the mean; IC: interval of

confidence; OR: Odd Ratio.

(DOCX)

Acknowledgments

We would like to thank all the staff of the National Institute of Nutrition in

Hanoi who has directly or indirectly supported the study; The Swiss

Vitamin Institute for their support on the analysis of folate and vitamin B12;

and Dora Panagides and Julian Wolfson for their input during the

preparation of the paper. This study is part of a fortification project

implemented in Vietnam by NIN and GAIN.

Author Contributions

Conceived and designed the experiments: JB AL TVP FW HTL MBL.

Performed the experiments: TVP NTT FW JB AL. Analyzed the data:

DTT AL JB SF. Wrote the paper: AL JB FW FR RMP.

Micronutrient Deficiencies in Vietnam

PLoS ONE | www.plosone.org 12 April 2012 | Volume 7 | Issue 4 | e34906



References

1. Solomons NW (2008) National food fortification: a dialogue with reference to

Asia: balanced advocacy. Asia Pac J Clin Nutr 17 Suppl 1: 20–23.

2. Hoang LV (2009) Analysis of calorie and micronutrient consumption in

Vietnam. DEPOCEN.

3. Vietnam Academy of Social Science (2006) Vietnam poverty update: Poverty
and poverty reduction in Vietnam 1993–2004. .

4. GSO (2008) Summary results of the Vietnam household Living Standards
Survey (VLSS 2006). General statistic Office of the Ministry of Planning and

Investment.

5. GSO (2010) Result of the survey on the household living standards 2008.

General Statistic Office.

6. Khan NC, Tuyen le D, Ngoc TX, Duong PH, Khoi HH (2007) Reduction in

childhood malnutrition in Vietnam from 1990 to 2004. Asia Pac J Clin Nutr 16:
274–278.

7. Khan NC, Khoi HH (2008) Double burden of malnutrition: the Vietnamese
perspective. Asia Pac J Clin Nutr 17 Suppl 1: 116–118.

8. Nga TT, Winichagoon P, Dijkhuizen MA, Khan NC, Wasantwisut E, et al.
(2009) Multi-micronutrient-fortified biscuits decreased prevalence of anemia and

improved micronutrient status and effectiveness of deworming in rural
Vietnamese school children. J Nutr 139: 1013–1021.

9. Lien do TK, Nhung BT, Khan NC, Hop le T, Nga NT, et al. (2009) Impact of
milk consumption on performance and health of primary school children in

rural Vietnam. Asia Pac J Clin Nutr 18: 326–334.

10. Van Thuy P, Berger J, Nakanishi Y, Khan NC, Lynch S, et al. (2005) The use of

NaFeEDTA-fortified fish sauce is an effective tool for controlling iron deficiency

in women of childbearing age in rural Vietnam. J Nutr 135: 2596–2601.

11. Vu TT, Nguyen TL, Nguyen CK, Nguyen TD, Skeaff CM, et al. (2009) Folate

and vitamin B12 status of women of reproductive age living in Hanoi City and
Hai Duong Province of Vietnam. Public Health Nutr 12: 941–946.

12. Thuy PV, Berger J, Davidsson L, Khan NC, Lam NT, et al. (2003) Regular
consumption of NaFeEDTA-fortified fish sauce improves iron status and reduces

the prevalence of anemia in anemic Vietnamese women. Am J Clin Nutr 78:
284–290.

13. Khoury C, Bruyeron O (2008) Improving the nutrition of children at schools in
Vietnam. Sight and Life 3: 40–44.

14. Phu PV, Hoan NV, Salvignol B, Treche S, Wieringa FT, et al. (2010)
Complementary foods fortified with micronutrients prevent iron deficiency and

anemia in Vietnamese infants. J Nutr 140: 2241–2247.

15. Le HT, Brouwer ID, de Wolf CA, van der Heijden L, Nguyen KC, et al. (2007)

Suitability of instant noodles for iron fortification to combat iron-deficiency

anemia among primary schoolchildren in rural Vietnam. Food Nutr Bull 28:
291–298.

16. Le Huong T, Brouwer ID, Nguyen KC, Burema J, Kok FJ (2007) The effect of
iron fortification and de-worming on anaemia and iron status of Vietnamese

schoolchildren. Br J Nutr 97: 955–962.

17. Huy ND, Le Hop T, Shrimpton R, Hoa CV (2009) An effectiveness trial of

multiple micronutrient supplementation during pregnancy in Vietnam: impact
on birthweight and on stunting in children at around 2 years of age. Food Nutr

Bull 30: S506–516.

18. Casey GJ, Phuc TQ, Macgregor L, Montresor A, Mihrshahi S, et al. (2009) A

free weekly iron-folic acid supplementation and regular deworming program is

associated with improved hemoglobin and iron status indicators in Vietnamese
women. BMC Public Health 9: 261.

19. Berger J, Thanh HT, Cavalli-Sforza T, Smitasiri S, Khan NC, et al. (2005)
Community mobilization and social marketing to promote weekly iron-folic acid

supplementation in women of reproductive age in Vietnam: impact on anemia
and iron status. Nutr Rev 63: S95–108.

20. Le Hung Q, de Vries PJ, Giao PT, Binh TQ, Nam NV, et al. (2005) Anemia,
malaria and hookworm infections in a Vietnamese ethnic minority. Southeast

Asian J Trop Med Public Health 36: 816–821.

21. de Onis M, Onyango AW, Borghi E, Garza C, Yang H (2006) Comparison of

the World Health Organization (WHO) Child Growth Standards and the

National Center for Health Statistics/WHO international growth reference:
implications for child health programmes. Public Health Nutr 9: 942–947.

22. WHO (1995) Physical status: the use and interpretation of anthropometry.Re-
port of a WHO Expert Committee. Worl Health Organ Tech Rep Ser 854:

1–452.

23. WHO expert consultation (2004) Appropriate body-mass index for Asian

populations and its implications for policy and intervention strategies. Lancet
363: 157–163.

24. IVACG (1982) Biochemical methodology for assessement of vitamin A status.
Washington DC, USA: Nutrition Foundation.

25. European Committee for Standardization (CEN) (2003) Foodstuffs- Determi-
nation of folate by microbiological assay. European Committee for Standard-

ization. Brussel: Management Centre.

26. Barton-Wright EC (1952) Practical Methods for Microbiological Assay of the

Vitamin B Complex and Essential Amino Acids. Ashe Laboratories, Ltd,

London.

27. Wiss O (1950) Mikrobiologische Vitamin- and Aminosaurebestimmungen. Hyg.

pp 225–258.

28. AOAC (1995) Official Methods and Analysis of AOAC international. pp 95–96.

29. Bui MH (1999) Internat. J Vit Nutr Res 69: 362.

30. Allen L, de Benoist B, Dray O, Hurrell R (2006) Guidelines on food fortification

with micronutrients. WHO/FAO.

31. Thurnham DI, McCabe LD, Haldar S, Wieringa FT, Northrop-Clewes CA, et

al. (2010) Adjusting plasma ferritin concentrations to remove the effects of
subclinical inflammation in the assessment of iron deficiency: a meta-analysis.

Am J Clin Nutr 92: 546–555.

32. de Pee S, Dary O (2002) Biochemical indicators of vitamin A deficiency: serum

retinol and serum retinol binding protein. J Nutr 132: 2895S–2901S.

33. Thurnham DI, McCabe GP, Northrop-Clewes CA, Nestel P () Effects of

subclinical infection on plasma retinol concentrations and assessment of
prevalence of vitamin A deficiency:meta-analysis. The Lancet 362: 2052–2058.

34. Gibson RS, Hess SY, Hotz C, Brown KH (2008) Indicators of zinc status at the
population level: a review of the evidence. Br J Nutr 99 Suppl 3: S14–23.

35. Jones KM, Ramirez-Zea M, Zuleta C, Allen LH (2007) Prevalent vitamin B-12

deficiency in twelve-month-old Guatemalan infants is predicted by maternal B-

12 deficiency and infant diet. J Nutr 137: 1307–1313.

36. Rustein SO, Johnson K (August 2004) DHS comperative reports (6): The DHS
Wealth Index. Measure DHS+. Calverton, Maryland, USA: ORC Macro.

37. Rutstein S. The DHS Wealth Index: Approaches for rural and urban areas.
USAID.

38. SAS/STATH Introduction to Survey Sampling and Analysis Procedures. Cary,

NC: SAS Institute Inc).

39. World Health Organization (2001) Iron deficiency anaemia: assessment,

prevention and control. A guide for programme managers. Geneva.

40. World Health Organization (1996) Indicators for assessing vitamin A deficiency

and their application in monitoring and evaluating intervention programmes.
Geneva.

41. Gibson RS (2006) Zinc: the missing link in combating micronutrient
malnutrition in developing countries. Proc Nutr Soc 65: 51–60.

42. McLean E, de Benoist B, Allen LH (2008) Review of the magnitude of folate and

vitamin B12 deficiencies worldwide. Food Nutr Bull 29: S38–51.

43. Ninh N, Khan N, Khoi H, Lam N (2001) Micronutrient deficiencies and

strategies for their control in Vietnam: 20 years of prevention and control of
Micronutrient Deficiency in Vietnam. Hanoi, Vietnam. pp 24–33.

44. MOH/NIN (2000) National Plan of Action for Nutrition (NPAN) 2000–2010;
House MP, editor. Hanoi, Vietnam.

45. Ecker O, Diao X (2011) Food Security and Nutrition in Cambodia: Pattern and
Pathways, a policy discussion paper. USAID special report 10.

46. WDI (2010) Database of World Bank (http://data.worldbank.org). World

Development Indicators Accessed October 11, 2010.

47. FSS (2010) Database of the Food and Agriculture Organization of the United

Nations (http://www.fao.org/economic/ess/food-security-statistics/en). Food
Security Statistic Accessed October 11, 2010.

48. NIN NIoN (2010) Prevalence of undernutrition in children less than 5 years old
in 2010.

49. Hop le T (2003) Programs to improve production and consumption of animal

source foods and malnutrition in Vietnam. J Nutr 133: 4006S–4009S.

50. Ta TM, Nguyen KH, Kawakami M, Kawase M, Nguyen C (2003)

Micronutrient status of primary school girls in rural and urban areas of South
Vietnam. Asia Pac J Clin Nutr 12: 178–185.

51. Tayou Tagny C, Kouam L, Mbanya D (2008) [The new HemoCue system Hb
301 for the haemoglobin measurement in pregnant women]. Ann Biol Clin

(Paris) 66: 90–94.

52. Viteri FE, Berger J (2005) Importance of pre-pregnancy and pregnancy iron

status: can long-term weekly preventive iron and folic acid supplementation
achieve desirable and safe status? Nutr Rev 63: S65–76.

53. Berger J, Dillon JC (2002) [Control of iron deficiency in developing countries].
Sante 12: 22–30.

54. Hop le T, Berger J (2005) Multiple micronutrient supplementation improves

anemia, micronutrient nutrient status, and growth of Vietnamese infants:

double-blind, randomized, placebo-controlled trial. J Nutr 135: 660S–665S.

55. Nguyen PH, Menon P, Ruel M, Hajeebhoy N (2011) A situational review of
infant and young child feeding practices and interventions in Viet Nam. Asia

Pac J Clin Nutr 20: 359–374.

56. WHO (2000) Complementary Feeding: Family foods for breastfed children;

World Health Organization editor.

57. Black RE, Allen LH, Bhutta ZA, Caulfield LE, de Onis M, et al. (2008)

Maternal and child undernutrition: global and regional exposures and health
consequences. Lancet 371: 243–260.

58. de Benoist B, Darnton-Hill I, Davidsson L, Fontaine O, Hotz C (2007)
Conclusions of the Joint WHO/UNICEF/IAEA/IZiNCG Interagency Meeting

on Zinc Status Indicators. Food Nutr Bull 28: S480–484.

59. Brown KH, Rivera JA, Bhutta Z, Gibson RS, King JC, et al. (2004)

International Zinc Nutrition Consultative Group (IZiNCG) technical document
#1. Assessment of the risk of zinc deficiency in populations and options for its

control. Food Nutr Bull 25: S99–203.

60. Hess SY, Peerson JM, King JC, Brown KH (2007) Use of serum zinc

concentration as an indicator of population zinc status. Food Nutr Bull 28:
S403–429.

61. Hotz C, Brown KH (2004) International Zinc Nutrition Consultative Group

(IZiNCG) appendix #1. Estimated risk of zinc deficiency by country. Food Nutr

Bull 25: S189–195.

Micronutrient Deficiencies in Vietnam

PLoS ONE | www.plosone.org 13 April 2012 | Volume 7 | Issue 4 | e34906



62. National Institute of Nutrition (2001) Report on National sub-clinical vitamin A

deficiency survey- 2000. NIN/UNICEF.
63. Pereira SM, Begum A (1969) Prevention of vitamin A deficiency. Am J Clin

Nutr 22: 858–862.

64. Perlas LA, Florentino RF, Fuertes RT, Madriaga JR, Cheong RL, et al. (1996)
Vitamin A status of Filipino preschool children given a massive oral dose.

Southeast Asian J Trop Med Public Health 27: 785–791.
65. Molloy AM, Kirke PN, Troendle JF, Burke H, Sutton M, et al. (2009) Maternal

vitamin B12 status and risk of neural tube defects in a population with high

neural tube defect prevalence and no folic Acid fortification. Pediatrics 123:
917–923.

66. KIRKE PN, MOLLOY AM, DALY LE, BURKE H, WEIR DC, et al. (1993)
Maternal plasma folate and vitamin B12 are independent risk factors for neural

tube defects. QJM 86: 703–708.
67. Allen LH (2005) Multiple micronutrients in pregnancy and lactation: an

overview. Am J Clin Nutr 81: 1206S–1212S.

68. Dien le N, Thang NM, Bentley ME (2004) Food consumption patterns in the
economic transition in Vietnam. Asia Pac J Clin Nutr 13: 40–47.

69. Nguyen MD, Beresford SA, Drewnowski A (2007) Trends in overweight by
socio-economic status in Vietnam: 1992 to 2002. Public Health Nutr 10:

115–121.

70. Ha do TP, Feskens EJ, Deurenberg P, Mai le B, Khan NC, et al. (2011)

Nationwide shifts in the double burden of overweight and underweight in

Vietnamese adults in 2000 and 2005: two national nutrition surveys. BMC

Public Health 11: 62.

71. Trinh OT, Nguyen ND, Phongsavan P, Dibley MJ, Bauman AE (2009)

Prevalence and risk factors with overweight and obesity among Vietnamese

adults: Caucasian and Asian cut-offs. Asia Pac J Clin Nutr 18: 226–233.

72. Aekplakorn W, Chaiyapong Y, Neal B, Chariyalertsak S, Kunanusont C, et al.

(2004) Prevalence and determinants of overweight and obesity in Thai adults:

results of the Second National Health Examination Survey. J Med Assoc Thai

87: 685–693.

73. Wang Y, Mi J, Shan XY, Wang QJ, Ge KY (2007) Is China facing an obesity

epidemic and the consequences? The trends in obesity and chronic disease in

China. Int J Obes (Lond) 31: 177–188.

74. Ko GT, Wu MM, Tang J, Wai HP, Chan CH, et al. (2001) Body mass index

profile in Hong Kong Chinese adults. Ann Acad Med Singapore 30: 393–396.

75. Kim Y, Suh YK, Choi H (2004) BMI and metabolic disorders in South Korean

adults: 1998 Korea National Health and Nutrition Survey. Obes Res 12:

445–453.

Micronutrient Deficiencies in Vietnam

PLoS ONE | www.plosone.org 14 April 2012 | Volume 7 | Issue 4 | e34906


