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Abstract
Objectives Since the 1990s, programs for the control of micronutrient deficiencies became a public health priority for many 
governments, including the countries partnering the project “Sustainable Micronutrient Interventions to Control Deficiencies 
and Improve Nutritional Status and General Health in Asia” (SMILING): Cambodia, Indonesia, Laos-PDR, Thailand and 
Vietnam. The aim of this study was to map which micronutrient deficiencies have been addressed and which interventions 
were in place in the SMILING countries. Methods The mapping covered the period up to 2012. Updated information from rel-
evant surveys after 2012 is included in this paper after the completion of the SMILING project. The mapping of micronutrient 
status was limited to either national or at least large-scale surveys. Information on nutrition interventions obtained through a 
systematic mapping of national programs combined with a snowball collection from various sources. Results Among the five 
SMILING countries, Thailand differed historically by an early implementation of a nationwide community-based nutrition 
program, contributing to reductions in undernutrition and micronutrient deficiencies. For Cambodia, Indonesia, Laos PDR, 
and Vietnam, some national programs addressing micronutrients have been implemented following adjusted international 
recommendations. National surveys on micronutrient status were scattered and inconsistent across the countries in design and 
frequency. Conclusion for practice In conclusion, some micronutrient deficiencies were addressed in national interventions 
but the evidence of effects was generally lacking because of limited nationally representative data collected. Improvement 
of intervention programs to efficiently reduce or eliminate micronutrient deficiencies requires more systematic monitoring 
and evaluation of effects of interventions in order to identify best practices.
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Significance

Micronutrient deficiencies are thought to affect over 2 bil-
lion people worldwide, and many programs are in place 
to improve micronutrient status of vulnerable groups. 
However, it is often unclear why programs are focusing 
on a specific micronutrient deficiency. The present study 
aimed to map the prevalence of micronutrient deficien-
cies among young children and women of reproductive 
age in five South-East Asian countries, as well as provide 
an overview of programs in place to address micronutri-
ent deficiencies. The study shows that there exists an huge 
gap in data on current micronutrient status. Most national 
representative studies on micronutrient status either use 
proxy-indicators for micronutrient status, such as anemia 
for iron status, or are over 20 years old. To be able to mon-
itor the impact of programs or interventions to improve 
micronutrient status, more systematic surveys should be 
conducted on fixed intervals

Introduction

The World Summit for Children in 1990 marked the begin-
ning of a coordinated global commitment to major reduc-
tions in selected micronutrient deficiencies (vitamin A, iron 
and iodine) by the turn of the millennium. The implemen-
tation of large-scale programs for the control of micronu-
trient-deficiency control became a priority public health 
concern for many governments. By the turn of the millen-
nium, majority of developing countries had national poli-
cies and programs to address deficiencies of the three key 
micronutrients; vitamin A, iodine and iron (Deitchler et al. 
2004), including the countries partnering the “Sustainable 
Micronutrient Interventions to Control Deficiencies and 
Improve Nutritional Status and General Health in Asia” 
project (acronym: SMILING): Cambodia, Indonesia, Laos 
PDR, and Vietnam. In Thailand, progressed to be a middle-
income country, the historical context differed by the early 
implementation of a nationwide community-based nutri-
tion program during the 1980s to mid-1990s, contributing 
to marked reductions in undernutrition and micronutrient 
deficiencies (Winichagoon 2013). However, by the turn of 
the millennium, the targeted elimination of vitamin A and 
iodine deficiencies was far from being reached on a global 
scale, and the aimed reduction of iron deficiency was also 
unachieved. During the last decade, it became clear that cer-
tain interventions, such as the high-dose vitamin A supple-
ment for women directly after delivery, were ineffective, and 
the World Health Organization has changed its recommenda-
tions accordingly. However, many governments in Southeast 

Asia have not updated their policies regarding improving 
micronutrient status of vulnerable groups.

This study reports the situation for micronutrient status 
and key nutrition interventions in Cambodia, Indonesia, 
Laos PDR, Thailand and Vietnam, the five countries part-
nering the SMILING project 2012–2014. The mapping of 
nutritional status and interventions covered the period up to 
2012. Updated information from relevant surveys after 2012 
is included in this paper after the completion of the main 
survey. Information on micronutrient status covered in the 
mapping was limited to either national or at least large-scale 
surveys. Information on relevant nutrition interventions was 
obtained from various national sources.

The aim of the study was to provide an overview for 
the governments and organization working on nutrition in 
the region on which micronutrient deficiencies have been 
addressed as a public health problem and which interven-
tions have been in place. It is hypothesized that the parallel 
mapping of the current and past situation in countries with 
regional connection is valuable for enabling exchange of 
information within the region and strengthen the capacity 
for improvement of current policies to combat micronutrient 
deficiency in Southeast Asia.

Background

The SMILING Countries

The landscape of malnutrition in the five SMILING coun-
tries in Southeast Asia are historically impacted by political, 
economic, social and cultural conditions which have formed 
the policies and the implementation of programs address-
ing the micronutrient challenges in the region. Nutritional 
status, including micronutrient status, is influenced by the 
nutrient contributed by the daily diets along with nutrients 
supplemented through targeted nutrition programs, such 
as supplementation and food fortification. The SMILING 
countries have a similar food culture dominated by a rice 
based diet and with traditional preferences for aquatic 
food sources—fish, crustacean (scrimp, crawfish), mollusc 
(mussels, clams) and to some extend also amphibian (frogs, 
snakes) and insects (Burlingame et al. 2006). The food cul-
tures also have in common that the dietary diversity is high 
with a traditional use of a various wild plants and animals. 
However, the access to this diversity of foods is restricted 
by poverty and impacts nutrition across the region (Dixon 
et al. 2007; Muslimatun and Wiradnyani 2016; McDonald 
et al. 2015).

Preventing micronutrient deficiencies in women of repro-
ductive age, before and during pregnancy, and in infants 
and young children is essential not only for their immediate 
good, but also for the health benefits that last their entire 
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lives and even for future generations (ref to paper3 in the 
supplement?). The SMILING countries represent a range 
of historically determined scenarios for economic and social 
development, under which the prevalence and severity of 
undernutrition (stunting, wasting, and micronutrient malnu-
trition) in children and women have been shaped.

The SMILING project overall aimed to investigate and 
give recommendations for the use of science-based evi-
dence for effectively implementing nutrition actions. This 
requires an understanding of specific nutritional problems 
and their complex causes, and engagement of a broad range 
of stakeholders, especially policy makers that need to be 
informed how specific investment in nutrition is feasible for 
their country.

Nutrition and Food Systems

In a global view, micronutrient deficiencies were the cen-
tral focus for nutrition interventions over a period of two 
decades following the agenda set at the 1990 World sum-
mit for Children. More recently, actions supporting a better 
linkage between nutrition interventions and the develop-
ment of the agriculture and food systems have received 
international attention to approach more sustainable and 
long-term solutions (Black et al. 2013). There is political 
recognition of the importance of multi-disciplinary and 
multi-stakeholder approaches and partnerships between 
the nutrition and food sectors. Also, the emerging situation 
with lifestyle related non-communicable diseases (NCD), 
also in low- and middle income countries, where mortality 
related to NCD is raising, supports the need for integrated 
approaches addressing the food sector and linking nutri-
tion to agriculture.

The Southeast Asian regional policies and actions for 
linking nutrition to food security and other sectors are 
linked with global initiatives of which the Scaling-Up 
Nutrition (SUN) movement is central. SUN is promot-
ing national coordinated initiatives and actions, mobiliz-
ing public and private stakeholders, to improve nutrition 
(2014). At country level, the SUN approach support gov-
ernments to formulate national level action plans across 
agriculture, nutrition, health, and foods sectors, and 
transfer action to community level. Among the SMILING 
countries, the governments in Laos PDR and Indonesia 
committed their countries to the SUN movement in 2011, 
while Cambodia and Vietnam joint in 2014. One core 
focus of the SUN movement is to support those countries 
to ensure that the commitment to improve nutrition can be 
turned into action.

How can the food sector contribute to better nutrition? 
Promoting and securing dietary diversity is a key to better 
nutrition. A key contribution to better nutrition by the agri-
culture sector is to support access to a diverse diet through 

delivery of a diversity affordable, healthy and safe foods for 
a domestic market (Masset et al. 2012; Berti et al. 2004). 
Food-based solutions also includes the implementation 
of national food fortification programs to supply selected 
nutrients identified to be limited to achieve for vulnerable or 
major populations groups, based on the dietary pattern. Even 
if food security can be achieved and nutritious acceptable 
diets can be accessible to the majority of a population, there 
is high risk of bottlenecks to reach the required intake of spe-
cific micronutrients. Food fortification programs, mandatory 
or voluntary, require political decisions and implementation 
to reach its potential of improving status of specific micronu-
trients in populations (Hurrell et al. 2010; Dijkhuizen et al. 
2013).

Indicators for Micronutrient Deficiencies

Setting goals for reduction of micronutrient deficiencies 
rely on measurable indicators for the nutritional status of 
relevance. Indicators for micronutrient-related deficiencies 
of recognized public health significance of micronutrient 
deficiencies are given by WHO for anaemia (WHO 2011a), 
vitamin A (WHO 2011b) and iodine (World Health Organi-
zation 2001). Low haemoglobin level defines anaemia and 
relates to iron deficiency; low serum retinol or prevalence 
or reported night blindness are indicators for vitamin A defi-
ciency; and urine iodine concentration is the recommended 
indicator for iodine status in populations. Zinc deficiency is 
recognised as a potential significant public health concern in 
many countries, but a reliable specific biological indicator is 
lacking for determining zinc deficiency in individuals (Hess 
et al. 2007). In Table 1, the key indicators for micronutrient 
deficiencies are listed. For zinc, serum zinc concentrations 
are regarded as a reliable marker for zinc deficiency only on 
population level. In populations with a prevalence of low 
serum zinc concentrations < 10%, zinc deficiency would not 
be considered a public health concern warranting national 
level programs. A prevalence of between 10 and 20% for low 
serum zinc values warrants further assessment of results, as 
the slightly elevated prevalence suggests that some segments 
of the population may be at high risk of zinc deficiency. 
Where the prevalence of low serum zinc values exceeds 
20%, national programs may be considered along with fur-
ther assessment to identify groups at risk. Other markers to 
support the evidence for zinc deficiency are dietary intake 
data and the prevalence of stunting in children < 5 years of 
age.

Not all indicators of micronutrient status reveal the real 
status, and some of the most commonly used markers are 
only proxy indicators (Wieringa et al. 2004, 2016). Anaemia 
is often used as an indicator for iron deficiency, even though 
anaemia can be multi-factorial, with many different possible 
causes, both nutritional as non-nutritional. WHO estimates 
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that roughly 50% of the anaemia globally is caused by iron 
deficiency. However, recent evidence from Cambodia and 
other countries show that the contribution of iron deficiency 
to anaemia might be much lower (Wieringa et al. 2016; Petry 
et al. 2016). For other micronutrients, such as vitamin B1 
(thiamine), no accepted cut-offs to indicate deficiency exist 
at present (Whitfield et al. 2017). Hence, even though bio-
chemical indicators of micronutrient deficiency provide 
potentially the strongest possible evidence on whether a pub-
lic health problem exists in a given country, policies cannot 
be based on biomarkers of micronutrient status alone.

Methods

Mapping Food Supplies

Data for national food supplies for the five SMILING coun-
tries were obtained from United States Food and Agriculture 
Organization (FAO)’s statistical database on food supplies 
(FAOSTAT). The database is available online at http://faost​
at.fao.org/. The most recent data for national food supplies 
the mapping period up to 2012 was accessed.

Micronutrient Status and Interventions

The mapping of micronutrient status and interventions in 
the SMILING countries were conducted through a snowball 
identification method conducted through the national part-
ner in the SMILING project: National Maternal and Child 
Health Center, Ministry of Health, Cambodia; National 
Institute of Public Health, Ministry of Health, Lao PDR; 
National Institute of Nutrition, Ministry of Health, Viet-
nam; SouthEast Asian Ministers of Education Organiza-
tion (SEAMEO), Regional Centre for Food and Nutrition, 
Indonesia; and Institute of Nutrition, Mahidol University, 
Thailand. A protocol for mapping available and relevant data 
was developed among the SMILING partners for a semi-
systematic identification of relevant information in the fol-
lowing categories:

–	 National surveys covering micronutrient and anthropo-
metric status, 2002–2012

–	 National nutrition intervention programs, 1992–2012
–	 Any identified international or national initiatives/pro-

jects which compiled data and information on nutritional 
status and interventions (all time)

Table 1   Indicators for nutritional status and the categories of prevalence for public health significance

a WHO (2011a). Hemoglobin concentrations for the diagnosis of anemia and assessment of severity
b WHO (2011b). Serum retinol concentrations for determining the prevalence of vitamin A deficiency in populations (these cut offs do not apply 
for children under than 6 months)
c WHO 2009 Global prevalence of vitamin A deficiency in populations at risk 1995–2005 (World Health Organization 2009)
d Use of serum zinc concentration as an indicator of population zinc status (Hess et al. 2007)
e International Zinc Nutrition Consultative Group (IZiNCG) (2004)
f WHO, UNICEF, ICCIDD 2001 Assessment of iodine deficiency disorders and monitoring their elimination (2001)
g WHO database on child growth and malnutrition (WHO 2013)

Indicator Category of public health significance—percentage of population or population 
group

Normal/optimal Mild Moderate Severe

Prevalence of anemiaa 4.9% or lower 5.0–19.9% 20–39.9% 40% or higher
Prevalence of low serum retinol (< 0.7 µmol/L)b 1.9% or lower 2–9% 10–19% 20% or more
Night blindness in preschool-age childrenc 0% < 1% ≥ 1 to < 5% ≥ 5%
Night blindness in pregnant womenc ≥ 5%
Low serum zinc concentrations (different cut-offs for differ-

ent age groups/fasting or non-fasting subjects)d
< 10% 10–20% ≥ 20%

Risk of low zinc intake (indicator for deficiency)e < 15% 15–25% ≥ 25%
Median urine iodine concentration (µg/L)f 100–199 50–99 20–49 < 20

Low Medium High Very high

Stunting prevalence among C < 5yg < 20 20–29 30–39 ≥ 40
Wasting prevalence among C < 5yg < 5 5–9 10–14 ≥ 15
Underweight prevalence among C < 5yg < 10 10–19 20–29 ≥ 30

http://faostat.fao.org/
http://faostat.fao.org/
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Fig. 1   Total energy supply and 
supply from animal products 
(kcal/cap/d) development 1999–
2009 in SMILING countries. 
Data from FAOSTAT (note 
differences in y-axis scales)
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–	 Any identified national policies/strategies specifically 
targeted or specifically relevant for nutrition (all time)

Results

Food Supply Patterns

The food supply data on national level available from 
FAOSTAT showed marked differences between the coun-
tries (Supplementary Table 1). Data from Western Europe 
(a regional aggregate in FAOSTAT) is included for com-
parison. The dietary energy contribution from protein and 
fat was recalculated from the total supply as percentage of 
total dietary energy supply. The changes over time in the 
food supply patterns of time (1999–2009) are shown in 
Fig. 1. Among the most remarkable changes is the recorded 
increase in meat consumption in Vietnam.

Available Data on Nutrition Status

Comparing nutritional status across countries rely on the 
availability of surveys providing reliable and comparable 
data. Surveys on key general nutritional indicators such as 
anthropometric measures for young children, expressed as 
rates of stunting and wasting are available with a frequency 
of 5 years or less in each country, while surveys on micronu-
trient status are much more scattered or not available.

Time points (year) of surveys and also the national rep-
resentativeness of available information on micronutrient 
status varied greatly between countries. The information 
mapped from primary sources on nutritional status was com-
pared with the WHO Nutrition Landscape Information Sys-
tem (NLIS) for the SMILING countries. It showed a delay 
in updates in NLIS information.

Summary of Current Nutritional Status 
and Implemented Micronutrient and General 
Nutrition Interventions

The results of the mapping of the nutritional status and nutri-
tion interventions with focus on micronutrients in the SMIL-
ING countries are summaries in the following sections. The 
summaries are extracted from compiled information across 
various surveys and information sources. Table 2 summa-
rizes the latest available information on micronutrient defi-
ciencies based on the data sources identified in Table 3. The 
prevalences can point at levels of public health significance 
(Table 1). The span in time between available data in each 
country, combined with underlying differences in sampling 
strategies etc limits the direct compare of the micronutrient 
situation across the region. Ta
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Nutrition interventions, with a specific focus on micronu-
trient interventions are summarized in Table 4. The mapping 
identified the intervention strategies decided on national 
level for implementation, along with any available informa-
tion about the actual coverage (Tables 5, 6, 7).

Cambodia

Vitamin A supplementation to children has been imple-
mented in Cambodia for nearly two decades, and continues 
to be a part of the primary health system. National surveys 
on vitamin A were conducted in 2000 and 2014, and no data 
on vitamin A status was collected in the period investigated 
(2002–2012). The survey in 2014 showed a low of preva-
lence of vitamin A deficiency in children < 5 years of age 
(9.2%), while almost 30% of the children had marginal vita-
min A status. The lack of intermediate data between 2000 
and 2014 on changes in vitamin A status is a major limita-
tion for the understanding of the impacts of micronutrient 
interventions. A small scale-study on multiple micronutrient 
powders (MNPs) in 2008–2010 indicates prevalence of low 
serum retinol of 1.1% at baseline (Jack et al. 2012). This 
survey was not national representative, and hence inconclu-
sive. In women, the prevalence of vitamin A deficiency and 
marginal vitamin A status were 3.2% and 8.7% respectively, 
also indication that vitamin A deficiency appears to be less 
of a public health program than previously thought.

The findings from Cambodian Demographic and Health 
Survey (CDHS 2010, 2014) showed that anaemia is a critical 
public health problem in Cambodia, where more than half 
(55%) of children 6–59 months old are anaemic, with 28% 
mildly anaemic, 26% moderately anaemic, and 1% severely 
anaemic. The anaemia rate in children has not declined much 
from CDHS 2005 (62%) and CDHS 2000 (63%). In 2014, 
anaemia is highest among children age 9–11 months (83%), 
followed by children age 12–17 months (76.4%). Rural 
children are more likely (57%) to be anaemic than urban 
children (43%). Children of uneducated mothers and those 
residing in the poorest households are more likely than other 
children to be anaemic. For example, 64% of children in the 
lowest wealth quintile are anaemic, as compared with 43% 
of children in the highest wealth quintile. A comparison with 
the 2000 CDHS shows that the prevalence of anaemia has 
only declined by 12% in the past 14 years.

The CDHS 2014 also found that 45% of Cambodian 
women are anaemic. Proportion of women with anaemia in 
2014 is also not reduced much compared with 2005 (47%) 
and 2000 (58%). Anaemia is more prevalent among women 
who are of high parity (more than four children), have little 
or no education, are pregnant, and live in poor households. 
Also, anaemia is higher among rural women (47%) than 
urban women (39%). 53% of pregnant women are also anae-
mic. The overall prevalence of anaemia has not decreased Ta
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since the 2005 CDHS, raising questions on the aetiology of 
the anaemia (Wieringa et al. 2016).

The 2010 CDHS showed that 84% of children 
6–59 months live in households using iodized salt. Differ-
ences in coverage were sizable by area of residence; 96% 
of urban children live in households with iodized salt, as 
compared with 82% of rural children. More than eight in ten 
women live in households with iodized salt. Women residing 
in Kampot/Kep (57%) are least likely to be living in house-
holds consuming iodized salt. Unfortunately, a survey in 
2014 indicates that the coverage of iodized salt has strongly 
declined to 62% of the households using iodized salt (Laillou 
et al. 2015), most likely due to lack of provision of the iodine 
by international organizations to the salt industry and poor 
enforcement by government. As a result, the prevalence of 
low urinary iodine has increased, with > 60% of mothers and 
children having urinary iodine concentrations < 100 μg/L 
(Laillou et al. 2016).

In Cambodia, there were four micronutrient supplemen-
tation programs integrated into broader public health sys-
tem, all targeted to women or children, and administered 
through antenatal, postnatal, and child health clinics. Two 
programs had national coverage, vitamin A supplementation 
(VAS) for children 6–59 months and iron/folic acid (IFA) 
supplementation for pregnant and postpartum women. Two 
programs were initiated in selected districts: weekly iron/
folic acid supplementation (WIFS) for women of reproduc-
tive age, and MNPs for children 6–24 months. In 2002 the 
national vitamin A program for supplementation to children 
was extended to also cover supplementation of vitamin A to 
post-partum women (MoH 2007a). It is uncertain to which 
extend post-partum supplementation was implemented. 
The National Strategy for Food Security and Nutrition 
2014–2018 did not include post-partum vitamin A supple-
mentation (CARD 2014).

Indonesia

In summary, Indonesia had no current national information 
of vitamin A deficiency amongst children and pregnant/
lactating women. The latest national survey goes back to 
1992–1993 and showed the national prevalence of xeroph-
thalmia was 0.34%. The most current survey of vitamin A 
deficiency was the ‘Study on micronutrient in Indonesia’ 
covering vitamin A deficiency, anemia and zinc deficiency, 
conducted by Nutrition Research and Development Cen-
tre in 2007, in which data was available for 10 out of 33 
provinces. The study shows that amongst children aged 
6–59 months the prevalence of xeropthalmia was 0.13%, 
which indicated that vitamin A deficiency did not constitute 
a public health problem. The prevalence of children with 
serum retinol < 0.7 µmol/dL was 14.6%, which was below 
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the International Vitamin A Consultative Group (IVACG) 
definition of public health problem.

For iron deficiency, the 2007 survey in ten provinces 
showed that the prevalence of iron deficiency anemia 
amongst children < 5 years of age was 26.3%, which indi-
cates a moderate public health problem (≥ 20%). The prev-
alence of low serum zinc, indicating zinc deficiency, was 
31.6%.

Indonesia Basic Health Research 2007 (RISKESDAS 
2007) showed that iodine deficiency is not a public health 
problem among children 6–12  years old in Indonesia. 
The proportion of children with urinary iodine excretion 
(UIE) < 100 µg/L was 12.9%, well below the 50% considered 
to indicate a public health problem of iodine deficiency. The 
median value of UIE among children in 30 cities/districts 
in Indonesia was 224 µg/L, which was above the recom-
mended sufficiency value. There were 2 cities where the 
median value of UIE was above 300 µg/L, indicating risk 
of excess intake of iodine. The coverage of iodized salt is 
62.3% in 2007. However, study also shows that actually only 
24.8% of salt used in the households contains the prescribed 
iodine level in the salt (30–80 ppm).

The micronutrient interventions applied at national 
scale were vitamin A capsule supplementation for children 
6–59 months, iodized salt for all households, and iron-folic 
acid tablet for pregnant women. Postpartum vitamin A 
supplementation was under consideration to be with-drew 
following the WHO recommendation. The fortification of 
wheat flour with micronutrient including iron and zinc is 
mandatory but it lacks monitoring and evaluation for cover-
age and impact. Other micronutrient interventions which had 
been tested but not yet implemented at national scale include 
inclusion of 10-day zinc supplementation in the treatment 
of diarrhea; multi-micronutrient powder for complementary 
foods, multi-micronutrient supplementation for pregnant 
women, vitamin A-fortified cooking oil, fortified biscuits 
and noodles for children and pregnant/lactating women, for-
tified complementary foods, and rice fortification only for 
rice-for-the poor. Those interventions had not been put into 
the national monitoring scheme.

Laos PDR

In summary, recent national data on micronutrient status 
were lacking, and no updated surveys have been conducted 
since the mapping. Available data indicate that anaemia is 
a major nutritional disorder in Laos PDR. The prevalence 
of anaemia among children 6–59 months of age was 41% in 
2006 (MICS 2006), indicating a severe public health prob-
lem. Data from a national nutrition survey in 2005 indicated 
that half of the anaemia was due to iron deficiency. The prev-
alence was 63% among children aged 6–23 month. A later 
sub-national survey on anaemia prevalence in four provinces Ta
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in 2011–2012 survey showed a prevalence of 28.8% among 
children age 6–59 months and 31.9% among non-pregnant 
women of reproductive age, indicating improvement (LSIS 
2012). However, prevalence of anaemia in children is still 
of moderate public health significance and interventions are 
needed.

The micronutrient interventions in place were iron sup-
plements to pregnant women during antenatal care visits, 
and weekly iron-folate supplementation is also provided 
to WRA women 12–49 years old in few selected areas. 
Vitamin A supplementation is recommended to children 
aged 6–59 months, and to women who seek antenatal care. 
Despite these efforts, the coverage of vitamin A supplemen-
tation of children is relatively low, 59.1%.

Iodised salt is mandatory with an indicated coverage of 
around 80.0% of household using iodized salt. The iodine 
content in salt at household level is unknown. The coverage 
tends to decrease since 2006, indicated renewed efforts to 
ensure high coverage of iodised salt is required.

There is no data available on zinc and vitamin D status.
Laos PDR has received support from the global partner-

ship ‘REACH’, jointly established by the United Nations 
Food and Agriculture Organization (FAO), World Health 
Organization (WHO), United Nations Children’s Fund 
(UNICEF) and the World Food Programme (WFP), to sup-
port governments in nutritional planning. In 2011, the coun-
try has also declared commitment to joining the ‘Scaling-
Up-Nutrition’ (SUN) movement.

Thailand

The last national vitamin A survey in 2003 indicated that 
the problem had largely been eliminated (information form 
Bureau of Health) and since then no surveys had been con-
ducted. No national data for iron and zinc deficiency are 
available. More recent the focus has shifted to other potential 
deficiencies of potential public health concern such as vita-
min D, as well as a renewed attention on iodine deficiency.

In summary, Thailand had—unlike all other SMILING 
countries—no history of a national vitamin A supple-
mentation program. A government regulation from 1993 
requires that the sweetened condensed milk must be forti-
fied with vitamin A, but sweetened milk is at present not 
recommended for children. From 1996, the triple fortified 
(iron, iodine, and vitamin A) instant noodle soup mix was 
launched in the market on voluntary basis, and at present 
70–80% of the noodles are fortified with about one-third 
the Recommended Dietary Allowance for vitamin A (267 
µg RE), iodine (50 µg), and iron (5 mg) per serving (Win-
ichagoon 2013).

For iron, iron/folate tablets have been distributed to preg-
nant women through ANC and weekly iron supplementation 
to schoolchildren was launched under the “heath promoting 

schools” program in 2000 (Thurlow et al. 2006). Addi-
tionally, weekly iron supplementation to reproductive age 
women was launched in the workplace. At present, iron and 
iron/folate supplementation is being replaced by the triple 
supplement ‘triferdine’ (iron, folate and iodine supplement). 
The distribution coverage is estimated indirectly, mainly by 
estimating the coverage of antenatal-care clinics. There is no 
formal reporting system on the number of women receiving 
tablets or the actual number of tablets consumed.

Combined iron and zinc supplementation has been tested 
in infants (Wasantwisut et al. 2006). There is no national 
program for controlling zinc deficiency in Thailand.

Over time, several national programs for IDD control 
have been implemented in Thailand including Universal 
Salt Iodization (USI), iodine supplementation in pregnant 
women, iodinated water in school children, and surveillance 
system for program monitoring and evaluation. The legisla-
tion for the USI indicated that edible salt is to be constituted 
with iodine in the concentration of 20–40 mg/kg of salt. In 
addition, fish sauce, salt brine and seasoning products of 
soybeans are to be constituted with iodine in the concen-
tration of 2–3 mg/l of products. In remote areas, iodinated 
water (200 µg/l) for primary school children has been imple-
mented, but is phased out and replaced by iodized salt in 
school lunch.

Supplementation approach was implemented in 2011, 
integrating iron, folate and iodine (‘triferdine’). Pregnant 
women in community health centres receive a daily sup-
plement tablet. There is a cyclical monitoring program of 
urinary iodine concentration for school-age children and 
pregnant women (15 provinces/year for 5 years). After 
implementing iodine supplementation, urinary iodine con-
centrations are also collected from hospitals, and additional 
monitoring program of pre-school children and elderly was 
conducted. In addition, the screening of neonatal serum con-
centration of thyroid stimulating hormone (TSH) for con-
genital hypothyroidism is used as a monitoring tool to assess 
the iodine nutrition of populations.

Household iodized salt is monitored for iodine content 
for assessing household coverage of adequately iodized salt. 
Data on iodized salt from salt testing may not reflect the 
iodized salt consumption in the households in terms of fre-
quency and amount consumed.

For food fortification, instant noodles were identified as 
a potential vehicle for fortification due to high consumption 
and widely available throughout the country. The soup mix 
of the instant noodle has been voluntary triple fortified (iron, 
iodine, and vitamin A) since 1996 under the collaboration of 
academic, public, and private sectors. This fortified noodle 
soup mix contains about one-third the Recommended Die-
tary Allowance for vitamin A (267 µg RE), iodine (50 µg), 
and iron (5 mg). Coverage has reached 70–80% of the avail-
able instant noodle products in the market. A cross-sectional 
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survey conducted in a northeast province in 2001 indicated 
that the soup mix was added during cooking. This process 
may cause the nutrient loss during heating.

Vietnam

In summary, recent information of micronutrient status of 
the Vietnamese population was more available compared to 
other SMILING countries at the time of the mapping due 
to updated national surveys in 2009 and 2010. For vitamin 
A, sub-clinical vitamin A deficiency in children is still in 
2009 moderate level in some areas (14.2% nationwide). The 
results of the survey in 2009 showed that clinical vitamin 
A deficiency (xerophtalmia) had disappeared. Sub-clinical 
vitamin A deficiency in breastfeeding mothers remains 
a concern, with rates of low vitamin A in breast milk up 
to 35%. A recent study undertaken in Vietnam indicated 
that 1.6% of WRA suffered from VitA deficiency (Lail-
lou et al. 2012). Comparing between the ecological areas, 
three regions shows prevalence of vitamin A deficiency 
among children < 5 years significantly higher than the mean 
prevalence for the nation: Central highlands (20.9%), the 
Northern mountainous area (19.40%) and Mekong river 
Delta (17.0%). This supports that intervention efforts can 
be differentiated to target the most vulnerable regions and 
populations groups.

A survey from 2009 indicated that the prevalence of anae-
mia has decreased in all regions compared to 1995, but still 
remained at moderate to mild levels of public health sig-
nificance for children and women. The survey on anaemia 
and sub-clinical vitamin A deficiency (NIN 2009) showed a 
higher prevalence of anaemia, 29.2% in children < 5 years, 
36.5% in PW and 28.5% in WRA. The same survey showed 
prevalence of low iron store for children, PW and WRA 
(49%, 53% and 28%, respectively). A more recent survey 
indicate prevalences of iron deficiency of 12.9% for children 
aged 6–75 months (plasma ferritin < 12 µg/L) and 13.7% for 
WRA (plasma ferritin < 15 µg/L) (Laillou et al. 2012). The 
same survey indicated vitamin D deficiency to be of concern 
in children and WRA (Laillou et al. 2013). The availability 
of survey data within a short period of time (2009–2012) 
with considerable different indications of prevalence of 
anaemia indicate that standardization of sampling for com-
parison over time may be needed, as well at that annual 
or seasonal fluctuations may occur, following ecological 
exposures. Big discrepancies are observed between areas 
and provinces: the two mountainous areas (Northwest and 
Northeast) are the most affected by anaemia.

For zinc, the available data on serum zinc as indicator for 
zinc deficiency from the same surveys indicate that a signifi-
cant public health concern of zinc deficiency. There are no 
universal zinc interventions, but supplementation of zinc to 

children suffering from diarrhea, as a part of the treatment. 
The coverage of zinc supplementation is low and does not 
reach a level where is contribute to prevention of deficiency.

Iodine deficiency disorders have been eliminated since 
2005, and data for urinary iodine do not indicate a public 
health problem. However, the level of urinary iodine and 
the coverage of qualify iodized salt for prevention tends to 
decrease (from iodized salt coverage in households in 2005 
of 91.9%, going down to 69.5% in 2009).

Of micronutrient interventions, vitamin A supplemen-
tation is targeted young children aged 6–36 months with 
biannual distribution,and for mothers within 1 month after 
birth. Also children with pneumonia, measles and prolonged 
diarrhea are offered vitamin A supplementation. In vulner-
able areas with elevated risk of micronutrient deficiencies, 
children are supplemented up to the age of 5 years. Supple-
mentation programs are complemented by other interven-
tions for increased vitamin A intake, such as education pro-
grams for increasing consumption of vitamin A rich foods 
and vitamin A fortification on foods such as rice, vegetable 
oil and other food.

For anaemia and iron deficiency, the nutritional anaemia 
prevention program focused on nutrition education and com-
munication: diversified dietary intake, concentrated in local 
food sources and communication for pregnant women and 
the risk mothers to buy iron tablets by their own money in 
the most provinces across the country. Fortification with iron 
in fish sauce was approved by government and it was imple-
mented 3 years ago. This is a technical solution to contribute 
to the prevention of iron-deficiency anemia in large-scale. 
A national programs for iron/folic acid supplementation for 
women 15–35 years of age and pregnant women and lactat-
ing mothers in the whole country has not been implemented 
due to limited resources.

There have been increasing focus and activities in health 
and nutrition communication and education in the last 
5 years, also to reach to the grass-root level.

Discussion

Food Supply Patterm

An overall nutritional profile of the national food supply 
available for the populations in the five ‘SMILING coun-
tries’ in Southeast Asia can be argued to be reflected in the 
contribution from protein and fat to the total dietary energy 
supply. To compare, the aggregated dietary supply for West-
ern Europe indicates a fat energy supply of around 40% and 
protein supply of around 12% (Supplementary Table 1). 
Though representing some variation across European dietary 
cultures, these fat and protein shares are remarkable compa-
rable to values from directly assessed consumption data from 
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European countries (Linseisen et al. 2009). For the SMIL-
ING countries in the Southeast Asian region, the protein E% 
of the food supply is around 10–12 E% in all countries (also 
Supplementary Table 1). From a nutritional view, protein 
supply of 10–15 E% is sufficient to meet requirement, if 
supplied form a diverse diet with a share of animal protein. 
Across the SMILING countries, two-third of the protein 
supply is from vegetal sources, and one-third from animal 
sources. This is contrasting the western European food sup-
ply where more than half of the protein is contributed from 
animal protein.

From a nutritional point, a dietary fat intake of 20–30 E% 
is recommended as favorable for healthy adults. Excess fat 
intake will, in addition to increasing the risk of overweight 
and obesity, also contribute to diluting the supply of micro-
nutrient intake by increasing the energy density of the diet, 
and hence lowering the micronutrient density contributed 
from micronutrient dense foods such as fruits, vegetables 
and lean meat/fish. The food supply data shows that the fat 
supply in the SMILING countries ranged from 14 E% in 
Laos PDR and Cambodia to 27 E% in Thailand—well below 
the 40 E% for Western Europe.

Recognizing that food supply data are providing aver-
ages figures across population- and socioeconomic groups, 
and not as such evidential for consumption, the supply data 
provides a general picture of the nutritional environment of 
the national food system, indicating the dietary background 
for any food-based intervention which may be aimed for 
improving nutritional status in the populations. The sup-
ply data indicates that available dietary fat may be limited 
in some of the countries, while total protein availability 
appears less divergent from the dietary requirements on 
population level.

For the changes in food supply pattern over time (Fig. 1), 
there were a trend of increase in total dietary energy supply 
per capita in all countries. The share supplied from animal 
foods is of particular important for the supply of micronu-
trients (Dror and Allen 2011). Thailand had a stagnant sup-
ply from animal foods over the decade investigated, while 
Vietnam had the most pronounce change by doubled the 
supply over the decade. The lowest supply of animal foods 
is reported from Indonesia. When disaggregating the sup-
ply into major animal food groups—meat, fish and seafood, 
egg and milk—major differences between the countries were 
seen. Fish and seafood supply had increased in all countries 
except Thailand, with Cambodia experiencing the steepest 
increase. It is notable that egg and milk supplies were very 
low in especially Cambodia and Laos PDR. Even Thailand 
had slightly higher supplies than the other SMILING coun-
tries; the per capita supply of milk in Thailand is around 10% 
of the supply in Western Europe.

Recognizing that food supply data are limited in the inter-
pretation of actual consumption, the food supply patterns 

on national levels supported an overall picture that the food 
systems are in rapid development. The food supply and 
dietary pattern of the populations impacts on any nutrition 
intervention implemented, and the should be integrated in 
the policies.

Micronutrient Status

The mapping of data on micronutrient status clearly dem-
onstrated that the lack of recent, frequent and comparable 
data on micronutrient status. Micronutrient surveys are rela-
tively costly and the methodology and interpretation have 
developed over time. This explains the lack of comparable 
data availability. However, this lack of consistent and com-
parable data on the development of the micronutrient sta-
tus on population level also hinder that policy makers are 
informed about the real impact of the investments in micro-
nutrient interventions on public health outcomes. While each 
national government and responsible implementing organi-
sation have an interest in information which could document 
the impact of nutrition interventions over time, a stronger 
regional information sharing and coordination of survey 
methodology could support a stronger base of evidence for 
the needs and impacts of micronutrient interventions. The 
scattered data available indicated that micronutrient defi-
ciencies persist as a public health problem, but the complex-
ity is high. While vitamin A deficiency was highly prevalent 
a two decades ago, the modernization and shifting lifestyles 
supported by supplementation programs might switch the 
concern to other nutrients such as zinc and vitamin D. Anae-
mia is a persistent problem in the region, but the underlying 
causes appears to be more complex than to mainly being 
mediated by iron deficiency.

Micronutrient Interventions

The micronutrient interventions mapped for the period 
2002–2012 showed that the micronutrient interventions to 
be implemented in national programs in Cambodia, Laos 
PDR, Indonesia and Vietnam were similar for the micro-
nutrient supplementation to children and women (vitamin 
A supplementation to children and iron-folic acid tablets 
to pregnant women, and to some extend to WRA), while 
Thailand had targeted the same nutritional problems with 
different approaches. Vitamin A was never supplemented to 
children in Thailand, while national fortification programs of 
specific food (condense milk and noodles) had been imple-
mented much earlier, starting the 1970s. All countries had 
a formulated policy of supplementing post-partum women, 
but these programs were interfered with the recommendation 
by WHO that such supplements appeared to have no effect 
on vitamin A status of the new-born.
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Programs for distribution of micronutrient powders had 
also been implemented children or women in Cambodia, 
Laos PDR, Indonesia and Vietnam, though none of the pro-
grams had reached national coverage. Thailand had devel-
oped a supplement with three nutrients—iron, folate and 
iodine—for women, based on identified deficiencies.

Food fortification was implemented in all countries, with 
iodized salt as the global strategy, and various programs for 
iron and vitamin A fortification. Iodized salt was mandatory, 
along with mandatory vitamin A fortification of condensed 
milk in Thailand, while other programs were voluntary and 
based on agreements with the industry. Aside for iodized 
salt, the fortification effort lacked impact assessments. While 
fortification is a highly promising strategy, the implementa-
tion requires political decisions, and efficient control of the 
actual delivery of fortified products must be in place.

Nutrition education had focus on breastfeeding promotion 
and improved complementary feeding. The breastfeeding 
practices appeared to be favourable among the SMILING 
countries, with Thailand being challenged with a shorter 
duration than the other countries. The exact duration of 
exclusive breastfeeding was not precisely assessed, leading 
for example to the report of 70% exclusive breastfeeding in 
Cambodia, which was assumed to be overestimated.

Conclusion

The conclusion of this mapping of micronutrient status 
(2002–2012) and nutrition interventions (1992–2012) 
showed that public health concerns with regard to micronu-
trient deficiencies exist. However, for interventions imple-
mented to improve micronutrient status the evidence of 
effect was weak because of lack of nationally representative 
data collected with a frequency which could show changes 
over relevant time periods matching the implemented inter-
vention strategies. Improvement of intervention programs 
to efficiently reduce or eliminate micronutrient deficien-
cies requires more systematic monitoring and evaluation of 
effects of interventions in order to identify best practices and 
inform policy makers.
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