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Introduction

According to the Developmental Origin of Health and 
Disease (DOHaD) theory, the prenatal environment pro-
foundly influences health and disease in childhood and 
adulthood.1 The “fetal origins” hypothesis proposed by 
Professor David Barker1 states that poor nutrition in utero 
results in developmental changes in the body’s structure, 
function, and metabolism, increasing the risk of diseases 
such as coronary heart disease in later life.2 As such, the 
International Federation of Gynecology and Obstetrics 
(FIGO) advocates the importance of getting optimal nutri-
tion from an adequate diet comprising all essential micro-
nutrients and macronutrients in the correct amounts and 
proportions during pregnancy and even at preconception, 
to equip women for future motherhood.3
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Micronutrients are essential components of cells and 
tissues, as well as key metabolic enzyme co-factors. 
Consequently, deficiencies in important micronutrients, 
such as iron and folate, are well-known drivers of adverse 
health and pregnancy outcomes, including anemia and 
various birth defects.3,4 Cetin and colleagues4 recently 
showed that inadequate maternal micronutrient status can 
exist even in pregnant women consuming a balanced diet, 
resulting in health consequences for both mother and child 
in the short and long term. More recently, the importance 
of women’s health status before conception was high-
lighted due to its strong link to pregnancy outcomes.5 
Findings suggest that while micronutrient supplementa-
tion started during pregnancy may help correct key mater-
nal nutrient deficiencies, it may be insufficient to 
fundamentally improve child health.5 Taken together, the 
current evidence points to the need to evaluate the health 
status of women not only during pregnancy but also from 
as early as adolescence.

In many parts of Asia, advances in public health and eco-
nomic development have markedly improved diet and nutri-
tion in the past decades.6 Nevertheless, suboptimal maternal 
micronutrient intake remains a significant factor contribut-
ing to increased risk of adverse maternal and fetal health 
outcomes. For example, while considered a “moderate” 
public health problem globally,7 anemia is still of particular 
concern in low-/middle-income countries.7,8 Insufficient 
intake of iron and other micronutrients, such as folate and 
vitamin B12, can result in anemia7–10 and consequently 
increases the risk of serious pregnancy complications such 
as pre-term birth, low birth weight, pre-eclampsia, and mor-
tality.11,12 Fetal development is also affected.

In infants and young children, unaddressed deficiencies 
in iron, vitamin B12, and other critical micronutrients can 
contribute to anemia, suboptimal growth, delayed devel-
opment, low birth weight, and neural tube defects with 
profound and long-term impacts on health.3,4 In the face of 
the double burden of malnutrition in developing regions, 
such as those in Asia, micronutrient deficiencies are recog-
nized as a problem facing both underweight and over-
weight mothers.13

Up-to-date, nationally representative data on micronu-
trient intake, status, and associated health outcomes in Asia 
appear limited. Although international as well as national 
recommendations on supplementation exist, it is unclear 
how these are being implemented in terms of programs or 
initiatives within individual regions. In this review, we first 
examined the prevalence of key maternal and fetal health 
outcomes in seven regions in Asia and provided a snapshot 
of the intake levels and status of a few specific micronutri-
ents, namely, iron, folate, and vitamin B12, which can con-
tribute to these adverse health outcomes. Finally, we 
reviewed supplementation recommendations and programs 
from these regions and highlighted important research 
gaps, challenges, and opportunities for improvement.

The seven regions selected were Singapore, Indonesia, 
Thailand, Vietnam, Philippines, Hong Kong, and Taiwan, 
which allowed us to cover both developing and developed 
regions in Asia. A structured search was conducted in 
PubMed in December 2018 to identify peer-reviewed publi-
cations on the target topics. In parallel, an Internet search 
was performed to identify relevant and publicly available 
reports published or hosted by public health organizations, 
national health authorities, and non-governmental organiza-
tion; additional sources were identified and retrieved by the 
authors via their research networks. No restrictions were 
imposed on the literature search time period and publication 
or study type. Articles relating to the following topics in 
pregnant women and those of reproductive age were 
retrieved: (1) prevalence of maternal and fetal conditions 
related to micronutrient status or deficiency (maternal ane-
mia, pre-eclampsia, low birth weight, pre-term birth, and 
neural tube defects); (2) dietary intake levels and blood con-
centrations of iron, folate, and vitamin B12; and (3) ongoing 
micronutrient supplementation strategies. The retrieved 
publications and reports were searched for data on these 
topics, and data were tabulated for each of the seven regions.

Micronutrient-related adverse 
maternal and fetal outcomes are 
prevalent in Asia

Table 1 summarizes the prevalence of five common mater-
nal and fetal health outcomes in each of the seven Asian 
regions, with statistics from the United States (US) or 
Europe shown for comparison. We chose to focus on 
maternal anemia, pre-eclampsia, low birth weight, pre-
term birth, and neural tube defects; outcomes that are asso-
ciated with one or more of the micronutrients of interest 
(iron, folate, and vitamin B12).3–5,9,10,12,32,33 Data were 
extracted from World Health Organization (WHO) data-
bases, national surveys, sub-national cohort studies, and 
systematic reviews. Of the outcomes examined, maternal 
anemia was by far the most prominent (Table 1). For 
maternal outcomes, it was notable that in almost all seven 
Asian regions, the estimated prevalence of anemia (1990–
2016) was over 30%, nearly twice that of the US and 
European countries. The exception was Hong Kong, where 
the lower published estimates (2% and 8%) were based on 
earlier data (1992 study)22 and data collected from a small 
sample of women attending maternal and child health 
centers for ante-natal care in 2009, respectively.23 For pre-
eclampsia, the estimated incidence in Indonesia (9%) was 
two to three times higher than the other Asian regions, as 
well as the US and Europe (Table 1). For fetal outcomes, 
low birth weight affected almost one in five live births in 
the Philippines, which was around two to three times 
higher than the other Asian regions and US/Europe (Table 
1). For regions where data were available, the reported 
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prevalence of pre-term birth and neural tube defects was 
generally similar to that of the US and Europe (Table 1).

Micronutrient status during the 
reproductive years

Data on iron, folate, and vitamin B12 intake and status in 
non-pregnant women of reproductive age were retrieved 
from nine national-level surveys34–42 and three sub-national 
cohort studies43–45 (Table 2). We described the reported 
intake levels as “inadequate” or “borderline” with respect 
to the FIGO-recommended thresholds or ranges for each 
micronutrient.3

The iron intake levels varied widely across regions, 
with the lowest of 7.8 mg/day in the Philippines and high-
est of 18.4 mg/day in Singapore. Relative to the daily 
intake level recommended by FIGO (15–18 mg/day),3 
reported iron intake levels of women of reproductive age 
in the seven Asian regions were either inadequate or bor-
derline optimal. Daily iron intake in Hong Kong ranged 
from inadequate to borderline optimal (7.9–15 mg/
day),34,42 whereas the levels in the Philippines,41 Taiwan,38 
and Thailand40 were suboptimal (6.4–12.9 mg/day). In 
Singapore,36 Indonesia,44 and Vietnam,37,39 iron intake lev-
els were between 15 and 18 mg/day, just at the level rec-
ommended by FIGO. Vietnam was the only region with 
available data for blood iron status. Of note, iron defi-
ciency was prevalent among 13.7% of women of repro-
ductive age in Vietnam37 despite the mean plasma ferritin 
level (48.5 μg/L) above the cut-off level for deficiency 
(<15 μg/L according to WHO guidelines).46

Data on folate intake (one region) and status (three 
regions) in women of reproductive age were only available 
from four of the regions (Table 2). In Thailand,45 the 
reported mean folate intake of 172 μg/day was less than 
half the minimum recommended by FIGO (400 μg/day).3 
The mean serum/plasma folate levels reported for Taiwan35 
(20.2–22.0 nmol/L) and Vietnam37 (17.6 nmol/L) were 
almost twofold above the cut-off levels for deficiency (<10 
nmol/L)47. However, substantial proportions of women in 
both regions were folate-insufficient: 21.9% in Taiwan35 
and 25.1% in Vietnam.37 Similarly, although the mean RBC 
folate level reported for women of reproductive age in 
Indonesia (872 nmol/L) was above the cut-off level for 
deficiency (<305 nmol/L),48 borderline folate insufficiency 
(RBC folate < 906 nmol/L) may be common.49

Data on vitamin B12 intake and status in women of repro-
ductive age were scarce (Table 2). Only Vietnam had data for 
vitamin B12 intake (mean: 1.5 µg/day),39 which was below 
that recommended by FIGO (2.4 µg/day), and mean plasma 
vitamin B12 level, which was reported as 630.3 pmol/L, 
above the cut-off level for deficiency (<150 pmol/L).48,50

Overall, intake of these three micronutrients (iron, 
folate, and vitamin B12) was low or at best borderline suf-
ficient among women in these regions; this was true even 
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for iron, whose role in anemia is well-recognized. This is 
despite local intake recommendations in all seven regions 
being largely consistent with those of FIGO (Table S1 of 
Supplemental material).3,50–62 The data also point to insuf-
ficiencies or outright deficiencies in a substantial propor-
tion of women of reproductive age (even where mean 
levels were above-threshold), especially for iron and 
folate. If uncorrected, the effects of insufficiencies or defi-
ciencies will be magnified in pregnancy, which places 
even greater demands on the mother.63 Taken together, 
these observed nutritional deficits are likely to contribute 
to the high prevalence of maternal anemia in these regions 
(Table 1). The clear gaps in the national data on micronu-
trient intake and status (iron, folate, and vitamin B12) are 
of concern as these could hinder effective management of 
these and other micronutrient deficiencies.

Micronutrient status during 
pregnancy

Data on iron, folate, and vitamin B12 intake and status in 
pregnant women were predominantly from sub-national 
cohort studies (Table 3).44,64–68 Data on iron intake were 
available only for Vietnam, Thailand, and Indonesia.40,66,68 
Indeed, in these regions, which had a high reported preva-
lence of anemia (37%–42%; Table 1), iron intake was subop-
timal. Daily iron intake levels in Vietnam68 (mean: 9.4 mg) 
and Thailand40 (median: 15 mg) were well below the level 
recommended by FIGO for pregnant women (27 mg/day).3 
For Indonesia, reported mean daily iron intake was variable 
and ranged between 9.6 and 30.4 mg, depending on study 
setting.44,66 Only the Philippines65 and Singapore67 had data 
for iron status, with median serum ferritin level reported as 
15.7 μg/L (only slightly above the WHO cut-off level for 
deficiency (<15 μg/L46)) and 24.2 μg/L, respectively (Table 
3). Of note, iron deficiency was still prevalent among 34% of 
pregnant women in the Philippines.65

Data on folate intake and status in pregnant women 
were scarce and only available from Vietnam and 
Singapore (Table 3).67,68 The mean daily intake of folate 
(440.8 μg) in Vietnam68 was within the range recom-
mended by FIGO (400–600 μg/day). Only Singapore64 had 
data for median plasma folate level, which was reported as 
34.4 nmol/L and above the WHO cut-off level for defi-
ciency (<10 nmol/L).47 Nonetheless, folate deficiency was 
still reported in 3% of pregnant women in Singapore; 8% 
were folate-insufficient.64

Similarly, data on vitamin B12 intake and status were 
scarce (Table 3). Only Vietnam had data for vitamin B12 
intake (mean: 4.4 μg/day)68 which was above that recom-
mended by FIGO (2.6 μg/day)3 (Table 3). Only Singapore 
had data for median plasma vitamin B12 level, which was 
reported as 209 pmol/L64 and above the cut-off level for 
deficiency (<150 pmol/L).48 No data were available for 
vitamin B12 deficiency in these Asian regions.
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The scarcity of micronutrient data is more prominent in 
pregnant women than in women of reproductive age. 
Despite the sparseness of these data, the trends for iron 
intake and status were somewhat similar to those in women 
of reproductive age (Table 2), with substantial proportions 
of women having outright deficiencies. The lack of data on 
folate and vitamin B12 makes it challenging to come to 
any conclusive findings, although one can probably infer 
data from existing trends found in women of reproductive 
age. With the increased nutrient demands in pregnancy, it 
is likely that such deficits contribute heavily to the high 
maternal anemia prevalence in these regions (Table 1).

Managing micronutrient inadequacies 
or deficiencies

A review of the literature and regional recommendations 
showed that dietary intake recommendations (Table S1), 
food fortification,69 and other strategies70–72 currently exist 
in the seven regions to improve nutrition and intake of key 
micronutrients—particularly iron and folate. In Indonesia, 
the Philippines, and Thailand, fortification of staple foods, 
such as flour or rice with specific micronutrients (iron, 
folate, or B vitamins), is mandatory, and iodization of salt 
is mandatory in most Southeast Asian regions.69 Provisions 
for voluntary fortification of other micronutrients vary 
across regions. This is encouraging considering the extent 
of micronutrient deficiencies in women of reproductive 
age and in pregnant women. However, the success of 
implementing these strategies does not appear to have 
been formally evaluated. The coverage of large-scale or 
commercial food fortification for target populations also 
needs to be considered, especially for low-income families 
or those in rural areas with limited access to markets.

FIGO recommends additional daily iron and/or folate 
supplementation in women planning for a pregnancy, during 
pregnancy, and the first 3 months postpartum.3 In addition, 
FIGO recommends to supplement vitamin B12 and other 
nutrients as required throughout these three stages.3 While 
supplementation recommendations and/or programs are 
available across the regions, the supplementation strategies 
often focus on only iron and/or folate supplementation dur-
ing preconception and pregnancy (Table 4). Even then, only 
a handful of regions (e.g. Indonesia, Philippines, Thailand, 
and Vietnam) have implemented supplementation programs 
to support such recommendations.69 Supplementation strat-
egies for other micronutrients, such as vitamin B12 are rare 
(Table 4) despite FIGO’s recommendation. For example, 
among the seven regions, vitamin B12 supplementation is 
recommended only in Vietnam (in women across all stages) 
and in Hong Kong (in pregnant women who are vegetarians; 
Table 4). The direct impact of supplementation-related pro-
grams is also largely unknown.

Our search for information on supplement use in preg-
nancy and women of reproductive age revealed further T
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data gaps. Despite widespread recommendations for addi-
tional iron and/or folate supplementations, use of these 
micronutrient supplements appears to vary greatly across 
regions and reproductive stages. Even during pregnancy, 
supplement use appears low or moderate, and varies from 
between 25% and 87% reported among pregnant women 
in the Philippines82 to 33% reported in a study in Indonesia 
and 73% (for folate supplementation) in a Singapore-based 
study.83,84 In the preconception and lactation stages, sup-
plementation of micronutrients may be even less com-
mon.43,44,85 Two studies in urban Indonesia reported 
2%−16% of non-pregnant women who took supplements, 
and a study in rural Vietnam reported around 25% of lac-
tating mothers taking supplements.43,44,85 This is a poten-
tial issue, since early nutrition deficits are likely to persist 
into later life,4 creating a cycle that is hard to break out of.

Current supplementation strategies often focus on just 
one or two micronutrients (such as iron–folate supple-
ments), which could limit their effectiveness in view of 
multiple nutrient deficiencies and associated adverse out-
comes.86 Indeed, multiple micronutrient supplements have 
been shown to provide greater benefits than iron–folate 
supplements for some birth outcomes, with no increased 
risk of harm to the mother or child.87,88 A Cochrane review 
of 17 trials involving 137,791 women reported greater risk 
reduction of low birth weight and small-for-gestational age 
births with multiple micronutrient supplements compared 
with iron–folate supplements.87 Another meta-analysis 
reported greater reduction in pre-term birth with early ini-
tiation of multiple micronutrient supplements before 
20 weeks gestation, compared with iron–folate supple-
ments.88 Furthermore, a recent publication reported that 
presumptively replacing iron–folate supplements with 
multiple micronutrient supplements in pregnant women 
for 1 year would reduce the number of deaths and number 
of cases of pre-term birth and reduce the costs associated 

with adverse outcomes.89 These findings support the use of 
supplements containing multiple micronutrients beyond 
iron and folate, especially in settings where multiple 
micronutrient deficiencies are common.87,88,90

Monitoring micronutrient status

Although FIGO recommends that nutritional assessments 
should be incorporated into routine healthcare for women 
throughout their reproductive years,3 we noted that nutri-
tional assessment among in women in Asia is still limited. 
National surveys yielded some information on the nutri-
tional status of women in the general population,35,36,38,40–42,91 
but data were much more sparse for pregnant or lactating 
women.40,41 Often, only selected micronutrients were evalu-
ated, and the methods of assessing intake or blood levels of 
individual micronutrients varied across the regions and 
study settings (Tables 2 and 3). It is possible that strategies 
advocating routine supplementation may play a part in 
influencing the perceived need for nutritional assessment.

Broad-based nutrition surveillance systems are required 
to identify nutritional risk, inadequacy and deficiency in 
women throughout the reproductive years, preferably using 
standardized methodology. Although dedicated national 
micronutrient status surveys have been conducted in a num-
ber of countries, such as Bangladesh and Nepal,92,93 resource 
limitations may make it challenging to implement and sus-
tain such survey programs. Linking micronutrient status 
data collection to another national-level survey, such as the 
well-established Demographic and Health Surveys (DHS) 
in > 90 countries,94 has been explored in Cambodia and 
Malawi95 as a way to incorporate micronutrient status 
assessment into national surveys. In regions where nation-
wide surveys are not feasible, conducting regular smaller 
surveys with standardized methodology in different areas in 
these regions can also provide important information to 

Table 4. Supplementation recommendations or programs in the Asian regions.

Nutrient Stage Hong Kong51,52a Indonesia73a Philippines56,74a Singapore75a Taiwan58,70a Thailand76–80 Vietnam60,81a

Iron Reproductive age R P P

Pregnant R P P, R R R P, R R

Lactating R R R

Folate Reproductive age R R R R P, R P

Pregnant R P P, R R R P, R R

Lactating R R

Vitamin 
B12

Reproductive age R

Pregnant Rb R

Lactating R

P: program; R: recommendation.
Grayed out cells indicated no data reported.
aData gathered are not exhaustive.
bFor vegetarians only.
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guide regional policy makers and governments in develop-
ing programs and interventions.

Summary

Our review of the nutritional landscape demonstrates that 
micronutrient deficiency-related conditions—most nota-
bly anemia and its associated health consequences—are 
common among Asian women of reproductive age, yet this 
public health issue is inadequately studied.

There are a few limitations to this review. Even for the 
well-known micronutrients, such as iron and folate, the 
data were often limited, heterogeneous (a mixture of 
national-level and sub-national cohort data and differences 
in study settings within regions such as those between 
rural and urban populations), and especially sparse for spe-
cific populations, such as pregnant women and lactating 
women. Our review included both peer-reviewed journal 
publications in English and research reports published by 
national and international organizations. As such, there 
was variation in the type and level of detail of reported 
data. Across studies reporting intake data, a range of die-
tary assessment methods were employed, and this may 
also account for some of the variation observed. Commonly 
used micronutrient status indicators were reported, such as 
serum/plasma ferritin for iron status, but the lack of infor-
mation provided do not allow us to evaluate the quality of 
the micronutrient status data.

Although a complete picture of the status in the selected 
regions could not be drawn, this review reveals the scarcity 
of relevant data in these regions and points out an urgent 
need to address this. It is envisioned that this review would 
serve as an important evidence-based justification to sup-
port future initiatives, such as conducting regular surveys to 
monitor the status of multiple micronutrients and identify 
vulnerable areas, ongoing assessment of program impact, or 
designing targeted supplementation programs to comple-
ment other types of interventions in a country or region. For 
example, an iron/folic acid supplementation program for 
pregnant women has been implemented in Indonesia since 
the 1990s, providing supplements through ante-natal clin-
ics, pharmacies, and midwives.73 More recently, the 
Southeast Asian Ministers of Education Regional Center for 
Food and Nutrition (SEAMEO RECFON) initiated a pro-
gram in Indonesia aimed at preventing stunting in children. 
A model for early childhood care, nutrition and education 
was developed through research on providing complemen-
tary feeding recommendations and educating nutritionists 
and mothers of young children on preventing stunting and 
anemia.96 Findings from the SMILING project, a large mul-
tinational collaboration, underscore the importance of coun-
try- and region-specific knowledge and priorities in shaping 
policy and interventions, particularly the value of data on 
the nutritional content of locally available foods and habit-
ual diets of target populations.97

Across the regions, we found evidence of inadequate or 
borderline dietary intake of micronutrients and low use of 
micronutrient supplements, despite consistent intake rec-
ommendations from both international and national bod-
ies. With the high prevalence of maternal anemia and other 
conditions, this motivates our call for greater attention to 
women’s nutritional status in this region, through com-
bined strategies of improved monitoring of dietary intake 
or nutritional biomarkers, and evaluation and subsequent 
improvement of supplementation strategies.

Nutrition-sensitive and nutrition-specific interventions 
both have a role in supporting health and nutrition.98 
Besides multiple micronutrient deficiencies, infection bur-
den can also contribute to anemia; an analysis of risk fac-
tors for anemia in non-pregnant women of reproductive 
age in 10 low-/middle-income countries suggests that the 
extent to which iron deficiency contributes to anemia is 
strongly influenced by a country’s infection burden.99 
Diarrhea and intestinal parasitic infections can interfere 
with digestion and nutrient absorption, contributing to 
deficiencies in iron and other micronutrients that can also 
increase individuals’ susceptibility to infections. Therefore, 
it is important to consider nutrition-specific interventions 
such as dietary modification/diversification and supple-
mentation alongside nutrition-sensitive interventions 
including disease control, water supply, or agriculture. For 
example, in rural Vietnam, a population-based interven-
tion combining weekly iron/folic acid supplementation 
with regular deworming has shown sustained effectiveness 
in reducing both iron deficiency anemia and soil-transmit-
ted helminth infections.100 Such combined programs have 
demonstrated a positive impact on the nutritional status of 
mothers and children.

In addition, socioeconomic factors strongly and directly 
influence diet quality and nutrition status. As an example, 
anemia is disproportionately concentrated in low socioeco-
nomic groups.8 Poverty is a major cause of poor diet and 
malnutrition in low-/middle-income countries in Asia. In 
households where resources are stretched, meeting basic 
macronutrient and energy requirements tends to be prior-
itized over nutrient quality; this problem may be com-
pounded by limited availability or affordability of 
micronutrient-rich fresh foods or commercial fortified foods.

For supplementation, our recommendations are two-
fold. Since micronutrient deficiencies frequently co-exist 
in the context of poor diet, consideration should be given 
to supplementing with multiple micronutrients (in addi-
tion to iron and folate) particularly early in pregnancy, to 
further reduce risk of key birth outcomes. Ideally, over-
lapping public health concerns, such as infection burden, 
should be addressed in tandem to maximize the impact of 
each intervention. Second, in the pre-/peri-conceptional 
period or earlier, multiple micronutrient supplementation 
should also be considered, when necessary, to correct 
suboptimal nutrition or deficiency, as these will likely 
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persist into later stages if not addressed. Along with other 
interventions, such as nutrition monitoring and food-
based programs, multiple micronutrient supplementation 
will support optimal health of women throughout their 
reproductive years, and offer every child a better chance 
of a healthy start in life.
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