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           While poverty and socioeconomic inequity remains an
                              important factor, in many cases, the presence of
                 micronutrient deficiency is a factor of diet quality

 Key insights

Possible strategies to combat high morbidity (e.g. stunting and 
underweight) and mortality in malnourished children include 
promotion of breastfeeding, dietary supplementation of mi-
cronutrients, prevention of protein-energy malnutrition, and 
hygiene of available weaning foods. Interventions that depend 
on strong health systems or behavioral changes appear to be 
stalled and need to be re-examined to find more effective ways 
of delivery.

 Current knowledge

Infectious diseases including diarrhea often coexist with micro-
nutrient deficiencies and lead to the vicious cycle of malnutri-
tion and infections. Emerging data from community interven-
tion trials provide evidence that implementing intervention 
strategies that combine appropriate infant and young child 
feeding with micronutrient interventions at scale are tangible 
and could lead to an alleviation of malnutrition.

 Practical implications

Effective, packaged delivery of proven interventions and ensur-
ing universal coverage could prevent about one quarter of child 
deaths under 36 months of age and reduce the prevalence of 
stunting at 36 months by about one third. 
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Prevalence data (2011) of stunting (upper panel) and underweight (low-
er panel). Reproduced with permission from Stevens et al. [31].
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 Abstract 

 In the year 2011, 6.9 million children under the age of 5 years 
died worldwide, one third of them related to increased sus-
ceptibility to illnesses due to undernutrition. An estimated 
178 million children under 5 years are stunted, 55 million are 
wasted, and 19 million of these are severely affected and are 
at a higher risk of premature death, the vast majority being 
from sub-Saharan Africa and South-Central Asia. Globally, 
over 2 billion people are at risk for vitamin A, iodine, and/or 
iron deficiency. Other micronutrient deficiencies of public 
health concern include zinc, folate, and the B vitamins. The 
risk factors for undernutrition include low birth weight, inad-
equate breastfeeding, improper complementary feeding, 
and recurrent infections. Infectious diseases often coexist 
with micronutrient deficiencies and exhibit complex interac-
tions leading to the vicious cycle of malnutrition and infec-
tions. Diarrhea along with the poor selection and intake of 
complementary food are the major contributors to undernu-
trition. Possible strategies to combat malnutrition include 
promotion of breastfeeding, dietary supplementation of
micronutrients, prevention of protein-energy malnutrition, 
and improvement in the standard of preparation and hy-
giene of available weaning foods. The universal coverage 
with the full package of these proven interventions at ob-
served levels of program effectiveness could prevent about 
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died worldwide in 2011, one third of deaths being

attributable to the underlying cause of

undernutrition. 

 • The majority of the undernutrition burden exists in 
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one quarter of child deaths under 36 months of age and re-
duce the prevalence of stunting at 36 months by about one 
third. The median coverage rate of interventions along the 
continuum of care for Countdown countries has however 
been  6 80% for vaccination and vitamin A supplementation. 
However, for several interventions, including early initiation 
and exclusive breastfeeding below 6 months of age and case 
management of childhood illnesses, the median coverage 
rate hovers at or below 50%. This suggests that interventions 
requiring strong health systems or behavior change appear 
to be stalled and need to be re-examined to find more effec-
tive ways of delivery.  Copyright © 2013 S. Karger AG, Basel 

 Introduction 

 Despite numerous advances and improvements in 
child health, malnutrition still remains one of the main 
public health challenges of the 21st century, particularly 
in developing countries  [1] . In the year 2011, almost 6.9 
million children under 5 years of age died worldwide, a 
large proportion of deaths being related to increased 
susceptibility to illnesses due 
to undernutrition  [2] . Under-
nutrition undermines the 
survival, growth, and devel-
opment of children and is as-
sociated with almost one 
third of all deaths in children 
under the age of 5 worldwide. 

  The condition of maternal and childhood undernu-
trition includes a wide array of effects including intra-
uterine growth restriction (IUGR) resulting in low birth 
weight (LBW); stunting, a chronic restriction of growth 
in height indicated by short stature; wasting, an acute 
weight loss indicated by a low weight-for-height, and less 
visible micronutrient deficiencies due to deficiencies of 
essential minerals and vitamins. An estimated 178 mil-
lion children under 5 suffered from stunting, the vast 
majority in sub-Saharan Africa and South-Central Asia 
 [3] . Of these, 160 million (90%) lived in just 36 countries, 
representing almost half (46%) of the 348 million chil-
dren in those countries  [3] . An estimated 55 million 
children were wasted, 19 million of these were severely 
affected and at high risk of premature death  [3] . Alto-
gether,  1 3.5 million mothers and children under 5 died 
unnecessarily each year in poor countries due to the un-
derlying cause of undernutrition  [4] . Many of these con-
ditions are associated with concomitant micronutrient 
deficiencies and, among these, vitamin A, iron, zinc, 

and iodine deficiencies are the most prevalent in child-
hood. 

  Major risk factors for undernutrition, such as subopti-
mal breastfeeding and micronutrient deficiencies (vita-
min A and zinc), were responsible for more than one third 
of all under-5 child deaths and 11% of the global total dis-
ease burden  [2] . These conditions are most significant in 
the first 2 years of life, highlighting the importance of 
nutrition in pregnancy and the window of opportunity 
for preventing undernutrition from conception through 
24 months of age. Conditions such as poor fetal growth 
during pregnancy, stunting during early childhood, and 
severe wasting in the first 2 years of life cause irreparable 
harm by impeding physical growth and – if followed by 
rapid weight gain in the 3–5 year age range – significant-
ly increase the risk of chronic disease later in life. Chil-
dren who are stunted or born with IUGR are also shown 
to complete fewer years of schooling and earn less income 
as adults, hindering their cognitive growth and econom-
ic potential. Lower income, poor health, and reduced ac-
cess to proper nutrition then continue to impact the 
health of children born into future generations, establish-

ing a repetitive cycle.
  The median case fatality 

from severe malnutrition has 
remained unchanged over the 
last 5 decades and is typically 
20–30%, with the highest lev-
els (50–60%) being among 
those with edematous malnu-

trition  [5] . Micronutrient deficiency is a major contribu-
tor and it affects the people of the developed and develop-
ing countries of all ages, but its effects appear more
devastating in children, especially young infants. Micro-
nutrients play a critical role in cellular and humoral im-
mune responses, cellular signaling and function, learn-
ing and cognitive functions, work capacity, reproductive 
health, and even in the evolution of microbial virulence 
 [6, 7] . The body cannot synthesize them, so they must be 
made available through the diet  [7] . This does not in any 
way undermine the significance of protein-energy mal-
nutrition for infant mortality, but emphasizes the under-
standing of the central role of micronutrients in the mor-
bidity and mortality of infants. Two recent major advanc-
es in the understanding of the global importance of 
malnutrition are (1) the data of 53 countries that link pro-
tein-energy malnutrition (assessed by underweight; 
 fig. 1 ) directly to increased child mortality rates and (2) 
the outcome in 6 of 8 large vitamin A supplementation 
trials showing decreases of 20–50% in child mortality  [8] .

Altogether, > 1 3.5 million mothers 
and children under 5 died

unnecessarily each year in poor
countries due to the underlying cause 

of undernutrition.
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  Undernutrition Epidemiology 

 Recent estimates indicate that globally,  1 2 billion peo-
ple are at risk for vitamin A, iodine, and/or iron deficien-
cy, in spite of recent efforts in the prevention and control 
of these deficiencies. The prevalence is especially high in 
Southeast Asia and sub-Saharan Africa. Other micronu-
trient deficiencies of public health concern include zinc, 
folate, and the B vitamins. In many settings, more than 
one micronutrient deficiency exists, suggesting the need 
for simple approaches that evaluate and address multiple 
micronutrient malnutrition  [9] .

  Anemia, one of the major global nutrition concerns, is 
caused not only by deficiency of iron, but is also associ-
ated with other nutrient deficiencies, such as vitamin A, 
B6 and B12, riboflavin, and folic acid. Besides nutrient 
deficiencies, general infections, chronic diseases, malaria 
and Helminthes infestation also lead to anemia. In devel-
oped countries, iron deficiency is a major cause of ane-
mia, while in developing countries (apart from iron), vi-
tamin A, zinc, and folic acid are nutrient factors which 
are important as well  [10, 11] .

  Iodine deficiency disorder (IDD) is a public health 
problem in 130 countries and affects 13% of the world’s 
population  [12] . Globally, about 740 million people are 
affected by goiter, and  1 2 billion are considered at risk of 
IDD. The major consequences of IDD include impaired 
development of the fetal brain, and it is the first cause of 
preventable brain damage in children  [13] . It is estimated 
that 68% of the populations of affected countries have 
currently access to iodized salt.

  Zinc is a vital micronutrient for body function at dif-
ferent statuses of body physiology. It is estimated that one 
third of the world population lives in countries with a 

high prevalence of zinc deficiency. Deficiency of zinc, 
which is essential for DNA and protein synthesis and a 
component of several metalloenzymes, leads to growth 
failure. There is now increasing recognition of the im-
portance of zinc in childhood growth and development 
 [14]  and subclinical zinc deficiency has been widely rec-

ognized as a significant limiting factor for growth among 
children in both developing and developed countries 
 [15] .

  Clinical vitamin A deficiency (VAD) affects at least 
2.80 million preschool children in  1 60 countries, and 
subclinical VAD is considered a problem for at least 251 
million, including school age children and pregnant 
women  [8] . Severe as well as marginal VAD has been 
shown to lead to an increased risk of morbidity and 
mortality in children. Delayed growth, especially stunt-
ing, has also been reported in children with clinical 
signs of VAD  [16] .

  Folic acid, known as the universal vitamin, is present 
in a variety of foods. The majority of the data on folate 
deficiencies are based on small, local surveys, but they 
suggest that the deficiency may be a public health prob-
lem affecting millions of people globally. Folate status is 
the major determinant of plasma homocysteine level, and 
there is a strong inverse correlation between plasma ho-
mocysteine level and serum or erythrocyte folate levels 
 [17] . Folate and B12 deficiencies have been found to be as-
sociated with adverse pregnancy outcomes including 
both LBW and preterm birth  [18] .

  Contributing Factors 

 The risk factors for malnutrition include LBW, inad-
equate breastfeeding, improper complementary feeding, 
and recurrent infection. Infectious diseases cause 7 out of 
10 deaths among the world’s children  [19] . Infectious dis-
eases often coexist with micronutrient deficiencies and 
exhibit complex interactions leading to the vicious cycle 

Recent estimates indicate that
globally,  1 2 billion people are at risk 

for vitamin A, iodine, and/or iron
deficiency, in spite of recent efforts

in the prevention and control of
these deficiencies.
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 Fig. 1.  Posterior probability of meeting Millennium Development 
Goal 1 target. Reproduced with permission from Stevens et al. 
[31]. 
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of malnutrition and infections among underprivileged 
populations of the developing countries.

  Malnutrition and diarrhea go hand in hand; micronu-
trient deficiency is inherent in these conditions. The es-
timated deaths in the developing countries because of 
acute diarrhea account for 35%, dysentery for 20%, and 
non-dysenteric persistent diarrhea for 45% of total diar-
rheal deaths. Diarrhea, in turn, not only leads to further 
loss of micronutrients  [20] , especially of zinc, but also de-
teriorates the absorption capability of the intestine, thus 
putting the child at an increased risk. Factors that in-
crease the risk of acute diarrhea becoming persistent in-
clude antecedent malnutrition, micronutrient deficiency 
particularly for zinc and vitamin A, transient impair-
ment in cell-mediated immunity, sequential infection 
with different pathogens, and lack of exclusive breast-
feeding during the initial 4 months of life, particularly in 
connection with use of bovine milk  [20] .

  Although the association between diarrheal disease 
control programs and malnutrition or growth rates has 
been questioned, in many parts of the world there is a 
close relationship between the two. In particular, pro-
longed and recurrent episodes of diarrhea, frequently in 
association with HIV infection, are a frequent cause of 
morbidity and micronutrient deficiency. In recent years, 
the association of increased micronutrient losses, such as 
those of zinc and copper, with severe diarrhea has been 
well recognized. In addition, it is recognized that chil-
dren with shigellosis can lose a 
significant amount of vitamin 
A in the urine, thus further con-
tributing to VAD. The risk of 
micronutrient deficiency in in-
fancy and early childhood can 
be compounded several folds by 
the presence of low body stores 
from birth as in LBW infants, as well as poor complemen-
tary feeding practices. It is therefore not surprising that 
micronutrient deficiencies and a high burden of diarrhea 
frequently coexist in susceptible populations and may 
lead to a vicious cycle of malnutrition. 

  Several micronutrients, such as vitamin A,  � -caro-
tene, folic acid, vitamin B12, vitamin C, riboflavin, iron, 
zinc, and selenium, have immune-modulating functions 
and thus influence the susceptibility of a host to infec-
tious diseases and the course and outcome of such dis-
eases. Certain of these micronutrients also possess anti-
oxidant functions that not only regulate immune homeo-
stasis of the host, but also alter the genome of the microbes, 
particularly in viruses, resulting in grave consequences 

like resurgence of old infectious diseases or the emer-
gence of new infections  [21] .

  In addition to the role of diarrhea, the major contribu-
tory factor of micronutrient deficiency in early childhood 
is poor dietary intake. While poverty and socioeconomic 
inequity remains an important factor, in many cases the 
presence of micronutrient deficiency is a factor of diet 
quality. Thus, both poor intake of complementary foods 
as well as selection of foods with high phytate and fiber 
content may lead to the development of a ‘deficient’ state 
for both iron and zinc. It is also important to note that 
many of these children with relatively high intakes of sta-
ple cereal-based diets with poor iron and zinc bioavail-
ability also belong to poor households with low intakes of 
meat and dairy products. The latter are also important 
dietary sources of carotenoids and vitamin A, and thus a 
malnourished child with diarrhea and poor dietary in-
take is already set up for multiple micronutrient deficien-
cies. 

  Intervention Coverage Trends 

 Possible strategies include promotion of breastfeed-
ing, dietary supplementation of micronutrients, preven-
tion of protein-energy malnutrition as far as possible, and 
improvement in the standard of preparation and hygiene 
of available weaning foods  [22] .   Recent reviews have 
shown that no breastfeeding led to a 47 and 157% increase 

in diarrhea-related mortal-
ity in 6- to 11- and 12- to 
23-month-old children, re-
spectively  [23] . Preventive 
zinc supplementation re-
sulted in a 18% reduction in 
diarrhea-related mortality 
and a 9% reduction in all-

cause mortality  [24] . The therapeutic effect of zinc sup-
plementation on acute and persistent diarrhea has been 
evaluated in a meta-analysis confirming the beneficial ef-
fect on both severity and duration of diarrhea  [25] . This 
was also indicated by the 60% reduction in mortality 
among LBW infants receiving zinc supplementation in 
India  [26] .

   Table 1  summarizes the median national coverage of 
interventions along the continuum of care in Count-
down countries since 2006  [27, 28] . All four vaccines 
[measles, diphtheria-tetanus-pertussis (DTP3), Hae-
mophilus influenzae type B (HiB3), and neonatal tetanus 
protection] and vitamin A (2 doses) have reached a me-
dian coverage level of  6 80% in the Countdown coun-

In recent years, the association of
increased micronutrient losses, such as 

those of zinc and copper, with severe 
diarrhea has been well recognized.
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tries with available data. In most Countdown countries, 
vaccines and vitamin A are provided in fixed health fa-
cilities as well as during campaigns such as national 
Child Health Days when outreach teams are able to reach 
high proportions of the population. Child Health Days 
were introduced in response to the declining coverage of 
many essential child survival interventions as a result of 
weakening health systems. Child Health Days suggest 

that these achieve greater coverage than stand-alone 
campaigns, particularly in previously low-coverage 
countries. In the countries studied, Child Health Days 
also improved the manner in which key child survival 
interventions were delivered through strengthened su-
pervision and health worker performance and motiva-
tion, and mobilization of additional resources (funds, fu-
els, and vehicles). In turn, these advances translated into 
coverage gains  [29] .

  Coverage with  6 1 antenatal visit is also very high (me-
dian of 88%). This level drops to 55% for coverage of  6 4 
antenatal visits. The results also show that at least 1 coun-
try has achieved coverage levels above 80% for 16 inter-
ventions; and at least 1 country reached a coverage level 
of between 70 and 80% for 4 other interventions [postna-
tal care for babies, exclusive breastfeeding, insecticide-
treated net (ITN) use in children under 5, and oral rehy-
dration salt (ORS)]. The results also show, however, that 
substantial progress is still needed. The median coverage 
levels for several interventions hover at or below 50% (i.e. 
interventions related to case management of childhood 
illnesses, demand for family planning satisfied, and early 
initiation of and exclusive breastfeeding under 6 months 
of age)  [27, 28] .

  In absolute terms, the largest increase was observed for 
ITNs (35%), followed by exclusive breastfeeding (14%), 
antenatal care (at least 1 visit) and DTP3 vaccine (both 
with 12%). The slowest absolute gains were observed for 
ORS and early initiation of breastfeeding, both with 4%. 
Absolute gains need to be interpreted with caution be-
cause increases are harder to achieve if baseline levels are 
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 Fig. 2.  Increased service volumes can depress coverage gains. An-
nual numbers of births in Nigeria. Reproduced with permission 
from World Population Prospects, the 2010 Revision [30].

Table 1.  Median national coverage of Countdown intervention 
based on the most recent measurement since 2006, with number 
of countries reported and range [27, 28]

Countdown indicator Countries
with data
n

Median 
coverage
%

Range
%

 Pre-pregnancy 
Demand for family planning satisfied 46 56 17–97

 Pregnancy 
Antenatal care (at least 1 visit) 69 88 26–100
Antenatal care (≥4 visits) 49 55 6–97
IPTp* 39 13 0–69
Neonatal tetanus protection 66 85 60–94

 Birth 
Skilled attendant at birth 67 57 10–100

 Postnatal period 
Postnatal visit for mother 22 41 22–87
Postnatal visit for baby 4 50 8–77
Early initiation of breastfeeding 55 46 18–81

 Infancy 
Exclusive breastfeeding 57 37 1–74
Introduction of semi-solid/solid foods 39 73 16–94
Vitamin A (2 doses) 56 92 0–100
Measles 73 84 46–99
DTP3 74 85 33–99
HiB3 58 83 45–99

 Childhood 
ORT 53 45 7–68
ORS 57 33 10–77
Care seeking for pneumonia 57 55 13–83
Antibiotic treatment for pneumonia 45 39 3–88
ITN use* 36 34 3–70
Antimalarial treatment* 31 25 0–91

 Water and sanitation 
Improved drinking water sources (total) 70 76 29–99
Improved sanitation facilities (total) 71 40 9–100

I PTp = Intermittent preventive therapy of malaria during pregnancy; 
ORT = oral rehydration therapy. * For the malaria indicators, the number 
of countries is based on those countries with ≥75% of the population at risk 
of  Plasmodium falciparum  transmission with an estimate during the time 
period 2006–2010.
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already high. For example, median coverage of measles 
and DTP3 was already relatively high at 71% during the 
time period 2000–2005, limiting the possible absolute in-
crease in coverage to 29%  [27, 28] .

   Table 2  shows progress in intervention coverage from 
2000–2005 to 2006–2011  [27, 28] . This illustrates that in-
terventions that had already achieved coverage of  6 70% 
by 2005 (1 antenatal care visit, DTP3, and measles) and 
had a potential for rapid growth among new interven-
tions were backed by high levels of resources and political 
commitment (e.g. ITNs). Interventions requiring strong 
health systems (skilled attendant at birth, ORS) or those 
requiring behavior change (breastfeeding, care seeking 
for pneumonia) appear to be stalled and coverage levels 
remain between 30 and 50%, suggesting that what we 

have been doing for these interventions over the past de-
cade is not working and needs to be re-examined to find 
more effective ways of reaching the women and children 
who need to receive them. 

  However, it should be noted that focus on coverage 
alone is not the solution. This can mask important prog-
ress in countries with delivering services to mothers, 
newborns, and children. One illustrative example of this 
is Nigeria’s slow progress in increasing coverage of skilled 
attendants at birth despite doubling in the number of 
births attended by a skilled health provider. It is also a 
clear indication of the considerable challenges posed by 
population pressure on country efforts to deliver inter-
ventions at scale ( fig. 2 )  [30] .
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  Undernutrition, Food Security and Poverty:

The Inequities 

 Although rates of childhood malnutrition have de-
creased overall, the relative improvements in trends for 
malnutrition indicate considerable disparity, with South 
Asia still showing a high burden of malnutrition ( fig. 3 ) 
 [31] . Of all the world’s LBW infants, almost three quarter 
are born in South Asia alone  [32, 33] . In other parts of the 
world, high rates of HIV threaten to reverse all the gains 
made by child survival programs, with increasing malnu-
trition. 

  Stunting prevalence is a critical indicator of progress 
in child survival, reflecting long-term exposure to poor 
health and nutrition, especially in the first 2 years of life 
 [34] . Children under the age of 5 around the world have 
the same growth potential, and prevalence of stunting 
above the 3% level expected in a well-nourished popula-
tion indicates the need for remedial actions. All 61 Count-
down countries with data available since 2006 have levels 
of stunting above the 3% threshold ( fig. 4 ). In the major-
ity of these countries, more than 1 in 3 children is stunt-
ed, a situation requiring urgent attention. Stunting is par-
ticularly high among the poorest populations within the 
Countdown countries ( fig. 5 ). In one fifth of the Count-
down countries, more than half of the children in the 
poorest 20% of all families are stunted. Addressing child-
hood undernutrition through multisectoral programs 
must continue to be a major priority across the Count-
down countries.

  Wasting, or low weight-for-height in children under 5 
years of age, is the most reliable indicator of acute food 
insecurity and signals an urgent need for action  [1] . The 
short-term mortality risk for a wasted child is much high-
er than for a stunted child. In 60 Countdown countries 
with data since 2006, the median prevalence of wasting is 
7.1%, ranging from 0.6% in Peru to 21% in the last survey 
in pre-cession Sudan. Very high rates of wasting are also 
observed in Niger (15.5%), Chad (15.6%), Bangladesh 
(17.5%), and India (20.0%). 

  Poor maternal nutrition contributes to at least 20% of 
maternal deaths and increases the probability of other 
poor pregnancy outcomes including newborn deaths  [1] . 
There are fewer data available on the nutritional status of 
women than on the nutritional status of children. Key 
indicators of maternal nutrition are maternal stature, 
body mass index (BMI), and anemia. Prevalence of low 
BMI among women of reproductive age is an important 
risk factor for IUGR and LBW, as well as for neonatal 
mortality. Maternal undernutrition is particularly severe 
in Countdown countries in the South Asia region. Na-
tional data from Pakistan, for example, indicate that 
 1 25% of women 15–19 years of age had a BMI  ! 18.5 and 
10% were shorter than 145 cm  [35] . In 24 Countdown 
countries with a recent Demographic and Health Survey, 
the median prevalence of low BMI among women of re-
productive age is 10.9%, with a minimum of 0.7% in 
Egypt. Four countries report an extremely high preva-
lence: Nepal (26.1%), Madagascar (28.1%), Bangladesh 
(32.8%), and India (39.9%). Low BMI is not the only type 

Table 2.  Trends in Countdown indicators, countries with data from at least 2 surveys; 2000–2005 and 2006–2011 [27, 28]

Countdown indicator Countries 
with data
n

Median 
coverage
2000–2005
%

2000–2005
range, %

Median 
coverage
2006–2011
%

2006–2010
range, %

Change in
percentage 
points

% of 
gap 
closed

Antenatal care (at least 1 visit) 61 76 27–98 88 34–100 12 50
Skilled attendant at birth 61 49 6–99 57 10–100 8 16
Early initiation of breastfeeding 21 49 32–72 53 20–81 4 8
Exclusive breastfeeding under 6 months 48 26 1–68 40 3–74 14 19
Measles* 73 71 17–98 79 27–99 8 28
DTP3* 73 71 25–99 83 19–99 12 41
ORS 46 29 10–66 33 10–77 4 6
Care seeking for pneumonia 45 44 16–93 51 23–83 7 13
ITN** 26 2 0–23 37 3–64 35 36

*  The immunization data, measles and DTP3, are based on the interagency estimates from 2002 and 2008; these were the aver-
age reference years for calculating trends for the non-vaccine indicators. ** For the malaria indicators, analyses are restricted to 
countries with ≥75% of the population at risk of Plasmodium falciparum transmission and with trend data available.



 Bhutta/Salam

 

Ann Nutr Metab 2012;61(suppl 1):19–2726

of undernutrition affecting pregnant women; short ma-
ternal stature, often a result of childhood stunting, is a 
risk factor for obstructed labor and caesarean delivery 
due to a resulting disproportion between the baby’s head 
and the maternal pelvis. A World Health Organization 
review of nationally representative surveys from 1993 to 
2005 found that 42% of pregnant women worldwide are 
anemic, with over half of all cases due to iron deficiency 
 [36] . Prenatal folic acid deficiency is also widespread and 
associated with an increased risk of neural tube defects. 

  Further research is needed to understand the relation-
ships between maternal undernutrition and short- and 
long-term maternal and child health outcomes. More and 
better data are also needed on measures of maternal nutri-
tional status and on coverage of evidence-based interven-
tions, including folic acid supplementation in the pericon-
ceptional period, iron and folic acid uptake among women 
at risk of iron deficiency anemia, and nutritional programs 
to address food insecurity and low maternal BMI. 

  Conclusions 

 Given the wide prevalence of multiple micronutrient 
deficiencies in developing countries, the challenge is to 
implement intervention strategies that combine appro-
priate infant and young child feeding with micronutrient 
interventions at scale. Emerging data from community 
intervention trials now provide evidence that this is both 
tangible and can lead to alleviation of childhood under-
nutrition. In other instances, strategies to address food 
insecurity and poverty alleviation are the key. 

  Current guidelines for the management of severe mal-
nutrition are mainly based on new concepts regarding the 
causes of malnutrition and on advances in our knowledge 
of the physiological roles of micronutrients. In contrast to 
the early ‘protein dogma’, there is a growing body of evi-
dence that severely malnourished children are unable to 
tolerate large amounts of dietary protein during the initial 
phase of treatment. A need for the mineral-vitamin mix 
supplementation was recognized, which could be designed 
for the initial treatment and the rehabilitation phase  [37] . 
In many settings, more than one micronutrient deficiency 
exists, suggesting the need for simple approaches that eval-
uate and address multiple micronutrient malnutrition  [9] . 
Food-based approaches are regarded as the long-term 
strategy for improving nutrition, which would need enor-
mous efforts and proper planning, but for certain micro-
nutrients, supplementation, be it to the general popula-
tion, to high-risk groups or as an adjunct to treatment, 
must also be considered. Furthermore, any plan for the 
fortification would need to be piloted and get experienced 
before implementation. Universal coverage with the full 
package of proven interventions at observed levels of pro-
gram effectiveness could prevent about one quarter of 
child deaths under 36 months of age and reduce the prev-
alence of stunting at 36 months by about one third. 
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