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Globally, about 20 million infants are born with low birth weight (LBW; <2500 g). Of all LBW infants, approximately
95% are born in developing countries. The greatest incidence of LBW occurs in South-Central Asia; the second
greatest is in Africa. The twomain reasons for LBW are preterm birth (<37 weeks) and intrauterine growth restriction
(IUGR), which are risk factors for increased morbidity and mortality in newborn infants. Maternal nutrition status is
one of the most important risk factors for LBW/IUGR. Providing balanced protein energy and multiple micronutrient
supplements to pregnant women will reduce incidence of IUGR. Calcium supplementation during pregnancy will
reduce the incidence of pre-eclampsia and preterm birth in developing countries. Exclusive breastfeeding is pro-
tective for a mother and her infant and has been shown to reduce morbidity and mortality in infancy. Kangaroo
mother care for preterm infants will reduce severe morbidity and mortality as well. Community-based intervention
packages are among the most effective methods of reducing morbidity and mortality in mothers and children. Fu-
ture research should focus on improving triage of preterm and IUGR infants. Exclusive breastfeeding should be pro-
moted, and appropriate alternative food supplements should be provided when breastfeeding is not possible. (J
Pediatr 2013;162:S107-14).

D
uring the past decade, child mortality before the age of 5 years has decreased markedly. The child death rate was 10.6
million/year in 2000-2003; it decreased to 8.8 million in 2008.1,2 A reduction in mortality among children 1 to 59
months of age accounts for most of this decline. This may be because child-survival programs have focused primarily

on important causes of death after the first 4 weeks of life (ie, pneumonia, diarrhea, malaria, and vaccine-preventable disor-
ders).3 At the same time, little progress has been made in reducing neonatal mortality.4 Neonatal deaths now account for
41% of deaths compared with 37% from 2000 to 2003.1,2 To achieve the Millennium Development Goal 4 to reduce child mor-
tality by two-thirds by 2015, it is important to reduce neonatal deaths.3

Low birth weight (LBW) increases morbidity andmortality in neonates and is a common feature in most neonatal deaths.3,5,6

LBW may result from preterm birth, intrauterine growth restriction (IUGR), or both.7 Preterm infants are 7 to 13 times more
likely to die during the neonatal period than full-term infants.8-10 Infants who are preterm with IUGR have an even greater risk
of death.11 A term LBW infant is likely to have growth failure and an increased risk of morbidity and mortality in infancy.12 It
has been estimated that the risk for neonatal death is 2.8 or 8 times greater for term infants who weigh 1500 to 1999 g at birth
than for infants who weigh 2000 to 2499 g or 2500 to 2999 g, respectively.13 LBW infants who survive are likely to remain small
and more likely to experience developmental deficits than normal-term infants.14 Adults who had LBWs have a greater inci-
dence of chronic diseases such as type 2 diabetes, hypertension, and other cardiovascular disease.14,15

According to the United Nations Children’s Fund (UNICEF), an estimated 15.5% (>20 million infants) of all births were
LBW (<2500 g) worldwide in the year 2000.5 The prevalence of LBW infants in developing countries (16.5%) is more than
double than in developed countries (7%). The vast majority (95%) of LBW infants are born in developing countries, with
the greatest incidence in South-Central Asia (27%) followed by Africa, where incidence ranges from 13% to 15%, with little
variation across the region as a whole. Overall, �70% all LBW births occur in Asia.5

The causes of LBW are different in developing and developed countries.16 Preterm birth is major cause of LBW in developed
countries, whereas most LBW newborns are born at term but small for gestational age (SGA) in developing nations.17 SGA
infants are defined as infants whose weight is below the 10th percentile or 2 SD below the mean in growth charts for their es-
timated gestational age.18 Accurate assessment of gestational age is required to screen SGA infants. Because it is relatively dif-
ficult to get accurate gestational age estimates, birth weight is the most commonly used variable used to compare different
populations.16 Infants born with LBW at term have IUGR, whereas the subcategory very LBW comprises mainly preterm
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infants. Indeed, these 2 categories overlap because some pre-
term infants exhibit features of IUGR and other newborn in-
fants with evidence of IUGR may weigh more than 2500 g at
birth, and, thus, are not considered LBW.16 In developing
countries, it is difficult to assess and evaluate LBW infants
and monitor rates of neonatal mortality because data are in-
complete. It is estimated that 58% of newborn infants are not
even weighed at birth in developing countries.5 The incidence
is greatest in south Asia and sub-Saharan Africa, where 74%
and 65% of births are not weighed, respectively.5

We reviewed the evidence base for strategies designed to
manage LBW/preterm infants in community settings in the
developing world to make specific recommendations for ac-
tion. We searched PubMed, Cochrane Library, World Health
Organization/UNICEF data bases and guidelines by using
a combination of terms for “low birth weight,” “community,”
“nutrition,” etc, and synthesized up-to-date evidence on nu-
tritional management of LBW infants in the community.

Etiology of LBW

The causes of fetal growth restriction andprematurity in devel-
oping countries are well known.16,19 Some of the most impor-
tant maternal risk factors include: low prepregnancy weight or
body mass index (BMI); inadequate energy intake and gesta-
tional weight gain; cigarette smoking; and specific complica-
tions of pregnancy, such as genital tract infections,
pregnancy-induced hypertension, and incompetent cer-
vix.3,16,19 Fetuses with certain genetic or chromosomal
disorders are also at greater risk for IUGR.20 The Table
summarizes the main known risk factors in the pathogenesis
of LBW/IUGR.16,19 Figure 1 describes the interaction of
social, economic, and behavioral factors that can result in
LBW/IUGR.16

The nutritional status of a woman before and during preg-
nancy is important for a healthy pregnancy outcome. Preg-
nancy is just one stage of a woman’s life, and women living
in a developing country become pregnant in a context of gen-
Table. Selected risk factors for LBW

Prepregnancy Pregnanc

Low weight for height
Short stature
Chronic medical illness
Poor nutrition
Low maternal weight at mother’s birth
Previous infant of LBW
Uterine or cervical anomalies
Parity (none or more than 5)

Multiple gestation
Birth order
Anemia
Elevated hemoglobin
concentration
Fetal disease
Pre-eclampsia and hy
Infections
Placental problems
Premature rupture of
Heavy physical work
Altitude
Renal disease
Assisted reproductive
Exposure to indoor ai
Maternal psycho-soci
Mental health

Data derived from Qadir and Bhutta16 and Valero De Bernabe et al.19
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der inequality, inadequate educational opportunities, malnu-
trition, marriage and conception at a young age, short birth
intervals, and undesirably large families. Figure 2 helps us to
understand the cycle of malnutrition that runs among LBW,
childhood/adolescent stunting, and maternal undernutrition
and how repeated pregnancies with inadequate recovery
between pregnancies can lead to maternal depletion
syndrome.21

Maternal undernutrition is widespread in low and middle-
income countries, especially in South-Central Asia where
more than 10% of women 15 to 49 years old are <145 cm
tall and show evidence of maternal wasting (BMI <18.5) in
most countries.13 A serious problem of maternal undernutri-
tion (more than 20% of women with BMI <18.5) is evident in
most countries in sub-Saharan Africa, South-Central/South-
Eastern Asia. Yemen, India, Bangladesh, and Eritrea have
a critical problem because BMI is low in about 40% of all
women.13

Low prepregnancy weight and BMI are important risk fac-
tors for LBW.13,22 A recent meta-analysis of 78 studies that
included 1 025 794 women has shown that maternal under-
weight is associated with an overall increased risk of preterm
birth by 29% (relative risk [RR] 1.29; 95% CI 1.15-1.46) and
that of LBW by 64% (RR 1.64; 95% CI 1.38-1.94).23 A sub-
group analysis showed that underweight women have an
increased risk of preterm birth in developing countries (RR
1.22; 95% CI 1.15-1.30) but not in developed countries
(RR 0.99; 95% CI 0.67-1.45). In both developed and develop-
ing countries, underweight women are at increased risk of
LBW births (RR 1.48; 95% CI 1.29-1.68 and RR 1.52; 95%
CI 1.25-1.85, respectively).
In addition to maternal nutrition status, increased physical

activity performed by women, such as farming or gathering
water, is reported to be associated with lower birth weights
and smaller head and mid-arm circumferences in infants.24

Malaria during pregnancy is associated with LBW,16 and
malaria chemoprophylaxis increases maternal hemoglobin
levels and infant birth weights.25 In addition, women in
y Social and environmental

pertension

membranes

technology
r pollution
al stress

Low socioeconomic status
Low educational status
Smoking
No care or inadequate prenatal care
Poor gestational weight gain
Alcohol abuse
Illicit and prescription drugs
Short interpregnancy intervals (<6 months)
Age (<16 or >35 years)
Unmarried
Stress (physical and psychological)
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Figure 1. Factors associated with LBW. PIH, pregnancy induced hypertension. Figure used with permission fromQadir A et al.16
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developing countries may suffer from chronic and communi-
cable diseases, which further aggravate their already poor nu-
tritional status. Certain social factors like drug abuse, poor
nutritional habits, and cigarette smoking are interrelated
and covary with poor socioeconomic status.16 Some of the
other key risk factors associated with LBW are indoor air pol-
lution, environmental tobacco smoke, and maternal mental
health.16,25,26

Interventions to Prevent LBW

Prevention and management of LBW in the community
requires a continuum of care and coordination among repro-
ductive health services that provide family planning support,
such as antenatal care for pregnant women, skilled atten-
dance and emergency obstetric care during birth, and postna-
tal care services.6,16 Figure 3 summarizes evidence-based
interventions that can help prevent and manage morbidity
and mortality in LBW infants. We focus on nutrition inter-
ventions that can help to prevent or manage the LBW and/
or preterm infant in the community.

Birth Spacing
The relationship of adequate birth spacing (>36 months)
and neonatal and infant outcomes is well known.27-30 Short
birth intervals increase the risk of LBW, preterm birth, neo-
natal mortality, and stunting.27,31-33 A meta-analysis by
Conde-Agudelo et al32 has shown that inter-pregnancy
intervals shorter than 6 months are associated with an in-
creased risk of preterm birth compared with interpregnancy
Nutritional Management of the Low Birth Weight/Preterm Infant in
A Perspective from the Developing World
intervals of 18-23 months (OR 1.40; 95% CI 1.24-1.58),
LBW (OR 1.61; 95% CI 1.39-1.86), and SGA (OR 1.26;
95% CI 1.18-1.33). A retrospective study of 45 000 women
has shown that the women who use family planning services
are less likely to deliver a LBW infant than those who
do not.34

Maternal Nutrition Interventions
Low folate levels are associated with LBW, preterm birth, and
IUGR.35-39 Folic acid supplementation around the time of
conception reduces the incidence of neural tube defects and
other congenital anomalies.40,41 Folate supplementation re-
duces the incidence of preterm birth and LBW.35,42,43 Most
of this evidence is based on observational and nonrandom-
ized studies; any recommendation for providing folate sup-
plements to preterm and/or LBW infants should be made
after the intervention has been tested in randomized trials.
Balanced protein energy supplementation is considered one

of the most promising macronutrient interventions for the
prevention of adverse perinatal outcomes, including
IUGR.44,45 A recent meta-analysis of randomized studies indi-
cate that balanced protein energy supplementation in preg-
nancy is associated with a 31% reduction in the risk of giving
birth to an SGA infant (RR 0.69; 95% CI 0.56-0.85).46 It also
increases mean birth weight (mean difference, +59 g; 95% CI
33-86). This effect is more pronounced in malnourished
women than adequately nourished women. The authors of
a Cochrane review of balanced protein energy supplementa-
tion has also concluded that risk of stillbirth was significantly
reduced for women given balanced energy and protein
Community Settings: S109



Figure 2. Nutrition across the life cycle. Figure created by United Nations Administrative Committee on Coordination, Sub-
Committee on Nutrition and reproduced per United Nations Administrative Committee on Coordination, Sub-Committee on
Nutrition policy.21
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supplementation (RR 0.62, 95% CI 0.40-0.98), mean birth
weight was significantly increased (mean difference +40.96 g;
95% CI 4.66-77.26).45 There also was a significant reduction
in the risk of SGA (RR 0.79, 95% CI 0.69-0.90). No significant
effect was detected for preterm birth or neonatal death.45

Micronutrient deficiency is common in most low- and
middle-income countries.13,47,48 Iron deficiency is one of
the leading micronutrient deficiencies among pregnant
women in these countries.49 For example, anemia affects
41.8% of all pregnancies globally,50 and iron deficiency ac-
counts for half of these cases.51 Intermittent or daily iron
or iron-folic acid supplementation during pregnancy in-
creases hemoglobin levels and decreases the incidence of ane-
mia at term.52

Because maternal micronutrient deficiencies during preg-
nancy in developing countries are common, there is interest
in administering multiple micronutrients during pregnancy
as an alternative to traditional iron-folic acid combina-
tions.53 UNICEF has developed such a formulation called
the United Nations Multiple Micronutrient Preparation in
close collaboration with the United Nations University and
the World Health Organization.48 The authors of a Cochrane
review showed that multiple micronutrient supplementation
has comparable effects on maternal anemia in the third tri-
mester (RR 1.03; 95% CI 0.87-1.22) and reduces the risk of
SGA births by 9% (RR 0.91; 95% CI 0.86-0.96) compared
S110
with iron-folate supplementation.54 A meta-analysis of 12
randomized, controlled trials has shown that multiple micro-
nutrient supplementation is associated with an increase in
mean birth weight (mean difference, 22.4 g; 95% CI 8.3-
36.4 g); a reduction in the prevalence of LBW (OR 0.89;
95% CI 0.81-0.97) and SGA (OR 0.90; 95% CI 0.82-0.99);
and an increase in the prevalence of large-for-gestational-
age babies (OR 1.13; 95% CI 1.00-1.28).53 Another recent
meta-analysis that included 17 trials has shown that multiple
micronutrient supplements reduces incidence of SGA by 9%
(RR 0.91; 95% CI 0.86-0.96 [fixed model]).55

Recently, there has been an increased interest in providing
combined macro/micronutrient supplements because defi-
ciencies for both exist concurrently. A study from Burkina
Faso has shown that supplementation with balanced protein
energy and multiple micronutrients increases length at birth
more than supplementation with multiple micronutrients
alone.56 Future research efforts should focus on validating
these results in other parts of the world.

Calcium and Magnesium Supplementation during
Pregnancy
Hypertensive disorders of pregnancy increase maternal mor-
bidity and mortality and are associated with preterm birth
and IUGR.57,58 Women with pre-eclampsia are 2.7 times
more likely than normotensive women to have infants with
Imdad and Bhutta



Figure 3. Proposed nutrition related interventions for preven-
tion and management of LBW/preterm birth in community
settings. MMN, maternal multiple micronutrient.
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IUGR.57 Calcium supplementation during pregnancy re-
duces gestational hypertensive disorders and risk of preterm
birth. A Cochrane review by Hofmeyr et al59 has shown that
calcium supplementation during pregnancy significantly re-
duces the incidence of gestational hypertension (RR 0.65;
95 % CI 0.53-0.81), preeclampsia (RR 0.45; 95% CI
0.31-0.65), and preterm birth (RR 0.76; 95% CI 0.60-0.97).
Another recent review of studies from developing countries
shows similar results for reduction in risk of gestational
hypertension (RR 0.55; 95% CI 0.36-0.85), pre-eclampsia
(RR 0.41; 95% CI 0.24-0.69), and preterm birth (RR 0.88;
95% CI 0.78-0.99).60 Magnesium sulfate (MgSO4) supple-
mentation effectively prevents eclampsia in women with
pre-eclampsia.51 A Cochrane review that included 6 trials
for MgSO4 analysis shows that MgSO4 supplementation re-
duces the risk of eclampsia (RR 0.41; 95% CI 0.29-0.58)
and placental abruption (RR 0.64; 95% CI 0.50-0.83) in
pre-eclamptic women.61

Breastfeeding
Breast milk is the natural and ideal first food for infants,
including those born with LBW; it provides many immuno-
logic, psychological, and social, economic, and environmen-
tal benefits.62-64 Breastfeeding should be initiated within 24-
48 hours after birth and continued as the sole source of nu-
trition for the first 6 months of life.65 Suboptimal breastfeed-
Nutritional Management of the Low Birth Weight/Preterm Infant in
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ing is a risk factor for increased morbidity and mortality in
infants.66 Partially breastfed infants have 3 times the risk of
all-cause mortality, and those who do not breastfeed have
14 times the risk of death in the first 6 months of life com-
pared with those who breastfeed exclusively.13 A study
from Ghana has shown that the risk of neonatal death is 4-
fold greater in children given milk-based fluids or solids in
addition to breast milk.67 There is increasing risk of neonatal
mortality with increasing delay in initiation of breastfeeding
from 1 hour to day 7. Late initiation of breastfeeding (after
day 1) is associated with a 2.4-fold increase in risk of mortal-
ity. Another study from Bangladesh has shown that partial or
no breastfeeding is associated with a 2.23-fold greater risk of
infant deaths resulting from all causes and 2.40- and 3.94-
fold greater risk of deaths attributable to acute respiratory in-
fections and diarrhea, respectively, compared with exclusive
breastfeeding in the first few months of life.68

Exclusive breastfeeding is not common in most coun-
tries.69,70 Exclusive breastfeeding rates vary from 20% in cen-
tral and eastern European countries to 44% in South Asia.71

Exclusive breastfeeding for 6 months might be difficult, par-
ticularly where maternal malnutrition is common.72 One of
the main contributing factors is the lack of assistance to
mothers who wish to breastfeed.73 Education and support
is, therefore, the cornerstone for the promotion of breast-
feeding.74 The Baby Friendly Hospital Initiative and peer
counselors are considered the two most effective strategies
to promote exclusive breastfeeding, especially when infants
are delivered at home.65

Comprehensive and culturally appropriate breastfeeding
education provided by counselors (physicians, nurses, mid-
wives, lactation consultants, or peer counselors) in the hospi-
tal during the prenatal period and continued support in the
mother’s home is critical for facilitating breastfeeding among
mothers, especially those who have low incomes.75-77 Prena-
tal and postnatal education is important because the inci-
dence of breastfeeding is affected primarily by prenatal
education, whereas prenatal and postpartum management
affects the duration and exclusivity of breastfeeding.78,79

The authors of a Cochrane review have evaluated support
for the breastfeeding mother and show that all forms of extra
support increases the duration of “any breastfeeding” (RR
0.91; 95% CI 0.86-0.96) and increases likelihood of exclusive
breastfeeding compared with any breastfeeding (RR 0.81; 95
% CI 0.74-0.89).80 A review published in the Lancet Under-
nutrition series shows that individual counseling increases
the odds of exclusive breastfeeding substantially during the
neonatal period (OR 3.45; 95% CI 2.20-5.42) and at 6
months after delivery (OR 1.93; 95% CI, 1.18-3.15).65 Group
counseling is also effective during the neonatal period (OR
3.88; 95% CI 2.09-7.22) and at 6 months after delivery (OR
5.19; 95% CI 1.90-14.15). Mass media campaigns have
been shown to increase rates of exclusive breastfeeding.

Kangaroo Mother Care
Kangaroo mother care is a simple and cost-effective method
to promote the health and well-being of preterm infants.81 It
Community Settings: S111
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is an effective way to meet an infant’s needs for warmth,
breastfeeding, protection from infection, stimulation, safety,
and love. Its key features include early, continuous and pro-
longed skin-to-skin contact between the mother and the in-
fant, exclusive breastfeeding, and support provided during
the hospital stay and continued at home.

Kangaroo mother care has been shown to reduce
morbidity and mortality in preterm infants. A recent review
for the Lives Saved Tool by Lawn et al82 has shown that
kangaroo mother care in the first week of life reduced neona-
tal mortality by 51% (RR 0.49; 95% CI 0.29-0.82) compared
with standard care. A meta-analysis of 5 randomized con-
trolled trials suggested significant reductions in seri-
ous morbidity for infants <2000 g (RR 0.34; 95% CI
0.17-0.65).82 Kangaroo mother care can be practiced in
facility as well as community settings. These benefits may
also be evident in facilities in developing countries.
Mother-infant dyads that practice kangaroo mother care
have reduced rates of mortality and lengths of stay.83

Skin Barrier Therapy for Preterm Infants
An important determinant of the highmorbidity andmortal-
ity rates for preterm infants is the integrity of the skin bar-
rier.84 The immature skin barrier allows high rates of
transepidermal water loss and concomitant loss of fluid
and heat and increases the susceptibility to invasive infec-
tions.85-87 Enhancement of the skin barrier through topical
emollient therapy reduces morbidity and mortality in pre-
term infants.88-90 A randomized trial from Bangladesh has
shown that applying sunflower oil to the skin of preterm in-
fants reduces sepsis by 41% and mortality by 26%.88

On the other hand, a multicenter study of extremely LBW
preterm infants (birth weight <1000 g) indicates that applica-
tion of a commercially available emollient ointment has no
effect on neonatal mortality.90 Although the evidence is not
conclusive, a Cochrane review has shown that emollient in-
terventions improves daily weight gain by 5.1 g (95% CI
3.5-6.7), reduces length of stay by 4.5 days (95% CI 2.4-
6.5) and has a slight, positive effect on postnatal complica-
tions and weight gain at 4-6 months.91 Another noteworthy
intervention for preterm infants is swaddling; infants who
are swaddled have improved neuromuscular development,
less physiologic distress, better motor organization, and
more self-regulatory ability than those who are not.92

Discussion

Despite a number of limitations and gaps in evidence, there is
sufficient knowledge to recommend strategies to prevent and
mitigate morbidity andmortality of the LBW and/or preterm
infant in the developing world. Addressing maternal under-
nutrition and risk factors for IUGR through evidence-based
interventions such as balanced energy protein supplements
and strategies to address food insecurity can be fruitful. In
addition, addressing maternal micronutrient deficiencies
and reducing the burden of morbidity and malaria are im-
portant. In the long term, reducing family size and increasing
S112
interpregnancy intervals may also reduce maternal depletion
and improve birth weight.
On the basis of current evidence and the context of nutri-

tional management and thermal care of these infants, early
and exclusive breastfeeding is of key importance. Strategies
to address maternal antenatal care and promotion of breast-
feeding include providing education and support through
community support groups and trained health workers. Out-
reach services provided by lay health workers and community
structures offer the best platform for promoting context-
specific packages of early newborn care and for reaching
those in greatest need.
There is overwhelming evidence to support breastfeeding

or breast milk feeding of LBW and preterm infants in devel-
oping countries. It is now recommended that mothers with
HIV should breastfeed their infants when the infant or
mother is on effective antiretroviral therapy.
It is also important to underscore the need for further

studies in these areas where there is limited evidence. The cri-
teria used to identify and triage preterm (early and late) and
SGA infants at birth should be made cost-effective and avail-
able to communities with minimal resources (eg, robust and
economical weighing scales should be made more widely
available). When breastfeeding is not possible, products
that are nutritionally adequate for preterm infants (<35
weeks’ gestation or <1500 g birth weight) should be made
available. The provision and promotion of these nutritional
alternatives should be done in a way that does not impact
current breastfeeding strategies and recommendations. Sup-
plements developed for breastfed preterm infants should be
designed with due consideration of the protein/energy and
micronutrient needs, safety studies, and risk-benefit analyses
that are appropriate for the developing world. Improved ref-
erence standards for intrauterine and postnatal growth for
infants that define “optimal” growth should consider the
global population of preterm infants. n
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