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What works? Interventions for maternal and child 
undernutrition and survival
Zulfi qar A Bhutta, Tahmeed Ahmed, Robert E Black, Simon Cousens, Kathryn Dewey, Elsa Giugliani, Batool A Haider, Betty Kirkwood, 
Saul S Morris, H P S Sachdev, Meera Shekar, for the Maternal and Child Undernutrition Study Group*

We reviewed interventions that aff ect maternal and child undernutrition and nutrition-related outcomes. These 
interventions included promotion of breastfeeding; strategies to promote complementary feeding, with or without 
provision of food supplements; micronutrient interventions; general supportive strategies to improve family and 
community nutrition; and reduction of disease burden (promotion of handwashing and strategies to reduce the burden 
of malaria in pregnancy). We showed that although strategies for breastfeeding promotion have a large eff ect on survival, 
their eff ect on stunting is small. In populations with suffi  cient food, education about complementary feeding increased 
height-for-age Z score by 0·25 (95% CI 0·01–0·49), whereas provision of food supplements (with or without education) 
in populations with insuffi  cient food increased the height-for-age Z score by 0·41 (0·05–0·76). Management of severe 
acute malnutrition according to WHO guidelines reduced the case-fatality rate by 55% (risk ratio 0·45, 0·32–0·62), and 
recent studies suggest that newer commodities, such as ready-to-use therapeutic foods, can be used to manage severe 
acute malnutrition in community settings. Eff ective micronutrient interventions for pregnant women included 
supplementation with iron folate (which increased haemoglobin at term by 12 g/L, 2·93–21·07) and micronutrients 
(which reduced the risk of low birthweight at term by 16% (relative risk 0·84, 0·74–0·95). Recommended micronutrient 
interventions for children included strategies for supplementation of vitamin A (in the neonatal period and late infancy), 
preventive zinc supplements, iron supplements for children in areas where malaria is not endemic, and universal 
promotion of iodised salt. We used a cohort model to assess the potential eff ect of these interventions on mothers and 
children in the 36 countries that have 90% of children with stunted linear growth. The model showed that existing 
interventions that were designed to improve nutrition and prevent related disease could reduce stunting at 36 months 
by 36%; mortality between birth and 36 months by about 25%; and disability-adjusted life-years associated with stunting, 
severe wasting, intrauterine growth restriction, and micronutrient defi ciencies by about 25%. To eliminate stunting in 
the longer term, these interventions should be supplemented by improvements in the underlying determinants of 
undernutrition, such as poverty, poor education, disease burden, and lack of women’s empowerment.

Introduction
Of an estimated 178 million children aged younger than 
5 years who are stunted (ie, have a height-for-age 
Z score of less than −2),1 most live in sub-Saharan Africa 
and south-central Asia. 160 million (90%) stunted 
children live in just 36 countries, and make up 46% of 
the 348 million children in those countries. About 
55 million children are wasted (ie, have a weight-for-height 
Z score of less than −2), of whom 19 million have severe 
wasting (weight-for-height Z score of less than −3) or 

severe acute malnutrition (weight-for-height Z score of 
–3 or lower or associated oedema).

Although the prevalence of maternal undernutrition—
assessed by low body-mass index—varies, fetal 
undernutrition or intrauterine growth restriction is 
common, with the highest prevalence in south-central 
Asia.1 The association between undernutrition and child 
mortality is strong,2 but evidence for the contribution of 
intrauterine growth restriction to mortality of neonates 
and children younger than 5 years has been less robust.3 
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Key messages

• Eff ective interventions are available to reduce stunting, micronutrient defi ciencies, and child deaths. If implemented at 
suffi  cient scale, they would reduce DALYs (all child deaths) by about a quarter in the short term

• Of available interventions, counselling about breastfeeding and fortifi cation or supplementation with vitamin A and zinc have 
the greatest potential to reduce the burden of child morbidity and mortality

• Improvement of complementary feeding through strategies such as counselling about nutrition for food-secure populations 
and nutrition counselling, food supplements, conditional cash transfers, or a combination of these, in food-insecure 
populations could substantially reduce stunting and related burden of disease 

• Interventions for maternal nutrition (supplements of iron folate, multiple micronutrients, calcium, and balanced energy and 
protein) can improve outcomes for maternal health and births, but few have been assessed at suffi  cient scale

• Although available interventions can make a clear diff erence in the short term, elimination of stunting will also require 
long-term investments to improve education, economic status, and empowerment of women
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We have therefore aimed in this Series1 to estimate the 
eff ects of undernutrition, including intrauterine growth 
restriction, on childhood death and disability outcomes. 
We have also investigated the eff ects of intrauterine 
growth restriction and patterns of growth in early 
childhood on disease and human capital in adulthood.4

In addition to these anthropometric measures of 
undernutrition, globally 10% of deaths and 
disability-adjusted life-years (DALYs) in children younger 
than 5 years are attributable to micronutrient defi ciencies, 
with nearly all this burden due to defi ciencies of vitamin A 
and zinc. These calculations incorporate the documented 
eff ects of undernutrition on maternal and child mortality 
and morbidity, but do not include the possible 
contribution of intrauterine growth restriction or altered 
growth in early childhood to obesity and 
non-communicable diseases in adults.4

We aimed to estimate the reduction in deaths related 
to stunting and lost DALYs that could result from 
implementation of interventions in the 36 countries in 
which 90% of the world’s stunted children live. We also 
estimated the eff ects of these interventions on maternal 
deaths and DALYs in the same countries. We reviewed 
all nutrition-related interventions that could aff ect 
selected nutritional outcomes or survival in mothers 
and children, and used a cohort model to determine the 
potential eff ect of delivering the selected interventions 
at high coverage to populations in need in these 
36 countries.

We selected interventions on the basis of the conceptual 
framework outlined in the fi rst paper in this Series.1 We 
excluded several important interventions that might have 
broad and long-term benefi ts, such as education, 
untargeted economic strategies or those for poverty 
alleviation, agricultural modifi cations, farming subsidies, 
structural adjustments, social and political changes, and 
land reform. Although the well-known associations 
between humanitarian emergencies, confl ict and 
population displacement, and undernutrition5 underlie 
the burden of undernutrition in some of the 36 countries, 
we aimed to discuss possible intervention eff ects in 

Search strategy and selection criteria

Estimates of the effi  cacy or eff ectiveness of interventions either were taken from the most recent meta-analysis, or were calculated 
by the authors. We searched for both published and unpublished literature. We searched electronic reference libraries including the 
Cochrane library, ExtraMed, WHO Reproductive Health Library, Food and Nutrition Library, and PubMed. To retrieve reports of 
controlled trials, we searched for: “(randomized controlled trial [pt] OR controlled clinical trial [pt] OR randomized controlled trials 
[mh] OR random allocation [mh] OR double-blind method [mh] OR single-blind method [mh] OR clinical trial [pt] OR clinical trials 
[mh] OR (“clinical trial” [tw]) OR ((singl* [tw] OR doubl* [tw] OR trebl* [tw] OR tripl* [tw]) AND (mask* [tw] OR blind* [tw])) OR 
(“latin square” [tw]) OR placebos [mh] OR placebo* [tw] OR random* [tw] OR research design [mh:noexp] OR comparative study 
[mh] OR evaluation studies [mh] OR follow-up studies [mh] OR prospective studies [mh] OR cross-over studies [mh] OR control* 
[tw] OR prospectiv* [tw] OR volunteer* [tw]) NOT (animal [mh] NOT human [mh])”.
We reviewed evidence from randomised controlled trials, where available, but supplemented these with non-randomised and 
observational studies. Review groups assessed each study on a standardised rating scale according to its study design, size, 
execution, and data quality.6 We identifi ed unpublished literature by contacting experts and agencies that work on undernutrition 
and searching available information on agency websites. We also included studies from the bibliographies of retrieved publications.
Two diff erent reviewers independently rated large-scale nutrition programmes. Criteria included external assessment of the 
programme, adequacy of the description of the intervention and its implementation, presentation of methods in suffi  cient detail, 
appropriateness of the assessment design for the nature of the intervention, adequacy of the sample size, and appropriateness of 
the statistical analyses for the type of outcome measures and clustering. Other criteria included plausibility, alternative explanations 
for discarded results, peer review, and design or analytic strategies used to rule out or minimise selection bias. 

Suffi  cient evidence for implementation in all 
36 countries 

Evidence for implementation in specifi c, 
situational contexts 

Maternal and birth outcomes

Iron folate supplementation Maternal supplements of balanced energy and 
protein  

Maternal supplements of multiple micronutrients Maternal iodine supplements 

Maternal iodine through iodisation of salt Maternal deworming in pregnancy 

Maternal calcium supplementation Intermittent preventive treatment for malaria 

Interventions to reduce tobacco consumption or 
indoor air pollution 

Insecticide-treated bednets 

Newborn babies

Promotion of breastfeeding (individual and group 
counselling) 

Neonatal vitamin A supplementation

Delayed cord clamping

Infants and children

Promotion of breastfeeding (individual and group 
counselling) 

Conditional cash transfer programmes (with 
nutritional education)

Behaviour change communication for improved 
complementary feeding*

Zinc supplementation Deworming 

Zinc in management of diarrhoea Iron fortifi cation and supplementation programmes 

Vitamin A fortifi cation or supplementation Insecticide-treated bednets 

Universal salt iodisation 

Handwashing or hygiene interventions 

Treatment of severe acute malnutrition

*Additional food supplements in food-insecure populations.

Table 1: Interventions that aff ect maternal and child undernutrition
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national populations, rather than those in special 
circumstances of crisis.

We selected interventions that principally aff ect 
nutrition outcomes or aff ect morbidity and mortality 
through a nutritional pathway (see search strategy).6 For 
major nutritional and related interventions we did 
primary reviews of intervention studies and undertook 
meta-analyses of the evidence whenever possible. We 
used any relevant and recent systematic reviews that were 
available, to estimate eff ects. We reviewed evidence for 
specifi c interventions that might improve maternal and 
child nutritional status, including breastfeeding, 
complementary feeding, provision of food supplements, 
micronutrient interventions, supportive nutrition 
strategies, and large-scale nutrition programmes. We 
also reviewed and analysed large-scale nutrition 
programmes, to derive estimates of population eff ect, 
achievable coverage levels, and sustainability. We 
developed a consensus evaluation matrix, and two 
independent investigators assessed eff ects and achievable 
coverage rates for all programmes on a rating scale.

Global review of interventions
Table 1 summarises the evidence for eff ectiveness of the 
interventions and feasibility of their implementation. For 
one group of interventions, evidence was suffi  ciently 
robust to recommend their use in most countries with 
high burdens of undernutrition; the rest will be relevant 
in some but not all contexts. Table 2 lists other interventions 
that we either judged to be outside the scope of our review 
or for which evidence was lacking. Webtables 1–3 show 
interventions that have been shown to aff ect stunting, and 
other nutrition-related interventions that are not mediated 
through stunting reduction but that do aff ect maternal 
and child health outcomes. Tables 3, 4, 5, and 6 present 
evidence for interventions that increase nutrient intake in 
general, specifi cally address micronutrient intake, reduce 

the burden of infections (and hence aff ect nutritional 
status), or are general nutritional supportive measures,, 
respectively. Tables 7, 8, 9, and 10 show the eff ects of these 
interventions on target age-groups.

Interventions to improve general nutrient intake 
(quality and quantity)
Balanced energy and protein supplements during pregnancy
We reviewed 13 studies and a systematic review7 which 
included six studies with information on size at birth 
(table 3 and table 7). The systematic review was heavily 
weighted towards a large Gambian study that targeted 
pregnant women of low body-mass index with supplements 
of more than 700 kcal per day.31 The pooled estimate 
showed that this strategy reduced the risk of a 
small-for-gestational age baby (which we took to indicate 
intrauterine growth restriction) by 32% (relative risk 0·68, 
95% CI 0·56–0·84).

Breastfeeding promotion
Breastfeeding has already been shown to reduce mortality 
in infants and young children.1,32,33 We used estimates of 
the eff ect of breastfeeding on mortality risk from this 
Series.1 Since initiation of breastfeeding was almost 
universal in our target countries, we excluded 
interventions that aimed to achieve this. Epidemiological 
evidence suggests that beginning breastfeeding within 
the fi rst day after birth lowers mortality even in exclusively 
breastfed infants.34 We have not investigated improvements 
in the timing of initiation, since just one study had data 
on delayed timing, and we did not identify any evidence 
for interventions to improve timing.

We assessed the eff ect of promotion strategies on 
exclusive breastfeeding rates for infants younger than 
6 months and on continued breastfeeding up to 12 months 
of age. A Cochrane review8 that analysed 34 trials (with 
29 385 mother–infant pairs from 14 countries) showed that 

Interventions with insuffi  cient or variable 
evidence of eff ectiveness

Interventions for which evidence 
showed little or no eff ect

Interventions that were not reviewed

Maternal and birth outcomes

Maternal vitamin A supplements Nutritional education and advice Unconditional cash transfers and microcredit programmes

Fortifi cation of water with iodine Zinc supplements in pregnancy Agricultural subsidies and land reform

Maternal mental-health interventions Pyridoxine supplements in pregnancy Rest during pregnancy

Family-planning interventions to promote birth 
spacing

Fish oil supplements Food-for-work programmes and generalised food subsidies

Dietary diversifi cation strategies Maternal vitamin D supplements

Newborn babies

Neonatal vitamin K dosing Mass-media promotion of breastfeeding

Baby-friendly hospital initiatives

Infants and children

Dietary diversifi cation strategies, small animal 
husbandry, and home gardening

Growth monitoring

Iodine supplements Vitamin D supplements

Cooking in iron pots Preschool feeding programmes

Table 2: Interventions that might aff ect maternal and child undernutrition

See Online for webtables 1–3
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all forms of extra support increased the duration of “any 
breastfeeding” (including partial and exclusive 
breastfeeding); the relative risk (RR) for stopping any 
breastfeeding before 6 months was 0·91 (95% CI 
0·86–0·96). All forms of extra support together aff ected 
the duration of exclusive breastfeeding more strongly than 
the likelihood of any breastfeeding (RR 0·81, 0·74–0·89). 
Lay and professional support together extended the 
duration of any breastfeeding (RR before 4–6 weeks 0·65, 
0·51–0·82; RR before 2 months 0·74, 0·66–0·83). We also 
reviewed specifi c breastfeeding promotion studies (table 3), 
and showed that, with individual counselling, the odds of 

exclusive breastfeeding were substantially increased in the 
neonatal period (15 studies; odds ratio [OR] 3·45, 95% CI 
2·20–5·42, p<0·0001; random eff ects) and at 6 months of 
age (nine studies; 1·93, 1·18–3·15, p<0·0001).35–55 Group 
counselling increased the odds of exclusive breastfeeding 
in the neonatal period, (six studies; 3·88, 2·09–7·22, 
p<0·0001; random eff ects) and at 6 months of age (fi ve 
studies; 5·19, 1·90–14·15, p<0·00001; random eff ects).55–63 
An assessment of a national mass-media campaign in 
Honduras reported that it increased exclusive breastfeeding 
from 48% to 70% at 1 month, from 24% to 31% at 4 months, 
and from 7% to 12% at 6 months of age.64 Although our 

Evidence reviewed Estimates used to model eff ect on DALYs Interventions

Balanced supplements of energy and 
protein in pregnancy

Systematic review of RCTs7 National implementation in urban or rural locations, in which >10% of pregnant women have a 
body-mass index <18·5 kg/m², assumed to reduce the risk of term intrauterine growth restriction 
by 32% (RR 0·68)

Optional

Educational and promotional strategies 
for breastfeeding

RCTs and one systematic review8 
for eff ect on breastfeeding 
patterns (webappendices 1 and 2) 
Observational studies for eff ect of 
breastfeeding on mortality

Universal implementation assumed to improve breastfeeding practices up to 12 months of age and 
reduce risk of death; to increase odds of exclusive breastfeeding under 1 month of age (OR 4·0); 
increase odds of exclusive breastfeeding between 1 and 6 months of age (OR 3·5) increase odds of 
breastfeeding between 6 and 12 months of age (OR 1·6); and cause no change beyond 12 months

Core

Complementary feeding support and 
educational strategies, without food 
supplements or conditional cash transfers

Systematic review of RCTs 
(webappendices 3 and 4)

Implementation in populations with suffi  cient food assumed to increase linear growth (and thus 
reduce odds of stunting and subsequent risk of death) and, if between age 6 and 18 months, to 
increase height by 1·14 (SE 0·56) cm at 18 months 

Core

Complementary feeding support, 
including education, with food 
supplements or conditional cash transfers

Systematic review of RCTs 
(webappendices 3 and 4)

Implementation in populations with insuffi  cient food assumed to increase linear growth (and thus 
reduce odds of stunting and subsequent risk of death) and, if between age 6 and 36 months, to 
increase height by 3·6 (SE 1·11) cm at 36 months 

Core

WHO-recommended case management 
of severe acute malnutrition

RCTs and observational studies 
(webappendix 5)

Assumed to reduce deaths due to severe acute malnutrition by 55% with facility–based 
management of malnutrition

Core

RCT=randomised controlled trial. RR=relative risk. OR=odds ratio. DALYs=disability-adjusted life-years. 

Table 3:  Evidence for interventions to increase general nutrient intake (quality and quantity, including food supplements) (see webappendices 1–5)

Evidence reviewed Estimates used to model eff ect on DALYs Interventions

Food fortifi cation strategies and 
programmes (including iodised salt, 
iodisation of water, and fortifi cation 
with iron and vitamin A)

Few RCTs, many observational 
studies (webappendices 6 and 7)

Iodised salt assumed to reduce the risk of iodine defi ciency and the DALYs associated with iodine 
defi ciency by 41% in children. Iron fortifi cation assumed to reduce the odds of iron-defi ciency anaemia 
in children by 28% (OR 0·72) and thus a similar relative reduction in years of life lived with disability but 
no eff ect on mortality (years of life lost)

Optional

Supplementation with iron folate or 
iron

Systematic review of RCTs9,10 
(webappendix 8)

Assumed to reduce the risk of anaemia, and hence to reduce risk of maternal death by 23% Optional

Multiple micronutrient supplements 
in pregnancy

Systematic review and recent 
studies (nine RCTs)

Assumed to reduce intrauterine growth restriction by 14%, and hence modelled Optional

Dispersible micronutrient 
preparations for home fortifi cation

Systematic review of RCTs and 
observational studies 
(webappendix 9)

Not modelled at present Optional

Vitamin A supplementation Systematic review of RCTs 
(webappendices 10 and 11)

Assumed to have no eff ect on stunting but to reduce the risk of mortality by 12% (one dose) and 22% 
(two doses) in children aged 6–59 months; neonatal supplementation of children in Asia assumed to 
reduce mortality by 21% between 2 days and 6 months

Core

Zinc supplementation (preventive 
and therapeutic)

Four systematic reviews11–14 
(webappendix 12)

Preventive zinc supplementation assumed to reduce both stunting and mortality directly from 
6 months onwards, to reduce mortality risk by 9%, and to reduce the odds of stunting by 15% in each 
age-group

Core

Maternal calcium supplementation One systematic review15 Potential maternal intervention which might impact health outcomes Core

Delayed cord clamping Three systematic reviews16–18 Implementation as part of the anaemia-reduction package to address iron-defi ciency anaemia in 
infancy; not modelled at present

Optional

Cooking in iron pots Three RCTs and one systematic 
review19–23

Possible implementation as part of the anaemia-reduction package to address iron-defi ciency anaemia 
where fortifi cation is not possible; not modelled at present

Optional

RCT=randomised controlled trial. OR=odds ratio. DALYs=disability-adjusted life-years. 

Table 4: Evidence for vitamin and mineral interventions (see webappendices 6–12)

See Online for 
webappendices 1–12
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search did not return any trials of the eff ectiveness of 
additional strategies, such as the baby-friendly hospital 
initiative, community-based strategies for breastfeeding 
promotion should be integrated with such additional 
health-system support strategies.

Despite the large number of studies of the eff ect of 
interventions to promote breastfeeding on rates of 
breastfeeding, the few that assessed nutritional status did 
not prove that they increased the weight or length of 
infants (table 3). The exclusively breastfed children in the 
WHO Growth Reference Study were, on average, 360 g 
and 100 g heavier at 4 and 6 months than were the 
predominantly non-breastfed children on whom the US 
National Center for Health Statistics growth curves were 
based.65 Non-breastfed children gain more weight than 
do breastfed children at 6 months and older, although 
their median length gains are similar.

Evidence has shown that HIV-free survival at 7 months 
does not diff er for HIV-exposed infants who were 
breastfed and those who were fed formula from birth,66,67 
and that exclusive breastfeeding reduces HIV 
transmission compared with partial breastfeeding.66,68 
Therefore, we have included exclusive breastfeeding as 
an essential intervention for infants younger than 
5·9 months across all populations, with continued 
breastfeeding thereafter. Studies are underway to fi nd 
out whether HIV-positive mothers of uninfected infants 
should stop breastfeeding early to prevent late postnatal 
transmission. Preliminary results from a randomised 

trial have shown that HIV-free survival did not diff er in 
infants who were HIV-negative at 4 months and were 
abruptly weaned or continued to be breastfed.69

Complementary-feeding support nutritional education
A previous review of complementary-feeding strategies 
concluded that appropriately designed interventions can 
have a positive eff ect on feeding practices.70 We reviewed 
the eff ect of complementary-feeding strategies on growth 
and micronutrient status and did additional meta-analyses 
on linear growth at various ages (table 3). Of the 
307 studies, 42 met our inclusion criteria. We analysed 
ten studies that had measured similar outcomes, and 
pooled data according to whether or not the target 
population had an average income of more than US$1 per 
day per person (as a measure of food security). In three 
studies, nutritional education in food-secure 
populations71–73 produced an increase in height-for-age 
Z score of 0·25 (95% CI 0·01–0·49), compared with the 
control group. Pooled analysis of seven studies in 
food-insecure populations showed that height-for-age 
Z score increased by a weighted mean diff erence of 0·41 
(0·05–0·76) in the group given food supplements (with 
or without education) compared with controls.74–80 
However, concerns about the overall eff ect size and very 
high energy intake in one supplementation trial have 
been raised.80 Although these studies were in diverse 
populations, and with age-groups and follow-up periods 
that varied, they showed that education strategies alone 

Evidence reviewed Estimates used to model eff ect on DALYs Interventions

Malaria prophylaxis and intermittent 
preventive treatment for malaria in 
pregnancy and children

A systematic review of RCTs24 Assumed to reduce the risk of term intrauterine growth restriction by 43% in babies born to the fi rst 
or second pregnancy of women in areas where malaria is endemic

Optional

Insecticide-treated bednets A systematic review of RCTs25 Implementation for all pregnant women in malaria-endemic areas. We did not model eff ects other 
than intermittent preventive treatment

Core

Hygiene interventions (hand washing, 
water quality treatment, sanitation and 
hygiene)

Three systematic reviews26–28 
(webappendix 13)

Assumed to reduce the incidence of diarrhoea by 30% and hence to reduce the odds of stunting, with 
each additional episode of diarrhoea assumed to increase the odds of stunting by 4% (OR 1·04). The 
direct eff ect of hand washing on preventing deaths due to diarrhoea was not modelled

Core

Deworming in pregnancy and childhood Three studies (webappendix 14) 
and a systematic review of RCTs29

Implementation in areas with high rates of soil helminths; eff ect not modelled Optional

Probiotics One systematic review30 
(Unpublished data from REB and 
colleagues, 2007)

Not modelled since corrected pooled eff ect estimates were not signifi cant. Potential future 
intervention for reduction of diarrhoea burden

Optional

RCT=randomised controlled trial. OR=odds ratio. DALYs=disability-adjusted life-years. 

Table 5:  Evidence for disease prevention strategies (see webappendices 13 and 14)

Evidence reviewed Estimates used to model eff ect on DALYs Interventions

Conditional cash transfers Six case studies, mostly 
observational data were reviewed 
(webappendix 15)

Modelled as a support for complementary feeding interventions in food insecure populations; 
maternal eff ects not modelled

Optional

Dietary diversifi cation strategies including 
home gardening, livestock and dietary 
modifi cations

29 studies and two systematic 
reviews (webappendix 16)

Not modelled; potential intervention in appropriate settings Optional

RCT=randomised controlled trial. OR=odds ratio. DALYs=disability-adjusted life-years. 

Table 6:  Evidence for general nutrition strategies (see webappendices 15 and 16)

See Online for 
webappendices 13–16
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were of most benefi t in populations that had suffi  cient 
means to procure appropriate food.71–73 In populations 
without this security, educational interventions were of 
benefi t when combined with food supplements.74–80 In 
food-secure populations, the strongest evidence of eff ect 
was seen from the interventions in China71 and Peru.72 
The benefi ts on growth from food supplementation in 
food-insecure populations were consistent with those 
seen with large-scale conditional cash transfer 
programmes in similar populations in Mexico and 
Nicaragua.81,82 These programmes combined cash 
transfers and nutritional education, and one also 
included a supplementary food fortifi ed with multiple 
micronutrients.81 We thus estimated the eff ect of 
complementary feeding strategies in various contexts 
and age-groups by combining the information from the 
pooled analysis of experimental studies and the 
assessment of the Progresa programme in Mexico.81

Management of childhood severe acute malnutrition
Of 276 articles on the management of severe acute 
malnutrition, 21 studies had appropriate experimental 
designs and outcomes (table 3). To assess the effi  cacy of 
the WHO guidelines for facility-based management of 
children with severe acute malnutrition, we were able 
to pool nine studies, which gave a summary risk ratio 

of 0·45 (95% CI 0·32–0·62; random eff ects) compared 
with conventional treatment.83–89 Community 
management of severe acute malnutrition with 
ready-to-use therapeutic foods has been shown to 
induce weight gain in emergency settings and has been 
recommended by WHO, UNICEF, and the UN World 
Food Programme.90 We could not fi nd any randomised 
trials that had investigated the eff ect of ready-to-use 
therapeutic foods on mortality. However, observational 
data from fi eld programmes suggest that management 
of severe malnutrition at home with preprepared 
balanced food can achieve high coverage and low case 
fatality (table 7). The overall case-fatality rate in 23 511 
unselected severely malnourished children treated in 
21 programmes of community-based therapeutic care 
in Malawi, Ethiopia, and Sudan, between 2001 and 2005, 
was 4·1%, with a recovery rate of 79·4% and default 
of 11·0%.91,92 This compares favourably with case-fatality 
rates that are typically achieved with facility-based 
management. However, this comparison must be 
interpreted cautiously since the severity of cases in the 
facility-based trials and the community-based 
observational studies might diff er. In view of the 
association of severe acute malnutrition with HIV 
infection, infected children must also be given 
antiretroviral therapy. These preventive strategies for 

Prenatal and antenatal* Neonates (0–1 month)† Infants (1–12 months) Children (12–59 months)

Balanced energy protein 
supplementation in 
pregnancy

32% reduction in term intrauterine 
growth restriction births (RR 0·68, 95% 
CI 0·56–0·84). 45% reduction in the risk 
of stillbirths (RR 0·55, 0·31–0·97)

Educational and 
promotional strategies for 
breastfeeding

Exclusive breastfeeding in the neonatal 
period· Group counselling increased odds 
of exclusive breastfeeding in the neonatal 
period by a factor of 3·88 compared with 
routine care (95% CI 2·09–7·22, 
p<0·0001; random eff ects). Individual 
counselling increased odds of exclusive 
breastfeeding in the neonatal period by a 
factor of 3·45 compared with routine care 
(2·20–5·42, p<0·00001; random eff ects). 
An assessment of national mass-media 
campaign in Honduras reported that 
exclusive breastfeeding increased from 
48% to 70% at 1 month

Eff ect of breastfeeding on growth 
negligible at 6 months. Group counselling 
increased odds of breastfeeding by a factor 
of 5·19 compared with routine care (95% CI 
1·90–14·15, p<0·00001; random eff ects). 
Individual counselling increased odds of 
breastfeeding by a factor of 1·93 at 6 
months compared to routine care 
(1·18–3·15, p<0·00001) random eff ects. An 
assessment of national mass-media 
campaign in Honduras reported that 
breastfeeding increased from 24% to 31% 
at 4 months and from 7% to 12% at 
6 months

Eff ects on growth negligible. No 
evidence of eff ect of breastfeeding 
promotion on rates of breastfeeding 
beyond 12 months

Complementary feeding 
support and educational 
strategies, without food 
supplements or 
conditional cash transfers

Reduced stunting. In food-secure populations educational intervention vs control: 
height-for-age Z score WMD 0·25 (95% CI 0·01–0·49; random eff ects)

Complementary feeding 
support, including 
education with food 
supplements or 
conditional cash transfers

Reduced stunting. In food-insecure populations, provision of complementary food 
with or without education: height-for-age Z score WMD 0·41 (0·05–0·76; random 
eff ects)

WHO-recommended case 
management of severe 
acute malnutrition

Reduced mortality (case-fatality rate RR 0·45, 0·32·0·62; random eff ects)

*Includes interventions focusing on mothers and their eff ects on maternal and child health. †Includes interventions in the neonatal period of life. WMD=weighted mean diff erence. 

Table 7: Eff ect of interventions to increase general nutrient intake on target age-groups 
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severe acute malnutrition ought to be formally assessed 
in representative populations. Observational studies 
show that use of preprepared balanced foods such as 
spreads and ready-to-use supplementary foods is 
feasible in community settings. 

Micronutrient interventions
Although several of the interventions we reviewed aff ect 
food choice, nutritional quality, and micro nutrient intake, 
we separately reviewed other inter ventions that specifi cally 
target micronutrient intake and status (table 4 and table 8).

Food fortifi cation with micronutrients
In addition to information provided by the Micronutrient 
Initiative (Mannar V, Micronutrient Initiative, Ottawa, 
personal communication, 2006), and a review of zinc-
fortifi cation strategies (Hess SY and Brown KH, 
International Zinc Nutrition Consultative Group, Dakar, 
Senegal, personal communication, 2007), we assessed 
the evidence for food-fortifi cation strategies (table 3). 
This work was complemented with the results from a 
forth coming meta-analysis of 21 studies of iron-fortifi ca-
tion strategies (HPS and colleagues).

Prenatal and antenatal* Neonates (0–1 month)† Infants (1–12 months) Children (12–59 months)

Food fortifi cation 
strategies and 
programmes (including 
iodised salt, iodisation 
of water, and 
fortifi cation with iron 
and vitamin A)

Improved micronutrient status 
(haemoglobin concentration weighted 
mean diff erence in women of child 
bearing age 5·70 g/L, 95% CI 0·02–11·38). 
In pregnant women, 6·90 g/L higher 
compared with no fortifi cation (WMD  
6·90, 2·74–11·06). Programmes  for 
universal iodisation of salt decreased 
goitre prevalence by 19–64%. Rate of 
goitre reduced by 51–89% by iodisation 
of water

Neonatal mortality reduced by 
65·7% after iodisation of water

Improved micronutrient status 
(haemoglobin concentration WMD 
7·36 g/L, 2·88–11·84). Infant 
mortality decreased 56·5% after 
iodisation of water

Improved micronutrient status (haemo globin 
WMD  7·36 g/L, 2·88–11·84). After 24 months 
of age, use of fortifi ed foods including milk has 
improved micronutrient status (WMD 10·33 
from a meta-analysis of studies). Additional 
reduction in diarrhoea morbidity noted in one 
study. Fortifi ed milk reduced odds for days 
with severe illnesses by 15% (5–24%), the 
incidence of diarrhoea by 18% (7–27%), and 
the incidence of acute lower respiratory illness 
by 26% (3–43%)

Supplementation with 
iron folate or iron

Improved micronutrient status 
(haemoglobin WMD 12 g/L, 2·93–21·07)

Improved micronutrient status (haemoglobin concentration WMD 7.4 g/L, 6·1–8·7)
Potential increased risk of death in malarial areas so only recommended for non-malarial areas as a treatment strategy

Multiple micronutrient 
supplements in 
pregnancy

Multiple micronutrient supplementation 
(defi ned as supplementation with three or 
more micronutrients) was associated with 
39% reduction in maternal anaemia 
compared with placebo or two or less 
micronutrients (relative risk 0·61, 
95% CI 0·52–0·71)

Multiple micronutrient 
supplementation vs iron folate 
results in a signifi cant reduction in 
the risk of low birthweight births 
(relative risk 0·84, 0·74–0·95)

A recent study in Indonesia of 
multiple micronutrient 
supplementation versus iron-folate 
tablets in over 31 000 women was 
also associated with a 22% 
reduction in infant mortality 
(relative risk 0·78, 0·64–0·95)

Dispersible 
micronutrient 
preparations for home 
fortifi cation

Use in untargeted children results in 
a signifi cant eff ect on haemoglobin 
level (WMD 5·68, 1·78–9·57) and 
iron-defi ciency anaemia (relative 
risk 0·54, 0·42–0·70) random eff ects 
compared with placebo 

Vitamin A 
supplementation

No eff ect on low birthweight in 
HIV-negative populations, some eff ect in 
HIV-positive populations

Reduced mortality between 0–6 
months (relative risk 0·80, 
0·66–0·96)

Reduced disease burden (reduction in persistent diarrhoea rate ratio 0·45, 0·21–0·94). 
Reduced mortality (relative risk 0·76, 0·69–0·84). Eff ect usually between 6–11 months 
of age

Zinc supplementation 
(preventive and 
therapeutic)

No evidence of benefi t except for small 
reduction in prematurity rates

No evidence of benefi t No evidence of benefi t of therapeutic zinc supplementation under 6 months of age. For 
older children, fewer episodes of diarrhoea (rate ratio 0·86, 0·79–0·93), severe diarrhoea 
or dysentery (0·85, 0·75–0·95), persistent diarrhea (0·75, 0·57–0·98). Reduced stunting 
(weighted average eff ect size for change in height 0·35, 0·19–0·51). Reduced mortality 
(risk ratio 0·91, 0·82–0·99)

Maternal calcium 
supplementation 

Reduced risk of pre-eclampsia (relative risk 
0·48, 0·33–0·69). The eff ect was greatest 
for high-risk women (0·22, 0·12–0·42), and 
those with low baseline calcium intake 
(0·36, 0·18–0·70). The composite outcome 
maternal death or serious morbidity was 
reduced (0·80, 0·65–0·97)

 

Delayed cord clamping Improved iron status (mean 
neonatal packed-cell volume at 
24–48 h WMD 10·01%; 4·10–15·92). 
Anaemia at 24–48 h after birth 
(relative risk 0·20, 0·06–0·66)

Anaemia at 2–3 months (relative 
risk 0·53, 0·40–0·70)

Cooking in iron pots Iron pot group (after 8–12 months) had higher 
haemoglobin (13 g/L) than non-iron pot group 
(p<0·05)

*Includes interventions focusing on mothers and their eff ects on maternal and child health. †Includes interventions in the neonatal period of life. WMD=weighted mean diff erence. 

Table 8: Eff ect of vitamin and mineral interventions on target age-groups 
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22 studies assessed the eff ect of fortifi cation of various 
commodities, such as condiments, milk, and commercial 
foods, with iron alone or with other micronutrients. Of 
these studies, only six assessed iron as a single 
micronutrient supplement. Two studies assessed iron 
fortifi cation as a single micronutrient intervention in 
women of childbearing age93,94 and showed that it 
increased haemoglobin concentrations, with a weighted 
mean diff erence of 5·70 (95% CI 0·02–11·38) g/L. The 
only study95 to assess iron fortifi cation in pregnant women 
also showed a 6·90 (2·74–11·06) g/L increase in 
haemoglobin. No studies investigated iron fortifi cation in 
children younger than 5 years, but we estimated that 
haemoglobin concentrations were 7·36 (2·88–11·84) g/L 
higher in the intervention group than in the control group 

from three studies that assessed iron-only fortifi cation in 
school-aged children, together with a 70% reduction in 
the prevalence of anaemia (two studies; relative risk 0·30, 
95% CI 0·17–0·51).96–98 Beyond 12 months of age the use 
of foods fortifi ed with micronutrients (generally iron and 
other micronutrients including zinc) has shown benefi ts99 
(eg, the Progresa programme in Mexico81 showed reduced 
anaemia rates in toddlers). A recent study in India also 
showed that milk fortifi ed with zinc and iron reduced the 
odds for days with severe illnesses by 15% (95% CI 5–24), 
for the incidence of diarrhoea by 18% (7–27), and for the 
incidence of acute lower respiratory illness by 26% 
(range 3–43).100

Fortifi cation of various commodities, including sugar, 
cooking oils, and monosodium glutamate with vitamin A 

Prenatal and antenatal* Neonates (0–1 month)† Infants (1–12 months) Children (12–59 months)

Malaria prophylaxis and 
IPT for malaria in 
pregnancy and children

Women in their fi rst or second 
pregnancy, mean birthweight was 
higher in those in the two-dose IPT 
with SP group (WMD 108·60 g; 
55·67–161·54), and low birthweight 
births were reduced (relative risk 0·63, 
0·47–0·84). Maternal anaemia during 
third trimester or at delivery reduced by 
12% (0·88; 0·84–0·93)

IPT results in 46% reduction in risk of 
severe anaemia (relative risk 0·54, 
0·42–0·68). IPT results in 48% reduction in 
risk of clinical malaria, from the age of 2 
months (0·52, 0·35–0·77; random eff ects)

Insecticide-treated 
bednets

Pooled estimates indicated a 23% 
reduction in risk of delivering a low 
birthweight infant (relative risk 0·77, 
0·61–0·98), equivalent to a reduction 
in odds of term low birthweight of 43%

Hygiene interventions 
(hand washing, water 
quality treatment, 
sanitation, and hygiene)

Signifi cant decrease in diarrhoea (hand washing vs control: relative risk 0·70, 
0·56–0·89; random eff ects). Multiple interventions also had similar eff ects on 
diarrhoea (0·67, 0·59–0·76), severe diarrhoea and dysentery (0·68, 0·62–0·74) 

Deworming in pregnancy 
and childhood

Improved micronutrient status (mean 
decline in haemoglobin between fi rst 
and third trimester was 6·6 g/L less 
compared with placebo)

Improved micronutrient status (haemoglobin WMD 1·71 g/L, 0·70–2·73). Increase 
in height with a single dose was 0·14 cm ( 0·04–0·23). A single dose was associated 
with an average 0·24 kg increase in weight ( 0·15–0·32). For multiple doses, the 
increase was 0·10 kg ( 0·04–0·17) for up to 1 year of follow-up. 5–10% reduction in 
rates of anaemia in populations with high rates of intestinal helminthiasis

Probiotics Probiotics led to 57% reduction in the risk 
of diarrhoea in children, (risk ratio 0·43, 
95% CI 0·29–0·65). Corrected proportional 
eff ect RR 0·8 (95% CI 0·64–1·01)

*Includes interventions focusing on mothers and their eff ects on maternal and child health. †Includes interventions in the neonatal period of life. IPT=intermittent preventive treatment. 
SP=sulphadoxine-pyrimethamine. WMD=weighted mean diff erence. 

Table 9: Eff ect of disease prevention strategies on target age-groups 

Prenatal and antenatal* Neonates (0–1 month)† Infants (1–59 months)

Conditional cash transfers No eff ect estimates available No eff ect estimates available Reduced stunting. Increase in height on average 0·44 cm for children aged 0–
12 months (PFA in Colombia). An increase of 16 % in mean growth rate per year 
corresponding to 1 cm increase in height per year. Reduced prevalence of stunting 
by 10% in 12–36 months age group (Progresa in Mexico). Decline in stunting from 
41·9% to 37·1% over 2 years (Red de Protección Social in Nicaragua)

Dietary diversifi cation 
strategies including home 
gardening, livestock, and 
dietary modifi cations

No eff ect estimates available No eff ect estimates available Improved haemoglobin concentration (107 vs 102 g/L; p<0·01). Improved serum 
retinol WMD 0·12 (95% CI 0·07–0·17)

*Includes interventions focusing on mothers and their eff ects on maternal and child health. †Includes interventions in the neonatal period of life.  WMD=weighted mean diff erence. PFA=Programa Familias en Acción. 

Table 10: Eff ect of general nutrition support strategies on target age-groups 
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has been tried in an eff ort to increase intake. A 
randomised controlled trial of commercially marketed 
fortifi ed monosodium glutamate101 showed that mortality 
in children aged 6–49 months was reduced by about 30%; 
these results were consistent with fi ndings from other 
trials that used capsules.102 Evidence for the eff ectiveness 
of these eff orts is scarce, apart from large-scale sugar 
fortifi cation programmes in Central America, where 
assessments have shown high rates of coverage (eg, 
fortifi ed sugar contributes over half the daily intake of 
vitamin A in toddlers in Guatemala).103,104

Available data on salt iodisation programmes included 
several historical studies and survey data; eight studies of 
salt iodisation from seven countries and one supranational 
region (of 13 countries); and eight studies on water 
iodisation interventions (table 4). Although data specifi c 
to women of reproductive age and to children were not 
available, large-scale use of iodised salt was associated 
with a reduction of 19–64% in the occurrence of goitre.105–112 
Four studies of water iodisation showed that the 
occurrence of goitre was reduced by 51–89%.113–116

With the exception of iodised salt, the evidence for 
benefi ts of fortifi cation strategies on micronutrient status 
in young children is weak; there are very few studies in 
children younger than 36 months. An assessment of 
fortifi cation of maize with high-dose sodium iron edetic 
acid in children aged 3–8 years in Kenya117 reported an 
89% reduction in iron-defi ciency anaemia (95% CI 49–97).

Supplementation with iron folate or iron
A pooled analysis of data from eight studies of iron-folate 
supplementation during pregnancy suggested an increase 
of 12 g/L (95% CI 2·93–21·07, random eff ects) in 
haemoglobin at term and a 73% reduction in the risk of 
anaemia at term (relative risk 0·27, 95% CI 0·12–0·56).9 
Of a potential 147 studies on the eff ect of iron 
supplementation on haemoglobin concentration in 
children, we included 55 (table 4).10 Iron supplementation 
was seen to result in a haemoglobin concentration that 
was 7·4 g/L higher than in children who had no 
supplementation (weighted mean diff erence 7·4 g/L, 
95% CI 6·1–8·7; random eff ects). Reductions in the 
occurrence of anaemia with iron supplementation alone 
ranged from 38% to 62% in non-malarial regions and 6% 
to 32% in malarial hyperendemic areas. The incidence of 
diarrhoea was increased in the iron-supplemented group 
(incidence rate ratio 1·11, 95% CI 1·01–1·23; random 
eff ects), and overall we noted no benefi t of iron 
supplementation on growth. A study in Zanzibar was 
stopped prematurely because of increased rates of hospital 
admission and death in children who were given iron, 
although severe adverse events (mostly hospital 
admissions) were reduced by 49% when iron was provided 
together with adequate management of malaria.118 A 
recommendation that untargeted iron supplementation 
should not be given to children in malaria-endemic areas 
was prompted by this trial and others that showed that 

iron supplementation has adverse eff ects with regard to 
infectious diseases.119

Dispersible micronutrient preparations
An alternative strategy for providing dispersible 
micronutrients is through sachets that contain iron and 
other micronutrients in microencapsulated form, which 
can be added to prepared food as a form of home 
fortifi cation (table 4). An analysis of studies of these 
dispersible micronutrient preparations 120–126 showed that, 
in children younger than 2 years,123,124 haemoglobin 
concentrations increased by 5·68 (95% CI 1·78–9·57) g/L 
and iron-defi ciency anaemia was reduced compared with 
controls (relative risk 0·54, 95% CI 0·42–0·70).

Vitamin A supplementation in mothers and children
Results from trials of vitamin A and betacarotene in 
pregnancy in Nepal127 and Bangladesh128 were inconsistent 
with respect to their eff ect on maternal mortality (table 4).129 
However, vitamin A supplementation reduced childhood 
mortality in children aged 6–59 months,102,130 with a pooled 
estimate that showed a 24% reduction in the risk of 
all-cause mortality (relative risk 0·76, 95% CI 0·69–0·84). 
Vitamin A supple mentation did not aff ect morbidity from 
infectious diseases131–134 or anthropometric measures.

We identifi ed three reported trials of vitamin A 
supplementation in the neonatal period in low-income 
countries; they showed a 20% reduction in mortality in 
babies younger than 6 months (relative risk 0·80, 95% CI 
0·66–0·96).135–137 Recently, another large trial of neonatal 
vitamin A supplementation in Bangladesh has also been 
reported.138 A pooled analysis of all studies from south Asia 
indicated that neonatal vitamin A supplementation was 
associated with a 21% reduction in mortality in babies 
younger than 6 months (random eff ects relative risk 0·79, 
95% CI 0·65–0·96, R Klemm and Keith West; John Hopkins 
University, USA; personal communication 2007). However, 
because this benefi cial eff ect has only been shown in Asian 
populations, we included neonatal vitamin A supple-
mentation as an intervention for that region only.

Zinc supplementation
Although maternal zinc supplementation is associated 
with reduced prematurity rates (relative risk 0·86, 95% CI 
0·76–0·98), it does not aff ect maternal health indicators, 
weight gain, or intrauterine growth restriction.11 The 
positive eff ect of zinc supplementation on growth in 
children has been reviewed elsewhere.12 A pooled analysis 
of zinc-supplementation studies in children showed a 
weighted average eff ect size for change in height of 0·35 
(95% CI 0·19–0·51) and for change in weight of 0·31 
(0·18–0·44).

Compared with children given placebo, those who 
received preventive zinc supplementation had fewer 
episodes of diarrhoea (rate ratio 0·86, 95% CI 0·79–0·93), 
severe diarrhoea or dysentery (0·85, 0·75–0·95), persistent 
diarrhoea (0·75, 0·57–0·98), and lower respiratory 
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infections (0·80, 0·70–0·92).13,14 A pooled estimate from 
meta-analysis of zinc supplementation studies on child 
mortality139–144 indicated a 9% reduction in child mortality 

(0·91, 0·82–0·99, fi xed eff ects). Although studies of zinc 
in treatment of diarrhoea show a 15–24% reduction in the 
duration of diarrhoea,145 the number of episodes of 

Panel 1: Cohort model of child mortality and stunting

To estimate the eff ect of nutrition-related interventions on the health of children, we modelled the survival and linear growth status of the annual birth cohort of 
children from birth until 3 years of age in 36 countries with 90% of the global burden of stunted children. Stunting was defi ned as a height or length-for-age Z score 
of less than −2, according to WHO standards.182 The fi rst 3 years of life were divided into discrete age-groups between birth and 1, 6, 12, 18, 24, and 36 months. For 
each age-group we then modelled two outcomes: the risk of death during that period and the odds that a surviving child would be stunted at the end of the period 
(fi gure 1).

Within the cohort, the risk of death and odds of stunting were allowed to vary according to the levels of diff erent risk factors (eg, zinc defi ciency, non-breastfeeding), 
one of which was stunting itself. Thus, as well as being an outcome in the model, stunting is a risk factor: being stunted at the end of an age-group increases a child’s 
risk of death during the next age-group or, if they survive, their odds of stunting at the end of the next age-group. We assumed that, within each country and 
age-group, these exposures could occur independently of each other. In our multiplicative model, this assumption will result in conservative estimates of the eff ects 
of interventions. We then arbitrarily chose a baseline group of children (those with a combination of risk factors that put them at lowest risk of death or odds of 
stunting) and, with data on the current overall risk of death,183 current odds of stunting (MdO, personal communication), and current prevalence of exposures,1 we 
estimated the risk of death and odds of stunting in this baseline group for each country and for each age-group. To model the eff ect of an intervention from birth to 
36 months we reran the model and altered the distribution of the relevant risk factor in the population to refl ect the eff ect of the intervention. From the model 
outputs we computed the number of deaths averted between birth and age 3 years and the change in the number of surviving children aged 3 years who were 
stunted. We then calculated the proportion of DALYs averted by the intervention(s), from the assumption that each death of a child represents, on average, about 
33·3 DALYs and that each child who survives to 3 years of age but is stunted represents on average 0·23 DALYs.

Tables 11 and 12 detail the mortality risk ratios and stunting odds ratios used in the model. Since a large proportion of neonatal mortality occurs very early, the 
eff ects of breastfeeding and neonatal vitamin A supplementation were applied to only 50% of neonatal deaths. We assumed that current coverage of some 
interventions was close to zero: individual or group counselling on exclusive breastfeeding and continued breastfeeding beyond 6 months, zinc supplementation, 
neonatal vitamin A supplementation, balanced energy protein supplementation in pregnancy, and individual or group counselling on hygiene practices. We used 
coverage data for vitamin A supplementation in children aged 6 months and older from UNICEF.

Eff ects of complementary feeding strategies
We estimated the eff ect of complementary feeding education strategies in food-secure populations in each of two age-groups: 6–11·9 and 12–17·9 months. No data 
were available on the eff ectiveness of such a strategy at older ages. Similarly, we estimated the eff ect of combined strategies (supplementation with or without 
education) for food-insecure populations in the same age-group. No data from randomised trials were available for children older than 18 months. However, data 
from Progresa indicated an eff ect on linear growth of 1 cm per year across the age range 12–36 months.81 Thus we assumed that beyond 18 months of age 
(18–36 months of age) such interventions would further increase children’s height by 1·5 cm (ie, 1·0 cm per year). Assuming that in national food-secure and 
food-insecure populations the SD in height-for-age Z scores was around 1·4, we converted increases measured in cm to increases in height-for-age Z score and hence 
into reductions in the odds of stunting. 

Eff ect of interventions to improve iron status
We assumed that iron fortifi cation increased children’s haemoglobin concentrations by 3·4 g/L. We further assumed, on the basis of data from Demographic and 
Health Surveys,184 that the SD of children’s haemoglobin concentrations at the national level was about 1·7 g/L. With this SD, an increase in mean haemoglobin of 
3·4 g/L would reduce the odds of anaemia by about 28% (odds ratio 0·72). Assuming a current coverage of zero, we calculated the reduction in the prevalence of 
childhood anaemia that would be achieved by varying levels of fortifi cation coverage, by use of anaemia prevalence estimates provided by WHO (C Mather, personal 
communication). We applied the relative reduction in anaemia prevalence to the number of under-5 years lived with disability due to iron defi ciency to calculate the 
number of years lived with disability and hence DALYs that could be averted. Note that we assumed no eff ect on deaths due to iron defi ciency in children.
We also assumed that iron and folate supplementation in pregnant women would increase haemoglobin by 12 g/L. From the analysis of Stoltzfus and colleagues,185 
we estimated an increase in haemoglobin of 12 g/L would be associated with a 23% reduction in the risk of maternal mortality (risk ratio 0·77). Taking account of 
current coverage of interventions to supplement iron and folate and assuming that the eff ect would increase linearly with coverage, we estimated how many 
maternal deaths and hence how many DALYs might be averted by increasing coverage with iron and folate supplementation to 70%, 90%, or 99% in all 36 countries.

Eff ect of interventions to improve iodine status
On the basis of the estimated eff ect of salt iodisation on goitre prevalence, we assumed that salt iodisation would reduce childhood DALYs due to iodine defi ciency 
by 41%. Taking account of current coverage levels with iodised salt and assuming that the eff ect would increase linearly with coverage, we estimated how many child 
DALYs due to iodine defi ciency might be averted by increasing coverage with iodised salt to 70%, 90%, or 99% in all 36 countries.

 Eff ect of improved case management of children with severe acute malnutrition
In the absence of data on the eff ect of community-based management on case-fatality rates and on the eff ect of other interventions on severe acute malnutrition, 
we were only able to estimate the eff ect of applying the WHO protocol for management of severe acute malnutrition. We assumed that implementation of WHO 
guidelines on hospital-based management of severe acute malnutrition would reduce case fatality by 55% (risk ratio 0·45). 
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diarrhoea, and the rate of lower respiratory infection and 
deaths, few studies have assessed the benefi ts of zinc 
supplementation on nutrition outcomes.

Iodine supplementation
Of 11 trials of iodine supplementation in pregnant 
women, only two reported our outcomes of interest 
(table 4).146,147 These showed that iodine supplements for 
pregnant mothers reduced deaths during infancy and 
early childhood by 29% (RR 0·71, 95% CI 0·56–0·90) and 
decreased the risk of endemic congenital hypothyrodism 
at age 4 years (0·27, 0·12–0·60). One study of oral iodised 
oil148 showed that this intervention was associated with 
reduced mortality in infants in West Java during the fi rst 
2 months of follow-up (0·28, 0·09–0·82, p=0·018). 
However, we did not include iodine supplementation as a 
core intervention because epidemiological or individual 
evidence of severe iodine defi ciency in pregnancy is 

lacking and because universal salt iodisation has largely 
replaced this intervention in areas of endemic defi ciency.

Multiple micronutrient supplementation in pregnancy
To assess the eff ect of multiple micronutrient 
supplementation during pregnancy, we did a systematic 
review and meta-analysis.149 Supplementation with three 
or more micronutrients was associated with a 
39% reduction in maternal anaemia compared with 
placebo or with two micronutrients or fewer (relative 
risk 0·61, 95% CI 0·52–0·71). Multiple micronutrient 
supplementation also resulted in a decrease in the risk of 
low-birthweight babies (0·83, 0·76–0·91) and 
small-for-gestational-age babies (0·92, 0·86–0·99). 
However, multiple micronutrient supplementation did 
not diff er from iron and folic acid supplementation in 
terms of rates of low birthweight babies (0·94, 0·8–1.06), 
or of those who were small for gestational age (1·04, 
0·93–1·17). A meta-analysis of trials of supplementation 
with a specifi c multiple micronutrient formulation for 
pregnant women150 compared with iron and folic acid 
reported a small increase in birthweight (pooled 
eff ect 21·2 g, 95% CI 8·0–34·5). A recent study from 
Indonesia that compared multiple micronutrients with 
iron-folate tablets in more than 31 000 women showed 
that they reduced infant mortality by 22% (relative 
risk 0·78, 95% CI 0·64–0·95).151 Two additional trials of 
multiple micronutrient supplements in pregnancy in 
India152 and Tanzania153 also showed that this intervention 
reduced the rate of low-birthweight babies. A pooled 

Age-group (months)

<1 1–5·9 6–35·9

Term low birthweight

Normal 1·0

Low birthweight 2·84

Stunting

No 1·0

Yes 2·4

Breastfeeding

Exclusive 1·0

Predominant 1·48 1·0

Partial 2·85

None 14·4 2·3

Neonatal vitamin A

Supplemented 1·0

Not supplemented 1·25

Post-neonatal vitamin A

Two doses a year 1·0

One dose a year 1·14

No doses 1·28

Zinc

Supplemented 1·0

Not supplemented 1·1

Three interventions have an eff ect on risk of term low birthweight. Balanced 
energy protein supplementation during pregnancy is assumed to reduce the risk 
of term low birthweight by 32%. Intermittent preventive treatment (with or 
without insecticide-treated bednets) is assumed to reduce the risk of term low 
birthweight by 37% in unprotected women in their fi rst or second pregnancy. 
Multiple micronutrient supplementation is assumed to reduce the risk of term 
low birthweight by 16%. The protective eff ect of breastfeeding is assumed to 
cease when the child reaches 2 years of age. In children aged 6–23 months the 
baseline breastfeeding category is breastfed (RR 1·0) vs non-breastfed (RR 2·3). 
We assume that breastfeeding promotion can increase the odds of exclusive 
breastfeeding by a factor of 4·0 (OR 4) during the fi rst month of life, and by a 
factor of 3·5 during months 1–5·9. Between months 6 and 11·9, breastfeeding 
promotion can increase the odds of breastfeeding by a factor of 1·6. We assume 
no eff ect of breastfeeding promotion beyond 12 months of age.

Table 11: Mortality risk ratios used in the cohort model of mortality and 
stunting

Age-groups (months)

<1 1–5·9 6–11·9 12–17·9 18–23·9 24–35·9

Term low birthweight

Normal 1·0

Low birthweight 21·6

Stunting

No 1·0 1·0 1·0 1·0 1·0

Yes 12·4 21·4 30·3 41·0 54·1

Feeding

Secure with promotion 1·0 1·0 NA NA

Secure without promotion 1·43 1·16 1·0 1·0

Insecure with intervention 1·60 1·16 1·40 1·24

Insecure without intervention 2·39 1·94 1·67 1·67

Diarrhoea

Eff ect per episode 1·04

Zinc

Supplemented 1·0

Not supplemented 1·18

Three interventions have an eff ect on risk of term low birthweight. Balanced energy protein supplementation during 
pregnancy is assumed to reduce the risk of term low birthweight by 32%. Intermittent preventive treatment (with or 
without insecticide-treated bednets) is assumed to reduce the risk of term low birthweight by 37% in unprotected 
women in their fi rst or second pregnancy. Multiple micronutrient supplementation is assumed to reduce the risk of term 
low birthweight by 16%. Each episode of diarrhoea is assumed to increase a child’s odds of stunting by a factor of 1·04. 
We assume that hygiene promotion can reduce the incidence of diarrhoea by 30%. NA=not applicable.

Table 12: Stunting odds ratios used in the cohort model of mortality and stunting
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analysis of these data with the results of the Cochrane 
review showed that multiple micronutrient supplements 
in pregnancy can reduce the risk of low birthweight by 
0·84 (0·74–0·95).

Calcium supplementation in pregnancy
A systematic review15 of 12 trials, with more 
than 15 000 participants, that investigated calcium 
administration in pregnancy reported a reduction in the 
risk of pre-eclampsia (relative risk 0·48, 95% CI 

0·33–0·69). The eff ect was greatest for women at high 
risk for hypertensive disorders of pregnancy (fi ve trials, 
587 women; 0·22, 0·12–0·42), and those with low baseline 
calcium intake (seven trials, 10 154 women; 0·36, 
0·18–0·70). The composite outcome maternal death or 
serious morbidity was also reduced (four trials, 
9732 women; 0·80, 0·65–0·97).

Delayed umbilical cord clamping
Early cord clamping could cause reduced placental 
transfusion and hence aff ect a child’s subsequent iron 
status. Three systematic reviews,16–18 which included 
15 studies, assessed the eff ect of delayed cord clamping in 
neonates, as did two more recent studies.154,155 Most trials 
defi ned early cord clamping as clamping immediately 
after or within 10 s of birth, and delayed clamping as that 
soon after cessation of cord pulsations or at 3 min after 
birth. We could not pool data from all trials because of 
variations in the outcomes measured. Mean neonatal 
packed-cell volume was higher in neonates with delayed 
cord clamping at 24–48 h after birth (four trials; weighted 
mean diff erence 10·01%, 95% CI 4·10–15·92) and at 
5 days (four trials; 11·97%, 8·50–15·45). No evidence of a 
diff erence was seen at ages 2–3 months. Risk of anaemia 
was reduced by 80% at 24–48 h after birth (one study; 
relative risk 0·20, 95% CI 0·06–0·66) and by 47% at 
2–3 months (two trials; 0·53, 0·40–0·70).

Disease prevention strategies
To model the association between infectious diseases and 
stunting and related DALYs, we focused on interventions 
that reduce the burden of malaria in pregnancy, and reduce 
intestinal helminthiasis and diarrhoea during childhood 
(table 5). Although recurrent respiratory infections could 
potentially aff ect growth, we could not fi nd any intervention 
studies that had assessed this link. Neither did we include 
the eff ects of HIV/AIDS, although antiretroviral therapy 
can dramatically improve growth and nutritional status in 
aff ected children.156,157 Although other chronic disorders, 
such as asthma and subclinical infections, are also known 
to cause growth faltering,158,159 we did not include specifi c 
strategies for disease management or treatment strategies 
because few robust studies have prospectively assessed 
their eff ects on nutrition outcomes.

Intermittent preventive treatment for malaria in pregnancy
Four trials compared standard two-dose intermittent 
preventive treatment ( with sulphadoxine-pyrimethamine) 
with case management or placebo in pregnant women.24 
For women in their fi rst or second pregnancies, mean 
birthweight was highest for those given intermittent 
preventive treatment (weighted mean diff erence 108·60 g, 
95% CI 55·67–161·54), and the risk of low birthweight 
births was also lower (relative risk 0·63, 95% CI 
0·47–0·84). Analysis also showed a reduction of 12% in 
maternal anaemia during the third trimester or at 
delivery (0·88, 0·84–0·93).
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Figure 2: Mortality and stunting rates (A) from birth to age 3 years in 36 countries, and projected mortality 
and stunting rates (B) with 99% coverage of selected interventions
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Figure 1: Schematic presentation of the cohort model of child survival and anthropometric status
IUGR=intrauterine growth restriction.
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Use of insecticide-treated bednets during pregnancy
Eight studies assessed the use of insecticide-treated 
bednets during pregnancy25 and two reported on low 
birthweight as an outcome.160,161 Pooled summary estimates 
indicated that use of insecticide-treated bednets was 
associated with a 23% reduction in the risk of delivering a 
baby with low birthweight (relative risk 0·77, 95% CI 
0·61–0·98). Although we recognise that this outcome is 
important, we did not include any additional eff ect of 
intermittent preventive treatment on perinatal mortality 
operating through reduction in rates of prematurity.

Hygiene and sanitation measures
Three reviews assessed the eff ect of hygiene interventions 
(eg, handwashing, water quality treatment, sanitation, 
and health education).26–28 A pooled analysis of several 
concurrent interventions, which included data from seven 
studies27 in children younger than 5 years suggested a 
decrease in diarrhoea episodes (pooled estimate of relative 
risk 0·67, 95% CI 0·59–0·76; random eff ects). Multiple 
interventions had similar eff ects on severe diarrhoea and 
dysentery (pooled estimate of relative risk 0·68, 
0·62–0·74). Pooled analysis of six studies of handwashing 
counselling (for individuals or groups) suggested a 
30% reduction in the risk of diarrhoea (0·70, 0·56–0·89).

Deworming and use of helminthics during pregnancy
Two studies assessed the eff ect of deworming 
interventions during pregnancy and reported outcomes 
of interest (table 5).162,163 The mean fall in haemoglobin 
concentration between fi rst and third trimester in women 
who received albendazole was 6·6 g/L less than in 
women who received placebo (p=0·003). In a systematic 
review of 25 studies that assessed the nutritional eff ect of 
deworming in children,29 analysis of growth outcomes in 
children aged 1–16 years suggested that one dose was 
associated with an average 0·24 (95% CI 0·15–0·32) kg 
increase in weight. For several doses, the increase 
was 0·10 (0·04–0·17) kg for up to 1 year of follow-up. The 
pooled estimate for increase in height was 0·14 
(0·04–0·23) cm for one dose and 0·07 (0·01–0·15) cm for 
multiple doses up to 1 year of follow-up. Because these 
eff ects on linear growth are very small, we did not attempt 
to model the eff ects of this intervention. Another 
systematic review of deworming assessed the eff ect on 
haemoglobin and anaemia rates.164 The pooled weighted 
mean diff erence (random eff ects model) of the change in 
haemoglobin was 1·71 (0·70–2·73) g/L (p<0·001) and the 
average estimated reduction in frequency of anaemia 
ranged from 1·1% to 12·4% in adults and from 4·4% 
to 21·0% in children. These eff ects, although small, could 
translate into a 5–10% reduction in rates of anaemia in 
populations with high rates of intestinal helminthiasis.

General nutrition support strategies
We assessed interventions that aff ect dietary quality 
through improved purchasing power for families and 

dietary diversifi cation strategies through home gardening 
and livestock farming (table 6). Available evidence on 
growth monitoring165–167 was not suffi  cient to support its 
use alone (without adequate nutrition counselling and 
referrals) as an essential nutrition support. Although the 
eff ects of family planning and birth spacing on maternal 
health168 and child survival have been recognised,169 
rigorous assessment of the evidence revealed many 
confounding factors.170 Observational studies of birth 
spacing171 suggest that interpregnancy intervals of less 
than 6 months are associated with increases in the risk of 
small-for-gestational-age births (adjusted OR 1·26, 
95% CI 1·18–1·33), but we did not include this 
intervention in our repertoire. In populations with high 
fertility rates, repeated pregnancies might cause maternal 
undernutrition and morbidity172 and although objective 
data from intervention studies are scarce, family planning 
could help to reduce maternal undernutrition and 
intrauterine growth restriction.

Conditional cash transfers
We assessed six programmes, mainly from Latin 
American countries, that paid families in return for an 
action such as vaccination of children.81,82,173–175 Overall, 
the programmes showed an improvement in care 
seeking and an associated increase in the value of total 
household consumption of goods and services (table 6). 
In Mexico, the Progresa programme, which combined 
conditional cash transfers with nutritional education 
and micronutrient-fortifi ed food supplements,81 resulted 
in an extra 1 cm increase in height per year, which 
translated into a 10% reduction in the prevalence of 
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stunting in children aged 12–36 months (table 10). The 
Programa Familias en Acción in Colombia174 reported an 
increase of 0·44 cm in height in children aged 
0–12 months, whereas Red de Proteccion Social in 
Nicaragua82 recorded a small decrease in the prevalence 
of stunting, from 41·9% to 37·1%, and that of 
underweight from 15·3% to 10·4% over 2 years.

Dietary diversifi cation strategies
Interventions to diversify diets by enhancement of 
agriculture and small-animal production (eg, home 
gardening, livestock rearing, and dietary modifi cations) 
are potentially promising and culturally relevant, but in 
general, have only been implemented at a small scale, and 
have not been adequately assessed (table 6).176–178 Dietary 
modifi cation techniques (eg, germination, fermentation, 
and malting), have been shown in small studies to improve 
children’s intakes of micronutrients and their 
micronutrient status.179,180 Although some promising 
multidisciplinary nutrition interventions have been 
implemented,181 dietary diversifi cation strategies have not 
been proven to aff ect nutritional status or micronutrient 
indicators on a large scale. In view of the weak evidence 
for the eff ects of these interventions on human nutrition, 
we did not attempt to estimate their eff ects.

Modelling the eff ect of interventions
Panel 1 shows the method for estimating the eff ects of 
various interventions. We used estimates of the 
prevalence of stunting at various ages and our own 
estimates of the eff ect of each intervention for various 
age-groups (tables 11 and 12).

Eff ect of interventions on stunting and mortality in 
36 countries
About 77·5 million children are born each year in the 
36 countries with the highest burden of undernutrition, 
of whom some 7·4 million die before the age of 3 years 
and a further 0·6 million die between the ages of 36 and 
59 months. (Mortality for children younger than 5 years 

is 103 deaths per 1000 livebirths.) These deaths represent 
about 280 million DALYs, of which 243 million occur 
before 36 months of age. The prevalence of stunting in 
survivors increases rapidly during the fi rst 2 years of life, 
reaching about 40% by 12 months of age and 54% by 
24 months. The frequency of stunting increases to 58% 
at 36 months of age (fi gure 2), but remains fairly stable 
thereafter, and is 55% by 5 years of age. Stunting in 
survivors beyond 36 months contributes about 9·4 million 
DALYs. Because most children who will become stunted 
have done so by 36 months, we did not attempt to model 
the eff ect of interventions on stunting after that age. 
Figure 3 shows the overall conceptual model for nutrition 
and related disease-prevention interventions, together 
with pathways that aff ect disability and mortality.

For some interventions—eg, preventive zinc treatment, 
balanced intake of energy and protein in pregnancy, and 
individual or group counselling about handwashing—
there was little or no information on coverage rates from 
the 36 countries, so we assumed that coverage was zero. 
Our review of large-scale nutrition programmes 
(webappendix 17) suggested that many programmes had 
achieved coverage levels of 70% and greater; we thus used 
this level as the minimum target for many interventions; 
and also estimated incremental gains after reaching 90% 
and 99% coverage.

Table 13 shows the eff ect of individual interventions on 
stunting, mortality, and DALYs up to age 36 months. Note 
that the deaths prevented by hygiene interventions are 
only those deaths prevented through a nutritional pathway 
(stunting). We did not include deaths due to diarrhoea, 
which would be prevented directly. In terms of DALYs, 
the largest eff ects are from breastfeeding promotion, 
vitamin A supplementation, and zinc supplementation. 
Tables 14 and 15 show the eff ects of combinations of 
interventions, grouped by type. Universal coverage with 
general nutrition interventions could prevent one in eight 
child deaths under the age of 36 months and 
prevent 10–15% of stunting. Since post-neonatal vitamin A 
coverage is already high in many countries, micronutrient 

Proportional reduction in deaths 
before

Relative reduction in prevalence of 
stunting at 

Millions (%) of 
DALYs averted at

12 months 24 months 36 months 12 months 24 months 36 months 36 months

99% coverage with balanced energy protein 
supplementation

3·6% 3·1% 2·9% 1·9% 0·5% 0·3% 7·1 (2·8%)

99% coverage with intermittent preventive treatment 2·4% 2·1% 1·9% 1·4% 0·3% 0·1% 4·8 (1·9%)

99% coverage with multiple micronutrient 
supplementation in pregnancy

2·0% 1·7% 1·6% 0·9% 0·3% 0·1% 4·0 (1·5%)

99% coverage with breastfeeding promotion and support 11·6% 9·9% 9·1% 0% 0% 0% 21·9 (8·6%)

99% coverage with feeding interventions (promotion of 
complementary feeding and other supportive strategies)

0% 1·1% 1·5% 19·8% 17·2% 15·0% 5·5 (2·1%)

99% coverage with vitamin A (including neonatal in Asia) 6·9% 7·1% 7·2% 0% 0% 0% 17·6 (6·9%)

99% coverage with zinc supplementation 1·3% 2·8% 3·6% 9·1% 15·5% 17·0% 10·8 (4·2%)

99% coverage with hygiene interventions 0% 0·1% 0·2% 1·9% 2·4% 2·4% 0·7 (0·2%)

Table 13: Eff ect of nutrition-related interventions on mortality and stunting in 36 countries

See Online for webappendix 17
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interventions have a slightly smaller additional eff ect on 
deaths but a larger eff ect (17%) on stunting, entirely due 
to zinc. Universal coverage with all interventions could 
prevent about a quarter of child deaths under 36 months 
of age and reduce the prevalence of stunting at 36 months 
by about a third, averting some 60 million DALYs. Lower 
coverage (70%) would avert over 40 million DALYs.

Eff ect of the WHO protocol for facility-based 
management of severe acute malnutrition
An estimated 276 000 children who are younger than 
5 years die each year of causes associated with severe 
acute malnutrition in the 36 focus countries, resulting in 
some 9·2 million DALYs. Application of the WHO 
protocol for management of severe acute malnutrition 
could reduce the number of deaths by 55%, and prevent 
152 000 deaths in hospitals or health facilities—on the 
assumption that current coverage is negligible. This is 
equivalent to 5 million DALYs. To achieve this reduction, 
all children at high risk of death from severe acute 
malnutrition would need to reach a health facility capable 
of delivering the WHO protocol. However, community 
and home-based management of severe acute 
malnutrition with ready-to-use therapeutic foods is now 
possible and has been recommended.88,186

Eff ect of strategies to reduce iron-defi ciency anaemia
Iron-defi ciency anaemia is estimated to cause 1·6 million 
DALYs in children under the age of 5 years in the 36 focus 
countries, and contributes to maternal deaths 
(447 000 deaths equate to 12·9 million DALYs). Table 16 
indicates that universal iron and folate supplementation 
for pregnant women could avert an estimated 84 000 
maternal deaths and 2·5 million DALYs. At present, 
routine iron supplementation is not recommended for 
children living in areas at risk of malaria caused by 
Plasmodium falciparum—ie, most of our 36 focus countries. 
Fortifi cation of food or staples with iron could prevent an 
estimated 123 000 DALYs (8%) in children. Dispersible 

micronutrient preparations could have a greater eff ect, but 
proof that use is safe in malaria-endemic areas would be 
needed before they could be recommended as a universal 
strategy. Other strategies, including cooking in iron pots, 
deworming, and delayed cord clamping, could also help to 
reduce the burden of iron-defi ciency anaemia, but there 
are no data on any additional eff ects that these strategies 
would have when added to supplementation or fortifi cation 
delivered at full coverage.

Eff ect of strategies to reduce iodine defi ciency
Iodine defi ciency is estimated to cause 1·8 million DALYs 
in children younger than 5 years in the 36 focus countries. 
We estimate that universal salt iodisation could reduce this 
burden by almost a quarter (table 17). This estimate is 
aff ected by the fact that salt iodisation is already widespread 
and has already prevented some of the disease burden.

Eff ect of calcium and zinc supplementation in pregnancy
Calcium supplementation reduces the incidence of 
pre-eclampsia by 48%.15 If we assume that this intervention 
has a similar eff ect on deaths due to hypertensive 
disorders, on the basis of the proportion of maternal 
deaths estimated to be due to hypertensive disorders,187 
we could expect universal calcium supplementation to 
prevent some 21 500 maternal deaths and reduce DALYs 
by 620 000. Although zinc supplements during pregnancy 
have not been shown to benefi t mothers, the 14% reduction 
in prematurity rates could improve neonatal and child 
survival. Despite its potential eff ect on child mortality, we 
did not model this intervention, since few data that link 
prematurity with subsequent stunting are available.

Discussion
We have shown that existing interventions for nutrition 
and disease prevention can reduce stunting at 36 months 
by about a third; mortality between birth and 36 months 
by about a quarter; and DALYs associated with stunting, 
severe wasting, intrauterine growth restriction, and child 

Proportional reduction in deaths 
before

Relative reduction in prevalence of 
stunting at

Millions (%) of DALYs 
averted at 

12 months 24 months 36 months 12 months 24 months 36 months 36 months

General nutrition interventions 14·8% 13·9% 13·4% 21·7% 17·8% 15·5% 33·8 (13·3%)

Micronutrient interventions 10·0% 11·3% 12·1% 10·3% 15·9% 17·4% 31·3 (12·3%)

Disease control interventions 3·0% 2·7%  2·6% 3·7% 2·9% 2·7% 6·6 (2·6%)

Table 14: Eff ect of combinations of nutrition-related interventions on mortality and stunting in 36 countries (99% coverage)

Proportional reduction in deaths before Relative reduction in prevalence of 
stunting at

Millions (%) of DALYs 
averted at 

12 months 24 months 36 months 12 months 24 months 36 months 36 months

99% coverage with all interventions 24·0% 24·4% 24·7% 33·1% 35·8% 35·5% 63·4 (25·1%)

90% coverage with all interventions 22·0% 22·2% 22·4% 31·1% 32·4% 32·1% 57·5 (22·7%)

70% coverage with all interventions 17·3% 17·3% 17·3% 22·7% 24·1% 23·6% 44·3 (17·5%)

Table 15: Eff ect of all nutrition-related interventions on mortality and stunting in 36 countries, by coverage level
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mortality associated with micronutrient defi ciencies by 
about a quarter. Although the repertoire of maternal 
nutrition interventions is small, universal 
supplementation with calcium, iron, and folic acid during 
pregnancy could prevent 105 500 maternal deaths 
(23·6% of all maternal deaths) and 3·12 million DALYs.

As the historical evidence of improvement of nutrition 
in various developed countries has shown, stature, living 
standards, disease exposure, and education are linked,188 
and virtually all stunting is avertable. However, in the 
past most reports and assessments of nutrition 
programmes have focused on weight gain rather than 
linear growth.189 In general, stunting and linear-growth 
retardation are regarded as diffi  cult to change. Our 
fi ndings show that, in the 36 most important countries, 
only about a third of stunting could be averted with 
available interventions in the short term. This fi nding 
could indicate that maternal and antenatal factors make 
an important contribution to stunting that cannot be 
altered without fi rst addressing the intergenerational 
eff ects of undernutrition.190,191 

Because stunting is especially diffi  cult to reverse after 
36 months of age, we need to focus attention on 
interventions in pregnancy and in young children, 
especially those under 24 months of age. Supplementary 
feeding interventions beyond 36 months of age would 
probably not reduce stunting and might be inadvisable, 
since rapid weight gain in later childhood is associated 
with adverse long-term outcomes.4 Data from a large 
programmatic intervention in Haiti also suggested that a 
preventive strategy of behaviour-change communication 
and food supplements for all children aged 6–23 months 

reduced numbers who were underweight or stunted more 
than did a targeted recuperative and food-support strategy 
that focused on underweight children (under 5 years).192 
These fi ndings should be considered in conjunction with 
the content and timing of existing nutritional 
interventions, such as preschool and school-age 
supplementary feeding programmes. A Cochrane review 
of school feeding strategies in older children193 suggests 
that the eff ect could lead to an increase in body-mass 
index rather than a substantial eff ect on stunting.

Our fi gures for reduction of mortality are much more 
conservative than those suggested in our previous 
reviews.33,194 Several important diff erences in the methods 
used in this exercise must be considered for comparison 
of our results with previous estimates. First, the eff ect 
estimates for interventions used in previous reviews were 
largely derived from effi  cacy data, with few fi ndings from 
eff ectiveness studies and large-scale programmes; for 
this review, we used evidence from eff ectiveness studies 
whenever possible. Previously no distinction was drawn 
between public-health interventions and personal 
behaviours. Thus, although exclusive breastfeeding is an 
individual decision, promotion of breastfeeding is a 
public-health intervention and universal coverage of 
breastfeeding promotion is not the same as universal 
coverage of exclusive breastfeeding. In this review we 
modelled the eff ect of universal breastfeeding promotion. 
The previous modelling of intervention eff ects10,187 also 
did not assess delivery strategies or targeting to specifi c 
population groups at risk, whereas we did for this review. 
Lastly, previous attempts at modelling intervention 
eff ects largely relied on cross-sectional models across a 

Eff ect estimates (95% CI) Coverage DALYs 
averted

Reduction 
in DALYs*

Food fortifi cation with iron

Pregnancy 6·90 g/L increase in haemoglobin (2·74–11·06)

Childhood 3·4 g/L increase in haemoglobin ( 0·49–6·27) 70% 87 000 6%

90% 112 000 7%

99% 123 000 8%

Iron (and folate) supplementation

Pregnancy 12 g/L increase in haemoglobin at term (2·93–21·07) 70% 1 600 000 12%

90% 2 200 000 17%

99% 2 500 000 19%*

Childhood Supplementation not recommended for children in areas at risk of P falciparum 
malaria. Sprinkles are associated with an increase in haemoglobin of 5·95 g/L 
(3·73–8·16) and 21% reduction in the risk of anaemia

Deworming

Pregnancy Mean decline in haemoglobin between fi rst and third trimester in albendazole 
group was 6·6 g/L less than in placebo (p=0·0034)

Childhood The pooled weighted mean diff erence (random-eff ects model) of the change in 
haemoglobin was 0·93 (0·10–1·77) g/L

Delayed cord clamping

At delivery 47% reduction in risk of anaemia at 2 to 3 months (RR 0·53, 0·40–0·70)

 *Proportions for DALYs in pregnant women are percentage of all DALYs attributable to maternal deaths.

Table 16: Estimates of the eff ect of interventions to prevent iron-defi ciency anaemia at diff erent periods
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wide age range (0–4 years of age), and did not seek to 
diff erentiate eff ects at various ages. Therefore we 
developed a longitudinal, cohort model.

Another major diff erence is that the estimates for the 
mortality attributable to stunting that we have used are 
lower than those that were used for mortality attributable 
to being underweight; however, we also examined the 
additional benefi ts through reduction of severe wasting 
and intrauterine growth restriction, which allows better 
discrimination of eff ects for guidance of programmes.1 
Some additional specifi c diff erences merit comment. In a 
previous Series on child survival,33 an optimisation of 
breastfeeding practices achieved a reduction of 13% in 
child mortality. By contrast, on the basis that the eff ects of 
various breastfeeding promotion strategies on 
breastfeeding practices would diff er in diff erent 
age-groups, we estimated that child mortality would be 
reduced by 8%. Another major diff erence was the mortality 
reduction attributed to appropriate complementary 
feeding strategies, which had previously been estimated 
at 6%;33,68 we showed that this reduction would be only 1%. 
In previous calculations we had assumed that interventions 
could achieve an increase of 0·35 in weight-for-age 

Z scores, whereas for this exercise we assessed programme 
eff ects in terms of height and length, with height-for-age 
Z scores in the range of 0·2–0·4 across various age-groups. 
By contrast with the current age-group-specifi c estimates, 
an SD estimate of 1 was previously used across populations. 
This approach might have exaggerated the eff ect of 
complementary feeding. In previous models, we did not 
distinguish between food-secure and food-insecure 
populations. Given the lack of robust population indicators 
of food security, our choice of GDP income per head is 
somewhat crude and arbitrary; however, we wanted to 
underscore the need for diff erent complementary feeding 
interventions in the two categories.

Our calculation of the eff ect of interventions to promote 
hygiene and handwashing was also lower (<1%) than 
previous estimates (3%). This discrepancy was expected, 
since we estimated the eff ect moderated by stunting only 
and did not include the direct eff ect on disease-related 
mortality (eg, due to diarrhoea). The eff ect estimates for 
micronutrient interventions were similar to previous ones 
for zinc and slightly higher for vitamin A. The higher 
estimate for vitamin A relates to the addition of an eff ect of 

neonatal dosing of vitamin A on mortality in children 
younger than 6 months in Asia, and might be imprecise in 
that our intervention model did not estimate cause-specifi c 
reduction in mortality. Lastly, since children who receive 
one intervention are more likely to receive other 
interventions,195 the combined eff ect of interventions might 
be lower than expected from individual interventions.

Several additional limitations must also be recognised. 
As indicated earlier, we included only proximal 
interventions that might aff ect nutrition through 
improved nutrient intake or reduction in disease burden. 
We also restricted this group of interventions to include 
mainly those that reduced the burden of diarrhoea. Other 
disorders, such as recurrent respiratory infections196 and 
intercurrent infections197 could also possibly worsen 
nutrition because of reduced dietary intake and protein 
diversion. Although we included the eff ect of handwashing 
and zinc administration on diarrhoea morbidity, we did 
not estimate their potential eff ects on stunting from an 
additional reduction in the burden of respiratory 
infections.143,198 Similarly we have not included the potential 
eff ects of vaccination strategies for measles, rotavirus, 
Haemophilus infl uenzae, or pneumococcal disease. 
Furthermore, we have not estimated the eff ects of 
treatment of HIV/AIDS in children or pregnant women. 
These strategies might have substantial benefi ts through 
reduction of morbidity and secondary undernutrition.143,199

Previous reviews did not attempt to assess the benefi t of 
interventions on the reduction of lost DALYs, which capture 
both the eff ects on short-term morbidity and mortality and 
the eff ects on disability that might be life-long. Our 
modelling exercise indicated that most of the eff ects on 
DALYs by nutrition interventions result from reduction in 
child mortality. We have used the disability weightings of 
maternal and child undernutrition that were established by 
the Global Burden of Disease project but recognise that 
these might be inadequate.200 Evidence presented 
previously201 and in this Series4 has suggested that the 
long-term eff ects of stunting on cognition and earning 
potential are larger than previously recognised; these 
fi ndings might justify a larger life-time disability weight for 
stunting in future estimations of disease burden.

Although we considered a wide range of nutrition 
interventions, reviews,202–204 and more than 25 nutrition 
programmes, the evidence for many interventions and 

Eff ect estimates Coverage DALYs averted 
(millions)

Reduction in 
DALYs

Universal iodised salt use and iodine 
fortifi cation of water in high-risk areas

Goitre prevalence decreased by 19–64% 70% 0·16 8·6%

Rate of goitre reduced by 51–89% by iodisation of water 90% 0·32 17·7%

Overall eff ect estimate used 41% 99% 0·40 22·3%

Specifi c iodine supplementation as 
injectable iodine (antenatal) in areas if 
severe iodine defi ciency

Antenatal iodine supplementation results in 73% reduction in the risk 
of congenital hypothyroidism in 4-year-old survivors (RR 0·27, 95% CI 
0·12–0·60). Antenatal iodine supplementation results in 29% 
reduction in the risk of infant and child mortality (RR 0·71, 0·56–0·90)

Uncertain proportion globally aff ected by 
severe iodine defi ciency in pregnancy

Table 17: Strategies to reduce the burden of iodine defi ciency (maternal and child interventions)



Series

18 www.thelancet.com   Published online January 17, 2008   DOI:10.1016/S0140-6736(07)61693-6

key questions was weak. Despite the many randomised 
controlled trials that show the benefi t of interventions to 
promote breastfeeding, few trials have assessed the 
importance of timing of breastfeeding, or its eff ect on 
neonatal or infant survival.34 Similarly, evidence for the 
eff ectiveness of many large-scale nutrition programmes 
was variable since few programmes had robust strategies 
for monitoring and assessment, and only one81 was 
implemented in a way that allowed prospective evaluation. 
Evidence about food fortifi cation programmes and their 
eff ect on maternal and childhood micronutrient status 
and health is especially scarce. Despite our premise of 
using evidence from eff ectiveness trials and programme 
assessments, fewer than 3% of all interventions qualifi ed. 
Hence, much of our intervention review still consists of 
effi  cacy estimates rather than eff ectiveness studies, and 
these might have been done in specifi c contexts (eg, high 

rates of nutritional anaemia or soil helminths that might 
increase eff ect estimates). This gap in global evidence is 
important, since effi  cacy data might overestimate 
potential benefi ts, and fail to include the reality of lower 
coverage and technical and logistical diffi  culties that 
hamper implementation in health systems. Panel 2 
summarises some of the key evidence gaps with regard 
to interventions and strategies that could aff ect nutrition 
outcomes. Given the paucity of eff ectiveness data, 
strengthening of monitoring and rigorous assessment of 
large-scale nutrition programmes are imperative.

Some technical limitations with the prediction model 
must also be mentioned. We largely assumed that the 
interventions act on their own and calculated their eff ects 
with this in mind. In reality, however, some interventions 
might act synergistically, especially in populations with 
multiple defi ciencies. For instance, the eff ect of iron 
supplementation on anaemia can be substantially 
increased by co-administration with vitamin A in 
defi cient populations;205 in addition to an eff ect on 
survival in childhood, reduction in intrauterine growth 
restriction might aff ect immunity and long-term health 
outcomes.206 In a similar example, the overall eff ect of a 
programme of conditional cash transfers on stunting 
reduction was shown to be greater than that noted in the 
pilot phase.81,207 This discrepancy could possibly be 
explained by additional benefi ts of conditional cash 
transfers such as improved micronutrient status through 
consumption of better quality foods over time, greater 
use of health services, and access to antibiotics. Another 
unmeasured benefi t of conditional cash transfers could 
include promotion of female empowerment.208

We recognise that we have neither included poverty 
alleviation strategies for their eff ect on nutrition outcomes, 
nor assessed the cost-eff ectiveness of various interventions. 
For most of the country studies available, the eff ects of 
fi nancial market access on calorie intake and nutritional 
status were not statistically signifi cant (data not shown). 
The association between consumption of higher quality 
foods and rising incomes was a major reason for the weak 
marginal eff ect on calorie intake. Also, nutritional status 
results from a complex interaction between food intake, 
access to safe water and sanitation, nutritional knowledge 
of caretakers, and access to care and medical services. 
Higher income and ability to fi nance food expenditures 
are therefore only two of many determinants of nutritional 
status. The policy implication is that the provision of 
improved fi nancial access to rural households needs to be 
complemented by services to translate higher income 
(generated through improved access to rural fi nancial 
services) into improved nutrition. In general, most rural 
microfi nance institutions in developing countries—with 
some notable exceptions, mainly non-governmental 
organisations—do not directly provide these comple-
mentary services. However, whether the fi nancial 
institutions themselves or other specialised agencies 
should off er such complementary services is a much 

Panel 2: Evidence gaps

• The eff ectiveness and cost-eff ectiveness of nutritional 
interventions in national health systems need urgent 
assessment. Both single and packaged interventions that 
aff ect general nutrient and micronutrient intake in 
women and children should be assessed, for their eff ect 
on stunting rates and weight gain

• Few nutritional interventions for mothers have assessed a 
wide range of outcomes at suffi  cient scale. Although 
promising, interventions that target maternal 
macronutrient and micronutrient intake, in particular, 
those with multiple micronutrients and calcium, need to 
be assessed with long-term tracking of eff ect on maternal 
and child health

• Few studies of large-scale interventions for promotion of 
breastfeeding have assessed their eff ects on feeding 
patterns and growth outcomes beyond infancy. With the 
new growth standards, such studies are needed to assess 
the eff ectiveness of strategies for breastfeeding 
promotion and appropriate complementary feeding for 
growth and morbidity in various age-groups

• The fi nding that nutrition interventions do not have a 
signifi cant eff ect beyond 36 months has huge policy 
implications. We need large-scale studies to verify the 
irreversibility of stunting in children aged 36–49 months 
and older

• Can the adverse eff ects associated with stunting (eg, 
cognitive impairment or risk of infectious disease) be 
ameliorated or reversed?

• Although the effi  cacy of preventive zinc supplementation 
is proven, studies of the eff ectiveness of various zinc 
delivery strategies (fortifi cation, supplementation, and 
biofortifi cation) are urgently needed

• Since community-based preventive and treatment 
strategies for severe acute malnutrition have been the 
subject of only a few studies, robust experiments in this 
area should be prioritised
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debated question. Building sustainable rural fi nancial 
institutions for the poor seems to be a challenging task in 
itself; provision of additional services in the areas of 
health and nutrition will probably overburden these 
mostly young institutions. Although a few successful 
institutions manage both (eg, BRAC and the Grameen 
Bank in Bangladesh), to strengthen existing specialised 
public programmes that directly address these other 
important determinants of nutrition is more appropriate.

Notwithstanding these limitations, our review and 
intervention simulation model suggest that much can be 
done to improve the nutritional status of mothers and 
children with simple evidence-based interventions. In 
view of the long-term consequences of iodine-defi ciency 
disorders,209 iodisation of salt should be extended to full 
population coverage. In many instances, alternative 
delivery strategies could be considered. For example, the 
potential benefi t of achieving 99% coverage with 
vitamin A could be achieved by various approaches. 
Although in some countries vitamin A supplementation 
programmes might be the most cost-eff ective and feasible 
way to reach large populations at risk, fortifi cation of 
common food commodities in some settings might 
enable high rates of coverage to be achieved.

Proven nutrition-related interventions off er many 
possibilities for improvement of undernutrition in mothers 
and their children and reduction of the related burden of 
disease in both the short and the long term. Attention to 
the continuum of maternal and child undernutrition is 
essential to attainment of several of the Millennium 
Development Goals and must be prioritised globally and 
within countries. Countries with a high prevalence of 
undernutrition must decide which interventions should be 
given the highest priority, and ensure their eff ective 
implementation at high coverage to achieve the greatest 
benefi t. We have shown that the evidence for benefi t from 
nutrition interventions is convincing. What is needed is 
the technical expertise and the political will to combat 
undernutrition in the very countries that need it most.
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