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Summary

Background—Universal home fortification of complementary foods with iron-containing 

multiple micronutrient powders (MNPs) is a key intervention to prevent anaemia in young children 

in low-income and middle-income countries. However, evidence that MNPs might promote 

infection raises uncertainty about whether MNPs give net health benefits and are cost-effective. 

We aimed to determined country-specific net benefit or harm and cost-effectiveness of universal 

provision of MNPs to children aged 6 months.

Methods—We developed a microsimulation model to estimate net country-specific disability-

adjusted life-years (DALYs), years lived with disability (YLDs), and years of life lost (YLLs) 

due to anaemia, malaria, and diarrhoea averted (or increased) by provision of a 6-month course 

of MNPs to children aged 6 months, compared with no intervention, who would be followed 

up for an additional 6 months (ie, to age 18 months). Anaemia prevalence was derived from 

Demographic and Health Surveys or similar national surveys, and malaria and diarrhoea incidence 

were sourced from the Global Burden of Disease Study. Programme and health-care costs were 

modelled to determine cost per DALY averted (US$). Additionally, we explored the effects of 

reduced MNP coverage in a sensitivity analysis.

Findings—78 countries (46 countries in Africa, 20 in Asia or the Middle East, and 12 in Latin 

America) were included in the analysis, and we simulated 5 million children per country. 6 months 

of universal distribution of daily MNPs, assuming 100% coverage, produced a net benefit (DALYs 

averted) in 54 countries (24 in Africa, 19 in Asia and the Middle East, 11 in Latin America) 

and net harm in 24 countries (22 in Africa, one in Asia, and one in Latin America). MNP 

intervention provided a benefit on YLDs associated with anaemia, but these gains were attenuated 

and sometimes reversed by increases in YLLs associated with malaria and diarrhoea, reducing the 

benefits seen for DALYs. In the 54 countries where MNP provision was beneficial, the median 

benefit was 28·1 DALYs averted per 10 000 children receiving MNPs (IQR 20·6–40·4), and 

median cost per DALY averted was $3576 (IQR 2474–4918). DALY effects positively correlated 

with moderate and severe anaemia prevalence in Asia, the Middle East, and Latin America, 

but correlated inversely in Africa. Suboptimal coverage markedly reduced DALYs averted and 

cost-effectiveness.

Interpretation—Net health benefits of MNPs vary between countries, are highest where 

prevalence of moderate and severe anaemia is greatest but infection prevalence is smallest, and are 

ameliorated when coverage of the intervention is poor. Our data provide country-specific guidance 

to national policy makers.

Funding—International Union of Nutrition Sciences.

Introduction

Almost 300 million children younger than 5 years worldwide are anaemic, with most living 

in low-income and middle-income countries (LMICs).1 Dietary iron deficiency is considered 

to be the major cause of anaemia in children worldwide.2 According to WHO, anaemia is 

classified as a severe public health problem when its prevalence among children younger 

than 5 years exceeds 40% and a moderate problem when prevalence is between 20% and 

less than 40%.3 WHO recommends that all children aged 6–23 months living where the 
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prevalence of anaemia exceeds 20% should receive home fortification of complementary 

foods with iron-containing multiple micronutrient powders (MNPs).4 MNPs are single-dose 

sachets of lipid-coated iron combined with other micronutrients that can be mixed into 

any semi-solid food, enabling a food-based approach for delivering iron to young children. 

MNPs have become the predominant public health approach to providing iron for young 

children in LMICs: in 2017, over 16 million children worldwide received MNPs.5

However, in the past decade, WHO modelling indicated that only 32% of cases of childhood 

anaemia in sub-Saharan Africa and 41% in Asia were responsive to iron.1 Additionally, 

iron is also essential for proliferation of pathogenic micro-organisms, and randomised 

controlled trials in LMICs have raised concerns that iron interventions (including MNPs) 

could increase infection risk, including clinical incidence of malaria6 and diarrhoea.7,8

Therefore, when considering whether to implement universal iron interventions for young 

children, policy makers should balance the expected benefits of anaemia reduction against 

possible risks of infection. Furthermore, the magnitude of net health benefits should be 

understood relative to the economic costs of delivering a mass intervention. The net health 

benefits and resulting cost-effectiveness potentially will vary with the local prevalence 

and severity of anaemia, malaria control and prevention, burden of other infections, 

health system characteristics, and health-care costs. Therefore, assessments of risk–benefit 

and cost-effectiveness should be country specific. To provide policy makers with this 

information, we used microsimulation modelling to estimate country-specific net health 

benefit and cost-effectiveness of universal distribution of MNPs to children aged 6 months 

for a 6-month period compared with no intervention, followed by an additional 6-month 

post-intervention period, in LMICs where anaemia has been considered an important public 

health problem.

Methods

Study design

We developed a microsimulation model to estimate disability-adjusted life-years (DALYs) 

lost to, and direct health-care costs incurred by, anaemia, diarrhoea, and malaria in children 

aged 6–18 months. We modelled cohorts receiving either a programme of daily MNPs 

(active intervention group) or no programme (control group). In the active intervention 

group, we modelled MNPs being given to children aged 6 months, for 6 months of MNP 

doses, and simulations of outcomes continued until age 18 months (reflecting one cycle 

of annual supplementation).4 We selected outcomes on the basis of WHO priorities used 

to define guidelines,4 their importance in LMICs, and plausibility that MNPs would affect 

them. Disability weights for diseases were derived from the Global Burden of Disease Study 

(GBD) 2013.9 For each cohort, we calculated years lived with disability (YLDs), years 

of life lost (YLLs), and DALYs (sum of YLLs and YLDs) incurred by each condition. 

YLDs were calculated by multiplying the duration of each event by the corresponding 

disability weight. We calculated deaths on the basis of a fixed, defined country-specific 

and case-specific mortality rate caused by malaria and diarrhoea. Case-specific mortality 

rates were derived from GBD 2017 data (number of deaths divided by number of cases; 

appendix p 16).10 YLLs were then calculated as the years between the incident death and 
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the country-specific remaining life expectancy. The primary outcome of the analysis was the 

number of DALYs (per 10 000 children) averted by MNPs (reduction in DALYs incurred 

between intervention and the control groups) in each country. We modelled all countries 

where WHO estimated that the 2011 prevalence of anaemia in children younger than 5 

years exceeded 40%, or where MNP intervention programmes (national, subnational, or 

targeted to particular subgroups) had been piloted or were in progress as of 2013.11 We did 

5000 simulations of 5000 children per cohort, for each group (ie, intervention and control), 

per country (5 million children simulated per country), using MATLAB, version 9.6. This 

study is reported with use of Consolidated Health Economic Evaluation Reporting Standards 

guidelines.12 The analytical approach is summarised in figure 1. Full details of the model are 

described in the appendix (pp 12–14).

Disease epidemiology

We extracted the national prevalence of mild, moderate, and severe anaemia3 in each 

age subgroup (6–8 months, 9–11 months, and 12–17 months) from the most recently 

available Demographic and Health Survey, Malaria Indicator Survey, or national nutrition 

survey (as of June 30, 2019, from the Biomarkers Reflecting Inflammation and Nutritional 

Determinants of Anemia working group).13 For countries where these data were unavailable 

(n=19), we derived the age-specific prevalence by adjusting the data to the geographically 

closest country for which data were available (appendix p 7). For diarrhoea and malaria, we 

derived clinical incidence from GBD 2017 data.10

Outcomes and effect sizes

Effect sizes for MNPs on anaemia and diarrhoea were based on an updated systematic 

review of randomised controlled trials that is being used to inform present MNP WHO 

guidelines (appendix pp 8–11).14 We considered that, during intervention, MNPs could 

both prevent and cure anaemia. Preventive effects of MNPs on anaemia were considered 

to be sustained for 6 months after the treatment course (ie, from 12–18 months of age). 

Harmful effects of diarrhoea and malaria were considered to be restricted to the 6-month 

intervention period (modelling detailed in the appendix, pp 12–14), on the basis of clinical 

data suggesting that harm from MNPs occurs during treatment.15 We stratified anaemia 

effect size by the malaria endemicity of countries, because the analysis suggested malaria 

endemicity modifies the efficacy of MNPs on anaemia. Effects of MNPs on clinical 

malaria were based on a 2016 Cochrane review addressing effects of iron on malaria, 

which indicated a modification of the effect on the basis of co-provision of malaria control 

strategies.16 Therefore, we modified effects of MNPs on malaria on the basis of co-provision 

of malaria control, which we defined as whether a child slept under a bednet (using data up 

to 2015).17,18 The model also reduced baseline incidence of malaria by 50% if children slept 

under a bednet (on the basis of a Cochrane review).19 Systematic reviews of randomised 

controlled trials of iron supplementation and MNPs in young children have not confirmed 

short-term benefits of iron on child cognitive development,20,21 and our analysis of two 

randomised controlled trials assessing long-term effects of early childhood iron interventions 

could not identify evidence of benefit (appendix p 11).22,23 Therefore, an effect from MNPs 

on long-term cognition or future earning potential could not be incorporated into the model.
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To investigate associations with outcomes from MNPs, we plotted two-way associations 

between net benefit (in terms of DALYs, YLDs, and YLLs) and baseline prevalence of 

mild, moderate, and severe anaemia and incidence of malaria or diarrhoea, and calculated 

correlations using Spearman’s Rho.

Costs

Costs are expressed in US$ (2015 exchange rate) and include the direct costs of health-care 

provision—the costs of MNPs (180 doses) and implementation of the programme and 

the direct costs of treating infection events (country-specific estimates of outpatient and 

inpatient clinical visits). We estimated MNP costs at $0·03 per dose.24,25 We estimated non-

drug programme costs at $4·50 per child on the basis of $4 to $5 per-child cost described 

by the Home Fortification Technical Advisory Group.26 We calculated health costs on the 

basis of presentations for care according to the modelled proportion of mild, moderate, 

and severe infection cases, and estimated outpatient and inpatient care costs in accordance 

with WHO Choices data.27 Using this information, we estimated the incremental cost per 

DALY averted. We used probabilistic sensitivity analysis to explore the effect of parameter 

uncertainty on cost-effectiveness and present results using cost-effectiveness acceptability 

curves (CEACs) by country, to show the proportion of simulations where the cost per DALY 

averted was lower than a given cost-effectiveness threshold.28,29

Sensitivity analysis

To model variation in programme coverage, we did sensitivity analyses. We modelled 

coverage (proportion of children in the intervention group who took a course of MNPs) 

at 100% (base case), and reduced it to 75%, 50%, and 25%. We modelled non-covered 

children as still incurring MNP doses (ie, MNP doses would be provided but wasted) and 

programme costs, but without having either the possible benefits or harms associated with 

the intervention. We did not model the proportion of doses consumed (adherence).

To model effects of variation in costs of programme delivery between regions, we adopted 

region-specific multipliers of nutrition programmes proposed by the World Bank (appendix 

p 15),30 and explored their effects on cost-effectiveness and CEACs.

Finally, to estimate the cost-effectiveness of MNPs without incorporating a risk of mortality, 

we calculated the cost-effectiveness of MNPs per YLD averted.

Role of the funding source

The funders had no role in study design, data collection, data analysis, data interpretation, or 

writing of the report. The corresponding author had full access to the data in the study and 

had final responsibility for the decision to submit for publication.

Results

78 countries (46 countries in Africa, 20 in Asia or the Middle East, and 12 in Latin America) 

met the criteria for inclusion in the analysis.
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6 months of universal distribution of daily MNPs, assuming 100% coverage, produced an 

average net benefit to health in 54 countries and net harm in 24 countries compared with 

no intervention (figure 2). In Africa, MNPs were net beneficial in 24 countries modelled 

and net harmful in 22 countries. In Asia and the Middle East, MNPs were beneficial in all 

but one of 20 countries modelled; likewise, MNPs were beneficial in 11 of 12 countries 

modelled in Latin America. The median net effect of MNPs across all 78 countries was 22·7 

DALYs averted per 10 000 children (IQR −11·4 to 33·1). By region, the median benefit was 

1·5 DALYs averted (−43·0 to 26·0 in Africa, 29·8 (23·6 to 42·6) in Asia and the Middle 

East, and 31·1 (19·6 to 37·9) in Latin America. Among the 54 countries where MNPs were 

beneficial, the median benefit was 28·1 DALYs averted per 10 000 children (20·6 to 40·4). 

Full details on mean net DALYs averted by country are presented in the appendix (p 17).

The top ten countries, where MNPs were most beneficial (DALYs averted per 10 000 

children) compared with no intervention, were Yemen (105·2 DALYs averted per 10 000 

children, 95% uncertainty interval [UI] 39·9 to 160·2), Bolivia (74·3, 33·5 to 108·7), 

Bangladesh (63·9, 50·1 to 76·0), Cambodia (58·0, 36·9 to 76·5), India (54·4, 20·3 to 85·0), 

The Gambia (44·5, 77·1 to 149·2), Uzbekhistan (43·6, 34·7 to 51·0), Pakistan (42·2, −21·9 

to 99·6), Laos (42·2, −31·1 to 100·0), and Guyana (41·4, 19·8 to 58·3; appendix p 17). The 

countries where MNPs caused most harm (DALYs incurred per 10 000 children, expressed 

as negative DALYs averted) compared with no intervention were Niger (−359·6, 95% UI 

−999·2 to 229·1), Chad (−220·3, −992·0 to 388·0), Mali (−184·0, −545·0 to 140·8), Nigeria 

(−165·0, −546·0 to 141·7), Guinea (−150·0, −451·0 to 125·9), Central African Republic 

(−113·2, −368·9 to 123·3), Equatorial Guinea (−106·7, −320·6 to 97·2), Sierra Leone (−87·9, 

−324·4 to 146·8), Togo (−83·7, −296·0 to 122·9), and Cameroon (−56·5, −297·2 to 161·0).

We disaggregated the effects of MNPs on DALYs into constitutive YLDs and YLLs (figure 

3; appendix p 17). In all countries, MNPs provided a clear positive effect on YLDs 

compared with no intervention, due to reductions in the prevalence of anaemia. Although 

the magnitude of this effect was heterogeneous, the median effect was 60·6 YLDs averted 

per 10 000 children (IQR 49·9–72·7) in Africa, 40·4 (34·2–58·1) in Asia and the Middle 

East, and 34·3 (29·6–42·2) in Latin America. MNPs also caused a possible excess in the 

risk of death in some countries, which was minimal in most cases (eg, smaller than 0·5 

per 10 000 children in 37 countries). However, in 24 countries (all in sub-Saharan Africa), 

the risk exceeded 1·0 extra death per 10 000 children and was as high as 7·2 per 10 000 

children (in Niger). Because of this excess risk, the net effect of MNPs on YLLs (excess risk 

of death multiplied by the remainder of that country’s life expectancy) was negative. The 

effects on DALYs were always smaller than the beneficial effects on YLDs. Overall, in 54 

countries, the benefits on YLDs exceeded the risks from infection-related YLLs, hence net 

DALYs were averted, whereas in 24 countries (22 of which were in Africa), the YLL risks 

outweighed the YLD benefits, and MNPs caused net DALYs to be incurred. Full details on 

the effects of MNPs on mean YLDs and YLLs are presented in the appendix (pp 18–117).

In the 54 countries where MNPs were of net benefit, we calculated the cost per DALY 

averted (appendix p 17). Assuming 100% coverage and uptake of the intervention, median 

cost-effectiveness in countries where MNPs were beneficial was $3576 per DALY averted 

(IQR 2474–4918); the median cost-effectivess was $3897 (3101–6980) in Africa, $3136 

Pasricha et al. Page 6

Lancet Glob Health. Author manuscript; available in PMC 2022 October 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(2335–4083) in Asia and the Middle East, and $3216 (2736–4783) in Latin America. 

The ten countries where MNPs were most cost-effective were Yemen ($1041 per DALY 

averted), Bolivia ($1398), Bangladesh ($1557), Cambodia ($1730), India ($1840), The 

Gambia ($2240), Uzbekhistan ($2283), Pakistan ($2388), Laos ($2389), and Guyana 

($2390; appendix p 17).

When only modelling DALYs associated with anaemia, we found that MNPs were beneficial 

across all countries (appendix p 118). When we removed risk of death from the model, 

MNPs were benefical in all countries and cost per DALY averted was lower: median cost per 

DALY averted was $1741 (IQR 1392–2186) in Africa, $2567 (1735–2969) in Asia and the 

Middle East, and $3038 (2339–3801) in Latin America (appendix p 119).

The base case was modelled at 100% coverage and uptake, which might be unrealistic. 

Therefore, we also modelled coverage rates of 75%, 50%, and 25% (figure 4). In countries 

where MNPs were beneficial, lower coverage reduced DALYs averted by MNPs (figure 4A) 

and increased cost per DALY averted (figure 4B). In countries where MNPs were harmful, 

lower coverage reduced the DALYs incurred.

The CEACs show that for many countries, particularly in Africa, MNPs were unlikely to 

be cost-effective, even at cost-effectiveness thresholds higher than $5000 per DALY averted 

(figure 5). Individual CEACs for each country are presented in the appendix (pp 120–22). 

Effects of variation in programme costs by use of regional multipliers are also presented in 

the appendix (p 123) and showed an increase in cost per DALY averted in Latin America 

and central Asia.

We did an ecological analysis at the country level and disaggregated by region to explore 

baseline factors associated with effects of MNPs. We plotted two-way associations between 

net benefit (in terms of DALYs, YLDs, and YLLs) and baseline prevalence of mild, 

moderate, and severe anaemia and incidence of malaria or diarrhoea, and we calculated 

Spearman’s Rho (appendix pp 124–25). According to our ecological analysis, moderate 

and severe anaemia prevalence, but not mild anaemia prevalence (appendix p 124), were 

positively and closely correlated with improvements in YLDs. Moderate and severe anaemia 

were associated with a negative effect from MNPs on YLLs in Africa but not in other 

regions, potentially because in Africa, moderate and severe anaemia prevalence were each 

also positively correlated with incidence of malaria (appendix p 125). As a result, increasing 

prevalence of moderate and severe anaemia positively correlated with improvements in 

DALYs in Asia and the Middle East and in Latin America. However, in Africa, the opposite 

was true, with greater prevalences of moderate and severe anaemia associated with poorer 

outcomes from MNPs. Detailed reports for each country are included in the appendix 

(pp 18–117). These reports summarise the input data (eg, disease prevalence, bednet 

coverage, and case-specific mortality), and present effects of MNPs on anaemia, malaria, 

and diarrhoea; net effects on DALYs, YLDs, and YLLs; effects on anaemia alone (without 

considering other infections); cost-effectiveness; and effects of changes in invervention 

coverage. These reports can be used by national policy makers to inform decisions in their 

local setting.
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Discussion

Estimates suggest that 54 countries are now delivering MNP programmes.5,24 However, 

concerns exist that MNPs and other iron interventions could exacerbate infection, which 

might outweigh the benefits from their proven ability to reduce anaemia. We aimed to 

integrate information on the simultaneous benefits and potential harms of universal MNPs 

to predict the net effect of these interventions. We found that the magnitude and direction 

of this net effect was country specific. Beneficial effects of MNPs on YLDs were countered 

by exacerbations in infection-related YLLs, but the net effect remained positive in most 

countries. We observed a net harm in 24 countries, including 22 countries in Africa. The 

cost-effectiveness varied between countries because of the magnitude of effect and health-

care costs. Where MNPs were beneficial, suboptimal coverage of programmes markedly 

attenuated the net benefit and reduced cost-effectiveness.

To corroborate our model, we compared our results to those reported in randomised 

controlled trials of the effects of MNP provision on anaemia. In Laos, 6 months of MNP 

provision to children aged 6–52 months reduced anaemia, with a relative risk (RR) of 

0·77;31 in this country, our model estimated a 26% relative reduction in anaemia prevalence. 

In China, 6 months of MNP provision reduced absolute anaemia prevalence by 6%;32 our 

model estimated a 7·8% absolute decrease in anaemia in China. In Colombia, 18 months 

daily MNP provision to children aged 18 months reduced anaemia by RR 0·84;33 our model 

predicted a 25% relative reduction in the prevalence of anaemia in this country. Therefore, 

our model calculated effect sizes from MNP interventions on anaemia similar to those 

observed in trials from the past decade.

We aimed to provide a global analysis of net benefit and cost-effectiveness, and thus 

used standardised data sources across countries. However, the resolution of the input 

data does not permit us to draw conclusions at subnational or high geospatial resolution 

scales. We predict average net effects of MNP interventions for entire countries, but some 

subpopulations might have variation in anaemia, diarrhoea, and malaria epidemiology, 

where national estimates might not apply. Equally, within countries where we consider MNP 

interventions to not be cost-effective or to produce net harm, some localities exist where net 

benefits could be achieved.

We exclusively used effect sizes for our analyses derived from systematic reviews of 

randomised controlled trials, the best practice approach used by policy makers such as 

WHO. Previous analyses of the economic benefits of iron interventions have based effect 

sizes on functional outcomes (eg, two-thirds reductions in mortality or half of an SD effects 

of iron deficiency anaemia on cognitive development)34 by use of observational associations 

between anaemia and such outcomes.35 By restricting use of effect sizes exclusively to those 

derived from systematic reviews of randomised controlled trials, our analysis represents 

an estimate of the effects of an intervention (MNPs) rather than a disease (anaemia) 

on health. Previous analyses did not consider potential risks of interventions, as partly 

captured with our anaemia-only simulation. Although we originally aimed to incorporate 

analysis of long-term effects of iron interventions on cognitive development and thus 

economic productivity, our published meta-analysis of available randomised controlled trials 
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of iron supplementation did not reveal evidence of effects of iron on short-term cognitive 

development.20 We also did a meta-analysis of the two trials22,23 that measured effects of 

iron supplementation in children younger than 2 years on later-life cognitive performance 

and identified no effect.

Guidelines recommending universal MNP interventions for young children are based on the 

overall prevalence of anaemia.36 However, this prevalence estimate includes mild anaemia, 

which has among the lowest disability weights for any condition,9 makes little contribution 

to the overall YLDs from anaemia (even when it is highly prevalent), and does not greatly 

affect the net reduction in DALYs from MNP interventions. Reducing the burden of mild 

anaemia is of negligible importance to the overall burden of the disease, especially if the 

therapeutic intervention increases the risk of a potentially lethal infection. In Asia, the 

Middle East, and Latin America, the prevalence of moderate and severe anaemia, which 

have much higher disability weights, more closely predict the magnitude of estimated 

benefit of MNPs on YLDs. In sub-Saharan Africa, positive correlations between anaemia 

prevalence and malaria mean that the prevalence of moderate and severe anaemia correlated 

with harm, not benefit, from MNPs; this might partly explain the striking regional variation 

in net effect size across Africa. In areas without endemic malaria, the prevalence of 

moderate or severe (rather than overall) anaemia might best guide decisions to implement 

MNP interventions. MNP distribution where anaemia prevalence is low or less severe will 

probably have a lesser benefit.

Our analysis is limited by gaps in the input data: specifically, some countries did not have 

up-to-date anaemia prevalence data. High-quality placebo-controlled randomised controlled 

trials assessing the effects of MNPs on short and sustained cognitive outcomes in preschool 

children are needed to definitively address the direction and magnitude of this effect. We 

derived case-specific mortality rates for malaria and diarrhoea from country-specific global 

burden of disease incidence and mortality estimates in children aged 1–4 years; case fatality 

may be higher in younger children, and thus our estimates of risk in children aged 6–12 

months might be underestimates and our net benefit an overestimate. Parameter uncertainty 

and highly stochastic and rare, but impactful, occurrence of deaths caused substantial 

uncertainty in the YLLs and thus DALYs averted, especially in settings where infections 

were more highly prevalent.

For countries to optimally allocate scarce health-care resources, considering the cost-

effectiveness of interventions is crucial. A 2017 study37 suggested that interventions with 

an incremental cost of $200 per DALY averted or lower could be considered for publicly-

funded health care in low-income countries; interventions costing between $200 and $500 

could be considered in lower-middle-income countries; and those between $500 and $1000 

could be considered in upper-middle-income countries. For example, malaria treatment and 

addition of pneumococcal, rotavirus, or hepatitis B vaccines to standard schedules cost 

about $100 per DALY averted, whereas provision of caesarean sections or prevention of 

cardiovascular disease with drugs approach or exceed $1000 per DALY averted.37 Of 29 

interventions specifically for children, 26 cost less than $1000 per DALY averted. Our data 

suggest that MNPs usually exceed $1000 per DALY averted, even if risks are disregarded.
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We modelled a constant $4·50 per child in programme costs and explored variation in 

programme costs by use of regional multipliers, which particularly affect cost-effectiveness 

in Latin America and central Asia. However, programme costs might be higher in practice: 

for example, MNP pilot programmes in Uganda suggested that the cost of programme 

delivery exceeds $27–60 per child.38 In other cases, interventions might be fully integrated 

with existing programmes and thus be cheaper.

The net benefit and cost-effectiveness of MNPs fall with reducing coverage. Use of MNPs 

requires a complex set of caregiver behaviours and caregiver–child interactions, and many 

factors detrimentally influence coverage and adherence.39 Optimising coverage through 

community consultation, sensitisation, and education before implementation, and ongoing 

monitoring and support during intervention, could reimburse the outlay through improved 

cost-effectiveness.

Iron-containing MNPs are being implemented as a solution to the widespread problem of 

anaemia in young children. Our findings support policy makers and donors tasked with 

prioritising the settings in which to deliver these interventions, assist country-level decision 

makers to choose whether to opt for an MNP intervention programme among the range of 

health interventions available, and offer a framework for researchers to define and create 

environments that might enable beneficial outcomes from these interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context

Evidence before this study

Anaemia affects 300 million children younger than 5 years worldwide, mainly in low-

income and middle-income countries, and is a leading global cause of years lived 

with disability. Multiple micronutrient powders (MNPs) are a key WHO-recommended 

intervention for reducing anaemia in infants in low-income and middle-income countries 

but, because these supplements can also exacerbate infection, their net benefit and 

overall cost-effectiveness is unknown. We searched MEDLINE with no language 

restrictions for articles published between Jan 1, 1966, and Nov 1, 2019, using the 

search terms “(anaemia) AND (iron or (multiple micronutrient powders)) AND (children) 

AND (health economics OR cost effectiveness OR DALYs)”, and supplemented this 

search with known references or reports on this topic. We found that previous 

analyses of the economic benefits of iron interventions based effect sizes on functional 

outcomes that were derived from assumptions or observational studies, rather than from 

systematic reviews. No previous economic analyses had considered potential risks of 

iron interventions. Therefore, these analyses report highly favourable benefits and health 

economic outcomes of MNP interventions.

Added value of this study

Our study systematically integrated the best available information on evidence of effect 

of MNP intervention, country-level disease epidemiology, direct health-care costs, and 

interacting factors such as bednet coverage. By using effect sizes exclusively derived 

from systematic reviews of interventional trials, our data comprised an evidence-based 

synthesis of the effects of an intervention rather than a disease, which is the information 

that policy makers need. We provide detailed country-level reports that can be directly 

used by national health officers to inform policy decisions.

Implications of all the available evidence

Our findings indicate that, despite the risk of infection, MNPs are net beneficial 

in most—but not all—countries. However, this benefit is modest in many settings 

and, ultimately, some countries might not consider the intervention cost-effective. The 

prevalence of moderate and severe anaemia corresponded with net benefit in all regions 

except Africa where, because of the high prevalence of malaria, the opposite was true. 

We provide clear modelling of the effects of diminished coverage on the net effect 

and cost-effectiveness of an MNP intervention, which provides a clear rationale for 

programme implementers to ensure that attention is placed on optimising uptake. Our 

findings assist country-level decision makers to choose whether to invest in an MNP 

intervention programme, and they offer researchers a framework to define environments 

where beneficial outcomes from these interventions might be expected.
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Figure 1: Data sources and modelling approach
Summary of the input data sources, analytical approach, and outputs of the model. 

Effect sizes for MNPs on key outcomes were based on an updated Cochrane systematic 

review. Disease epidemiology was derived from global epidemiological databases and GBD. 

Disability weights were adopted from GBD 2013 estimates. The microsimulation approach 

modelled cohorts of children given MNPs or control from age 6–12 months and followed up 

to ages 12–18 months, and it ultimately calculated net disability-adjusted life-years averted 

by the intervention, and cost per disability-adjusted life-year averted. BRINDA=Biomarkers 

Reflecting Inflammation and Nutritional Determinants of Anemia. GBD=Global Burden of 

Disease Study. MNPs=multiple micronutrient powders. *See appendix (pp 8–11).
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Figure 2: Map of disability-adjusted life-years averted by MNPs
Global map showing DALYs per 10 000 children averted through universal delivery 

of MNPs, assuming 100% coverage. Countries not modelled are shown in grey. 

DALYs=disability-adjusted life-years. MNPs=multiple micronutrient powders.
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Figure 3: Effects of universal delivery of MNPs on DALYs, YLDs, and YLLs
Caterpillar plots showing effects of MNPs on DALYs, YLDs, and YLLs averted per 10 000 

children, assuming 100% coverage. Error bars denote 95% uncertainty intervals based on 

5000 simulations (percentile method) per country, with 5000 simulated children per arm per 

simulation. DALYs=disability-adjusted life-years. MNPs=multiple micronutrient powders. 

YLDs=years lived with disability. YLLs=years of life lost.
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Figure 4: Effects of coverage on net DALYs averted and cost per DALY averted for MNP 
interventions
Effects of reductions in coverage from 100% to 75%, 50%, or 25% on DALYs averted 

(A) and, in the countries where a net benefit was observed, cost per DALY averted (B). 

DALYs=disability-adjusted life-years. MNPs=multiple micronutrient powders.
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Figure 5: CEACs for countries in each region
CEACs for each country in Africa, Asia and the Middle East, and Latin America. Each 

CEAC plot shows the proportion of simulations (y axis) where MNPs are cost-effective 

at a particular cost-effectiveness threshold value (x axis). Countries where the cumulative 

probability does not reach 1·0 are those in which the non-depicted simulations showed a net 

harm (and hence where cost-effectiveness could not be calculated). CEACs for each country 

are shown in the appendix (pp 120–22). CEAC=cost-effectiveness acceptability curve.
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