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Impact of Feed the Future initiative on nutrition in children aged 
less than 5 years in sub-Saharan Africa: difference-in-differences 
analysis
Theresa Ryckman,1 Margaret Robinson,2 Courtney Pedersen,2 Jay Bhattacharya,1,3  
Eran Bendavid1,4

AbstrAct
Objective
To evaluate the impact of the US government’s Feed 
the Future initiative on nutrition outcomes in children 
younger than 5 years in sub-Saharan Africa.
Design
Difference-in-differences quasi-experimental 
approach.
setting
Households in 33 low and lower middle income 
countries in sub-Saharan Africa.
POPulatiOn
883 309 children aged less than 5 years with weight, 
height, and age recorded in 118 surveys conducted 
in 33 countries between 2000 and 2017: 388 052 
children were from Feed the Future countries and 
495 257 were from non-Feed the Future countries.
Main OutcOMe Measures
A difference-in-differences approach was used to 
compare outcomes among children in intervention 
countries after implementation of the initiative with 
children before its introduction and children in 
non-intervention countries, controlling for relevant 
covariates, time invariant national differences, and 
time trends. The primary outcome was stunting (height 
for age >2 standard deviations below a reference 
median), a key indicator of undernutrition in children. 

Secondary outcomes were wasting (low weight for 
height) and underweight (low weight for age).
results
Across all years and countries, 38.3% of children in 
the study sample were stunted, 8.9% showed wasting, 
and 21.3% were underweight. In the first six years 
of Feed the Future’s implementation, children in 12 
countries with the initiative exhibited a 3.9 percentage 
point (95% confidence interval 2.4 to 5.5) greater 
decline in stunting, a 1.1 percentage point (0.1 to 
2.1) greater decline in wasting, and a 2.8 percentage 
point (1.6 to 4.0) greater decline in underweight levels 
compared with children in 21 countries without the 
initiative and compared with trends in undernutrition 
before Feed the Future was launched. These decreases 
translate to around two million fewer stunted and 
underweight children aged less than 5 years and 
around a half million fewer children with wasting. For 
context, about 22 million children were stunted, 11 
million children were underweight, and four million 
children were wasted in the Feed the Future countries 
at baseline.
cOnclusiOns
Feed the Future’s activities were closely linked to 
notable improvements in stunting and underweight 
levels and moderate improvements in wasting 
in children younger than 5 years. These findings 
highlight the effectiveness of this large, country 
tailored initiative focused on agriculture and food 
security and have important implications for the future 
of this and other nutrition interventions worldwide.

Introduction
Undernutrition is the single greatest risk factor for 
child morbidity and mortality globally,1 underlying 
56% of all deaths in children younger than 5 years 
and accounting for more than 8000 deaths each day 
in 2017.1 In 2016, 32% of children younger than 5 
years living in sub-Saharan Africa were chronically 
undernourished, or stunted (low height for age), and 
8% were acutely undernourished, or wasted (low 
weight for height).2 Undernutrition in childhood is 
strongly linked with diminished physical and cognitive 
development and lower lifetime earning potential.3-5

Although the direct causes of undernutrition include 
insufficient dietary intake, illness, and malabsorption 
of energy and micronutrients, previous work has 
identified links between nutritional status and food 
security, socioeconomic status, and women’s decision 
making power (so called nutrition sensitive factors).6-10 
Over the past several decades, health interventions 
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WhAt Is AlreAdy knoWn on thIs topIc
Prevalence of child undernutrition in low and middle income countries has 
remained consistently high, even as other measures of child health have 
improved
Debate is ongoing about the relative effectiveness of programs that address 
underlying determinants of undernutrition versus those that focus on nutrition 
directly
Feed the Future, an agriculture and nutrition assistance initiative, has been in 
operation since 2011 and focuses on many of these underlying determinants; 
however, robust evidence on the program’s effectiveness in reducing stunting is 
sparse

WhAt thIs study Adds
The Feed the Future initiative was associated with meaningful improvements in 
nutrition outcomes in children younger than 5 years of age
Adjusted stunting prevalence decreased 3.9 percentage points more in Feed the 
Future countries than non-Feed the Future countries, translating into 2.2 million 
fewer children stunted
This analysis supports the value of a multisectoral approach, including a focus 
on agriculture and food security, to improve nutrition in children
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targeting undernutrition have moved away from 
nutrition sensitive sectors, particularly agriculture, 
toward nutrition specific programs that focus on energy 
intake, breast feeding, and micronutrients.11 Nutrition 
specific interventions have been shown to lead to 
improvements in growth in children12 but in isolation 
might be insufficient to reduce stunting.13 A 2013 
review concluded that nutrition specific approaches, 
even at 90% coverage, need to be paired with nutrition 
sensitive programs to reduce current burdens by more 
than 20%.12

In response to the 2008 global food price crisis, the 
US Agency for International Development (USAID), 
with support from 10 other US government agencies, 
announced the launch of Feed the Future in 2010. 
This initiative aims to reduce poverty and stunting 
among children younger than 5 years by 20% in its 
target geographies14 using both nutrition sensitive and 
nutrition specific approaches. Most of the initiative’s 
investments target food security and agriculture,15 
including the promotion of high quality agricultural 
inputs (eg, weather resistant seeds, fertilizer), agri-
cultural and post-harvest infrastructure (eg, food 
storage technologies and irrigation systems), financial 
services for farmers (eg, agricultural lines of credit), 
and private sector engagement (eg, partnerships with 
in-country businesses). Feed the Future also supports 
nutrition specific activities, including breastfeeding 
promotion and micronutrient supplementation, and 
provides support for women farmers.16 17 The initiative 
was rolled out in 19 focus countries from 2011 to 
2012, including 12 in sub-Saharan Africa, which 
are the focus of this study (Ethiopia, Ghana, Kenya, 
Liberia, Malawi, Mali, Mozambique, Rwanda, Senegal, 
Tanzania, Uganda, and Zambia). Feed the Future 
concentrates its activities in subnational regions, 
known as zones of influence (see appendix eTable 1 
for additional details on Feed the Future’s activities, 
strategic priorities, and zones of influence). In general, 
the US government selected focus countries with 
high burdens of undernutrition and poverty and the 
potential for effective partnership (based on country 
commitment, stability, institutions, and opportunities 
for growth).16 Funding for focus countries in sub-
Saharan Africa totaled around $370m (£288m; 
€336m) annually through 2015.18

As of 2019, Feed the Future is almost a decade old, 
but to our knowledge comparative evaluations of the 
initiative’s impact on nutritional outcomes are lacking. 
Moreover, few evaluations of large multicountry 
nutrition programs exist in the literature, and evidence 
on effectiveness is scarce.19 Such assessments are 
crucial to improving program design, resource alloca-
tion, and scalability for Feed the Future and similar 
initiatives. We present an impact analysis of one of the 
world’s largest nutrition and agriculture initiatives on 
child nutrition outcomes.

Methods
Using a difference-in-differences design, we analyzed 
the impact of Feed the Future by comparing trends in 

undernutrition among children aged less than 5 years 
before and after implementation of the initiative in 
focus countries compared with countries where the 
initiative had not been implemented. We compared 
exposure to Feed the Future at a national level while 
controlling for individual, household, and country level 
characteristics. Additional analyses tested underlying 
assumptions, hypotheses about the effects of Feed the 
Future over time, and the robustness of our findings to 
alternate assumptions and model specifications.

Data sources
Our primary outcome of interest is a binary indicator 
of stunting (height for age >2 standard deviations 
below the median of a WHO reference population—
that is, height for age z score less than −2).20 
Reducing stunting is one of the high level objectives 
of Feed the Future,21 and stunting is both reflective of 
chronic undernutrition22 and closely associated with 
socioeconomic conditions and health over a child’s 
lifetime.23 We additionally analyzed two secondary 
outcomes for undernutrition: wasting (weight for 
height z score less than −2) and underweight (weight 
for age z score less than −2), which are also included in 
Feed the Future’s goals.21

We drew on data from Demographic and Health 
Surveys and Multiple Indicator Cluster Surveys, both of 
which collect anthropometric data (including weight 
and height measured by survey enumerators according 
to international standards) along with individual, 
maternal, and household characteristics from 
nationally representative samples of households using 
standardized questionnaires.24 Additional details on 
both surveys, including data processing and quality 
assurance, are available elsewhere.25 26 Our analysis 
was restricted to surveys conducted between 2000 and 
2017 in low and lower middle income countries in sub-
Saharan Africa (chosen because of Feed the Future’s 
geographic focus, the high burden of undernutrition, 
and abundant survey data in the region). We calculated 
nutrition outcomes for each child younger than 5 years 
based on anthropometric observations in the survey 
data using the WHO Anthro tool, a Stata macro that 
calculates z scores, flags implausible observations that 
fall outside of WHO defined ranges (extreme values, 
>5 standard deviations or >6 standard deviations 
away from the mean, depending on the outcome), 
and determines each child’s stunting, wasting, and 
underweight status.20

statistical analysis
We used a difference-in-differences approach to 
compare trends among children living in Feed the 
Future countries with those living in non-Feed the 
Future countries. This method isolates changes in 
outcomes that are related to Feed the Future exposure 
while controlling for pre-existing differences, time 
invariant country level differences, and secular time 
trends common to all countries.27 Inferences from 
difference-in-differences models depend on two main 
assumptions: that outcomes would continue to follow 
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preintervention trends in the absence of the initiative, 
and that these preintervention trends are similar 
between treated and control populations.

Difference-in-differences analyses compare treated 
and untreated populations before and after the 
initiation of treatment. We thus classified surveys as 
treated or control and by whether they preceded or 
followed Feed the Future’s implementation. Surveys 
conducted in the 12 Feed the Future sub-Saharan 
Africa focus countries were classified as treated and 
surveys from other countries were classified as control. 
Although exact implementation dates vary by country, 
we assumed Feed the Future could begin to have an 
effect starting in 2012, the year when commencement 
of the initiative’s activities was announced. The 
appendix includes alternative survey classifications.

We used unadjusted and adjusted linear probability 
models. In our unadjusted models, we isolate the 
change in nutritional outcomes unique to treated 
countries after implementation of Feed the Future, 
controlling only for trends in outcomes before 
implementation of the initiative across both treated 
and control countries, and post-Feed the Future trends 
in control countries. The main predictor variable in 
this model was an interaction term between binary 
indicators of whether the child resided in a Feed the 
Future country (FTF) and whether the observation 
was made after the initiative’s implementation (post) 
(equation 1):

 Equation 1: 
Yitc=b0+b1(FTFc)+b2(postt)+b3(FTFc×postt)+eitc

The coefficient on this interaction term (b3) reflects 
the unadjusted average difference in the proportion 
of children living in Feed the Future countries after 
the initiative’s implementation who are stunted, 
wasted, or underweight, compared with children 
living in control countries and before implementation 
of Feed the Future. In equation 1, the subscripts i, t, 
and c refer to an individual, period (eg, year), and 
country, respectively. We used linear models in these 
analyses because of their simple interpretability and 
lower computational requirements, but we also tested 
logistic regression models in sensitivity analysis.

In our adjusted models, we control for several 
additional factors that could affect or explain trends 
in nutritional outcomes, improving our ability to 
isolate the impact of Feed the Future and controlling 
for sources of potential misattribution. In our fully 
adjusted analysis (equation 2), we included individual 
level covariates (Xitc) from the Demographic and Health 
Surveys and Multiple Indicator Cluster Surveys for the 
child’s sex, age (in years), maternal education, mother’s 
age at child’s birth, number of siblings younger than 5 
years, household setting (urban or rural), household 
size, whether the survey was administered during the 
rainy season, and access to an improved drinking water 
source; country level covariates (Ztc) from other sources 
for gross national income per capita,28 life expectancy 
at birth,28 a governance score calculated from the World 
Bank’s World governance indicators,29 diphtheria-

tetanus-pertussis (DTP3) vaccination coverage,30 and 
non-US nutrition and agriculture official development 
assistance31; country indicator variables (ac); and time 
indicator variables (at). Appendix eTable 2 provides 
additional details on these covariates. Country and time 
indicator variables control for time invariant national 
differences and secular time trends common to all 
countries, respectively. We selected these covariates 
based on expert opinion and use in similar studies and 
to control for the stated selection criteria of Feed the 
Future.16 32-34 Importantly, we believe these covariates 
could affect undernutrition levels but would not be 
affected by the initiative itself. Alternate selections of 
covariates are tested in sensitivity analyses, including 
the omission of some covariates that could plausibly 
be affected by Feed the Future (eg, life expectancy), 
alternate governance and official development assis-
tance terms, and varying time indicator variables.

 Equation 2: 
Yitc=b0+b1(FTFc×postt)+bn1Xitc+bn2Ztc+ac+at+eitc

The coefficient of interest in the fully adjusted model 
is b1 in equation 2. The non-interacted FTF and post 
terms from equation 1 are omitted from equation 2 
because of collinearity with country and time indicator 
variables, as is standard in difference-in-differences 
analyses.35 We also implemented combinations of 
the unadjusted and fully adjusted models, with and 
without covariates, country indicator variables, and 
time indicator variables. In all models, we applied 
sample weights, which are necessary for survey data 
to be nationally representative and to avoid undue 
influence of small countries on results (see methods 
in appendix), and estimated standard errors clustered 
at the level of stratums, a combination of subnational 
region and urban or rural setting. Clustering allows 
for unexplained variation in nutrition outcomes to be 
correlated within a subnational rural or urban area. It 
is standard practice in program evaluations to cluster 
standard errors at the level at which a program was 
implemented.36 Stratums were chosen because Feed 
the Future operates in specific subnational regions 
(the zones of influence) and because activities differ 
appreciably between rural and urban areas. However, 
in a small selection of sensitivity analyses we varied 
the level at which errors are clustered.

We hypothesized that a large program such as Feed 
the Future might have a more pronounced impact over 
time, after activities have been fully rolled out and have 
reached the households and children they are designed 
to help. Many of Feed the Future’s interventions are 
aimed at strengthening markets or even policies and 
regulations, and the effects of these interventions 
could take time to trickle down to households. Thus we 
also tested whether Feed the Future can be linked to 
improvements in nutrition outcomes that increase over 
time. In one model, we added an interaction between 
the treatment effect term (FTF×post) and the number of 
years since Feed the Future was first implemented (one 
year for 2012, up to six years for 2017). This model 
tests for a linear annual decrease in undernutrition 
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associated with Feed the Future. In another model, 
we added multiple interaction terms between 
FTF×post and six indicator variables for each year 
after implementation of Feed the Future (for example, 
FTF×post×2014 would equal 1 for observations from 
Feed the Future countries in 2014 only and 0 for other 
years and non-Feed the Future countries). This model 
tests for a varying effect of the initiative on nutritional 
outcomes each year, with no structure imposed on how 
this effect changes over time.

We estimated the reductions in total numbers of 
children stunted, wasted, and underweight that can be 
attributed to Feed the Future by combining our results 
with data on the population of children aged less than 
5 years in each country and national undernutrition 
prevalence estimates from secondary sources.2 37 To 
estimate the decrease in prevalence associated with 
Feed the Future we applied the percentage point 
reductions derived from our fully adjusted analysis. 
The product of the difference between before and 
after prevalence estimates and population provides 
an approximate number of cases of undernutrition 
averted in children. Some children experience multiple 
undernutrition conditions; we did not treat these 
children differently in our estimates.

The causal strength of a difference-in-differences 
analysis depends on the assumption that outcomes 
would be similar between treatment and control 
groups in the absence of the intervention. This 
assumption was probed by examining whether treated 
countries and control countries were on similar 
undernutrition trajectories before the initiative’s 
implementation. To statistically assess pre-Feed the 
Future trends in outcomes, we ran regressions of each 
outcome on survey year, a binary indicator of whether 
the observation was from a Feed the Future country or 
not (same as the FTF variable in equations 1 and 2) and 
an interaction between the two variables (FTF×year). If 
the coefficient on the interaction term is not statistically 
significant, this is a sign that pre-trends were relatively 
similar between treated and control populations. As is 
common in difference-in-differences analyses we also 
assessed the parallel trends assumption graphically.

We tested the robustness of our findings through 
a range of additional sensitivity analyses, including 
falsification tests in which we measure the impact 
of Feed the Future on outcomes that it should not 
plausibly affect and in years before the initiative was 
implemented, when future selection as a Feed the 
Future focus country should not be associated with 
improvements in nutritional outcomes. We hypo-
thesized that Feed the Future would have a greater 
impact in countries where its zones of influence 
represent a greater share of the population, and thus 
we tested models excluding Feed the Future countries 
where fewer than half of the stunted children lived in 
zones of influence. Since most stunting takes place 
in the first 1000 days after conception,38 we tested a 
model that focused on the association between Feed 
the Future and declines in stunting among only those 
children who were aged less than 2 years when the 

initiative was rolled out. Finally, since many Feed 
the Future interventions are focused in rural areas, 
we conducted an analysis that limited our sample to 
rural households. The appendix provides detailed 
descriptions of these and other sensitivity analyses. All 
analyses were conducted in Stata 15.39 Our analysis 
and reporting conform to STROBE guidelines (see 
appendix eTable 3) for observational studies.40

Patient and public involvement
This study draws on secondary data collected as part 
of two large surveys and made available for academic 
research. Patients and the public were not directly 
involved. Dissemination to study participants and 
patient organizations is not applicable.

results
Data were assembled from a total of 118 Demographic 
and Health Surveys and Multiple Indicator Cluster 
Surveys: 49 surveys from all 12 Feed the Future focus 
countries in sub-Saharan Africa and 69 surveys from 
21 control countries (table 1). The cleaned dataset 
included 883 309 children aged less than 5 years (table 
1, appendix eTables 4 and 5). Across the 18 years and 
33 countries, 38.3% of children in the study sample 
were stunted, 8.9% showed wasting, and 21.3% 
were underweight. Table 2 shows Feed the Future 
group level statistics before 2012 for the countries 
in the analysis. Baseline absolute differences in 
wasting prevalence, average age, maternal education, 
average family size, urban or rural residence, season 
when households were surveyed, governance, life 
expectancy at birth, and development assistance for 
nutrition and agriculture were statistically significant 
(whereas stunting and underweight prevalence were 
similar). These characteristics were controlled for in 
the analysis. Based on both graphical and regression 
assessments of data from pre-Feed the Future years, 
trends in stunting, wasting, and underweight before the 
implementation of the initiative were generally parallel 
between treated and control countries (appendix 
eTable 6 and eFigure 1). Before Feed the Future’s 
rollout, prevalence of stunting and underweight had 
been decreasing by almost 1 percentage point per year, 
while prevalence of wasting was decreasing by less 
than 0.5 percentage points annually.

Table 3 shows the unadjusted and adjusted 
regression results for both primary and secondary 
outcomes. A statistically significant decrease occurred 
in all three measures of undernutrition. When 
covariates, time periods, and countries (model 1, 
table 3) were not adjusted for, being a Feed the Future 
country after implementation of the initiative was 
associated with relative declines of 5.5 percentage 
points in stunting prevalence and 4.0 percentage 
points in underweight prevalence (fig 1) and was not 
associated with a statistically significant decrease 
in wasting. The coefficients of interest for stunting, 
wasting, and underweight are significant under all 
other specifications, including with and without 
covariates, country indicator variables, and time 
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indicator variables (models 2-8 in table 3). Reporting 
and interpretation are focused on the fully adjusted 
regression results, corresponding to equation 2 in the 
Methods section (model 8, table 3). After Feed the 
Future was implemented, controlling for all covariates, 
the average child in a Feed the Future focus country 
was 3.9 percentage points (95% confidence interval 
2.4 to 5.5) less likely to be stunted, 1.1 percentage 
points (0.1 to 2.1) less likely to show wasting, and 
2.8 percentage points (1.6 to 4.0) less likely to be 
underweight compared with children in non-Feed 
the Future countries and children surveyed before 
implementation of the initiative. Unadjusted and 
adjusted trends by country are also available in the 
appendix (appendix eFigure 2).

Assuming these improvements are attributable 
to Feed the Future, the number of children who 
were prevented from being stunted, wasted, and 
underweight as a result of the initiative’s activities 
can be estimated. Feed the Future has resulted in 2.2 
million (95% confidence interval 1.3 to 3.1 million) 
fewer children who are stunted, 614 000 (59 000 to 

1.2 million) fewer children with wasting, and 1.6 
million (0.9 to 2.2 million) fewer children who are 
underweight. For context, about 22 million children 
were stunted, 11 million were underweight, and four 
million were wasted in the Feed the Future countries 
at baseline.

This study hypothesized that the impact of Feed the 
Future would be greater in later years, when surveyed 
children had been more exposed to the initiative and 
more policy interventions had been put in place. 
Results from an additional analysis (with the addition 
of an interaction term between whether a country is a 
Feed the Future country and the number of years after 
the initiative’s implementation) provided evidence 
that the impact of the initiative on stunting levels 
has increased over time (table 4, fig 2, appendix 
eTable 7). Feed the Future was associated with an 
average annual decrease in stunting prevalence of 
1.2 percentage points (0.8 to 1.6) (model 2, table 
4), and with larger and more statistically significant 
overall decreases in stunting in later years (model 3,  
table 4).

table 1 | survey years, total number of children surveyed across all years for each country, and 2015 total population of 
children aged less than 5 years in each country

country survey years
no of under  
5 children surveyed

total no of under  
5 children (millions)*

Feed the Future focus countries
Ethiopia 2000, 2004, 2011, 2016 32 499 15.5
Ghana 2003, 2006, 2008, 2011, 2014 19 237 4.0
Kenya 2000, 2003, 2008/09, 2014 36 118 7.0
Liberia 2006/07, 2013 7875 0.7
Malawi 2000, 2004/05, 2006, 2010, 2013/14, 2015/16 69 661 2.8
Mali 2001, 2006, 2009/10, 2012/13, 2015 64 252 3.3
Mozambique 2003/04, 2008, 2011 28 832 4.6
Rwanda 2000, 2005, 2010/11, 2014/15 17 930 1.7
Senegal 2000, 2005, 2010/11, 2012-14, 2015/16, 2017 50 885 2.4
Tanzania 2004/05, 2009/10, 2015/16 23 360 8.8
Uganda 2000/01, 2006, 2011, 2016 14 389 7.0
Zambia 2001/02, 2007, 2013/14 23 014 2.8
total 388 052 61.5
non-Feed the Future countries
Benin 2001, 2006, 2014 30 009 1.7
Burkina Faso 2003, 2010 15 586 3.2
Burundi 2010/11, 2016/17 9573 1.9
Cameroon 2004, 2006, 2011, 2014 21 393 3.8
Central African Republic 2000, 2006, 2010 31 625 0.7
Chad 2000, 2004, 2010, 2014/15 33 332 2.6
Republic of Congo-Brazzaville 2005, 2011/12, 2014/15 17 421 0.8
Cote d’Ivoire 2006, 2011/12, 2016 20 573 3.7
Democratic Republic of the Congo 2007, 2010, 2013/14 22 893 14.1
Gambia 2005/06, 2013 9781 0.4
Guinea 2005, 2012, 2016 13 141 1.9
Guinea-Bissau 2000, 2006, 2014 18 498 0.3
Lesotho 2000, 2004, 2009, 2014 8137 0.2
Madagascar 2003/04, 2008/09 9989 3.7
Mauritania 2007, 2011 16 452 0.6
Niger 2000, 2006, 2012 13 975 4.1
Nigeria 2003, 2007, 2008, 2011, 2013, 2016/17 120 058 31.1
Sierra Leone 2005, 2008, 2010, 2013, 2017 31 339 1.1
eSwatini 2000, 2006/07, 2010, 2014 10 578 0.1
Togo 2006, 2010, 2013/14 11 430 1.2
Zimbabwe 2005/06, 2009, 2010/11, 2014, 2015 29 474 2.3
total 495 257 79.9
*Data were obtained from United Nations World Population Prospects.37

 on 20 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.l6540 on 11 D
ecem

ber 2019. D
ow

nloaded from
 

http://www.bmj.com/


RESEARCH

6 doi: 10.1136/bmj.l6540 | BMJ 2019;367:l6540 | the bmj

A wide range of sensitivity analyses tested for 
possible biases in these results. We focus here on 
stunting, the primary outcome of this study. The 
findings for stunting remain stable under all these 
analyses, including models that use logistic regression 
instead of linear regression; include, omit, or vary 
country level covariates; exclude or include additional 
surveys and countries; weight observations differently; 
and cluster errors at varying levels (appendix eTables 
8-10). The estimated effect on underweight remains 
stable under most sensitivity analyses, whereas the 
estimated effect on wasting becomes smaller and 
statistically insignificant in several analyses.

When we restricted our sample to countries where 
Feed the Future coverage was highest (based on 

geographic area), the effect size on stunting was 
more pronounced (4.5 percentage point decrease in 
stunting prevalence, 95% confidence interval 2.4 to 
6.7). The results held when we analyzed only children 
who could have been affected by the initiative in 
their first 1000 days, and larger effect sizes were 
found when analyzing rural populations. When 
the analysis was limited to only children aged less 
than 2 years when Feed the Future started, in rural 
households, in countries where Feed the Future had 
greater geographic coverage, effect sizes increased 
substantially; Feed the Future was associated with a 
4.6 percentage point decline in stunting (2.1 to 7.2) 
and a 4.6 percentage point decline in underweight 
(2.4 to 6.8) (appendix eTable 11).

table 2 | baseline comparison of Feed the Future focus countries with non-Feed the Future countries from surveys 
conducted between 2000 and 2011

variables
Weighted means (95% ci)

P value*Feed the Future countries non-Feed the Future countries
Stunting (%) 39.8 (36.9 to 42.7) 41.0 (38.2 to 43.9) 0.55
Wasting (%) 7.7 (6.6 to 8.7) 10.8 (10.0 to 11.7) <0.001
Underweight (%) 20.4 (17.1 to 23.7) 24.4 (21.7 to 27.1) 0.070
Child’s age (years) 1.90 (1.88 to 1.92) 1.87 (1.85 to 1.89) 0.053
0-1 years old (%) 22.1 (21.6 to 22.7) 23.1 (22.5 to 23.8) 0.025
1-5 years old (%) 77.9 (77.3 to 78.4) 76.9 (76.2 to 77.5) 0.025
Boys (%) 50.5 (50.0 to 51.0) 50.2 (49.8 to 50.7) 0.46
Maternal education (%):
 Less than primary 38.7 (28.6 to 48.8) 41.7 (35.1 to 48.4) 0.63
 Some primary 45.1 (37.3 to 53.0) 30.1 (26.8 to 33.4) <0.001
 Some secondary or higher 15.9 (11.9 to 20.0) 26.8 (22.4 to 31.2) <0.001
Siblings aged <5 years (No) 1.06 (0.99 to 1.14) 1.13 (1.07 to 1.19) 0.17
Mother’s age (at child’s birth) 26.9 (26.7 to 27.0) 26.7 (26.5 to 26.9) 0.19
Family size (No) 6.8 (6.5 to 7.0) 7.2 (7.0 to 7.3) 0.009
Urban residence (%) 19.1 (11.6 to 26.6) 32.9 (24.7 to 41.1) 0.017
Rainy season (%) 47.9 (37.3 to 58.4) 74.2 (70.3 to 78.0) <0.001
Improved water (%) 56.9 (51.8 to 61.9) 49.9 (44.7 to 55.0) 0.059
Gross national income per capita ($) 521 (345 to 698) 568 (360 to 775) 0.73
Governance 2.0 (1.7 to 2.2) 1.4 (1.1 to 1.7) <0.001
DTP3 coverage (%)† 74 (62 to 86) 61 (46 to 76) 0.12
Life expectancy (years) 57 (56 to 58) 52 (49 to 55) <0.001
Nut+Ag ODA per capita ($) 2.6 (1.9 to 3.4) 1.3 (0.5 to 2.1) 0.015
$1.00 (£0.77; €0.90).
DTP3=three doses of diphtheria-tetanus-pertussis vaccine; Nut+Ag ODA=Nutrition and Agriculture official development assistance.
All variables other than gross national income per capita,28 governance,29 DTP3 coverage,30 life expectancy,28 and ODA31 were obtained from the 
Demographic and Health Surveys and Multiple Indicator Cluster Surveys.
*Based on two tailed t tests.
†Percentage of children with full DTP3 coverage.

table 3 | estimates of association between Feed the Future initiative and undernutrition from unadjusted and adjusted regression models

Outcomes
no of  
observations

estimated percentage point change in outcomes (95% ci)
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8*

Stunting 794 236 −5.5  
(−8.2 to −2.9)

−11.1  
(−12.3 to −9.8)

−7.1  
(−10.5 to −3.6)

−5.8  
(−8.3 to −3.3)

−5.7  
(−7.3 to −4.1)

−4.9  
(−6.2 to −3.5)

−4.1  
(−6.3 to −1.9)

−3.9  
(−5.5 to −2.4)

Wasting 786 498 −0.3  
(−1.6 to 1.0)

−1.7  
(−2.3 to −1.1)

−3.0  
(−4.5 to −1.6)

−1.4  
(−2.5 to −0.4)

−1.5  
(−2.3 to −0.8)

−1.0  
(−1.7 to −0.2)

−1.4  
(−2.4 to −0.4)

−1.1  
(−2.1 to −0.1)

Underweight 807 455 −4.0  
(−6.6 to −1.4)

−6.4  
(−7.6 to −5.1)

−7.7  
(−10.6 to −4.7)

−5.1  
(−6.9 to −3.3)

−4.4  
(−5.7 to −3.1)

−2.5  
(−3.4 to −1.6)

−4.2  
(−6.2 to −2.3)

−2.8  
(−4.0 to −1.6)

Covariates† No No No No Yes Yes Yes Yes
Time indicators No No Yes Yes No No Yes Yes
Country indicators No Yes No Yes No Yes No Yes
Estimated coefficients on the (FTFxPost) term are shown, representing changes in the outcome relative to the pre-Feed the Future period and non-Feed the Future countries. 
Regressions were weighted and standard errors were clustered at the level of stratums. 
*Most inclusive model (fully adjusted regression) that is treated as the base case throughout this study and in table 4.
†Includes child’s sex, age (years), maternal education, mother’s age at birth of child, number of siblings younger than 5 years, household setting (urban or rural), household 
size, whether the survey was administered during the rainy season, access to an improved drinking water source, gross national income per capita, life expectancy at birth, 
governance, coverage of three doses of diphtheria-tetanus-pertussis vaccine, and non-US nutrition and agriculture official development assistance.
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The results for stunting pass two sets of falsification 
tests, one in which pre-Feed the Future years are 
treated as treatment years and the other in which 
the impact of the initiative is tested on variables 
Feed the Future should not plausibly affect, such as 
mother’s education, height, and age, and birthweight 
for children born before Feed the Future’s rollout but 
surveyed after (appendix eTable 12). The results also 
remain stable when single countries are dropped from 
the analysis, an indication that the findings for stunting 
are not driven by country outliers (appendix eTable 13, 
eFigure 3). A detailed summary and discussion of all 
sensitivity analyses are included in the appendix (see 
appendix methods, eFigure 4).

discussion
This study found that implementation of Feed the 
Future, a multi-billion dollar initiative to reduce 
undernutrition and poverty by focusing on nutrition, 
household income, food security, and agriculture, is 
linked to a 4 percentage point relative reduction in 
stunting and a 3 percentage point relative reduction 
in underweight prevalence among children younger 
than 5 years in its 12 focus countries in sub-Saharan 
Africa. These absolute reductions translate into 1.2 
and 0.8 annual percentage point declines in stunting 
and underweight, respectively. The magnitude and 
statistical significance of these findings, especially 
for stunting, our primary outcome, are robust to all 
alternate model specifications and sensitivity analyses. 
We also found that Feed the Future is associated with 
a 1 percentage point relative reduction in wasting. Our 
estimated effect sizes correspond to approximately 2.2 
million fewer stunted children and 1.6 million fewer 
underweight children. We find compelling evidence 
that a multisectoral initiative focused predominantly 
on agriculture is linked to significant improvements 
in child nutrition indicators within six years after 
implementation.

comparison with other studies
In context, a 4 percentage point decline in stunting 
over a six year period is substantial although arguably 

not exceptional. Stunting prevalence has remained 
persistently high over the past decade, even while other 
measures of child health have improved markedly. A 
2016 systematic review found only 14 programs over 
25 years across all low and middle income countries 
that had demonstrable success at reducing stunting; 
only four of these were in sub-Saharan Africa, and they 
generally targeted a narrow population or geographic 
area.13 A 2012 systematic review on the impact of 
nutrition sensitive agricultural interventions found 
little evidence to indicate that they have a substantial 
effect on undernutrition, particularly stunting.41 Large 
reductions in stunting have been documented in Latin 
America and South Asia: 10 percentage points in Peru 
from 2005 to 2011, 30 percentage points in Brazil from 
1974 to 2007, 18 percentage points in Bangladesh from 
1997 to 2011, and 15 percentage points in Vietnam 
from 1993 to 1998.42-45 Many of these success stories 
translate to reductions in the range of 1-2 percentage 
points annually, which is consistent with our findings 
(see table 4). We also find evidence that Feed the 
Future’s overall impact on stunting and underweight 
may be increasing over time (models 2 and 3, table 4), 
which could eventually put its overall effects in line 
with these other successful initiatives.

implications of findings
The specific pathways of Feed the Future’s estimated 
impacts are challenging to isolate because activities 
vary by country, and the pathways connecting agri-
culture and nutrition are complex.46 We speculate that 
three features of the initiative’s design contributed 
to its effectiveness: its country tailored approach, its 
focus on underlying drivers of nutrition (particularly 
smallholder farming), and its large scale and volume 
of funding. Previous research posits that international 
efforts for nutrition often fail because of inadequate 
funding and a lack of focus on national priorities19 
and emphasizes the importance of context specific 
solutions.13 Feed the Future works with in-country 
experts to identify opportunities across multiple 
sectors and address them financially at a large scale: 
annual funding for Feed the Future is comparable with 

table 4 | estimates of association between Feed the Future initiative and undernutrition over time from various adjusted 
regression models

effects
estimated percentage point change in outcomes (95% ci)

stunting Wasting underweight
Average effects* −3.9 (−5.5 to −2.4) −1.1(−2.1 to −0.1) −2.8 (−4.0 to −1.6)
Annual effects† −1.2 (−1.6 to −0.8) −0.1 (−0.4 to 0.1) −0.8 (−1.2 to −0.5)
Annual discrete effects‡:
 2012 1.2 (−2.7 to 5.0) 0.2 (−1.8 to 2.2) 1.4 (−2.0 to 4.8)
 2013 −0.3 (−3.7 to 3.2) −1.2 (−2.9 to 0.5) −1.5 (−4.1 to 1.2)
 2014 −2.8 (−5.2 to −0.4) −3.0 (−4.5 to −1.5) −2.4 (−4.3 to −0.5)
 2015 −6.2 (−8.8 to −3.6) 1.2 (−0.2 to 2.6) −1.8 (−4.2 to 0.5)
 2016 −6.4 (−9.3 to −3.5) 0.8 (−0.8 to 2.5) −4.7 (−7.3 to −2.0)
 2017 −5.8 (−9.1 to −2.4) 3.3 (1.5 to 5.1) −0.1 (−3.2 to 3.0)
*Fully adjusted base case model (model 8 in table 3). Effect sizes represent overall changes in outcomes associated with Feed the Future initiative.
†Coefficients are from a model of FTF×Post×Year, where Year is a continuous variable of years since the introduction of Feed the Future (allowing a linear 
change in outcomes to be measured).
‡Coefficients are from a model where FTF×Post was interacted with year indicator variables (allowing for effect sizes to vary non-parametrically year by 
year). All models were adjusted and weighted as in table 3 model 8, and standard errors were clustered at the level of stratums. Sample sizes (number of 
observations) for the regressions are: 794 236 (stunting), 786 498 (wasting), and 807 455 (underweight).
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total official development assistance for all nutrition 
specific initiatives.47 48

Evaluations by the US government suggest that Feed 
the Future succeeded in designing country tailored 
strategies and focusing on agricultural activities 
that generate income.21 The program concentrates 
agricultural interventions on specific foods (known 
as value chains) in each focus country. Value chains 
include both staples and nutrient dense crops, and 
they were chosen based on nutrition, potential for 
growth and generation of income, local priorities, 
and cultural applicability (including for women). 
Most value chains have met production targets and 
are classified as nutrition sensitive because of their 
linkages with increased income and food consumption 
from households’ own production. Future work could 
further explore these pathways by testing the impact 
of Feed the Future on agricultural production, poverty, 
dietary diversity and quality, and women’s position 
in the household. Other future work could include an 
analysis of the initiative’s cost effectiveness. Though 

we estimate that funding for Feed the Future in sub-
Saharan African focus countries has totaled $370m 
annually, a robust cost effectiveness analysis would 
include detailed cost data and incorporate the impact 
of the initiative not just on child undernutrition but 
also on poverty, nutritional status of women and older 
children, and other important outcomes.

country selection and identification strategy
Because our study is observational, we carefully 
consider the possibility that unobserved time varying 
factors could confound our observed effects. The 
assumption that pre-Feed the Future trends in nutrition 
would continue in the absence of Feed the Future is 
not directly testable. The US government presumably 
selected countries based on need and capacity, but we 
do not observe differential trends in undernutrition 
in the years leading up to its implementation. Still, 
we account for time invariant and pre-existing 
differences among countries, and we control for the US 
government’s stated selection criteria (eg, governance) 
and other potential time varying confounders as 
much as possible. We also identify accentuated 
effects in populations more exposed to Feed the 
Future by restricting analyses to rural areas, high 
coverage countries, and children younger than 2 years, 
increasing the likelihood that we are measuring the 
effects of the initiative, not unobserved confounders.

Our analytical approach would be threatened only if 
changes starting in 2012 in primarily Feed the Future 
countries led to improvements in nutrition but were 
uncorrelated with regression covariates. We identified 
a major funding increase to several Feed the Future 
countries from the Canadian government around 2012 
but found that the impact in these countries was not 
driving our results (appendix eTable 12 and methods). 
We identified no other initiatives of the same scope, 
time, and locations, or other drivers (eg, weather 
events, conflicts) unique to Feed the Future countries 
starting around 2012, other than the initiative itself. 
However, we remain cautious in attributing all of 
the observed nutritional improvements to Feed the 
Future; as with any observational analysis we cannot 
completely rule out the possibility that other factors 
might have also played a role.

strengths and limitations of this study
Feed the Future is generally administered to a set 
of subnational regions (zones of influence) in each 
country. Our analysis was conducted at the national 
level because precise locations of zones of influence 
are not always available or have changed since the 
initiative’s start, and many surveys do not contain 
detailed data on location. Our regressions thus average 
effects across treated and untreated areas within 
focus countries, implying we may underestimate the 
true effect of Feed the Future on the specific areas 
where it operates. The estimated reduction in stunting 
associated with Feed the Future becomes more 
pronounced when we focus the analysis on Feed the 
Future countries with greater subnational coverage. 
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This estimate may more closely approximate the 
initiative’s treatment effect on the treated.

Our analysis is weighted such that large countries 
have more impact on results, therefore nutrition 
levels might not be improving in all Feed the Future 
countries. For instance, we observed stable or flatline 
trends in Ghana and Uganda (appendix eFigure 2). 
Though these descriptive analyses are not adjusted 
for relevant covariates, they do point to the potential 
for heterogeneous effects across Feed the Future 
countries and programs. Furthermore, Feed the 
Future intervened in countries where less than 40% 
of stunted children in sub-Saharan Africa reside, was 
active in only parts of these countries, and operated 
in only five of the 10 sub-Saharan African countries 
with the highest prevalence for stunting. It remains 
to be seen whether Feed the Future’s approach would 
be equally effective in other countries with different 
burdens, weaker institutions, or less governmental 
commitment.

Our findings are a substantial addition to the current 
evidence base on the impact of large scale nutrition 
initiatives. The US government’s 2016 evaluation 
of Feed the Future acknowledges that it is “difficult 
to understand the degree to which ZOI [zones of 
influence]-wide changes in impact level indicators 
for poverty and nutrition were driven by Feed the 
Future interventions or broader long-term trends.”21 
We estimate that Feed the Future has prevented 2.2 
million children from becoming stunted, whereas 
the US government evaluation estimates 3.4 million. 
This difference could be due to the US government 
evaluation’s lack of a counterfactual comparison but 
is also partly explained by our focus on only countries 
in sub-Saharan Africa. If we inflate our estimate by 
the number of stunted children in all Feed the Future 
focus countries, our estimate is closer to that of the US 
government, although this assumes that the impact 
was similar in non-sub-Saharan Africa countries.

Studies have shown the importance of addressing 
the indirect determinants of poor nutrition,6-8 10 but 
to date there has been a lack of large scale, robust 
analyses evaluating multisectoral initiatives such as 
Feed the Future that focus on these determinants.10 
Most evaluations of nutrition programs focus on 
interventions implemented in one or two countries at 
most.13 49 50 Feed the Future’s rollout across several 
countries offers an ideal natural experiment to infer 
the effectiveness of a large multifaceted approach 
at scale. We analyze the impact of Feed the Future 
using large datasets from two publicly available 
sources, allowing for future replication, that cover 
hundreds of thousands of children in more than 30 
countries. Our design controls for pre-Feed the Future 
trends in outcomes, time variant confounders, and 
Feed the Future’s stated selection criteria to isolate 
improvements in nutrition uniquely associated with 
the program. We conduct extensive sensitivity analyses 
that further verify the robustness of our findings.

conclusions and policy implications
Evaluations of large donor funded initiatives such as 
Feed the Future are often conducted with considerable 
donor involvement. A recent editorial stressed the 
increasing importance of conducting independent 
evaluations of such programs.51 Prospectively desi-
gned independent evaluations could advance the 
value of programs and should include better measures 
of exposure, standardized intermediate and primary 
outcomes, thoughtful selection of counterfactual 
populations, sample size calculations that allow for 
measurement of average and heterogeneous effects, 
and engagement of beneficiaries (eg, households) 
to assess both quantitatively and qualitatively how 
programs succeeded and how they could improve.51 52

Our results are consistent with the hypothesis that 
the average child residing in a Feed the Future focus 
country is less likely to be undernourished than he or 
she would have been in the absence of the initiative. 
Feed the Future is now concentrating its activities on 
a smaller set of eight focus countries in sub-Saharan 
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Africa. Though our findings indicate initial and 
increasing progress, it will be several years before we 
know whether the initiative’s efforts were sustainable 
in either set of countries. Although a 3.9 percentage 
point decrease in stunting (and a 1.2 percentage 
point annual decrease) across several countries is 
noteworthy, many countries face stunting levels above 
30%. The United Nation’s Sustainable Development 
Goals include reducing stunting by 40% and wasting 
to less than 5% by 2025.53 54 Based on our analysis, 
Feed the Future may be making a noticeable difference, 
but its impact alone will not be enough to meet these 
targets. While we show the promise of an approach 
such as Feed the Future, addressing the complexities of 
undernutrition in the long term will require sustained 
effort across multiple sectors for years to come.
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