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Food inflation and child undernutrition in
low and middle income countries

Derek Headey 1 & Marie Ruel 2

The 21st Century has been marked by increased volatility in food prices, with
global price spikes in 2007-08, 2010-11, and again in 2021-22. The impact of
food inflation on the risk of child undernutrition is not well understood,
however. This study explores the potential impacts of food inflation on
wasting and stunting among 1.27 million pre-school children from 44 devel-
oping countries. On average, a 5 percent increase in the real price of food
increases the risk of wasting by 9 percent and severe wasting by 14 percent.
These risks apply to young infants, suggesting a prenatal pathway, as well as to
older children who typically experience a deterioration in diet quality in the
wake of food inflation.Male children and children frompoor and rural landless
households are more severely impacted. Food inflation during pregnancy and
the first year after birth also increases the risk of stunting for children 2-5 years
of age. This evidence provides a strong rationale for interventions to prevent
food inflation and mitigate its impacts on vulnerable children and their
mothers.

Food prices have become extremely volatile in the 20th Century. After
decades of secular decline, international cereal prices rose dramati-
cally in the mid-2000s, spiking in 2007–08 in what was widely termed
a global food crisis1 (Fig. 1). Prices plummeted briefly during the 2009
global financial crisis but spiked again in 2010–11 before gradually
declining over several years. However, COVID-19 tailwinds in the form
of both supply-side disruptions andmacroeconomic distortions led to
rapid food inflation in2021,whichwas then exacerbatedby the conflict
between Russia and Ukraine—two of the biggest food exporters in the
world—in early 20222. By March 2022 the FAO3 food price index had
reached an all-time high, 116% greater than its 2000 value.

Such dramatic increases in international food prices are clearly a
major threat to the world’s poorest and most malnourished popula-
tions, but research on the impacts of food inflation on undernutrition
in low and middle income countries (LMICs) is scarce. Studies of food
prices and household poverty suggest that the impacts of higher food
prices on economically disadvantaged households are heterogenous
across livelihoods and over time. The Nobel prize-winning economist,
Angus Deaton, argued that the short-run impact of higher food prices
on a household’s income—an important predictor of child nutritional
status4 and diet quality—depends onwhether a household is a net food

consumer or a net food producer5. Analyses using Deaton’s method
find that most poor households are net food consumers so generally
suffer losses in income as food prices increase6–14. However, Deaton’s
method deliberately omits medium term adjustments for household’s
use of adaptive coping mechanisms (such as substitutions in foods
consumed or produced) and economywide adjustments (such as
increases in rural wages emanating from increased farmer demand for
hired labor). Medium-run empirical analyses that allow for these
adaptations have found that higher food prices tend to reduce pov-
erty, at least in more rural economies15–22.

The impact of higher food prices on undernutrition among young
children is conceptually even more complex. Child wasting—low
weight-for-height—is sensitive to short-term shocks such as declines in
diet quality/quantity or infections and other illnesses. For this reason,
wasting, ameasure of acutemalnutrition, is widely used for nutritional
surveillance in shock-prone settings because it is an early marker of
nutritional deterioration that requires immediate attention given its
strong association with early childhood mortality23. In contrast, child
stunting or short stature (low height-for-age) captures the cumulative
or longer-term impacts of poor nutrition (including repeated episodes
of wasting)24, especially during the period spanning from conception
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to approximately two years of age, referred to as the first 1000 days of
life25. A number of studies link climate shocks to wasting or stunting
among pre-schoolers26–28, or even short stature in adulthood29,30, while
other studies examine the impacts of macroeconomic crises on these
nutrition outcomes31. Such crises often involve food inflation, but are
also characterized by rising unemployment and declines in nominal
incomes, making it difficult to isolate the specific impacts of food
inflation on nutrition outcomes.

Two studies thatwe are aware of at least try to examine the impact
of food price changes on undernutrition in isolation from broader
macroeconomic crises. One study used long-term but high-frequency
nutrition surveillance data from Bangladesh to descriptively show that
when rice prices increase, households spend less on non-staple foods
and child underweight (low weight-for-age) prevalence increases32.
More related to the present study is an analysis of the 2008–09 food
price crisis using a propitiously timed household survey in Mozambi-
que that covered both low and high food inflation periods33. Control-
ling for confounding factors, the study found that children exposed to
high inflation were significantly more likely to be wasted and under-
weight. In summary, despite longstanding speculation that food
inflation increases the risk of child or maternal undernutrition34, only
one study from Mozambique has rigorously identified a potential
impact of food inflation on wasting risks. The external validity of that
finding remains uncertain.

In the present study, we test whether increases in the real price of
food (hereafter “food inflation” for short) are a short-term risk factor
for child wasting and a longer-term risk factor for child stunting, using
a novel database linking 130 Demographic Health Surveys (DHS)
implemented in 44LMICs over 2000–2021with national-levelmonthly
data on real food price changes. We also assess whether child age at
the time of food price shocks affects the magnitude of impacts on
wasting or stunting. In addition, we use select demographic and
socioeconomic indicators in the DHS to test whether the wasting and
stunting risks associated with food inflation vary by rural/urban loca-
tion, gender, poverty, and farm ownership status, with potential
implications for targeting of scarce programming resources during
national or international food crises. We also test whether food infla-
tion leads to a deterioration in child diet quality or increases in
symptoms of infection, as plausible pathways of impact.

The remainder of this study is structured as follows. The “Results”
section describes our results, focusing first on our key results and then
extensions and robustness tests. The “Discussion” section the

implications of thesefindings for policies, programs, and research. The
“Methods” section details our data and methods in detail.

Results
Our results are structured in four parts: (1) descriptive results designed
to outline patterns in wasting, stunting, and food inflation; (2)
regression results for child wasting and stunting; and (3) sensitivity
tests and extensions.

Descriptive results
Our sample of 1.271 million children 0–59 months of age in 44 LMICs
shows large variation in wasting and stunting prevalence across
countries. Approximately 13% of the sample suffers from wasting (<−2
WHZ) while 5% are severely wasted (<−3WHZ) (Supplementary
Table 1). Stunting is much more common, with 35% of the sample
stunted (HAZ < −2) and 15% severely stunted (HAZ < −3). Wasting and
stunting prevalence vary by region and by child age, with important
implications for regression analyses35.

Figure 2 reports smoothed regression estimates of wasting and
stunting by child age for DHS sub-regions with the highest child
undernutrition burdens, all ofwhich are in sub-SaharanAfrica andAsia.
In Panel A we observe large variations in wasting prevalence across
regions that seem only weakly associated with overall regional eco-
nomic development levels. For example, wasting prevalence is highest

Fig. 1 | Trends in the FAO real international cereal price index from 2000 to
August 2022. Notes: Source data are provided as a Source data file. Data are the
author’s construction from the real FAO cereal price index3. The 2022 value refers
to the average of January-August 2022. The index is based so that 2000= 100 and
consists of the average values of 5 commodity group price indices (cereals, meat,
vegetables, edible oils, and sugar). Each sub-index is a weighted average of a range
of export price quotations. See the FAO’s food price webpage for further details:
https://www.fao.org/worldfoodsituation/foodpricesindex/en/.

Fig. 2 | Local polynomial regression estimates of wasting and stunting pre-
valence by child age for DHS regions with high undernutrition burdens. Notes:
a Wasting (WHZ< −2) by age and region. b Stunting (HAZ < −2) by age and region
Authors’ estimates from DHS data using the lpoly command in STATA™. See the
“Methods” section for more details.
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in South Asia and South-East Asia, in spite their higher economic
development than African regions. The only exception is the high
levels of wasting observed in the Sahel region, especially in the first 2
years of life. Wasting patterns also show interesting variations by child
age, with almost 30% of South Asian children in our sample being born
wasted, compared to ~20% in South-East Asia and in the Sahel and
between 10 and 13% in other African regions. In the two Asian regions,
wasting prevalence declines gradually from birth to 24 months of age
when it reaches around 18–20% and stabilizes thereafter. For African
regions (except the Sahel), similar declines are observed over time,
especially after 12 months of age and wasting remains much less pre-
valent than in Asia throughout the full first 60months of life. The Sahel
shows quite different age-related patterns of wasting, with rapid
increases during thefirst year (up to 28%by 10months of age) and then
falls sharply to around 10%by36months of age before levelling off like
in other regions. Our results showing the highest burden of wasting
between birth and 3–6 months are consistent with global evidence36

and are of great concern given the association between wasting and
excess mortality risk in this age group23.

Stunting, which results from the cumulative effect of repeated or
chronic cumulative nutritional insults, shows very different patterns
(Panel B, Fig. 2). First, stunting prevalence does not show as much
variation across high-burden regions as wasting does. In all Asian and
African regions included in our sample, between 10 and 20% of chil-
dren are born stunted, but stunting prevalence increases gradually
from around 4 to 20months of age, before levelling off thereafter. The
process of becoming stunted therefore mostly occurs during the first
1000 days of life, from conception to approximately age 2 years.

Supplementary Fig. 1 uses the same regression smoothing tech-
nique (with 95% confidence intervals) to demonstrate heterogeneity in
wasting prevalence by demographic, geographic, and socioeconomic
characteristics. Male and female children are born with similar wasting
risks (Panel A), but wasting is significantly higher for boys compared to
girls, which is likely related to the male fragility hypothesis37. Panel B
shows that wasting is much higher among rural children from birth all
the way to age 5 years, with the difference varying between 3–6 per-
centage points, reflecting the many disadvantages that rural popula-
tions have in socioeconomic status and access to nutrition-relevant
services, such as healthcare38,39. Panel C focuses more explicitly on
differences in socioeconomic status and shows higher prevalence of
wasting among children from asset-poor households compared to
those from non-poor households (see also Supplementary Fig. 2 for
asset-poverty comparisons in India specifically). Finally, Panel D focu-
ses on a key measure of rural wealth as well as potential resilience to
food price shocks and confirms that children from rural-farm house-
holds are less likely to be wasted, typically by around 3 percentage
points.

This study exploits variation in the real price of food within DHS
countries, as measured by changes in the ratio of the consumer price
index (CPI) for food to the CPI for all consumer items. We inter-
changeably refer to increases in this food CPI/total CPI ratio as either
food inflation or real food price increases. For wasting regressions, we
measure real food price changes for the three months prior to the
month of anthropometric measurement40, but for stunting and child
diet diversity regressions we use 12-month food price changes in the
prenatal period and first and second years of life. In all our regression
analyses we essentially exploit the fact that DHS rounds are conducted
in both low food inflation and high food inflation periods, including a
number of surveys conducted in the 2007–2011 period when inter-
national and domestic food prices were highly volatile. Figure 3
demonstrates this by reporting mean, minimum, and maximum 12-
month food price changes in the 130-round DHS sample. There are
large temporal and cross-country variations in real food price changes
through most of the period in question. There were also 38 DHS sur-
veys conducted between 2007–2011 when international and domestic

price volatility was very high, with striking instances of 3-month food
inflation in Liberia (10% in April 2007), Bolivia (15% in June 2008),
Kenya (18% in January 2009), Ethiopia (13.6% in mid-2011) and Uganda
(20% inmid-2011). Supplementary Fig. 3 also reports a histogramof the
distribution of 3-month real food inflation measure used for the
wasting analysis.

Main regression results: food inflation and child wasting and
stunting
Figure 4 reports coefficient plots from weighted regressions that
represent the predicted impact of 5% increases in the food/total CPI
ratio for the past three months on wasting (black circles) and severe
wasting risks (blue circles), with 95% confidence intervals. The
regression approach follows a previous study on macroeconomic

Fig. 3 | Mean,minimum, andmaximum food inflation in the 12months prior to
anthropometric measurement in the 130 DHS rounds. Notes: Source data are
provided as a Source data file. Authors’ calculations from FAO consumer price
database for theDHS surveys in our regression sample40. See the “Methods” section
for more details.
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Fig. 4 |Weighted linear probability coefficients representing the impact of a 5%
increase in the real food price index over the 3 months prior to wasting mea-
surement, stratified by child age. Notes: 95% confidence intervals based on
standard errors clustered at the country level are reported in parentheses. *, **, and
*** represent statistical significance at the 10%, 5%, and 1% level, respectively, from a
two-sided test. The regressions control for DHS-based predictors of wasting,
country fixed effects, and region-specific time trends, seasonality factors, and
wasting-agedynamics, and areweighted tobe representative of this specific sample
ofDHS countries. Changes in the food/total CPI ratio are interactedwith a country’s
mean wasting prevalence across all its survey rounds to ensure that the impact of
inflation is proportional to a country’s typical wasting prevalence. See the “Meth-
ods” section for more details. The full sample includes 1.271 children in 44 LMICs.
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shocks and child wasting41 in controlling for DHS-based predictors of
wasting, country fixed effects, and region-specific time trends, sea-
sonality factors, and wasting-age dynamics. Regressions are weighted
to be representative of this specific sample of DHS countries, and
changes in the food/totalCPI ratio are interactedwith a country’smean
wasting prevalence across all its survey rounds to ensure that the
impact of inflation is proportional to a country’s typical wasting pre-
valence. This is important because countries with very low and very
high levels of wasting are unlikely to see the same absolute change in
wasting risks from a given macroeconomic shock41; for example,
countrieswith lowwasting rateswill have very fewchildren close to the
−3 z-score threshold for severe wasting, so even a large food price
shock will have little impact on severe wasting prevalence in an abso-
lute sense.

Due to the striking wasting-age patterns described above, the
results are stratified by child age. In the full sample of children 0–59
months the regression coefficient is positive and highly statistically
significant, implying that a 5% increase in the food/total CPI ratio—
equivalent to around two standard deviations in this sample—predicts
a 9% increase in the risk ofwasting. Thismarginal effect varies from 11%
for children 0–11 months of age to 6% for children 12–23 months of
age. Coefficients for severe wasting are somewhat larger in magnitude
but less precisely estimated. A 5% increase in real foodprices predicts a
14% increase in severe wasting for children 0–59 months, with similar
magnitudes of effects in the 11–23 and 24–59 month samples. The
coefficient for the 0–11-month age group is not statistically significant
in a two-sided test.

Given the large and statistically significant elasticity of wasting
with respect to food inflation in the 0–11 month sample in Fig. 4, it
seemsplausible that food inflation increases the riskof lowbirthweight
(or wasting at birth) by adversely affecting maternal nutrition during
pregnancy. In Fig. 5 we therefore examine wasting risks for infants
0–5 months of age. We find that for both wasting and severe wasting,
the coefficients are large and statistically significant, supporting the

hypothesis that a prenatal maternal nutrition mechanism links food
inflation to wasting at birth and in the first few months of life. This
result is important because mortality rates among newborns and
young infants are especially high, suggesting food inflation poses a
major risk for infant mortality through a maternal malnutrition
pathway.

Testing for heterogenous effects of food inflation on wasting by
sociodemographic groups
Biological and economic theories suggest that the impacts of food
inflation on undernutrition may be heterogeneous in other dimen-
sions, and Supplementary Fig. 1 demonstrated significant disparities in
wasting prevalence across demographic and socioeconomic strata.
Table 1 therefore introduces interaction terms between food inflation
and these strata for moderate/severe wasting, while Supplementary
Table 5 reports results for severe wasting.

In regression (1) we observe that food inflation’s wasting risks are
around twice as large for boys as they are for girls. In regression (2) we
find that children from urban households are less likely to become
wasted after food inflation compared to their rural counterparts.While
surprising—urban households are mostly net-food consumers highly
dependent onmarkets—it is also true that urban children are less likely
to have low WHZ scores to begin with, and also have better access to
health and nutrition services, andmore assets and parental education.
In regression (3) we find that asset-poor children are muchmore likely
to become wasted than non-poor children. A 5% increase in real food
prices increased the risk of wasting by just 6% for non-poor children,
but by 15% for asset-poor children.

In regression (4) we turn to a rural sample to test whether food
inflation’s impact on wasting depends on whether a household owns
land (and can therefore produce food) or is landless (and therefore
dependent on market purchases). The coefficient on farmland own-
ership is highly significant and reduces the impacts of food inflation on
wasting by nearly half. In regression (5) we focus on the full sample
again and test multiple interactions (except farmland ownership) and
find that the interactions persist in the presence of each other,
although the partial protection of living in an urban area is reduced
when the poverty interaction is added. In regression (6) we focus on
the rural sample and include all the interactions, including farmland
ownership. All the interaction coefficients remain statistically sig-
nificant, although themagnitude of the coefficient on poverty actually
increases in absolute magnitude.

The presence of multiple statistically significant coefficients in
regressions (5) and (6) implies additive effects. For example, the worst
affected group are children from landless rural households that are
also asset poor: regression (6) predicts that a 5% increase in the real
price of food for this highly vulnerable group results in a 29 percent
increase in the risk of wasting for boys and a 23% increase in the risk of
wasting for girls. We also note that results for severe wasting are
qualitatively very similar to those reported in Table 1 (See Supple-
mentary Table 5).

Food inflation in the first 1000 days of life and subsequent
stunting risks
Even relatively brief nutritional insults can have longer-term con-
sequences on child growth and development, especially insults that
occur in the first 1000 days of life when children are highly vulnerable
stunting rates climb precipitously in LMICs (Fig. 2, Panel B). We
therefore tested whether food inflation in the prenatal period or the
first or second years after birth is a longer-term risk factor for stunting
in the 24–59 month period (after the first 1000 days). Figure 6 reports
results from separate regressions for stunting and severe stunting. For
both indicators we find that food inflation in the prenatal period or the
first year after birth significantly elevates the risk of stunting in the
24–59month period, while food inflation in the second year of life also
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Fig. 5 |Weighted linear probability coefficients representing the impact of a 5%
increase in the real foodprice index in thepast 3months onwasting and severe
wasting among children 0–5 months of age. Notes: 95% confidence intervals
basedon standarderrors clustered at the country level are reported inparentheses.
*, **, and *** represent statistical significance at the 10%, 5%, and 1% level, respec-
tively, from a two-sided test. The regressions control for DHS-based predictors of
wasting, country fixed effects, and region-specific time trends, seasonality factors,
and wasting-age dynamics, and are weighted to be representative of this specific
sample of DHS countries. Changes in the food/total CPI ratio are interacted with a
country’s mean wasting prevalence across all its survey rounds to ensure that the
impact of inflation is proportional to a country’s typicalwasting prevalence. See the
“Methods” section for more details. The full sample includes 1.271 children in
44 LMICs.
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has positive, but non statistically significant coefficients (in two-sided
tests). For moderate/severe stunting the findings suggest that a 5%
increase in food prices in the prenatal period increases the risk of
stunting by 1.6 percent, and by 1.8 percent in the first year after birth.
The point estimates are around twice as large for severe stunting but
are still much lower than for wasting. The fact that food inflation in the
prenatal period is a strong predictor of later-life stunting is consistent
with the indirect evidence reported in Fig. 5 that inflation during
pregnancymight affect intra-uterine growth and birthweight (proxied
here by wasting during the first few months of life) We also tested for
heterogeneous effects of food inflation by introducing the interaction
terms used inTable 1, although there is no clear evidence that the same
interaction effects hold for stunting (Supplementary Table 7).

Assessing dietary diversity and symptoms of infections as likely
mechanisms linking food inflation to wasting and stunting
Whilst wasting and stunting are affected by both diets and health, it is
likely that the main mechanism linking food inflation to wasting is
maternal nutrition and diets during pregnancy and the adequacy of
infant and young child feeding practices and diets during postnatal
life. TheDHSallowsmeasurement ofminimumdietary diversity (MDD)

(a proxy for diet quality) for children 6 months and older (although
here we reverse the variable to measure inadequate dietary diversity).
Adequate diet diversity captures whether a child consumed at least
four of seven recommended food groups in the past 24 h. Data on
maternal diet diversity is not available in the surveys used, but child
and maternal dietary diversity have been shown to be strongly
correlated42. Child dietary diversity does not capture quantities con-
sumed, but the indicator has been shown to predict mean micro-
nutrient adequacy43 and energy intake44. In our dataset we use
regression analysis to show that poor diet diversity predicts an
increased risk of wasting by 1.2 percentage points for children
6–23 months, while it increases the risk of stunting by 4.7 points for
children 18–23 months (Supplementary Fig. 4). Reported diarrhea and
fever symptoms in the previous 2 weeks are also associated with
wasting and stunting. For stunting one shouldprobably interpret these
associations as indicative of the recent dietary status or illness being
reasonable proxies for longer-term dietary status and exposure to
disease.

Figure 7 shows that a 5% increase in food inflation in the past
12 months is predictive of a 3% increase in the percentage of children
6–23 months of age with an inadequately diverse diet. This suggests

Table 1 | Weighted multivariate linear probability models of wasting risks as a function of 5% increases in the real food price
index over the past 3 months interacted with urban locality, gender, asset poverty, and farmland ownership

(1) (2) (3) (4) (5) (6)
Interaction variable Girl child Urban location Asset-poverty Owning farmland Multiple Multiple
Sample Full Full Full Rural Full Rural

Food inflation (base group) 0.11 0.10 0.06 0.16 0.10 0.16

p = 0.00 p = 0.00 p = 0.01 p = 0.00 p = 0.00 p = 0.00

(0.06, 0.16) (0.05, 0.16) (0.02, 0.11) (0.13, 0.20) (0.06, 0.15) (0.12, 0.19)

Food inflation*girl −0.05 −0.05 −0.06

p = 0.00 p = 0.00 p = 0.00

(−0.07, −0.03) (−0.07, −0.03) (−0.07, −0.05)

Food inflation*urban −0.06 −0.04

p = 0.00 p = 0.01

(−0.10, −0.02) (−0.07, −0.01)

Food inflation*asset-poor 0.09 0.08 0.13

p = 0.01 p = 0.03 p = 0.00

(0.02, 0.16) (0.01, 0.14) (0.08, 0.18)

Food inflation*farmland −0.07 −0.07

p = 0.00 p = 0.00

(−0.09, −0.04) (−0.09, −0.04)

Girl child −0.02 −0.02 −0.02 −0.02 −0.02 −0.02

p = 0.00 p = 0.00 p = 0.00 p = 0.00 p = 0.00 p = 0.00

(−0.02, −0.01) (−0.02, −0.01) (−0.02, −0.01) (−0.02, −0.01) (−0.02, −0.01) (−0.02, −0.01)

Urban locality 0.01 0.01 0.01

p = 0.00 p = 0.00 p = 0.00

(0.00, 0.01) (0.00, 0.01) (0.00, 0.01)

Asset-poor 0.03 0.03 0.03 0.03 0.03 0.04

p = 0.00 p = 0.00 p = 0.00 p = 0.00 p = 0.00 p = 0.00

(0.02, 0.03) (0.02, 0.03) (0.02, 0.04) (0.03, 0.04) (0.02, 0.04) (0.03, 0.05)

Farmland ownership −0.00 −0.00

p = 0.58 p = 0.53

(−0.01, 0.00) (−0.01, 0.00)

Observations 1,271,886 1,271,886 1,271,886 719,457 1,271,886 719,457

R-squared 0.06 0.06 0.06 0.05 0.05 0.05

Notes: Standard errors clustered at the country level are reported in parentheses. *, **, and *** represent statistical significance at the 10%, 5%, and 1% level, respectively, from a two-sided test. The
regressions control for DHS-based predictors ofwasting, countryfixed effects, and region-specific time trends, seasonality factors, andwasting-agedynamics, andareweighted to be representative
of this specific sample ofDHScountries.Changes in the food/totalCPI ratio are interactedwitha country’smeanwastingprevalenceacross all its survey rounds toensure that the impact of inflation is
proportional to a country’s typical wasting prevalence. See “Methods” for more details. The full sample includes 1.271 children in 44 LMICs.
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that deterioration in diet quality is a plausible mechanism by which
food inflation affects anthropometric outcomes, at least in children
6–24 months of age. As expected, food inflation was not associated
with diarrhea or fever in the past 2 weeks.

Testing for impacts of total inflation on wasting and stunting
While relative increases in food prices predict increased risks of
wasting and stunting, it is possible that non-food inflation could also
adversely affect household welfare and child undernutrition. To test
this, we added total inflation to the wasting and stunting regression
models reported above. The results are presented in Supplementary
Figs. 5 (wasting) andFig. 6 (stunting). Total inflationdoes not appear to
be a statistically significant risk factor for either stunting or wasting.
This may be because the poor spend less on non-food goods and
services than on food, and because some big-ticket non-food expen-
ditures—such as rent, public healthcare and schooling—are less subject
to short-term volatility and inflation, and also have less direct con-
nection to diet quality or disease pathways.

Discussion
International food prices have become increasingly volatile in recent
decades, and food inflationmay well be one of the foremost economic
challenges of the 21st Century, especially with climatic change and
conflict shocks. However, the impacts of food inflation on poverty
remain controversial in economics—with seemingly quite different
short- and long-term poverty impacts—while the impacts of food
inflation on nutrition were largely unknown prior to this study. For 44
LMICs we established that short-term increases in real food prices
significantly elevate the risk of child wasting, especially for children
from poor and landless households, and for boys more than for girls.
Food inflation seems to operate both through shocks to maternal
nutrition in pregnancy and postnatal mechanisms. We found strong
associations between food inflation and wasting among infants 0–5
months of age, but also that food inflation during the prenatal period
predicts stunting later in life (at 24–59 months). However, food infla-
tion also predicts wasting among older age groups, and inadequate
dietary diversity among children 6–23 months of age. Given the gen-
erally strong association between maternal and child diet diversity42

and evidence of prenatal inflation affecting birthweight and long-
term stunting, it seems likely that an important mechanism linking
food inflation and child undernutrition operates through deteriora-
tions in maternal diet quality and nutrition in the wake of rising
food prices.

Our results across 44 LMICs are consistent with one previous
study rigorously linking wasting and stunting to food inflation in
Mozambique33. It is also broadly consistent with studies looking at
macroeconomic shocks—which often involve food inflation as well
other economic impacts—to poor nutrition outcomes32,45.

These findings comewith caveats and limitations. Food prices are
measured at the national level only; more granular price data might
improve precision, although there is more variation in price shocks
across countries than there is within countries. The food CPI index
assigns more weight to foods that households typically consume, but
future research could examine whether price changes for specific
foods influence undernutrition. We also confine our study to wasting
and stunting, but it is plausible that inflation shocks also have longer
term effects of micronutrient deficiencies31, and also child mortality.
Results for wasting, especially severe wasting among infants, could
also be somewhat biased towards zero because wasted children are
more likely to die, thus falling out of the sample and leading to a
selection bias. To our knowledge, this issue has only previously been
explored for stunting46. Another limitation comes from the data
source, which does notprovide information onmaternal diet orweight
gain during pregnancy and is limited to a dietary diversity proxy
indicator in children. Nonetheless, the MDD has been extensively
validated in children and found to be a solid proxy for dietary diversity,
a key dimension of dietary quality.

There are also limitations in the DHS data. Farm ownership is a
useful indicator of rural resilience to food inflation, but data on farm
size, irrigation and other aspects of food production would be useful.
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There may also be other sources of household resilience to food
inflation shocks that we have not identified, such as access to salaried
(stable) employment, migration and remittances, social networks, or
protective policies and programs. Dietary data for children is also
limited to a dietary diversity proxy indicator and a much smaller
sample size than other variables. Nonetheless, the MDD has been
extensively validated in children and found to be a solid proxy for
dietary diversity, a key dimension of dietary quality. The absence of
quantitative information on maternal diet or weight gain during
pregnancy is another limitation of the DHS data sets, as well as the lack
of information on health expenditures, which could be another
mechanism linking real income shocks to nutrition outcomes. More
research on exactly how food price increases affect nutrition-related
mechanisms, especially maternal diets and weight gain during preg-
nancy, birth outcomes, breastfeeding performance, and children’s
diets, is certainly warranted.

Bearing these caveats in mind, this study has important implica-
tions. Our study suggests that young children are nutritionally highly
vulnerable to food price shocks, albeit heterogeneously so. In terms of
targeting scarce resources for prevention of undernutrition associated
with food inflation, pregnant women and their young infant warrant
prioritization, as well as asset-poor households, including the landless
poor. Since food inflation appears to have damaging effects during
pregnancy as well as postnatally, maternal and child cash and/or
nutritious foods transfers might be an effective means of preventing
undernutrition throughout the first 1000 days (and potentially
beyond), especially if they are combined with effective diet and
nutrition-focused social behavior change communication47,48 and if
cash transfers are adjusted for inflation. Nutrition surveillance and
multi-dimensional early warning systems warrant further investment
in an era of greater food price volatility and more extreme weather
events49, as do programs designed to monitor and treat severe acute
malnutrition50.

Finally, since food inflation is clearly amajor risk factor for various
forms of child undernutrition, food policies, investments, and insti-
tutions should be aligned with recommendations made to reform
national, regional and global food systems to achieve greater stability
in food prices. Recommendations include scaling up investment in
climate-smart agricultural R&D, new approaches to physical grain
stocks or virtual stocks, closer regulation and analysis of biofuels
policies, and stronger regulations on beggar-thy-neighbor trade poli-
cies such as export restrictions51–53.

Methods
Data
To assess the impact of real food price shocks on child wasting and
stunting we linked a large multi-country child-level DHS dataset54 with
national level FAO40 data on separate consumer price indices for food
and for all consumer goods and services. The DHS are highly stan-
dardized, nationally and subnationally representative, and contain a
wide array of health, demographic, and socioeconomic indicators. The
DHS Procedures and questionnaires for standard DHS surveys have
been reviewed and approved by ICF Institutional Review Board (IRB),
while country-specific DHS survey protocols are reviewed by the ICF
IRB and typically by an IRB in thehost country to ensure that the survey
complies with the U.S. Department of Health and Human Services
regulations for the protection of human subjects (45CFR46), while the
host country IRB ensures that the survey complieswith laws andnorms
of the nation.

Our DHS dataset comprises 130 surveys with anthropometric
indicators for children 0–59 months of age in 44 LMICs surveyed
between 2000 and 2021 (see Supplementary Table 3). Our criterion for
country-year inclusion was any country with multiple DHS rounds that
collected anthropometric indicators over the period of FAO CPI
availability (2000 to the present). The dataset is representative of

approximately 400million under-5 children, around a quarter of them
in India.

DHS data were used to calculate WHZ and HAZ scores relative to
WHO reference standards for healthy breastfed children in multiple
countries55, wasting and stunting and severe wasting or stunting
identifiers using the −2 and −3 standard deviations cut-offs, respec-
tively. For wasting our key explanatory variable is the change in the
ratio of the food CPI to the total CPI in the 3-month windowpreceding
anthropometric measurement, while for stunting we measure the
9-month change during pregnancy (matching to the child’s birth
month), and 12-month changes when the child was 0–11 and
12–23 months40. The food and total CPIs are weighted indices of con-
sumption baskets intended to represent typical consumption patterns
of the population at large.

We also examined adequate child diet diversity, based on 24 h
recall of 7 different foodgroups. Childrenwho consumed four ormore
groupswereclassified as having anadequatediet.Weuse this indicator
as a dependent variable to assess whether food inflation adversely
affects child diet quality. We also used child diarrhea and fever in the
previous 2 weeks to explore disease pathways.

The remaining variables in our analysis are control variables spe-
cified to minimize the bias of confounding factors. To employ a
comparable measure of wealth across a wide range of countries we
developed a simple classification of ownership of five assets (improved
flooring, electricity, TV, fridge, and car/motorbike) and classified
households as asset-poor if none of these were owned. We controlled
for maternal education, three proxies designed to capture the con-
tinuum of maternal and child health care (antenatal care (% mothers
who attended ≥4 visits in previous pregnancy), medical facility births
and vaccinations (% children fully immunized for age), improved
sanitation and water facilities, household demographics (teenage
births, high fertility rates ≥4 children) as well as child sex and rural
location. We used a DHS indicator of whether a household owned any
farmland as an interaction variable, but only for those specific
regressions since the indicatorwasonly available for around85%of the
full sample. We also employed additional national-level controls for
robustness checks, since these factors could influence food price
changes but independently affect child health (see Supplementary
Table 2)56.

Statistical analysis
Our analysis of these data was conducted in five steps.

First, we used the three-step weighting procedure for multi-
country DHS analyses proposed in a recent paper on economic growth
and child wasting41, which renders regression coefficients representa-
tive of the DHS countries in any given sample. Supplementary Table 4
compares country sample sizes and under-5 populations to gauge the
extent to which re-weighting is relevant.

Second, we use different descriptive analysis techniques to
explore patterns and trends in the data. We used non-parametric local
polynomial regressions with 95% confidence intervals to plot wasting
and stunting by child age, and also to look at wasting-age patterns for
gender, asset-poverty status, rural/urban location, and farm/nonfarm
ownership within rural areas.

Third, we used weightedmultivariate linear probability models to
test the associations between real food price changes and wasting or
stunting41. One feature of this model is that we interact food inflation
with each country’s national average wasting or stunting prevalence
across surveys to allow the effect of inflation shocks to be linearly
proportional to a country long-run undernutrition prevalence. This
makes biological sense since populations with high undernutrition at
baseline should bemorevulnerable to negative shocks, but it alsohas a
mathematical logic since a WHZ or HAZ distribution that is centered
closer to a given wasting or stunting threshold should see larger
absolute changes in undernutrition from a given shock. To ease
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interpretation, we also re-scale the inflation indicators such that the
coefficient can be interpreted as the proportional change in wasting
risk from a 5% increase in the food/total CPI ratio. For a 3-month lag in
real food inflation this amounts to approximately a two standard
deviation increase.

Another feature of this model41 is that it saturates the regressions
with DHS controls, country fixed effects, and a series of interactions
between region identifiers and three types of temporal factors: (1) long
run time trends captured by 5-year time brackets; (2) month of survey
variables to control for seasonality in wasting; and (3) child age in
months variables to capture region-specificwasting-age dynamics. The
regionswere: the Sahel, the Horn of Africa,Western andCentral Africa,
and Eastern and Southern Africa, South Asia, South-East Asia, Middle
East and North Africa, Eastern Europe and Central Asia and Latin
America and the Caribbean.

With the control variables outlined above, the linear probability
model for wasting takes the form:

Ni,c,r,t =β0 +βg �wc,r f c,r,t�3 +βXXi,c,r,t +βCC +βAA:R+βSS:R+βTT :R+ εi,c,r,t

ð1Þ

This equation states that wasting (N) for child i in country c and
region r at time t ismodeled asa functionof real food rice changesover
three months prior to the month of wasting measurement (ft-3) inter-
acted with average wasting prevalence across all rounds (�w). We note
that mean wasting (�w) refers to means of each specific wasting indi-
cator (wasting or severe wasting), depending on which is specified on
the left-hand side of Eq. (1). The remaining variables in Eq. (1) include a
vector of control variables from the DHS (X), country fixed effects (C),
and the three types of region-specific temporal effects (child age
effects (A.R), seasonality effects (S.R) and trend effects (T.R)). Since
the specification includes country fixed effects, the coefficient on food
inflation represents the elasticity of wasting risks with respect to
deviations of real food price changes from their long-term average
change, which one could therefore think of as food inflation shocks.
Standard errors (ε) are clustered at the country level for the calculation
of 95% confidence intervals (CIs). All analysis was conducted in
STATA™ Version 17.

Although all our regressions follow the basic structure of Eq. (1),
the wasting regressions stratified results by age (0–11 months,
12–23 months, and 24–59 months), and then look at the 0–5 month
window to test for potential birthweight effects. We then introduced
interaction terms with the asset-poor indicator, child gender, urban
location, and farmownership (in the rural sample only).We also tested
sensitivity to other national level controls that couldbe associatedwith
food inflation but independently predict wasting.

In a fourth step we adapt Eq. (1) to model stunting status for
children 24–59 months as a function of inflation shocks from: (1)
conception to birth (9 months); (2) birth to age one year
(11–23 months); and (3) age one to aged two years (12–23 months).
Food inflation variables are again interacted with a country’s mean
prevalence of stunting and rescaled to represent 5 percent changes in
the food CPI/total CPI ratio.

The final step in our analysis we modeled the risk of inadequately
diverse diets, measured as a failure to consume at least four of the
seven possible food groups in the past 24 h, as a function of real food
price changes over the 12 months prior to dietary measurement. We
also tested the more unlikely hypothesis that real food inflation might
influence nutrition through a disease pathway, using child diarrhea or
fever in the past 2 weeks as the dependent variable. In all three
regressions, the control variables remain the same as Eq. (1).

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
TheDemographic Health Survey data used in this analysis are available
under restricted access as per the data access policies of the DHS
Program, though access request after registering on the DHS website:
https://dhsprogram.com/data/Using-Datasets-for-Analysis.cfm. The
FAO consumer food price data are publicly available at https://www.
fao.org/faostat/en/#data/CP. The analysis in this paper also conforms
to the Guidelines for Accurate and Transparent Health Estimates
Reporting: the GATHER statement57. Source data are provided with
this paper.

Code availability
StataTM v17 code for replicating this study is publicly available58.
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