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Abstract
Children who experience poor nutrition during the first 1000 days of life are more vulnerable to illness and death in the near term,
as well as to lower work capacity and productivity as adults. These problems motivate research to identify basic and underlying
factors that influence risks of child malnutrition. Based on a structured search of existing literature, we identified 90 studies that
used statistical analyses to assess relationships between potential factors and major indicators of child malnutrition: stunting,
wasting, and underweight. Our review determined that wasting, a measure of acute malnutrition, is substantially understudied
compared to the other indicators. We summarize the evidence about relationships between child malnutrition and numerous
factors at the individual, household, region/community, and country levels. Our results identify only select relationships that are
statistically significant, with consistent signs, across multiple studies. Among the consistent predictors of child malnutrition are
shocks due to variations in climate conditions (as measured with indicators of temperature, rainfall, and vegetation) and violent
conflict. Limited research has been conducted on the relationship between violent conflict and wasting. Improved understanding
of the variables associated with child malnutrition will aid advances in predictive modeling of the risks and severity of malnutrition crises and enhance the effectiveness of responses by the development and humanitarian communities.
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1 Introduction
Malnutrition is preventable, yet remains a major public health
challenge. This condition affects one in five children and contributes to nearly half of all deaths during childhood globally
(Black et al. 2013). Children who have poor nutrition during
their first 1000 days of life attain lower levels of education and
have lower work capacity and productivity as adults.
Malnourished children also face increased likelihoods of being overweight, of developing chronic illnesses such as cardiovascular disease, diabetes and cancer, and of suffering
from mental health issues later in life (Haddad et al. 1994;
Hoddinott et al. 2013). After having suffered of malnutrition
during early childhood, girls face increased likelihoods of
having children that are born too early or underweight
(UNSCN 2010).
Given the serious repercussions for survival, health, and
well-being, anticipating and addressing the circumstances under which children become malnourished is vital. Various
development and humanitarian interventions focus on fostering healthy communities where children are better protected
and able to recover from nutrient deficits (Collins et al. 2006).
To facilitate those interventions, assessments of food security
conducted by organizations such as the Famine Early
Warning Systems Network (FEWS NET) and the Integrated
Food Security Phase Classification (IPC) initiative have
sought to project the future status of at-risk countries and issue
alerts about impending and ongoing crises months in advance,
aiming to ensure enough lead time for the coordination and
implementation of appropriate responses (Brown et al. 2007;
Funk et al. 2019; IPC 2012). Assessments that focus on early
warning have advantages relative to relying on measuring the
prevalence of malnutrition in a community, which can detect a
crisis only after it emerges (Maxwell et al. 2020). Assessments
such as FEWS NET and IPC, however, do not gauge, much
less substantiate, associations between malnutrition at an individual level and relevant factors. Statistically modelling
these empirical relationships is integral to detecting vulnerabilities, diagnosing their sources, and directing assistance.
In this article, we consolidate what has been learned from
published studies that used statistical analysis of empirical
data to examine relationships between malnutrition among
children and a large array of individual-, household-, community-, regional- and national-level variables. Our literature review is guided by two main questions: (1) Which variables
were consistently associated with child malnutrition? (2) What
types of quantitative empirical data and statistical methods
have been used to analyse the nature of the relationship between these variables and child malnutrition? Answering
these questions results in a summary of drivers of malnutrition, clarifies the strengths and limitations of existing studies,
and suggests potential directions for further research, which
may include a formal meta-analysis.
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Our review considers studies in which the outcomes of
interest included at least one of three major indicators of malnutrition, formalized in international standards (WHO 2020).
Wasting (low weight for height) indicates an acute decline in
nutritional status experienced by a normally well-nourished
child. This decline usually involves rapid and substantial
weight loss. Stunting (low height for age), by contrast, indicates a chronic, long-term nutritional deficit, the effects of
which are potentially irreversible (Kennedy et al. 2015).
Children who suffer wasting regularly over time may also
develop stunting (Hoddinott et al. 2008). Underweight (low
weight for age), on the other hand, can reflect wasting,
stunting, or both (WHO 2010).
The breadth of our review provides a more expansive picture of the findings from the empirical research about malnutrition, according to statistical modelling of quantitative data.
In the process, we can compare the state of knowledge about
factors associated with the different indicators of malnutrition.
Our expectation is that the findings of the review will improve
awareness of which factors yield consistent findings and emphasize how particular relationships can vary across different
measures of malnutrition.
At the same time, we have a specific interest in the variables associated with wasting. The acute nature of this condition presents a distinct challenge in practice. Prompt, effective
interventions, with the potential to mitigate the risk of wasting,
depend on the existence of reliable guidance about factors that
tend to be associated with changes in individuals’ nutritional
status in the short term. Insights from such a review may help
inform interventions that are focused on reversing weight loss
trajectories in children before malnutrition becomes a persistent condition.
Finally, we spotlight the role of external shocks experienced by individuals, households and communities, especially
those caused by exposures to environmental and societal
forces. Disasters due to climate extremes (e.g., drought) and
violent conflict (e.g., civil war) are regularly attributed as the
primary causes – acting independently and in interaction – of
crises such as famines resulting in prevalence spikes in the rate
of acute malnutrition. The urgency of understanding the role
of these shocks has been magnified as complex emergencies
are becoming more common and lasting longer (Lautze and
Raven-Roberts 2006; Young et al. 2004). Policies resulting in
timely action are needed to reduce the impact of these crises
on children, families, and the communities in which they live
(Ghobarah et al. 2003; Hillbruner and Moloney 2012).
We start by presenting the methods we used to isolate and
code relevant studies that were included in our review. Next,
we summarize the results of our review. In the concluding
section, we discuss the results in the context of the broader
literature, with particular attention to studies about the relationship between malnutrition and climate extremes, conflict
events, and their interactions.
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2 Methods

&

We conducted a search of the American Economic
Association’s EconLit database in January 2019. EconLit indexes six types of materials: journal articles, books, book
chapters, dissertations, working papers, and book reviews.
The coverage features nearly 1 million articles from over
1000 journals published in 74 countries, dating from 1969 to
the present (https://www.aeaweb.org/econlit/content). Many
of the topics covered by the material indexed in EconLit
relate to child malnutrition, including Health and Economic
Development (JEL code I15), Health and Inequality (JEL
code I14), Health, Government Policy, and Regulation (JEL
code I16), Welfare, Wellbeing and Poverty (JEL code I3),
Fertility, Family Planning, Child Care, Children, and Youth
(JEL code J13), Agricultural Economics (JEL code Q1), and
Renewable Resources and Conservation (JEL code Q2) (see
http://www.aeaweb.org/econlit/jelCodes.php for a complete
list of topics covered by EconLit). We sought to identify
articles indexed by EconLit that quantitatively assess
potential factors, with explicit statistical tests, in relation to
child malnutrition. We therefore conducted separate searches
using “malnutrition,” “wasting,” “wasted,” “stunting,”
“stunted,” “underweight,” and “undernourishment” as key
words. In addition, we paired each of these key words with
“child” when conducting searches. In total, the searches
yielded a set of 688 articles.
Within this set, we then selected articles relevant to our
review. We therefore searched for any mentions of “child
wast*” (166 articles), “child stunt*” (104 articles), and “child
under*” (39 articles) in the article titles and abstracts. Certain
articles referenced multiple search terms. We thus selected
209 potentially relevant articles. Finally, we scanned the titles
and abstracts of these remaining articles with the following
criteria:

&

&
&
&

use of quantitative and/or numerically coded qualitative
data within a statistical analysis.
dependent variable(s) in the analysis must be some variant(s) of child malnutrition.
testing of statistical relationship between child malnutrition and one or more independent variables.
Some of the reasons for excluding articles include:

&
&
&

article not published in an English-language academic
journal (for reasons of feasibility in conducting the
review).
title and/or abstract indicating that the study is unrelated to
our review (e.g., food waste).
title and/or abstract indicating that the study is peripheral
to our objective (e.g., global narratives regarding child
health).

&
&
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title and/or abstract not mentioning quantitative data
analysis.
quantitative analysis referred to in abstract concerning
adult malnutrition Articles evaluating adult nutrition
(e.g., of the mother during pregnancy) as a factor for child
malnutrition were retained.
quantitative analysis referred to in title and/or abstract
concerning not concerning relationships between child
nutrition prevalence and any of its factors.
quantitative analysis referred to in the title and/or abstract
considering child malnutrition as an independent, and not
a dependent variable.

Our approach using the inclusion and exclusion criteria
yielded a sample of 61 articles from EconLit.
We further augmented the sample with 29 articles from
beyond the EconLit database. These additional articles: (1)
cited articles from the EconLit sample, (2) were cited by those
articles, and/or (3) involved authors of those articles. All the
additional articles satisfied the inclusion and exclusion criteria
stated above. The final sample therefore consists of a total of
90 articles (see supplementary Table S1 for details).

2.1 Coding of article variables
Information pertaining to each article was coded according to
the following: the data used (location, timing, panel vs. crosssection, sample size); statistical methods of analysis; and the
dependent and independent variables considered. Only the
main statistical results in a given article were coded; other
results (e.g., exploratory subgroup tests, robustness checks,
and sensitivity analyses) were not included. Dependent variables were grouped into three categories: wasting (W, continuous weight-for-height z-score and/or binary indicator for
wasted), stunting (S, continuous height-for-age z-score and/
or binary indicator for stunted), and underweight (U, continuous weight-for-age z-score and/or binary indicator for underweight) (de Onis and Blössner 2003). Each combination of a
dependent variable and an independent variable in a given
article was coded with both the sign and the level of reported
statistical significance of the relationship as evaluated in the
analysis. Most of the reviewed studies focus on the sign of
relationships; few studies pay close attention to the magnitude
of effect sizes. P-values were not always reported in all articles, reflecting differences in standards across journals and
fields. The coding categorized each relationship as significant
if the p value was smaller than or equal to 0.05. These instances were marked as 1. All other instances were marked
as 0. The coding also noted instances of p-values less than (or
equal to) 0.01 and 0.001 (supplementary materials; (Finlay
and Agresti 1986)). Supplementary Table S2 provides a list
of all variables reported in all 90 reviewed articles, along with
their reported statistical significance.
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Across the sample of reviewed studies, more than 300 independent variables were found. Independent variables about
the same factor, even if operationalized differently, were consolidated into a factor category to facilitate comparison across
studies (Phalkey et al. 2015). Supplementary Table S3 lists all
variables analysed in the reviewed studies that comprise our
factor categories, and which papers they came from.
The findings of the studies included in our review enabled
each factor to be characterized as follows:
&

&

&

Risk factor – a majority of reviewed studies examining a
given type of malnutrition report a significant (p ≤ 0.05)
positive relationship with the independent variables (i.e., a
greater extent or probability of malnutrition as a function
of increasing values of the independent variable).
Mitigating factor – a majority of reviewed studies examining a given type of malnutrition report a significant
(p ≤ 0.05) negative relationship with the independent variables (i.e., a lower extent or probability of malnutrition as
a function of increasing values of the independent
variable).
Inconclusive factor – a majority of studies examining a
given type of malnutrition report either an inconsistent
sign of the relationship with the independent factor, or a
relationship that is not statistically significant (p > 0.05).

In order to facilitate comparison and the policy and other
practical applications of the analysis, factors were grouped
according to the scale they concern: child, household, region/community, or country (Smith et al. 2005).
Relationships between a given type of malnutrition and a
given factor may have been evaluated in only one study.
While all relationships appearing in the main statistical analysis of each study were coded and documented (Table S2),
only factors evaluated in multiple studies were reported in the
results. All studies were treated equally, regardless of scope,
scale of the analysis, magnitude of effect sizes, and level of
significance reported. The results of the analysis offer a general summary and mapping of results to capture patterns in the
existing research. No statistical assessment of the importance
of factors across publications (“effect size” in the metaanalysis literature) is provided in the interest of reflecting the
broadest possible sample of studies.

3 Results
Wasting and underweight have been studied less often than
stunting (Table 1). Just over 34% of the reviewed studies
modelled wasting. Slightly more studies operationalized this
outcome with a binary variable (whether or not children were
wasted, as a status based on exceeding a given threshold) than
with a z-score (extent of deviation from international
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Table 1 Proportion of reviewed studies using different indicators of
child malnutrition as dependent variables
Dependent Variable

Weight-Height
(Wasting)

Height-Age
(Stunting)

Weight-Age
(Underweight)

Any
Z-Score
Binary
Both

34.4%
16.7%
22.2%
4.4%

81.1%
55.6%
40.0%
14.4%

34.4%
25.6%
12.2%
3.3%

standards, along a continuous scale that captures a spectrum
of outcomes in a process of becoming undernourished). Under
5% of the reviewed articles used both operationalizations of
wasting in their analysis. Similarly, underweight appeared in
34% of the reviewed studies. In these studies, the
operationalization was most often a z-score, rather than a binary variable. Meanwhile, 81% of the articles used stunting as
a dependent variable; a z-score was most common for stunting
as well.

3.1 Factors evaluated as affecting child nutrition
A total of 49 factors were evaluated in relation to wasting,
stunting, and/or underweight by multiple studies (Fig. 1).
This list includes 12 factors measured at the individual level; 25 factors measured at the household level (including
five factors pertaining to mothers); eight factors measured
at the region/community level; and four factors measured at
the country level (Table S3). Analysis of disaggregated data
at the individual and/or household level featured in 89% of
the reviewed articles. Most analyses did not include any
covariates measured at the regional/community or country
levels (e.g., (Ekbrand and Halleröd 2018)). Thus, fewer
articles are available with which to evaluate the consistency
of relationships of factors at the regional/community and
country levels than at the individual and household levels.
Of the 49 factors, 18 have been evaluated by multiple studies in relation to each of the three standard measures of child
malnutrition (Fig. 1). The subsequent presentation of results
is restricted to instances of prevailing evidence of statistically significant relationships indicating risk factors or mitigating factors, according to a majority of relevant reviewed
studies.
Eight of the 12 factors measured at the level of individual
children exhibited statistically significant relationships for the
following factors: child’s sex and age, if they were a multiple
at birth (twin, triplet, etc.), and diarrhea status (Fig. 1a). Seven
of the 10 factors evaluated in relation to stunting exhibited
statistically significant associations. These associations identified five risk factors: child’s sex and age, their birth order, if
they were a multiple at birth, and short birth interval. Two
mitigating factors were also identified: if a professionally
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Fig. 1 Summary of results from statistical analyses of relationships
between indicators of child malnutrition and: a child-specific factors, b
household-level factors, c region/community-level factors, and d countrylevel factors. Note: We limit the results reflected in this figure to factors

that are evaluated in the main statistical analyses reported in at least two of
the 90 reviewed articles. Details of which study was included in each
factor can be found in Supplementary Table S3

trained assistant was present at the birth and if Vitamin A
supplements had been used. The results indicated that two of
the four factors evaluated in relation to underweight were
statistically significant risk factors: child’s age and if they
were a multiple at birth. According to our review, therefore,
all three anthropometric measures of malnutrition were

associated with two individual-level risk factors: age and multiple at birth.
Of the 25 household-level factors, just four of the 17 factors
exhibited statistically significant associations: mother’s education, mother’s BMI, wealth/assets, and access to a health
care center (Fig. 1b). All were evaluated as being mitigating
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factors. Eleven of the 25 factors evaluated in relation to
stunting yielded statistically significant associations. The relationships identified three risk factors: rural, indigenous, and
altitude. In addition, eight mitigating factors were identified:
mother’s education, father’s education, mother’s BMI,
mother’s height, pregnancy care, wealth/assets, quality of
household materials, and food aid or supplemental feeding.
Five of the 13 factors evaluated in relation to underweight
yielded statistically significant associations. Only one relationship identified a risk factor: rural residence. Four mitigating factors were also identified: mother’s education, mother’s
BMI, wealth/assets, and quality of toilet. According to our
review, therefore, all three anthropometric measures were associated with three household-level risk factors: mother’s education (either years of education or specific levels relative to
no education), m other’s BMI, and w ealth/assets
(encompassing different indices).
The eight factors measured at the region/community level
is split between measuring features of the environment, including climate conditions, and features related to conflict
(Fig. 1c). Wasting had a statistically significant association
with excessive rainfall as a risk factor and growing season
rainfall as a mitigating factor. Stunting had a statistically significant association with extreme temperatures as a risk factor.
Underweight only exhibited a statistically significant association with drought as a risk factor. Several of the reviewed
studies analysed vegetation quality, employing either the normalized difference vegetation index (NDVI) or the enhanced
vegetation index (EVI), with varying operationalizations. In
particular, vegetation quality during the previous growing season has been evaluated in multiple studies of both wasting and
stunting, yielding findings that vary by context. Statistically
significant associations were observed between stunting and
three factors that reflect distinctive operationalizations of the
role of conflict. Conflict in the surrounding region, conflict
exposure (days or months), and whether a child was born
during a conflict were all identified as risk factors for stunting.
At the country level, national per capita GDP was identified
as a mitigating factor for wasting, stunting, and underweight
(Fig. 1d). Female education (encompassing national rates of
female literacy and female secondary enrolment) was identified as a mitigating factor for stunting and underweight. Both
the national average female-to-male life expectancy ratio and
the dietary energy supply per capita were identified as mitigating factors for underweight.

3.2 Statistical methods
About 60% of the reviewed studies employed standard variations of multivariate regression techniques, such as linear,
generalized linear (e.g., logit), or multilevel models. Only
5% of studies used explicit multilevel statistical techniques,
modelling simultaneously the relationships between
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malnutrition and covariates at the individual, household, and
regional/community levels (e.g., (Ekbrand and Halleröd
2018)). Other studies that did not estimate multilevel models
instead included covariates aggregated to higher levels, introduced dummy variables for geographic regions, or adjusted
for within-spatial-unit correlation via clustered standard errors
(e.g., (Rashad and Sharaf 2018)). Five articles used quantile
regression, which fits a model through quantiles of the dependent variable, rather than the mean (e.g., (Asfaw 2018)). This
approach has the advantage of allowing for heterogeneous
treatment effects for different segments of the distribution of
child malnutrition. For example, a given factor may exhibit a
stronger association with weight-for-height z-scores for children who are undernourished (i.e., the left tail of the distribution), relative the association observed for children whose
nutrition status is near the center of the distribution.
A majority of reviewed studies relied on cross-sectional
analysis of either data from single surveys or a pooled dataset
comprising multiple cross-sectional surveys. Just five of the
studies capitalized on panel data involving repeated waves of
data collection for the same children or households over time.
The remaining studies employed a diversity of approaches,
including time-series analysis of repeated cross-sections of
countries or subnational regions. Among the reviewed studies,
the most common source of malnutrition measures was
Demographic and Health Survey (DHS) data (27 studies).
Five of the reviewed studies used Living Standards and
Measurements Survey (LSMS) data. The remaining studies
employed other country-specific surveys, with India’s
National Family Health Survey (4 studies) and Ethiopia’s
Rural Household Survey (2 studies) featuring in multiple
cases.
In terms of causal identification strategies, 17% of the
reviewed studies directly leveraged the availability of data
collected from repeated measurement over time, estimating
either unit-level fixed effects or difference-in-differences
models (e.g., (Lucas and Wilson 2013)). A further 9% of
articles featured an instrumental variables strategy (e.g.,
(Yamano et al. 2005)) and another 6% of articles resorted to
matching techniques (e.g., propensity score) to control for
selection bias and minimize problems of sample imbalance.
The remaining studies exhibited a variety of other approaches,
including decomposition analysis (Block et al. 2004;
Rodriguez 2016) and a regression discontinuity design (Ali
and Elsayed 2018).
Among the reviewed studies, attention to the temporal relationship between malnutrition and potential factors was limited
and uneven, constraining the ability to ascertain any general
patterns. The lack of such examination of the impact of climate
and conflict shocks is especially conspicuous. A common approach has been to measure deviations in conditions during the
survey period relative to long-run average conditions, within a
suitable sub-national geographic area surrounding the survey
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cluster. The implicit assumption is that the deviations in conditions exert a contemporaneous impact on malnutrition. Select
studies used models specifying factors with time lags. For example, Johnson and Brown (Johnson and Brown 2014) tested
one- and two-year lagged measures of shocks in vegetation, but
the results of these estimations were not presented because the
observed effects were not statistically significant. Kinyoki et al.
(2016) tested lags measures of conflict during the three months
prior to survey and the period from 3 to 12 months prior to the
survey, finding that both variables have statistically significant
associations with wasting and stunting. Howell et al. (Howell
et al. 2018) tested yearly lagged values of conflict days and
deaths in an analyses of stunting and wasting. Another approach in studies that have modelled the effects of conflict
shocks on child malnutrition is cohort analysis. The effect of
the shock is gauged based on birth timing relative to the shock,
evaluating how the “during” shock cohort differs from the “before” shock and “after” shock cohorts (Grace et al. 2015).

3.3 Geographical coverage
Nearly 80% of the reviewed studies focused on a single country or even just one sub-national geographic area within a
country. The country that features the most often was India,
in 13% of the studies. Ethiopia was second (10%), followed
by Guatemala and Kenya (6% each). Nineteen of the reviewed
studies (21%) analysed data from multiple countries. The
studies with the most extensive geographic scope covered
166 countries (Smith and Haddad 2015), 63 countries
(Smith and Haddad 2001), and 41 countries (Kimenju and
Qaim 2016). The analysis in each of these studies was conducted at the country level.
The shortage of comparative analysis within individual
studies, the limited scope of geographic coverage among multiple studies that examined the same factors, and the lack of
comparability of the studies that did examine the same factors
in different country settings restricts understanding of the generalizability of observed relationships. Of interest, no comparative studies have been conducted to analyse the consistency
of the relationship between child malnutrition and conflict
across multiple country settings.

4 Discussion and conclusions
We conducted a review of 90 studies involving statistical
analyses of empirical data to examine relationships of child
malnutrition to factors measured at the individual, household,
regional/community and national levels. Our main purpose
was to consolidate understanding about the tendencies of findings to date and the design and extent of existing research. A
main strength of our review was the wide scope, with respect
to the number of studies included, the multiple measures of
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malnutrition reflected in the analyses reported in these studies,
and the volume of factors evaluated in those analyses. The
review by Phalkey et al. (Phalkey et al. 2015) takes a similar
approach on fewer (15) studies and considered seven categories (agriculture, crops, weather, livelihood, demographics,
morbidity, and diet). These categories were simply reported
statistically significant, or not (Phalkey et al. 2015). The present review achieves a broader coverage of the literature, includes description of risk and mitigating factors, and highlights possible differences in relationships across the types of
malnutrition. The approach used in the present review departs
from a formal meta-analytical approach (Borenstein et al.
2011). Our approach allowed us to include a large number
of studies, irrespective of statistical designs, choice of variables, and modelling approaches. Meta-analysis published
elsewhere will be useful in confirming trends reported here.
Specifically, our review reveals that wasting is
understudied as a measure of child malnutrition. Instead, far
more attention has been paid to stunting. Another main observation is that many of the factors evaluated in relation to the
different types of child malnutrition yielded inconclusive results or were not analysed in multiple studies. According to
the prevailing evidence, select factors were associated with all
three types of child malnutrition: age of child and multiple
births are risk factors, while mother’s education, mother’s
BMI, household wealth/assets, and national GDP per capita
are mitigating factors. A single factor is associated with both
wasting and stunting (child’s sex as a categorical variable) and
two factors with both stunting and underweight (rural household, national female education level), while 23 factors are
associated with only one of the types of malnutrition.
Previous research summarising determinants of child nutritional status identified factors similar to those in our review.
For example, Smith et al. (Smith et al. 2005) list a number of
individual- and household-level factors that seem important to
nutritional status, including whether the child has had diarrhoea, mother’s education, mother’s nutritional status, feeding
practices, sanitary conditions, wealth, and medical care. Many
of these factors exhibit significant associations in the studies
included in our review, which identifies other risk and mitigating factors as well.
The present review explicitly captures findings about the
role of climate and conflict conditions, while other recent reviews about child malnutrition overlook these conditions
(Jones et al. 2013; Leroy et al. 2015; (Wrottesley et al.
2015)). Among the studies we reviewed, climate conditions
are widely included in analyses, most often measured with
indicators of precipitation, temperature, and vegetation.
Measures of conflict conditions – activity in the surrounding
region, extent of exposure, and birth during an affected period
– are also included more selectively in analyses (Akresh et al.
2012; Delbiso et al. 2017). The prevailing evidence indicates
that climate shocks involving excessive rainfall, extreme
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temperatures, and drought are among the risk factors for
wasting, stunting, and underweight, respectively, while conflict emerged as a risk factor for stunting. Additional relationships between certain types of malnutrition and certain forms
of external shocks may exist, but the evidence from our review
is either inconclusive or only reflects single studies (Table S2).
Our results are consistent with existing research showing
that climate-related shocks, such as droughts or floods, are detrimental to food security, especially of rural populations
(Table S3) (Cooper et al. 2019; Douxchamps et al. 2016;
Grace et al. 2014; Murali and Afifi 2014). Our review reveals
that excessive rainfall is a risk factor and growing season rainfall is a mitigating factor. Excessive rainfall represents an extreme event, with the potential for natural disasters (e.g., floods)
that can be damaging to health, well-being, and economic production. By comparison, growing season rainfall captures conditions during critical periods of agricultural productivity, when
above-average precipitation logically tends to be beneficial to
food security (Cooper et al. 2019; Funk et al. 2008). Another
study found that households located in regions that experienced
a drier-than-average year reported one more month of food
insecurity than households experiencing wetter-than-average
years (Niles and Brown 2017). Our review also found that
stunting was associated with both extremely cold temperatures
(Skoufias and Vinha 2012) and extremely hot temperatures
(Jacoby et al. 2014) as risk factors. Other existing studies suggest that high temperatures and heat waves tend to be important
for understanding food security (Phalkey et al. 2015; Bain et al.
2013; Grace et al. 2012). In addition, we found that the results
for vegetation quality differ across countries. For example,
Johnson and Brown (Johnson and Brown 2014) find vegetation
quality during the previous growing season to be a statistically
significant mitigating factor for wasting in Mali, but not Benin,
Burkina Faso, or Guinea, while Shively et al. (Shively et al.
2015) did not find a statistically significant relationship between
wasting and this factor in Nepal.
In comparison to the literature using climate variables,
analyses of relationships between child malnutrition and conflict shocks are limited in number. Foundations for such studies exist in the literature about the effect of conflict on food
security and public health. For example, Akresh et al. (2011,
(Akresh et al. 2012)) and Bundervoet et al. (2009) showed that
children in conflict-affected settings exhibit signs of stunting,
with similar effects for children born before or during wartime. These results, however, have not translated into interventions that take advantage of data on climate and conflict,
despite the increasing availability of sources with granular
detail (Dunn 2018; Jones et al. 2010; Raleigh et al. 2010).
Our review also highlights the lack of attention in existing
research to the relationship between conflict and wasting.
We view this gap as warranting attention given the acute nature of this type of malnutrition, which could plausibly be
influenced by the sort of shock that conflict represents.
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Another important consideration is that climate and conflict shocks can coincide – and influence one another. These
potential intersections and interactions suggest possible
causal pathways of child malnutrition. Multiple theories address the impact of climate shocks on the emergence of
armed conflict, which cannot be decisively established
(Hsiang and Burke 2014). Food security and nutrition may
also be a key mediating factors in the nexus between climate
and conflict. For example, Buhaug et al. (Buhaug et al. 2015)
model a process in which climate shocks cause in a first stage
to an increase of local food prices, which then lead to conflict
during a second stage. They find evidence of a strong climate
impact at the first stage, but a weak and inconsistent one at
the second stage. Their argument is that the effect of food
prices on conflict is likely conditional on local “socioeconomic and political contexts.” This explanation is consistent
with findings of studies on the relationship between food
prices and urban unrest (Berazneva and Lee 2013; Hendrix
and Haggard 2015).
Our review indicates that empirical research evaluating
the joint effects of environmental and political conditions
on risks of malnutrition unfortunately remains the exception
(Fig. 1 and Tables S2 and S3). Few studies on malnutrition
have considered both climate and conflict simultaneously. A
meta-analysis of nutrition surveys in Ethiopia from 2000 to
2017 concluded that droughts increase the prevalence of
wasting, but the impact of conflict is less certain (Delbiso
et al. 2017). Other research suggests that the effects of climate extremes and conflict should exacerbate one another,
pushing conditions beyond a tipping point and contributing
to complex emergencies. In the famines of the twentieth
Century caused primarily by drought or flood, concurrent
conflict often served to escalate the environmental crisis
and exacerbate mortality (Devereux 2000). This finding is
consistent with Sen’s (Sen 1981) seminal argument that no
famines with exclusively natural causes have been observed
in the modern era. Sen (Sen 1981) argues that contemporary
societies should be able to respond more effectively to potential famines caused by droughts or other natural events,
except when hampered by failures in social, economic, and
political institutions. Crises arising with one type of shock
may be eased by stored food or relief supplies, whereas the
coincidence of both types of shocks undermines those responses. For example, conflict blocked aid from reaching
populations at risk of malnutrition amid droughts in
Ethiopia during the 1980s and in Somalia in 2011
(Hillbruner and Moloney 2012; Maxwell and Fitzpatrick
2012). More generally, conflict diminishes the capacity of
households and communities to cope with other stresses and
shocks (Raleigh et al. 2015).
Among the main challenges to achieving improvements in
the detailed, rigorous analysis of relationships between child
malnutrition and conflict is the availability of data. Surveys
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that serve as the source of data on nutrition are conducted in
conflict-affected areas. The insecure nature of these conditions, however, can make data collection less frequent, extensive, and reliable, reducing their scope, scale, and quality.
Also, the relevant surveys rarely collect information about
direct conflict exposure at the individual or household level.
Instead, studies that evaluate conflict as a factor usually resort
to making inferences from analysis using event data. These
data offer consistent precision of georeferencing of events
only to the level of first- or at best second-order administrative
divisions (Raleigh et al. 2010), rather than specific point locations or even small areas. Appropriately integrating these data
on conflict into analysis requires a multilevel modelling approach (Gelman and Hill 2006), which can account for potential influences at the regional level, as well as other levels
(individual, household, community). Such an approach can
be complemented by reasonable theoretical arguments that
children residing within regions experiencing conflict (and
possibly affected neighbouring regions) are more vulnerable
to suffering effects on malnutrition, through various causal
pathways. Given that the direct exposure to conflict events is
not measured, compounded by events being infrequent in
most settings, the evaluated relationships are likely to be difficult to detect. Encountering such difficulties in the analysis
of climate factors is less likely because of the greater geographic granularity of the available data, a more balanced
distribution of conditions, and clearer, more direct pathways
of influence of local conditions on individuals and
households.
Ultimately, examining the state of knowledge about factors associated with acute and chronic child malnutrition
holds the potential to help advance an ongoing agenda of
scientific inquiry with practical applications that have important real-world consequences. Recent technological developments in mobile devices and remote sensing, communications coverage (including cell phone and Internet networks),
and the ability to transmit large amounts of information rapidly improve the potential of designing and implementing
more timely protective interventions (GSMA 2015).
Considerable opportunities exist for identifying where,
when, how, and why proven policy and public health interventions should be implemented (Collins et al. 2006), especially to gauge the local impact of climate and conflict
shocks. Our review contributes to capabilities of isolating
intervention points in ways that can improve strategies
(Wrottesley et al. 2015; Walker et al. 2015). Further evidence from studies spanning multiple countries and time
periods is needed to bolster the foundations for designing
interventions (Dilley 2000). Pertinent data are increasingly
available, including from sources (e.g., the World Food
Program’s Food Aid Information System) that can be used
to study the effectiveness of international aid and humanitarian assistance in relation to vulnerabilities to malnutrition.
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