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BACKGROUND: This study systematically reviewed and meta-analyzed the prevalence and risk of child malnutrition following
extreme weather events in low- and lower-middle-income countries.

METHODS: We searched PubMed, EMBASE, and Cochrane Library for studies assessing child stunting, wasting, underweight, or
overweight/obesity after extreme weather events. Random-effects models were used to pool prevalence and association estimates,
with subgroup and sensitivity analyses by event type. Risk of bias was assessed using tools appropriate to study design.
RESULTS: Twenty-six studies, including over 320,000 children met the inclusion criteria, focusing exclusively on floods and/or
droughts; none addressed overweight/obesity. The pooled prevalence of stunting, wasting, and underweight following extreme
weather events was 39% (95% Cl: 31-48%), 19% (95% Cl: 12-28%), and 42% (95% Cl: 22-64%), respectively. Wasting prevalence was
higher after droughts than floods (22% vs. 13%, p = 0.04), while stunting did not differ by event type (p = 0.68). Meta-analyses
revealed no significant long-term association between extreme weather events and stunting, though a transient increase in risk was

observed within three months of flood exposure.

CONCLUSIONS: Child malnutrition remains highly prevalent in these settings. The complex climate-malnutrition link underscores
the need for standardized exposure definitions and robust nutritional surveillance.

Pediatric Research; https://doi.org/10.1038/s41390-026-05411-8

IMPACT:

® This meta-analysis provides the first pooled prevalence estimates of wasting, stunting, and underweight after droughts and

floods—19%, 39%, and 42%, respectively.

® Wasting was significantly higher following droughts than floods, suggesting possible climate- and geography-specific

nutritional associations.

® Evidence linking extreme weather events to pediatric malnutrition in low- and lower-middle-income countries remains limited

and inconsistent.

® Findings highlight major research gaps and the need for standardized definitions, baseline data, and climate-resilient nutrition

strategies.

INTRODUCTION

Pediatric malnutrition remains a major global health challenge,
affecting growth, development, and long-term health outcomes.
Current estimates indicate that approximately 150.2 million
(23.2%) children under 5 years of age are affected by stunting,
and 42.8 million (6.6%) are affected by wasting.' Although only
about half of the world’s children under five reside in lower-
middle-income countries (LMICs), these regions carry a dispropor-
tionate share of the burden, accounting for nearly two-thirds of
stunted children and three-quarters of those with wasting. At the
same time, the prevalence of pediatric overweight and obesity is

rising globally, with particularly rapid increases observed in
LMICs.2 Consequently, pediatric populations are experiencing
the “double burden of malnutrition”, a condition in which
undernutrition and overnutrition coexist.

Climate change is increasingly recognized as a driver of
malnutrition. Nearly half of the world’s children live in countries
at extremely high risk of climate-related impacts, including
heatwaves, floods, droughts, and tropical storms.> These events
threaten food and nutrition security, disrupt health systems, and
exacerbate inequities in LMICs, where fragile infrastructures and
poverty limit resilience.** Extreme weather events can contribute
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to child malnutrition through multiple pathways, including
disruption of food production, reduced household food security,
and increased risk of infectious diseases.® In particular, floods can
increase the risk of gastrointestinal diseases, especially in settings
with inadequate water, sanitation, and hygiene conditions or
among displaced populations.” In 2024, extreme weather events
were the primary driver of food crises in 18 countries, with over 96
million people facing high levels of acute food insecurity.®

Despite growing concern, few reviews have systematically
quantified the effects of climate-related events on pediatric malnutri-
tion, and most focus narrowly on undernutrition in children under five
years of age.>'° To our knowledge, no review has comprehensively
examined extreme weather events—including droughts, floods,
tropical typhoons, or wildfires—nor addressed their impact across
the full pediatric age range (0-17 years).

We therefore conducted a systematic review and meta-analysis
to assess the effects of extreme weather events on malnutrition
across the full pediatric age range (0-17 years) in LMICs.

METHODS

We conducted a systematic review of observational studies
assessing the effects of extreme weather events on pediatric
malnutrition in LMICs. The review protocol was registered in
PROSPERO (CRD42024623330)"" and reported according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA 2020) guidelines.'? The primary outcome was
malnutrition, including undernutrition (stunting, wasting, under-
weight) and overnutrition (overweight, obesity).

Search strategy

We searched MEDLINE/PubMed, EMBASE, and Cochrane Library,
using terms related to pediatric populations, malnutrition, and
extreme weather events, combined with MeSH terms and Boolean
operators. No filters were applied. The search strategy was
iteratively refined during protocol development and piloted prior
to the final search. The final comprehensive search was executed
on 24 December 2024. The detailed search terms and strings are
provided in the Supplementary Material (Appendix A). Reference
lists of included studies and relevant reviews were also screened.

Eligibility criteria

Inclusion and exclusion criteria were based on the PICOS
(Population, Interventions, Comparisons, Outcomes, Study Design)
framework, which is detailed in Table S1 (Supplementary Material).
Studies were included if they:

1. Were randomized or quasi-randomized controlled trials, or observa-
tional studies (cohort, case-control, cross-sectional).

2. Examined exposure to extreme weather events, as defined by the
World Meteorological Organization. Extreme weather events were
defined as severe meteorological or hydrological events that are
rare for a particular place and time of year, occur over a relatively
short period, and may result in substantial impacts on people,
infrastructure, or ecosystems. Eligible events included droughts,
floods, heatwaves, cold waves, tropical cyclones, hurricanes,
tornadoes, wildfires, storms, and heavy precipitation events. Studies
investigating long-term climate variability, climate change, or
temperature and precipitation anomalies (e.g., mean temperature
or rainfall anomalies) without exposure to an identifiable extreme
weather event were not considered eligible.

3. Reported primary outcomes of malnutrition (stunting, wasting,
underweight, overweight/obesity).

4. Included children and adolescents (<18 years) living in LMICs
according to the World Bank classification for 2024/2025."®

5. Were published in English, French, Italian, Portuguese, or Spanish.

Mid-Upper Arm Circumference (MUAC) was considered an
indicator of acute malnutrition and a proxy for wasting, while
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Body Mass Index (BMI)-for-age was considered an indicator of
nutritional status among children aged over 5 years. However,
MUAC-based outcomes were not included in the meta-analysis
due to a lack of comparability with studies defining wasting based
on weight-for-length/height z-scores; these results were therefore
synthesized narratively. BMI-for-age outcomes were also not
pooled in the meta-analysis for children older than 5 years due
to the limited number of eligible studies in this age group.

Birth weight was included as a prespecified outcome in the
registered protocol for studies assessing maternal exposure to
extreme weather events during pregnancy; however, it was not
considered in the present review, which aimed to synthesize
evidence on postnatal malnutrition outcomes among the pediatric
population (0-17 years of age). Additional outcomes, pre-specified
in the study protocol, included acute gastrointestinal diseases
(defined as diarrheal diseases and other gastrointestinal infec-
tions) and infant and young child feeding practices, including
breastfeeding practices and complementary feeding indicators
such as dietary diversity and meal frequency. However, the
present manuscript focuses on primary nutritional outcomes;
therefore, these additional outcomes are not reported.

We excluded qualitative studies, reviews, commentaries,
modeling studies, and papers reporting only food security or
agricultural metrics without nutritional outcomes.

Study selection. Data extraction, data synthesis, and quality
assessment
Titles and abstracts were screened in Rayyan,'* with full-text
assessment of potentially eligible studies. Two reviewers inde-
pendently performed screening (B.E. and E.B.), data extraction, and
quality assessment, resolving disagreements by consulting a third
reviewer (ALLV.). Extracted data included study characteristics
(year, country, design, sample size, population), exposure details
(type, severity, duration of event), and outcomes (malnutrition
measures). For each included study, data were extracted using a
standardized form.

Two reviewers (B.E. and E.B.) independently assessed the
possible risk of bias using the JBI (formerly Joanna Briggs Institute)
checklist for cohort, cross-sectional, and case-control studies.

Meta-analysis

A meta-analysis was conducted when at least three studies
reported the same combination of malnutrition type (wasting,
stunting, underweight, overweight or obesity) and effect size
measures (prevalence or risk estimate). Subgroup analyses were
performed to differentiate results according to the type of event
(drought or flood).

The pooled prevalence was estimated using a logit transforma-
tion approach. Definitions of malnutrition were accepted as
reported in the original studies. When substantial discrepancies in
definitions were identified, sensitivity analyses were conducted to
assess the robustness of the findings.

For risk-based outcomes, the odds ratio (OR) was selected as the
summary measure. When ORs were unavailable, risk ratios (RRs)
were used as their best estimates.

Statistical heterogeneity among studies was assessed using the
I statistic, with values above 50% indicating substantial hetero-
geneity. In such cases, a random-effects model was applied to
account for between-study variability.

RESULTS

The initial search yielded 2227 records. After removing duplicates
and screening titles and abstracts, 57 full-text articles were
selected. One article could not be retrieved, leaving 56 articles
assessed for eligibility (Fig. 1). Twenty-six studies in total met the
inclusion criteria and were included in the systematic review.
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Fig. 1 PRISMA flow diagram of study selection process.

Table S2 (Supplementary Material) lists all full texts excluded with
reasons and also notes one record that could not be retrieved.
Details of the study characteristics are summarized in Table 1 and
Table S3 (Supplementary Material). The included studies were
published from 1993 through 2024. Sample sizes ranged from 103
to 320,479 participants (median 874, IQR 362-2111). Figure 2
shows the number of children included in the review by country.
Most studies included children aged 0-5 years. Two studies
included children up to 2 years,">'® three studies'’™"° included
children up to 12 years, and one did not specify an age cut-off.?

Although the search strategy included terms for a broad range
of extreme weather events (e.g., heatwaves, storms, tropical
cyclones, heavy precipitation, and wildfires), only studies evaluat-
ing floods and droughts met the eligibility criteria and were
included in the final review. Thirteen studies'>'”?'! examined
the effects of drought, eleven'®'8-2%32-38 f5cysed on floods, and
two>>*° investigated both drought and floods. Sixteen stu-
dies'’71921252628-333638-40  jnyestigated  stunting,  thir-
teen20,23—26,28—30,35,37—40 examined Wasting, e|even16,‘l ,25-31,38,39
focused on underweight, two on MUAC,**** one on BMI for
age,'? and none assessed overweight/obesity.

The definitions for stunting, wasting, and underweight were
generally consistent across studies, typically based on minus two
standard deviations (-2SD) from the median expected value. The
reference charts used varied over time, including the National
Center for Health Statistics (NCHS) charts of 1977,*' the Center for
Disease Control and Prevention (CDC) charts,*? and the World
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Health Organization (WHO) charts.** The specific chart reference
for each study is provided in Table S3. The only exception to the
-2SD cutoff was the study by Choudhury et al.'® which used a
value inferior to the 61st percentile of the median of the NCHS
1977 growth chart reference.

The time interval between the exposure event and outcome
assessment varied widely across studies, spanning from in utero or
infancy exposure to assessments conducted months or years later
(up to approximately 6 years).

The risk of bias was assessed using tools appropriate to each
study design. Overall, most studies demonstrated a low-to-
moderate risk of bias, with the most common concerns related
to exposure measurement and potential confounding. A detailed
appraisal is provided in Tables S4-S6 (Supplementary Materials).

Meta-analysis of the prevalence of malnutrition

Ten studies reported the prevalence of wasting after an extreme
weather event,0232426,28.30.3537.3840 tapy yeported the prevalence
of stunting,'>'82628:303133363840 5 eight reported the preva-
lence of underweight.'®2426728303138 Meta-analyses were per-
formed for all three outcomes.

For the prevalence of stunting, the estimate corresponding to
the 5-60-month age group from ref. '® was used, as it was the
most comparable with the other studies. Moreover, two
studies®®?! investigated the same population and were included
only once in the pooled estimate® The pooled prevalence of
wasting excluded ref. ?° because no clear age cut-off was
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Fig.2 Map showing the spatial distribution of participants included in the systematic review (n = 886,144). Map created using QGIS 3.44.3.
The legend includes only the classes corresponding to those present in the image.

specified, and ref. 3’ because prevalence estimates were reported
separately for children exposed to one versus two flood events,
preventing inclusion of a single non-overlapping estimate in the
meta-analysis. The pooled prevalence of underweight did not
include the study by Choudhury,’® which was excluded after
sensitivity analysis because the definition used differed from the
others (being based on older reference standards and more
consistent with a prevalence of severe underweight). Furthermore,
to avoid duplicating data from an overlapping population, only
one of the two studies by Singh et al.>° was retained in the pooled
estimate.

Therefore, three meta-analyses were conducted, including eight
studies for wasting (three on floods*>*®%° and five on
droughts?32426283%) © nine  studies for stunting (five on
floods'®3336384% and four on droughts'>?%?%3%), and six for
underweight (one on floods*® and five on droughts®*26-283%),

The pooled prevalence of wasting, stunting, and underweight
following an extreme weather event (either drought or flood) was
19% (95% Cl: 12-28%), 39% (95% Cl: 31-48%), and 42% (95% Cl:
22-64%), respectively (Figs. 3-5). These estimates were based on
37,072, 32,948, and 6018 children, respectively. When the study by
Choudhury et al.'® was included in the sensitivity analysis, the
pooled prevalence of underweight changed to 36% (95% Cl:
22-64%), based on 6906 children (Fig. S1, Supplementary
Material). When the study by Haq et al.?° was included in the
sensitivity analysis, the pooled prevalence of wasting changed to
18% (95% Cl: 12-26%), based on 37,728 children (Fig. S2,
Supplementary Material).

Subgroup analyses by type of event revealed no significant
difference in stunting prevalence between drought- and flood-
affected populations (p=0.68). In contrast, the prevalence of
wasting differed significantly (p =0.04), with higher prevalence
following droughts (22%) compared with floods (13%). Substantial
heterogeneity was observed in all analyses (# > 95%).

Association between extreme weather events and
malnutrition

Fifteen studies assessed the association
between malnutrition and extreme weather events. Among these
six reported associations after drought exposure,'’2!222>27:29
seven reported associations following flood

16,17,19,21,22,25,27,29,32,33,36-40
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1619,32:33,36-38 51 two evaluated the risk of malnutrition

39,40

exposure,
following either drought or flood exposure.

Drought exposure

Petscavage et al.*® reported that exposure to drought during
infancy was associated with an increased risk of wasting, with a
relative risk (RR) of 1.50 (95% Cl: 1.40-1.61) at 3 months and 1.35
(95% Cl: 1.26-1.44) at 12 months after exposure. In contrast,
Dimitrova et al>° found that exposure to an abnormally dry
monsoon season during infancy was associated with a reduced
risk of wasting among Indian children.

Regarding stunting, Petscavage et al.”” observed a decreased
risk at both 3 and 12 months following drought exposure, and
Dimitrova et al.>° also reported a lower risk of stunting after both
in-utero and infancy exposure to abnormally dry monsoon
seasons. Conversely, Shaw et al.?® and Amegbor et al.*' reported
an increased risk of stunting following exposure, while Bahru
et al."” found that long-term drought exposure was associated
with lower height-for-age z-scores (HAZ).

For underweight, Mason et al.?’ found a higher prevalence
during drought years, with increases of +3.4 percentage points in
Southern Africa and +7.6 percentage points in the Horn of Africa.
Similarly, Le et al.?® reported that in-utero drought exposure was
associated with lower weight-for-age z-scores (WAZ).

Finally, Bauer et al.?* found that drought severity, measured by
a reduction in the normalized difference vegetation index (NDVI),
was associated with a 0.52 standard deviation decrease in MUAC.

|40

Flood exposure
Petscavage et al.*® found an increased risk of wasting among
children exposed to floods, both at 3 and 12 months after the
event, with RRs of 1.66 (95% Cl: 1.54-1.80) and 1.48 (95% Cl:
141-1.56), respectively. Similarly, Rodriguez-Llanes et al’’
reported higher prevalence ratios (PRs) of wasting among children
exposed to floods—both once and twice—compared with
unexposed children, with PRs of 2.30 (95% Cl: 1.86-2.85) and
1.94 (95% Cl: 1.43-2.63), respectively. In contrast, Dimitrova et al.>°
found no statistically significant association between monsoon
flood exposure and wasting (OR =0.91, 95% Cl: 0.83-1.00).
Regarding stunting, Petscavage et al*® found a slightly
increased risk at both 3 and 12 months after flood exposure,
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Study Events Total Proportion 95% Cl Weight

Event = Drought

Carnell 2015 503 1798 —— 0.28 [0.26;0.30] 12.9%
Kumar 2005 875 3206 —— 0.27 [0.26;0.29] 13.0%
Mahapatra 2000 209 751 —_— 0.28 [0.25;0.31] 12.8%
Renzaho 2007 70 874 —— 0.08 [0.06;0.10] 12.5%
Singh 2006 252 903 —_— 0.28 [0.25;0.31] 12.8%

Random effects model 7532 _— 0.22 [0.11;0.39] 63.9%

Heterogeneity: /? = 97%, t2 = 0.4205, p < 0.0001

Event = Flood

Maazen Hossein 2003 31 180 e — 0.17 [0.12;0.24] 11.7%
Petscavage 2024 3791 29,169 0.13 [0.13;0.13] 13.0%
Rodriguez Llanes 2011 23 191 —

Random effects model 29,540 <>

Heterogeneity: I* = 32.4%, 1% = 0.0073, p = 0.2280

0.12 [0.08;0.18] 11.4%
0.13 [0.10;0.18] 36.1%

Random effects model 37,072 _ 0.19 [0.12;0.28] 100.0%

I T T T T 1
Heterogeneity: 1 = 99.2%, 12 = 0.3402, p < 0.0001
0.1 0.15 0.2 0.25 0.3 0.35

Fig. 3 Random-effects meta-analysis of the prevalence of wasting among children after an extreme weather event, divided by event type
(drought or flood).

Study Events Total Proportion 95% Cl Weight

Event = Flood :

Gaire 2017 64 201 —|—: 0.32 [0.25;0.39] 10.4%
Haq 2021 151 298 : e e — 0.51 [0.45;0.56] 10.9%
Mosiur-Rahman 2023 165 400 —:—|— 0.41 [0.36;0.46] 11.1%
Petscavage 2024 10,005 29,169 : 0.34 [0.34;0.35] 11.9%
Rodriguez Llanes 2011 74 191 e p— 0.39 [0.32;0.46] 10.4%
Random effects model 30,259 <> 0.39 [0.31;0.48] 54.7%
Heterogeneity: /> = 90.9%, t2 = 0.0791, p < 0.0001

Event = Drought :

Mahapatra 2000 314 751 —_— 0.42 [0.38;0.45] 11.5%
Renzaho 2007 323 874 —|—5— 0.37 [0.34;0.40] 11.5%
Singh 2006 476 903 : —t 0.53 [0.49;0.56] 11.5%
Tadele 2022 79 362 —+—— E 0.22 [0.18;0.26] 10.8%

Random effects model 2890 <> 0.38 [0.20;0.60] 45.3%

Heterogeneity: /> = 97.2%, t = 0.3191, p < 0.0001

Random effects model 33,149 _ 0.39 [0.31;0.46] 100.0%
T T T T 1
Heterogeneity: * = 96.2%, 1° = 0.1592, p<0.0001 ( o 0.3 0.4 0.5 0.6

Fig. 4 Random-effects meta-analysis of the prevalence of stunting among children after an extreme weather event, divided by event type
(drought or flood).
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Study Events Total Proportion 95% Cl Weight
Kumar 2005 2052 3206 0.64 [0.62;0.66] 17.0%
Mahapatra 2000 428 751 —t 0.57 [0.53;0.61] 16.9%
Mason 2010 24 QB —t 0.26 [0.17;0.36] 15.8%
Renzaho 2007 235 874 — : 0.27 [0.24;0.30] 16.9%
Rodriguez Llanes 2011 40 191 ——F+—— 0.21 [0.15;0.27] 16.3%
Singh 2006 539 903 —_— 0.60 [0.56;0.63] 17.0%
Random effects model 6018 _ 0.42 [0.22;0.64] 100.0%

T
Heterogeneity: /° = 98.9%, t°=0.7191, p<0.0001 (o 0.3

0.4

T 1
0.5 0.6

Fig. 5 Random-effects meta-analysis of the prevalence of underweight among children after an extreme weather event.

with RRs of 1.10 (95% Cl: 1.05-1.15) and 1.05 (95% Cl: 1.02-1.08),
respectively. Dimitrova et al.3® also reported a slight increased risk
after both in-utero and infancy exposure, while Rahaman et al.>®
reported nearly a twofold increase in risk (OR=2.14; 95% ClI:
1.53-2.28) among exposed children. Rodriguez-Llanes et al.*® also
found a higher PR of 1.60 (95% Cl: 1.05-2.44) in exposed
compared with unexposed children. Consistent with these
findings, Del Nino et al.? reported lower HAZ among exposed
children, whereas Rosinger et al.'® did not observe significant
differences in HAZ between exposed and unexposed groups.
Contrary to the general trend, Gaire et al.>* identified a reduced
likelihood of severe and moderate stunting among flood-exposed
children (severe: OR=0.57; 95% Cl: 0.31-0.96; moderate: OR =
0.66; 95% Cl: 0.41-0.94).

For underweight, Dimitrova et al,*® Choudhury et al,'® and
Rodriguez-Llanes et al3® found increased prevalence or risk
following flood exposure. In contrast, Rosinger et al.'® observed
higher WAZ among children after flood exposure; however, this
effect was not evident in communities located farther from
affected areas, where post-disaster aid distribution was limited.

Meta-analysis of associations between extreme weather
events and stunting

Five studies provided risk estimates for stunting: four reported
OR?'33363% 3nd one reported RR.*° Among these, one studg/21
examined drought, two>**® investigated floods, and two®**°
assessed both event types. Consequently, studies investigating
both exposures®>*° contributed data to both analysis groups.

Separate random-effects meta-analyses were performed for the
risk of stunting following floods (four studies) and droughts (three
studies). Petscavage et al.*® reported results at both 3 and
12 months post-exposure; therefore, sensitivity analyses were
conducted using each period.

The pooled OR for stunting was 1.08 (95% Cl: 0.98-1.19)
following floods and 0.96 (95% Cl: 0.90-1.02) following droughts,
indicating no statistically significant associations when consider-
ing the 12-month estimates. Using the 3-month data, the
association with floods became statistically significant (OR=1.12;
95% Cl: 1.01-1.25), while the association with drought remained
non-significant (OR = 0.95; 95% Cl: 0.87-1.04). Forest plots for all
analyses are presented in the Supplementary Material (Fig. S3-S5).

DISCUSSION

Across 26 studies including more than 320,000 children, the
pooled prevalence of undernutrition following droughts and
floods was substantial: 19% for wasting, 39% for stunting, and
42% for underweight. Wasting prevalence was significantly higher
after droughts than after floods, while no difference was observed
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for stunting. Meta-analyses of risk estimates indicated no
statistically significant long-term association between extreme
weather events and stunting, although a small transient increase
in risk was observed within three months of flood exposure.
Considerable heterogeneity across studies underscores variability
in exposure definitions, population contexts, and timing of
outcome assessments.

Although the prevalence of malnutrition following extreme
weather events varies depending on several factors—such as pre-
event nutritional status, demographic characteristics (e.g., age and
sex), incidence of gastrointestinal diseases, infant and young child
feeding (IYCF) practices, and parental or socioeconomic condi-
tions****—our pooled estimates provide a useful overall approx-
imation, highlighting patterns and potential risk areas while
underscoring the need for more context-specific data.

Our findings align with previous reviews, indicating inconsistent
associations between drought and child undernutrition.*® In
contrast, our results regarding floods corroborate those of
Agabiirwe et al,** showing a stronger link between flooding
and acute forms of undernutrition such as wasting. Taken
together, current evidence suggests that floods are more likely
to precipitate short-term nutritional crises, whereas droughts may
exacerbate chronic food insecurity, particularly in already vulner-
able regions.

The higher prevalence of wasting observed among drought-
affected children suggests a distinct geographical and climatic
pattern in the malnutrition-disaster relationship. In African
contexts, drought—responsible for over 88% of all climate-
related disasters on the continent*”’—was consistently associated
with acute malnutrition and underweight,>>*’4° likely due to its
effects on agricultural productivity, water scarcity, and household
food availability.” Interestingly, a South African study reported
significant changes in child nutritional status during and after a
severe drought, affecting all forms of malnutrition. The most
pronounced increases were observed in stunting and obesity,
which may reflect hidden hunger exacerbated by reduced food
access and drought-related rises in food prices.*® Droughts, which
often represent a chronic environmental stressor in arid or semi-
arid areas, may push already food-insecure populations into acute
nutritional crisis even before conditions reach the threshold of an
“extreme” event. This can trigger a vicious cycle in which food
shortages and poor diet quality weaken immune function,
heightening susceptibility to infections that further aggravate
undernutrition.*’” Drought-related water scarcity can further
exacerbate the situation by reducing the quality of drinking
water'” and impairing sanitation and hygiene practices.*®
Supporting these findings, a study not included in the present
review because results from low- and lower-middle-income
countries could not be separated from those of upper-middle-
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income countries found that drought exposure was associated
with lower height-for-age Z-scores, further reinforcing the
relationship between drought conditions and impaired child
growth.**Conversely, in South Asian countries—where floods are
more common—periodic inundations disrupt agro-food systems
and essential infrastructure such as water, sanitation, and hygiene
services.>® These disruptions increase the risk of fecal-oral and
vector-borne diseases, which in turn contribute to both acute and
chronic forms of malnutrition. For example, in flood-affected areas
of Pakistan, underweight prevalence was higher among children
living in households without toilet facilities, and access to
unimproved water sources was identified as a major risk factor.”’
Recurrent or prolonged flood exposure may also affect maternal
and infant nutrition through persistent food insecurity and
repeated infections, thereby indirectly influencing linear growth
and stunting over time.>® Similar intergenerational nutritional
effects have been observed outside South Asia; for instance,
evidence from Jamaica, a middle-income tropical setting, suggests
that recurrent hurricanes during pregnancy are associated with
poorer childhood weight-for-age and weight-for-height outcomes
in early childhood, indicating broader vulnerability to repeated
climate shocks.>®

Overall, the causal link between extreme weather events and
malnutrition remains complex and context-dependent, and is still
open to discussion. At the same time, the high prevalence of
malnutrition observed in low- and lower-middle-income countries
is alarming. These countries are also those most frequently
affected by extreme weather events. Such findings highlight the
need for a coordinated, multilateral, and long-term response to
the interlinked challenges of climate change, food insecurity, and
child malnutrition. This response requires close coordination
between humanitarian and development policymaking to ensure
that rapid actions following extreme weather events are aligned
with longer-term efforts to build climate resilience and reduce the
carbon footprint of agri-food systems—efforts that both
strengthen resilience to climate stressors and support a sustain-
able, low-carbon transition.>® Integrating climate resilience into
early childhood nutrition and health planning is essential to
safeguard child growth and development. Priority actions include
pre-allocating emergency financing, strengthening disaster risk
reduction and preparedness, reinforcing local health and food
systems, delivering integrated emergency support, and improving
coordination across global, national, and community actors. These
efforts should be guided by context-specific risk assessments and
aligned with national climate, health, and nutrition strategies.>
Strengthened preparedness systems—including evidence-based
response planning, electronic malnutrition surveillance and
improved early warning systems—are critical for timely
action.>™” Anticipatory approaches using predictive analytics
can enable early, pre-shock interventions that protect vulnerable
households.”® Sustained community engagement is also vital to
maintaining essential nutrition and health services during climate
shocks.> In climate-affected settings, responses should combine
life-saving nutrition interventions (e.g., IYCF support, micronutrient
supplementation, treatment of acute malnutrition) with measures
that strengthen food security, health, and WASH systems. Across
drought-, flood-, and cyclone-prone LMICs, priorities include
climate-resilient health services, safe water and sanitation infra-
structure, strengthened surveillance and immunization systems,
and access to specialized nutritious foods to reduce climate-
sensitive disease risks.>® Support for climate-smart agriculture and
livelihood recovery further helps households rebuild resilience and
reduce vulnerability to future shocks.

Limitations

This review focused on studies conducted in countries classified as
low- or lower-middle-income according to the World Bank. However,
this classification is based solely on Gross National Income and
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encompasses substantial heterogeneity in climatic, geographical,
demographic, and cultural conditions.®° Although we applied strict
inclusion criteria regarding study setting, some multi-country studies
included a small proportion of participants from upper-middle-
income countries. We retained studies when the contribution of
participants from upper-middle-income countries was negligible and
could be clearly identified. For example, in Petscavage et al., only
0.33% of the sample originated from South Africa, and this proportion
was unlikely to influence the overall findings. Conversely, we excluded
studies when data from eligible and non-eligible country income
groups could not be separated and the proportion of participants
from upper-middle-income countries could not be determined. For
example, Cooper et al,*® which examined the association between
drought exposure and child stunting, was excluded because the
study combined data from countries across different income
classifications and did not provide sufficient information to isolate
results from low- and lower-middle-income countries. Consequently,
we could not ascertain whether the study population met our
predefined eligibility criteria. We were unable to retrieve the full text
of one study conducted after a drought in India. With a small sample
size (555 children) and being over 30 years old, its exclusion is unlikely
to have materially influenced the pooled estimates.®'

Definitions of both exposure and outcome were not fully
consistent across studies, reflecting the absence of universally
accepted scientific criteria for what constitutes an “extreme
weather event”,®? as well as variability in the growth charts used
to assess nutritional status Although this review focused on
identifiable extreme weather events, a broader conceptualization
of climate-related exposures, including precipitation and tem-
perature anomalies without a discrete extreme event, could
capture additional evidence and may lead to different estimates of
the association between climatic exposures and child nutritional
outcomes. In addition, the time interval between exposure and
outcome assessment varied substantially among studies, poten-
tially introducing bias in effect estimates.

Research gaps

Research on the impact of extreme weather events on childhood
overnutrition in LMICs remains limited, despite a more than
fourfold increase in overweight prevalence among 5-19-year-olds
in low-income countries and a threefold increase in lower-middle-
income countries between 2000 and 2022.°% Natural disasters,
extreme temperatures, heavy rainfall, and seasonal variations may
increase the risk of overweight and obesity by exacerbating food
insecurity or reducing physical activity, but current evidence is
insufficient to establish causal links.®*

By 2025, obesity had surpassed underweight among school-age
children and adolescents in all regions except Sub-Saharan Africa
and South Asia,®® highlighting the urgent need for research into
pediatric overnutrition. Studies on the effects of tropical storms,
hurricanes, and wildfires on child malnutrition in LMICs are scarce,
despite rising exposure to cyclones, extreme rainfall, and land-
scape fires in Africa, Asia, and small island nations.®>~%”

A standardized definition of extreme weather events, particu-
larly droughts, is essential for accurately assessing their nutritional
impact. Evidence is also limited for children older than 5 years,
especially adolescents, whose vulnerabilities and nutritional needs
differ from younger children. Addressing these gaps is critical to
inform targeted interventions in the context of climate change.
Finally, reproducibility in this field is constrained by the frequent
absence of baseline data on nutritional status prior to extreme
events, underscoring the need for longitudinal studies.

CONCLUSION

Wasting, stunting, and underweight remain highly prevalent
among children living in low- and lower-middle-income
countries affected by extreme weather events. The evidence
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linking such events to child malnutrition, however, remains
limited and inconsistent. Major research gaps include the
heterogeneity in definitions of extreme weather events, the
diversity of reference growth charts used to define malnutrition,
and the lack of reliable pre-event nutritional data. Addressing
these gaps will be crucial to advancing understanding of how
climate-related shocks affect child nutrition and to designing
effective, context-specific interventions.

DATA AVAILABILITY
All data generated or analyzed during this study are included in this published article
[and its supplementary information files].
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