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Background Childhood stunting is associated with delayed developmen-
tal trajectories. While the relationship between childhood stunting and 
cognitive development has been widely studied, the impact on children’s 
development requires further examination. We aimed to synthesise exist-
ing research studies to clarify the relationships between childhood stunt-
ing and cognitive development and sub-domains of cognition. Addition-
ally, we sought to examine potential moderating factors influencing the 
relationship between childhood stunting and cognitive development, and 
to explore interventions targeted at improving cognitive development for 
stunted children.

Methods We systematically reviewed literature from 1990 to 2025 in 54 lan-
guages. We identified 12 191 studies, of which 35 studies met the inclusion 
criteria and were analysed. We employed random effect models to calcu-
late pooled effect sizes and assessed heterogeneity using I2 statistics. We 
evaluated publication bias through Egger’s test.

Results Our initial model revealed no effects of childhood stunting on 
overall cognitive development. However, more refined domain-specif-
ic analyses showed that childhood stunting was associated with poorer 
sub-domains, specifically intelligence, executive function, visuo-spatial, 
cognition, and socio-emotional development in specific geographic re-
gions. Secondary models indicated that the effects of childhood stunting 
were more pronounced when moderating factors such as demographics, 
socioeconomic, parent-related and health-related factors were controlled 
for, demonstrating the critical role of the impact of developmental con-
text. Finally, the exclusive focus on nutritional interventions limited our 
ability to explore the effects of other intervention types on cognitive de-
velopment in children who were stunted.

Conclusions Our findings highlight the need for further research to better 
understand these relationships and for the development of contextual in-
terventions to draw robust conclusions and design targeted interventions. 
Future research should explore standardised culturally sensitive assess-
ment tools, emphasising the necessity of accurate reporting, and the ex-
ploration of moderating effects across cognitive sub-domains.

© 2025 The Author(s)

The development of cognitive and socio-emotional skills impacts later 
employment, health, and well-being [1]. Addressing the link between 
early development and these long-term outcomes in low- and mid-
dle-income countries (LMICs) is of significant concern, as approxi-
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mately 43% of children under the age of five are at risk of suboptimal development due to adverse 
conditions such as poverty and poor nutrition [2,3]. Nearly 80.8 million children aged 3–4 years 
in LMICs have low cognitive and socio-emotional development, with the highest prevalence in 
sub-Saharan Africa, South and East Asia, and the Pacific region [4].

Childhood stunting, a form of suboptimal growth due to malnutrition and repeated infections, 
is strongly linked to these developmental delays [4-6], and it is argued that its impact is particu-
larly pronounced in early years (e.g. up to 60 months old) [7]. Childhood stunting not only ham-
pers individual potential, such as employment and well-being, but also poses a global challenge 
[8], as these regions account for most of the world’s population of children who are stunted.

Delayed developmental profiles for children who are stunted have been identified using assess-
ments of cognitive, language, and motor development [4,9,10] with evident poorer academic 
attainment [11] and significant economic costs [12,13]. Childhood stunting and poverty are both 
predictive of poorer developmental trajectories. To date, research studies have indicated that 
childhood stunting accounts for a limited amount of variance in children’s performance on meas-
ures of cognition, social development, and academic attainment. Moreover, the effects are often 
only evident in children with early onset (<2 years) and persistent childhood stunting [14].

The biopsychosocial mechanisms postulated to drive the association between childhood stunt-
ing and developmental trajectories have varied. Some studies speak to the fact that early malnu-
trition impacts both growth and brain development [15], while others focus on learning oppor-
tunities, including a child’s reduced ability to engage with the environment due to poorer motor 
development and the lack of responsiveness by carers [14]. However, establishing causal relation-
ships between child development and childhood stunting remains challenging, as a range of fac-
tors are associated with slower development in these populations. Factors include poverty, male 
gender, rural location, family characteristics, local environment, and the lack of cognitive stim-
ulation [4,16,17]. Moreover, these factors are often confounded with other variables that impact 
development [18], making it difficult to establish whether childhood stunting is causally related 
to cognition or works as a proxy for social disadvantage and poorer learning environments [5].

A further challenge exists in the various ways in which infants’ and children’s cognitive develop-
ment has been operationalised. For example, the impact of childhood stunting has been exam-
ined for oral language [19], gross and fine motor skills [20], problem solving [21], memory [22], 
executive function, and pre-academic attainment [23]. Some skills have been measured by tests 
standardised for the local population, while others are neither contextually nor culturally appro-
priate [22]. In other cases, non-standardised bespoke tasks have been developed for specific stud-
ies without consideration of the psychometric properties of the assessments. Some studies rely 
solely on parental reports, which may be impacted by the respondents’ knowledge and experi-
ence [24]. In sum, the diversity of measures used and the range of contextual factors that affect 
children’s development render it challenging to target areas for effective interventions to miti-
gate the impact of childhood stunting on children’s cognitive development. Researchers need to 
explore which interventions should be prioritised for which children, whether nutritional, social, 
or educational, in which contexts and whether the focus should be on the child, family, or local-
ity [20,25,26]. Despite these challenges, numerous cross-sectional studies and two meta-analyses 
[9,10] have provided important evidence of a potential link between suboptimal linear growth 
and poorer child development.

Sudfeld and colleagues analysed data from 68 observational studies, which included objective 
assessments of children’s (<12 years) cognitive, motor, and socioemotional skills across 29 LMICs 
[9]. They identified a positive association between linear growth in the first two years of life and 
child development. However, impact was not differentiated by sub-domains/constructs of devel-
opment, data were not analysed by LMICs status, and crucially, there was substantial variation 
which could not be attributed to linear growth alone. By contrast, Miller applied the Early Child 
Development Index, a tool that uses parental report to a ten-item questionnaire to capture develop-
mental trajectories for literacy/numeracy, physical, social-emotional development, and learning, 
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to track the development of children between the ages of 36–59 months across 15 LMICs [10,27]. 
Severe childhood stunting (height for age Z score (HAZ)<−3) was negatively associated with overall 
development, physical development, and learning across all the countries included. Results were 
more variable for literacy/numeracy, although when maternal education, sex of the child, wealth 
quintile, adult support for development, and number of books in the house were adjusted for, a 
significant impact of childhood stunting on literacy/numeracy in countries that reported higher 
levels of breastfeeding was identified. The data suggest a nuanced childhood effect stunting even 
when stunting is severe. However, detailed nuances in developmental trajectories may not have 
been identified as the results come from the ten-item Early Child Development Index, which uses 
parental report [28,29]. Parent-reported measures of development alone can be problematic as 
parents may report more socially desirable responses [30,31] and may not be aware of more sub-
tle, mild to moderate delays, leading to a lack of precision in estimates [25,32]. Nonetheless, the 
range of countries included provides indicative evidence that context is essential for understand-
ing the relationships between childhood stunting and child development.

Both previous meta-analyses point to a relationship between linear growth and domains of child 
development, but the skills impacted and the key moderating factors remain underspecified 
when robust objective measures of child development were used. Notably, neither of the previous 
reviews considered the region/country in which data were collected or the child’s age at the point 
of assessment. The age of assessment will influence the types of skills that can be assessed and 
potentially the sequelae of childhood stunting. As a result, local contexts will differ in the oppor-
tunities provided to children and their families. Given the importance of contextual factors on 
child development, this remains a limitation in our understanding of the relationships between 
childhood stunting and child development. Perkins and colleagues extended the examination 
of the relationships between child development and childhood stunting by providing a holistic 
and narrative review of the literature [5]. They suggested several aspects to be considered when 
examining the association between childhood stunting and children’s development if robust con-
clusions are to be obtained. These included addressing the heterogeneity in the methods used to 
assess development, unpacking covarying variables (including region/setting in which the data 
were collected), and capturing the differential impact of childhood stunting on singular aspects 
of cognitive development so that appropriate target domains for intervention can be identified 
and reliably tracked [26,33].

There are important considerations when using meta-analytic approaches to capture the effects 
of childhood stunting. Systematic/meta-analytic studies in the research literature often suffer 
from methodological flaws, as noted by Ioannidis, and if conducted improperly, they provide mis-
leading conclusions [34]. In the context of childhood stunting, although data for different LMICs 
were available, these data were not analysed [9]. Failure to interrogate available data highlights 
the need for robust methods and transparency, particularly in areas like childhood develop-
ment, where findings can directly influence interventions and policy. The current meta-analy-
sis aims to address some of these limitations found in the literature by documenting which data 
were available for analysis, and where possible, utilising all data to ensure our conclusions are 
evidence-based and generalisable [6].

Building on previous seminal studies, we aimed to further explore the relationships between 
childhood stunting and cognition through a series of meta-analyses focussed on children who had 
experienced stunting under 24 months, the age at which the impact of stunting is most evident [7]. 
First, we examined relationships between childhood stunting and distinct domains of cognitive 
development to investigate whether these associations varied by global region and age of assess-
ment. Second, we evaluated the influence of key confounding variables (e.g. age of assessment, 
demographic factors, health-related, and parent-related) when such data were available. Finally, 
we examined the current evidence purporting to demonstrate that interventions for stunted chil-
dren impact their cognitive development. These aims were guided by the overarching question: 
To what extent, and under what conditions, does early childhood stunting influence cognitive 
development outcomes globally?
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METHODS

Search strategy
We aimed to identify a comprehensive literature base across a broad range of geographical popu-
lations. To achieve this, we searched seven academic databases: PubMed, SCOPUS, Web of Science 
Core Collection, ERIC (ProQuest), British Education Index, Proquest Central (Proquest) and the 
International Bibliography of the Social Sciences (Proquest).

We undertook the searches up to 10 January 2025 for literature published from 1990 onwards. 
Despite the inclusion of all studies independent of language of publication, a search of stud-
ies published in 54 languages other than English (i.e. Afrikaans, Albanian, Arabic, Armenian, 
Azerbaijani, Bosnian, Bulgarian, Catalan, Chinese, Croatian, Czech, Danish, Dutch, Esperanto, 
Estonian, Finnish, French, Georgian, German, Greek, Modern, Hebrew, Hindi, Hungarian, 
Icelandic, Indonesian, Italian, Japanese, Kinyarwanda, Korean, Latvian, Lithuanian, Macedonian, 
Malay, Malayalam, Maori, Norwegian, Persian, Polish, Portuguese, Pushto, Romanian, Russian, 
Sanskrit, Scottish Gaelic, Serbian, Slovak, Slovenian, Spanish, Swedish, Thai, Turkish, Ukrainian, 
Vietnamese, and Welsh) identified no studies that met our criteria. The final data set included 
studies published in the English language. The searches combined a search term for childhood 
stunting with concepts relating to cognitive development sub-domains (Table S1 in the Online 
Supplementary Document), and the research team collaboratively developed the search strat-
egy, informed by a preliminary searching exercise by the lead reviewer (JD). We also drew upon 
previous University College London’s Institute of Education and EPPI-Centre reviews to inform 
the search terms [35–37].

Inclusion criteria were: children between the ages of 0−24 months who were recorded as stunted 
from LMICs; any intervention targeting cognitive outcomes of a population who were stunted; cog-
nitive development of children who were stunted in comparison to those who were not in the same 
locations; measures of cognitive development across the following sub-domains: academic skills, 
cognition, executive function, intelligence, memory, motor skills, oral language and visuo-spatial; 
published after 1990; and peer-reviewed publications.

Exclusion criteria were: studies not focussed on children who were stunted; children older than 
24 months when childhood stunting was identified; stunting in populations within specific con-
texts (e.g. children with HIV); not an intervention targeting cognitive outcomes of a stunted pop-
ulation; not concerning stunted populations; not standardised measures of stunting such as HAZ 
or biomarkers; published before 1990; and study protocols.

Two researchers (AD and JD) independently screened titles and abstracts for inclusion using the 
online systematic review tool, EPPI Review. Once the decision criteria were agreed upon, they 
separately screened full-text articles for inclusion. Two authors (JD and BMC) provided adjudica-
tion on disagreement.

Data extraction and quality assessment
We imported the citations and abstracts returned from the academic database search into EndNote. 
We manually removed 854 duplicates (Figure 1). We imported the references into EPPI Reviewer 
for title and abstract screening.

We created a coding tool within EPPI-Reviewer to extract data, which included study design, sam-
ple size and characteristics, intervention/comparison, and findings. We also extracted cognitive 
domains, alongside the specific tests used to measure cognitive outcomes. Each member of the 
research team, who met to compare results and resolve disagreements by discussion and consen-
sus, piloted the data extraction on a subsample of studies. One reviewer (AD) applied the tool to 
the rest of the studies.

We conducted a quality appraisal of included studies using a standardised checklist for assess-
ing the quality of quantitative studies [38]. We conducted further risk of bias during meta-analy-
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sis by running sensitivity analyses throughout our models. We applied the quality appraisal tool 
in duplicate across 10% of the included studies, resolving any discrepancies through discussion 
and consensus. One reviewer (AD) quality appraised the remaining studies, and another reviewer 
(JD) checked them (Table 1).

Meta-analysis approach
Studies that were pooled into the meta-analysis utilised several variables for reporting their find-
ings. To compare them, we undertook data transformations, extracting effect sizes (Cohen’s d) 
and creating standard errors (SEs). Due to inconsistencies in reporting accurate statistical out-
comes, we undertook further data transformations. To ensure consistency across the studies, we 
used an online effect size converter to transform odds ratios to Cohen’s d [73]. To convert com-
parison data to Cohen’s d effect size, we used the Campbell Collaboration Practical Meta-Analysis 
Effect Size Calculator [74]. For unstandardised beta coefficients (b), we transformed them to t-val-
ues (t) to be able to identify differences from zero between the dependent and independent var-
iables by using the following equation: t = b / SE. Finally, for studies which reported effect sizes 
but did not provide SEs, we computed SEs through 95% confidence intervals (CIs) using the fol-
lowing equation: (upper bound − lower bound)/3.92 [75].

Figure 1. PRISMA flowchart
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To investigate the direct effect of childhood stunting on cognitive development in children, we 
ran a primary model and performed sub-analyses across various cognitive domains, as identi-
fied in the literature. In all models, we included the age at which the assessment was carried out 
and the geographical region as covariates, both entered as dummy variables. Two researchers 
(AD and VS) initially coded cognitive domains, with JD reviewing and refining the coding, result-
ing in the following eight sub-domains: cognition, memory, visuo-spatial, intelligence, motor 
skills, academic achievement, socio-emotional development, and executive functioning. These 
sub-analyses enabled an exploration of the effects directly, gaining tailored insights, offering 
targeted recommendations, and conducting sensitivity analyses.

Table 1. Characteristics of the included studies

Study Year, and country Region Sample 
size, n Study design Cognitive domain

Acharya et al. [39] 2019, India Asia 1194 Cohort comparison Academic skills
Acharya et al. [40] 2023, Nepal Asia 2870 Cohort comparison Cognition
Ajayi et al. [41] 2020, South Africa Africa 1386 Cohort comparison Cognition, motor skills
Ayalew et al. [42] 2020, Ethiopia Africa 505 Cohort comparison Academic skills
Beckmann et al. [43] 2021, South Africa Africa 1277 Cohort comparison Academic skills, executive function
Brou et al. [44], 2023, Ivory Coast Africa 3522 Cohort comparison Academic skills
Casale et al. [45] 2014, South Africa Africa 1258 Cohort comparison Socio-emotional development, cognition
Chang et al. [46] 2010, Jamaica North America 196 Cohort comparison Motor skills
Chen et al. [47] 2021, China Asia 1293 Cohort comparison Cognition, socio-emotional development, 

memory
Duc [48] 2011, Vietnam Asia 950 Cohort comparison Oral language
Duc [49] 2016, Vietnam Asia 1459 Cohort comparison Cognition, socio-emotional development, 

academic skills
Ernawati et al. [50] 2020, Indonesia Asia 150 Cohort comparison Cognition
Gashu et al. [51] 2016, Ethiopia Africa 541 Cohort comparison Cognition, academic skills
Gerber et al. [52] 2021, South Africa Africa 1277 Cohort comparison Executive function, academic skills
Grantham-McGregor 
et al. [53]

1997, Jamaica North America 206 Experimental Cognition, motor skills, memory, academic 
skills

Honja et al. [54] 2021, Ethiopia Africa 178 Cohort comparison Cognition, memory
Kesari et al. [55] 2010, India Asia 150 Cohort comparison Executive function, oral language, cognition, 

memory, visuo-spatial, motor skills
Koshy et al. [56] 2022, India Asia 203 Cohort comparison Intelligence
Koshy et al. [57] 2022, India Asia 205 Cohort comparison Socio-emotional development
Li et al. [58] 2016, China Asia 1744 Cohort comparison Oral language, cognition, intelligence, 

academic skills
Lim et al. [59] 2023, Ghana Africa 3801 Cohort comparison Academic skills, socio-emotional development
Nguyen et al. [60] 2018, Vietnam Asia 1458 Cohort comparison Cognition, motor skills, oral language
Panigrahi et al. [61] 2018, Vietnam Asia 256 Cohort comparison Cognition
Primasari et al. [62] 2023, Malaysia Asia 130 Cohort comparison Oral language, motor skills, socio-emotional 

development
Ramel et al. [35] 2012, USA North America 62 Cohort comparison Cognition, motor skills, oral language
Ronaasen et al. [63] 2017, South Africa Africa 105 Cohort comparison Oral language, socio-emotional development, 

cognition
Sandjaja et al. [64] 2013, Indonesia, 

Malaysia, Thailand, 
Vietnam

Asia 6746 Cohort comparison Intelligence

Sanou et al. [65] 2018, Burkina Faso Africa 532 Cohort comparison Memory, cognition
Selvam et al. [66] 2016, India Asia 412 Cohort comparison Oral language, socio-emotional development, 

motor skills
Sokolovic et al. [67] 2014, India Asia 1040 Cohort comparison Memory, cognition, oral language, 

intelligence
Tarleton et al. [68] 2006, Bangladesh Asia 191 Cohort comparison Intelligence, cognition
Wahyuningsih et al. 
[69]

2020, Indonesia Asia 128 Cohort comparison Socio-emotional development

Walker et al. [70] 2000, Jamaica North America 196 Cohort comparison Intelligence, oral language, executive function, 
memory, visuo-spatial, cognition

Warsito et al. [71] 2012, Indonesia Asia 58 Cohort comparison Cognition
Webb et al. [72] 2005, Indonesia Asia 92 Cohort comparison Cognition
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Given the observed variability in effect sizes across studies, we expected high levels of hetero-
geneity. To address this, we employed random effects multilevel meta-analysis models, which 
account for between-study variation and are appropriate when studies differ in their popula-
tions, methods, and outcome measures. This approach allowed us to include a wide range of 
studies while acknowledging potential differences. While some I2 values were high, we pro-
ceeded with pooled estimates when theoretical rationale, model robustness, and consistency 
in direction of effects supported meaningful synthesis.

For assessing variables which moderated the effects of childhood stunting, we applied a similar 
approach. However, inconsistent reporting of results and data in the literature prevented the 
extraction of needed information to assess the effect of moderators on the relationship between 
childhood stunting and cognitive development. To address this, we introduced a dummy variable 
thematised into four categories: demographics, socioeconomic status, health-related informa-
tion, and parental and household information, to capture the type of covariates authors included 
in their statistical model (Table S2 in the Online Supplementary Document). This approach 
enhanced our understanding of effects that were more likely to emerge. The dummy variable 
enabled us to compute combinations of those four themes, and study which combination was 
best explained by the data (i.e. D vs. S vs. D + S).

To facilitate comparisons across studies from different parts of the world, we grouped countries 
into broader regions (e.g. Asia, Africa, North America (Table S3 in the Online Supplementary 
Document). This approach was necessary due to data distribution: some regions were repre-
sented by only a few studies, while others were overrepresented. Grouping by region allowed us 
to maximise statistical power while preserving key geographical insights. In each analysis, we 
utilised a reference group selected from the most complete regional data available for the spe-
cific outcome being examined. For example, intelligence data were only available from North 
American and Asian studies, so North America was used as the reference group. In contrast, 
socio-emotional development data were only available from Asia and Africa, so Africa was used 
as the reference. While we recognise that the use of varying reference groups may also contrib-
ute to heterogeneity, we opted against a homogenised analytical approach to better reflect con-
textual diversity. We used this analysis for all sub-analyses. Given the different reference groups 
across measures, we examined each comparison separately. Similarly, given the heterogeneity 
in age of reporting and the varying ages at which cognition and stunting were assessed across 
studies, we binarised age into two categories: <60 months (i.e. five years) and >60 months. We 
reasoned that the age of five is a point when many children enter formal education and may 
influence developmental trajectories.

For our third research question, we did not analyse the impact of different interventions on cog-
nitive development in children who were stunted because our search, despite using broad key-
words, only led to the identification of nutritional interventions. Finding only one type of inter-
vention made the comparison impossible and would have misrepresented the research focus. 
Finally, we assessed for publication bias with funnel plots, Egger’s test for meta-analysis and 
heterogeneity tests. Analyses were conducted in R, version 2023.06.0+421 (RCoreTeam, Vienna, 
Austria) using the metafor package [76].

RESULTS
Descriptive analyses revealed that most studies were conducted in Asia (n = 20), followed by Africa 
(n = 11), whereas North America was less represented (n = 4). Out of the 35 studies, 28 relied on 
measures of children’s development (80%), six (17.1%) on parent-reported data [40,44,47,49,66,71], 
and one (2.9%) was unclear [63]. To provide an overview of the findings across all model outputs, 
we summarised the main results (Table 2).
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Direct effect of overall cognitive development on childhood stunting
First, we conducted a multivariate meta-analysis of 20 studies with 152 d effect sizes obtained from 
a mean of 407.4474 participants (20 independent samples) to examine the association between 
age and region on cognitive development of children who were stunted. The model fit statistics 
indicated an acceptable fit, and the analysis revealed significant between-study variability (var-
iance = 1.1638) as well as within-study variability (variance = 0.5011), suggesting heterogeneity in 
cognitive development outcomes for children who were stunted, both between and within studies.

However, the test of moderators did not show statistically significant effects on the cognitive 
development of children who were stunted (Q statistic for moderators (QM)(3) = 1.0111; P = 0.7986). 
Further examination revealed that none of the individual predictors (i.e. age of assessment and 
region factors (Asia, Africa, North America)) were statistically significant (RQ1 main model in 
Table 3; see forest plot and model’s variance components in Figure S1 and Table S4 in the Online 
Supplementary Document, respectively).

Publication bias
We computed publication bias for the main model. The publication bias regression test was not 
significant (P = 0.775), suggesting no publication bias in the current meta-analysis. However, 
the heterogeneity test revealed substantial variability across studies in the study outcomes (χ2 
(148) = 6000.585; P < 0.0001; tau squared (τ2) = 1.6648; I2 = 96%), indicating that approximately 96%
of the total variability in effect sizes is due to true differences between studies rather than sam-
pling error. This high heterogeneity also explains the asymmetry observed (Figure S2 in the
Online Supplementary Document), indicating that it is more likely that studies with significant
outcomes were published [77].

Sub-analyses of the direct effect of cognitive development on childhood 
stunting
To understand the unique effects of childhood stunting on domains of cognitive development, 
we computed a series of multivariate meta-analyses for each cognitive sub-domain identified in 
the studies. We present only significant model outcomes in the text, and the remaining are pre-
sented in the supplementary materials (Tables S5–8 in the Online Supplementary Document) 
along with coefficient summaries, variance components, heterogeneity tests, moderator tests, 
and publication bias. Forest plots with 95% CI and funnel plots were also computed (Figure 2).

Table 2. Summary of statistical models*

Domains Overall effect Age effects Regional effects Moderator effects
Overall cognitive development No effect No effect No effect No effect

Cognition Suboptimal No effect No effect No effect

Intelligence Suboptimal No effect Yes, Asia No effect

Executive function Suboptimal No effect Yes, Asia N/A†

Visuo-spatial skills Suboptimal No effect Yes, Asia N/A†

Socio-emotional development Suboptimal Yes, >60 mo Yes, Asia Demographics

Academic skills No effect No effect No effect No effect

Motor skills No effect No effect N/A† N/A†

Oral language No effect No effect No effect No effect

Memory No effect N/A† No effect N/A†

*To capture effects, adjustments were made for demographics, socioeconomic, health-related, parental, and household factors (if avail-
able).
†The model was not fully computed for the analysis/component due to missingness.
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Cognition sub-domain
A multivariate meta-analysis model of 13 studies with 32 d effect sizes from the Africa, Asia, 
and North America regions with Africa used as the reference group, showed a significant nega-
tive intercept (z = −2.3640; P < 0.05; 95% CI = −5.6252, −0.5257), indicating that children who were 
stunted had suboptimal performance in tasks aiming to tap general cognition in the reference 
group (aged <60 months and studies conducted in Africa) compared to studies conducted in Asia 
and North America. A total between-study variance (τ2 = 4.68; I2 = 96.68) indicated that most of the 
observed variance was due to true differences across studies.

Intelligence sub-domain
A multivariate meta-analysis model of four studies with 15 d effect sizes from the following 
regions: North America and Asia, with North America used as the reference group, revealed a 
significant negative intercept (z = −2.8173; P < 0.01; 95% CI = −1.4405, −0.2585), indicating that chil-
dren who were stunted had suboptimal intelligence outcomes in the reference group (aged <60 
months and studies conducted in North America) compared to studies that were conducted in 
Asia. Furthermore, a significant regional effect (z = 2.0218; P < 0.0.05; 95% CI = 0.0189, 1.2181) was 
observed for studies conducted in Asia. This suggests that the association between childhood 
stunting and intelligence outcomes may differ by regions, with the negative impact of childhood 
stunting on intelligence appearing less pronounced in Asia compared to North America. A total 
between-study variance (τ2 = 0.058; I2 = 58.49) indicated that more than half of the observed vari-
ance was due to true differences between studies.

Executive function sub-domain
A multivariate meta-analysis model of two studies with four d effect sizes from North America 
and Asia, with North America used as the reference group, revealed a significant negative inter-
cept (z = −2.3806; P < 0.05; 95% CI = −1.2523, −0.1213), indicating that children who were stunted 
had suboptimal executive function outcomes in the reference group (studies conducted in North 
America). A statistically significant regional effect was observed for studies conducted in Asia 
(z = 4.6027; P < 0.01; 95% CI = 0.8781, 2.1805). This suggests a regional differential effect in the asso-
ciation between childhood stunting and executive function. While childhood stunting was asso-
ciated with lower executive scores overall, as indicated from the intercept, the magnitude of this 
association appears less pronounced in Asian studies compared to North American studies. A 

Table 3. Coefficient summary from multilevel random effects main model

Β (95% CI) SE Z P-value
RQ1 main model
Intercept −1.0166 (−2.0792, 0.046) 0.5422 −1.8752 0.0608
Age 0.2351 (−0.535, 1.0052) 0.3929 0.5984 0.5496
Asia 0.3302 (−0.8132, 1.4736) 0.5834 0.5661 0.5714
North America 0.5529 (−1.0098, 2.1156) 0.7973 0.6934 0.488
RQ2 main model
Intercept 0.5928 (−0.6534, 1.8389) 0.6358 0.9323 0.3512
Age −0.627 (−1.6972, 0.4432) 0.5460 −1.1483 0.2509
Region – North America 0.0852 (−2.4819, 2.6523) 1.3098 0.0651 0.9481
Region – Asia −0.9707 (−2.1599, 0.2186) 0.6068 −1.5997 0.1097
Combined factors present (D, P) −1.2917 (−3.1219, 0.5384) 0.9338 −1.3833 0.1666
Combined factors present (D, S, H, P) −1.6573 (−3.9748, 0.6602) 1.1824 −1.4016 0.1610
Combined factors present (D, S, H) 0.363 (−0.8506, 1.5765) 0.6192 0.5863 0.5577
Combined factors present (D, S) −2.8421 (−6.0224, 0.3382) 1.6226 −1.7515 0.0799
Combined factors present (D) 0.9249 (−0.601, 2.4508) 0.7785 1.1880 0.2348
Combined factors present (H, P) −0.5798 (−2.3413, 1.1816) 0.8987 −0.6452 0.5188
Combined factors present (H) −0.2463 (−2.0457, 1.5531) 0.9181 −0.2683 0.7884
Combined factors present (S, H, P) −0.1951 (−3.3928, 3.0025) 1.6315 −0.1196 0.9048 
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Figure 2. Forest plot with 95% CI accompanied by funnel plot for each sub-analysis.
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total between-study variance (τ2 = 0.002; I2 = 46.30) suggested that only 46% of the variability in 
effect sizes was due to real differences between studies, which potentially indicates greater con-
sistency across findings in this sub-domain.

Visuo-spatial sub-domain
A multivariate meta-analysis model of two studies with two d effect sizes from the North America 
and Asia regions, with North America used as the reference group, showed a significant inter-
cept (z = 2.2891; P < 0.05; 95% CI = 0.0705, 0.9097), suggesting that children who were stunted had 
suboptimal performance in visuo-spatial tasks in the reference group (North American studies). 
However, a statistically significant regional effect was observed for studies conducted in Asia, 
specifically India (z = −3.1974; P < 0.01, 95% CI = −1.499, −0.3598). This indicates a complex relation-
ship where the association between childhood stunting and visuo-spatial performance differs 
substantially between North American and Asian studies. Both τ2 and I2 of 0 showed that there was 
no detectable between-study heterogeneity, indicating that variation in effect sizes was entirely 
attributable to sampling error.

Socio-emotional development sub-domain
A multivariate meta-analysis of six studies with 21 effect sizes from Asia and Africa, with 
Africa used as the reference group, revealed a significant intercept (z = −2.9838, P = 0.0028; 95% 
CI = −2.0341, −0.4212), indicating that children who were stunted had suboptimal socio-emotional 
development outcomes in the reference group (aged <60 months and studies conducted in Africa). 
A statistically significant relationship between age and socio-emotional development outcomes 
was observed (z = 2.0353; P = 0.0418; 95% CI = 0.0284, 1.5075), suggesting that older children who 
were stunted tended to score higher on socio-emotional development measures. Interestingly, a 
statistically significant regional effect was also observed in studies conducted in Asia (z = 2.2804; 
P = 0.0226, 95% CI = 0.1327, 1.7553). This suggests that the socio-emotional development outcomes 
differ between Asian and African studies, and the childhood stunting effect was less pronounced 
in Asian studies. Finally, between-study variance (τ2 = 0.116; I2 = 62.94) indicated moderate to sub-
stantial heterogeneity, suggesting that most of the proportion of the variability in effect sizes 
reflects true differences between studies for this sub-domain.

Moderator effects of the relationship between cognitive development on 
childhood stunting
A multivariate meta-analysis of 22 studies with 125 d effect sizes obtained from a mean of 1282.856 
participants (22 independent samples) was conducted to examine the association between child-
hood stunting, age at assessment, region, cognitive development and thematised moderators: 
demographics, socioeconomic information, health-related information, parental and household 
information. The model fit statistics indicated an acceptable fit, and the analysis revealed sig-
nificant between-study variability (variance = 0.4677) as well as within-study variability (vari-
ance = 0.9032), suggesting heterogeneity in cognitive development outcomes for children who 
were stunted between and within studies.

The test of moderators – including age, region and thematised moderators – did not show statisti-
cally significant associations with cognitive development of children who were stunted (QM(df = 11) = 
17.0549; P = 0.1063). Further examination of the model results revealed that, from the individual 
predictors, age at assessment and region (Asia, Africa, North America), age at assessment, region 
(Asia, Africa, North America) and combined factors, the relationship between childhood stunt-
ing and cognitive development was not explained (Rq2 main model in Table 3; forest plot and 
model’s variance components in Figure S3 and Table S9 in Online Supplementary Document). 
Further examination is needed through sub-analysis.
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Publication bias
As before, publication bias was computed for the main model. The publication bias regres-
sion test was not significant (P = 0.837), suggesting no influence of publication bias in the cur-
rent model. However, the assumption for the heterogeneity test did not confirm this finding 
(χ2(113) = 54828.0144; P < 0.001). By contrast, the τ2 = 1.36991 and I

2 = 49.55067% implied moder-
ate heterogeneity amongst studies, which suggested that around 50% of the total variation was 
due to real differences between studies rather than sampling error (Figure S4 in the Online 
Supplementary Document).

Sub-analyses of the moderated effect of cognitive development on 
childhood stunting
We further computed a series of multivariate meta-analyses for each level of cognitive sub-do-
main to explore the unique effects of childhood stunting on these sub-domains. We outline below 
only significant model outcomes with the detailed outputs presented in the supplementary mate-
rials (Tables S10 and S13 in the Online Supplementary Document). We also computed forest plots 
with 95% CI and funnel plots (Figure 3).

Intelligence sub-domain
A multivariate meta-analysis model of three studies with seven d effect sizes from the Asia region, 
showed a significant intercept (z = −2.0007; P < 0.001; 95% CI = −2.5777, −0.0265), suggesting that 
childhood stunting was associated with suboptimal performance in intelligence tasks in the 
reference group (aged >60 months in studies conducted in Asia and controlled for demographic 
and health factors in their models). No other factors in the model were significant. Finally, the 
model similarly showed that the total between-study variance was low (τ2 = 0.39), with minimal 
heterogeneity (I2 = 8.59%), suggesting that the observed variation in effect sizes may likely be due 
to sampling error and some true differences between studies.

Socio-emotional development sub-domain
A multivariate meta-analysis model of five studies with eight d effect sizes from the Africa and 
Asia regions with Africa used as the reference group, showed that better socio-emotional develop-
ment scores were observed for children who were stunted when studies accounted only for demo-
graphic variables in their models’ (z = 3.354; P = 0.0008, 95% CI = 0.5768, 2.1986) compared to when 
they accounted for parent/household, health-related factors and socio-economic information. 
This finding indicates that understanding socio-emotional development in children who were 
stunted requires a broader consideration of contextual factors such as parental/household char-
acteristics, health-related factors and socio-economic characteristics. The model showed that the 
total between-study variance was low (τ2 = 0.001), with minimal heterogeneity (I2 = 0.0758%), indi-
cating that most of the observed variation in effect sizes was likely due to sampling error rather 
than true differences between studies.

Executive function
A multivariate meta-analysis model of two studies with thirty-two d effect sizes from the Africa 
region, showed a significant intercept (z = 3.1251; P = 0.0018; 95% CI = 0.0098, 0.0427), suggesting 
that childhood stunting was associated suboptimal performance in executive-function tasks in 
studies conducted in Africa which adjusted for socio-demographic and health-related factors in 
their models – reflecting the residual effect of childhood stunting when controlling for contex-
tual factors. The model showed that the total between-study variance was low (τ2 = 0.000), with 
small heterogeneity (I2 = 25.984%), indicating that the observed variation in effect sizes was likely 
due to sampling error rather than true differences between studies.
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DISCUSSION
Previous research has established that childhood stunting is associated with poorer overall cog-
nitive development [9,10], although the causal drivers of these relationships are underspecified 
[5]. Given the current understanding of different trajectories for domains of development [78] 
and the impact of external factors on children’s cognitive development globally, we implemented 
a move away from a non-contextualised approach, allowing for a more nuanced exploration of 
the relevant data. We aimed to examine the effect of childhood stunting on the sub-domains of 
cognitive development (i.e. cognition, language, motor skill) [9,10]; to capture the moderators 
that contribute to the relationship between childhood stunting and cognitive development; and 
to evaluate evidence from impactful interventions. To achieve our three aims, we combined 277 
effect sizes from 35 studies to run three separate random effects multilevel meta-regression 
models, with sub-analyses on eight cognitive development sub-domains. We identified several 
challenges in addressing our aims. Samples were not always well described, measures used 
varied, potential confounding variables were generally not reported, and there was significant 
variability in outcomes within and across studies.

In our main model addressing our first aim, there were no significant effects of childhood stunt-
ing on overall cognitive development. This may be because the effects of stunting differ across 
cognitive sub-domains and are shaped by other contextual factors, such as regions. Indeed, 
sub-domain analyses indicated that there were significant effects of childhood stunting for cog-
nition, intelligence, executive function, visuo-spatial skills, and socio-emotional development, 
but not oral language, motor skills, memory, or academic attainment. The extent of these effects 
was influenced by geographical region. No detectable effects of childhood stunting were found 
on academic skills, motor skills, memory, and oral language, raising the question of how stunt-
ing impacts cognition and developmental sequelae.

Regional effects were influenced by the countries in which data were collected and the setting 
used as the reference point. Overall, the effects of stunting were more pronounced in Africa. 
By contrast, studies including data from Asia revealed less marked effects of childhood stunt-
ing [41,43,48,49,53,70,71,74,79–81]. Why the impact of childhood stunting is specifically evi-
dent in these sub-domains in these regions remains unclear and requires further examination. 
Diverse factors could explain these regional effects, including the broader socio-cultural con-
text in which the children grow up and methodological features of the studies. Social determi-
nants, including parental socioeconomic status, social and community context, health, access 
to healthcare, and quality, as well as parental social desirability, are potential confounds that 
only a few studies have controlled for when examining the impact of childhood stunting on chil-
dren’s cognitive and socio-emotional development [30,31,47,58]. Inconsistencies across data sets 
and domains of cognition emphasise the need for a more rigorous and robust interrogation of 
methodological and analytic approaches [34,58]. This includes the number of studies underpin-
ning the conclusions and whether models are adjusted for potential moderators of the associa-
tion between childhood stunting and performance. Notably, the impact of childhood stunting 
on socio-emotional development diminished in the older children, a period when they would 
be attending school. This is another indication that wider cultural factors should be considered 
in the models.

Our secondary main model did not indicate that moderators were important exploratory varia-
bles when examined for overall cognitive development. However, sub-domain analyses revealed 
that demographics and health-related moderators explained better intelligence, socio-emotional 
and executive-function development in Asian and African regions. This model highlights the 
complex interaction between childhood stunting and the broader environmental and social dis-
parities. Our findings are consistent with previous studies capturing the influence of similar 
moderators on cognitive and socio-emotional development in typical as well as atypical popu-
lations [82,83]. No moderating effects on academic skills, oral language, and motor skills were 
evident. Age of assessment was not found to be a significant factor in our secondary model and 
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secondary sub-domain analyses, suggesting that the found impacts were evident independently 
of age of assessment. Finally, there were insufficient studies to compare the effects of different 
types of interventions on cognitive development in children who were stunted, with only three 
interventions with a nutritional focus, including some aspects of stimulation [46,53,70], and only 
one educational intervention [79] – making it impossible to compare effect sizes. Overall, the 
interventions identified ignored the broader context, focussing solely on nutritional and some 
limited stimulation aspects. The current approach in interventions aimed at childhood stunting 
and cognitive development fails to address the broader developmental context, factors which 
can support development and mitigate adversity. Future intervention studies must move beyond 
nutrition and consider contextually grounded educational interventions targeting development, 
ideally making comparisons across different localities [4,26,33,84].

Our main models indicated that there was no significant evidence of publication bias, as assessed 
by Egger’s test. However, the presence of substantial heterogeneity observed across all models 
and the asymmetry seen in some funnel plots suggest that potential publication bias cannot be 
ruled out. These indicators call for a more cautious interpretation of our findings, as they may 
reflect unreported or selectively published studies. Thus, while our statistical test did not con-
firm publication bias, its potential influence remains a concern given the variability in study 
quality, reporting practices, and outcome measures across included studies. Reproducibility and 
replicability are significant challenges in developmental and cognitive sciences [80,85], and cap-
turing potential biases is essential in mitigating the ways forward in tackling the developmen-
tal profiles of stunted children. Similarly, publishing in developmental science is dominated by 
Western researchers. Although this gap has been shrinking, our analysis, which included stud-
ies from 1990 to 2025, exposed this bias, as a large proportion of the authors/co-authors in these 
studies were from Western countries [81], and we identified no studies published in languages 
other than English. Finally, heterogeneity in the samples from different countries restricted 
comparisons to regional differences, overlooking important country-specific variations.

Examining the measures used to assess cognitive development in the included studies also raised 
concerns. Culturally inappropriate, westernised, and standardised measures, along with a lack 
of reliable, valid, and appropriate measures for childhood development, were evident in many 
studies and the domains of development we have identified. English standardised assessments 
(i.e. Bayley and Peabody Vocabulary) often yield significant differences in cognitive perfor-
mance across different cultures, making it challenging to draw conclusions [86,87] about how 
childhood stunting impacts development. Our previous work has highlighted the lack of cul-
turally grounded, developmentally appropriate, and psychometrically sound assessments in 
early childhood research in LMICs [79]. Without proper tools, developmental outcomes can be 
misrepresented or obscured, limiting both the interpretability and applicability of findings. 
Moreover, parental health, well-being, education, child reading practices, and availability of 
resources, which have played a key role in cognitive performance in other studies, were con-
sidered as moderators in a minority of the included studies.

Studies also varied in their criteria for defining childhood stunting, with some studies explic-
itly stating the metric used for stunting classification (i.e. HAZ). In contrast, others created a 
binary category (i.e. stunted or not), without recourse to empirical data. This lack of standard-
isation poses significant limitations for meta-analytic synthesis, as not only is heterogeneity 
introduced in how the exposure variable is conceptualised and operationalised across studies, 
but additionally limits direct comparisons. This undermines the reliability of the pooled esti-
mates, especially when assessing subtle regional and sub-domain differences. Similar report-
ing issues were identified in statistical outputs, psychometric properties, and sample details, 
limiting our ability to estimate effect sizes or to include key evidence from these sources in our 
analyses. This was particularly evident when intervention types were considered. Initially, we 
identified ten intervention studies, but only four of these provided sufficient statistical output 
details to allow for the computation of effect sizes.
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In sum, the nature of the associations between childhood stunting and cognitive development 
remains underspecified and until this is clarified, interventions are unlikely to mitigate the dam-
aging effects of overall poorer cognitive development. Our findings suggest that, for valid and 
impactful interpretations, an examination of the moderating effects of contextual factors in the 
relationship between childhood stunting and cognitive development, as well as sub-domain anal-
yses, is required. Reliable, valid, and culturally appropriate measures – such as the cross-cultur-
ally comparable D-score – should be employed to improve consistency in assessing childhood cog-
nitive development across LMICs [88]. Developing and validating such tools more widely across 
LMICs is essential to enhance the precision and comparability of future research. Our analyses 
also speak to the need for more consistency in the methods and approaches employed when stud-
ying cognitive development and childhood stunting – a common issue in developmental sciences. 
Finally, reporting of appropriate statistical outputs coherently and transparently – following open 
research practices and protocols – will ensure more reproducibility and replicability of these effect 
sizes [89]. These concerns are captured by Baird and colleagues and McCoy and colleagues, who 
discussed the methodological issues and analytical flexibility in intervention studies in childhood 
stunting and prompted researchers to utilise a holistic interventional approach with a focus on 
both socio-cultural and biological factors [4,84].

In addition to the limitations posed by study methods and available data, our categorisation of 
country types is problematic. Despite the novelty of moving away from ‘one-size-fits-all’ discourses 
and the practical relevance of this approach, we were restricted by the data available. This pre-
vented the examination of likely differences within and between the country groupings and, 
as such, the potential impact of moderating variables. For example, while data from India and 
Indonesia were both classified as countries from Asia, they differ in child poverty rates, educa-
tional policies, and social policies, all of which could influence the impact of childhood stunting.

Despite this limitation, our meta-analysis highlights regionally specific effects of childhood 
stunting on cognitive development. Although childhood stunting may present differently across 
regions, the methodological challenges and high heterogeneity of the studies included in our anal-
yses indicate that alternative interpretations should be considered. Future studies should employ 
reliable, valid, and culturally sensitive standardised cognitive assessments to improve compara-
bility across studies, regions, and countries. This approach would help address the methodologi-
cal issues identified in our analysis and reduce heterogeneity in results [87].

Moreover, future interventions aimed at tackling childhood stunting should be informed by holis-
tic, context-sensitive approaches, considering not only the biological aspects of stunting – such 
as nutrition – but also the socio-cultural, economic, and environmental factors that shape its 
impact on cognitive development. Researchers should explore moderating effects, such as soci-
oeconomic status, parental education, and health-related factors, and adopt standardised report-
ing guidelines to ensure consistency and robustness in future studies.

Comprehensive and multi-contextual understandings of childhood stunting and cognitive devel-
opment will contribute to a clearer understanding of the relationship between early childhood 
stunting and cognitive development, ultimately leading to more impactful polices and interven-
tions designed to mitigate the pervasive detrimental effects of childhood stunting.

CONCLUSIONS
Our extensive meta-analysis demonstrates that the relationship between childhood stunting and 
cognitive development is more complex than many studies suggest. The context in which children 
grow and learn has often been overlooked, despite evidence from other fields showing its central 
role in shaping developmental trajectories. The diversity of studies in our review enabled sub-
group analyses not only across regions and cognitive development sub-domains, but also across 
a range of contextual factors, offering further evidence that there are several moderators of this 
relationship. Researchers and policy makers need to consider which interventions should be pri-



Childhood stunting and cognitive development

PA
PE
R
S

www.jogh.org • doi: 10.7189/jogh.15.04257	 17	 2025  •  Vol. 15  •  04257

Data availability: Data and scripts are available online (https://osf.io/qd3sh/).
Funding: The UK Research and Innovation Global Challenges Research Fund Action Against Stunting Hub supported 
this study (Grant: MR/S01313X/1). University College London funded the article publication charge.
Authorship contribution: VS led the methodological development, programming, validation of results, formal analy-
sis, investigation, data curation, visualisation, wrote the original draft, and reviewed and edited the manuscript. AD 
led the data curation and wrote the original draft. BCM contributed to supervision, conceptualisation, and reviewing 
and editing the manuscript. LA contributed to conceptualisation, reviewing and editing the manuscript, and funding 
acquisition. JD led the conceptualisation, investigation, resource provision, writing the initial draft, reviewing and 
editing the manuscript, supervision, project administration, and funding acquisition.
Disclosure of interest: The authors completed the ICMJE Disclosure of Interest Form (available upon request from the 
corresponding author) and disclose no relevant interest.
Additional Material
Online Supplementary Document

 1 Anderson LM, Shinn C, Fullilove M, Scrimshaw S, Fielding J, Normand J, et al. The effectiveness of early 
childhood development programs - A systematic review. Am J Prev Med. 2003;24:32–46. Medline:12668197 
doi:10.1016/S0749-3797(02)00655-4

 2 The Lancet. Advancing Early Childhood Development: from Science to Scale. 2016. Available: https://www.
thelancet.com/pb-assets/Lancet/stories/series/ecd/Lancet_ECD_Executive_Summary-1507044811487.pdf. 
Accessed: 17 October 2025.

 3 Richter LM, Daelmans B, Lombardi J, Heymann J, Boo FL, Behrman JR, et al. Investing in the foundation 
of sustainable development: Pathways to scale up for early childhood development. Lancet. 2017;389:103–18. 
Medline:27717610 doi:10.1016/S0140-6736(16)31698-1

 4 McCoy DC, Peet ED, Ezzati M, Danaei G, Black MM, Sudfeld CR, et al. Early Childhood Developmental Status 
in Low- and Middle-Income Countries: National, Regional, and Global Prevalence Estimates Using Predictive 
Modeling. PLoS Med. 2016;13:e1002034. Medline:27270467 doi:10.1371/journal.pmed.1002034

 5 Perkins JM, Kim R, Krishna A, McGovern M, Aguayo VM, Subramanian SV. Understanding the association 
between stunting and child development in low- and middle-income countries: Next steps for research and 
intervention. Soc Sci Med. 2017;193:101–9. Medline:29028557 doi:10.1016/j.socscimed.2017.09.039

 6 World Health Organization. Childhood stunting: Context, causes and consequences framework. Geneva, 
Switzerland: World Health Organization; 2016. Available: https://www.who.int/publications/m/item/child-
hood-stunting-context-causes-and-consequences-framework. Accessed: 17 October 2025.

 7 Karlsson O, Kim R, Moloney GM, Hasman A, Subramanian SV. Patterns in child stunting by age: A cross-sec-
tional study of 94 low- and middle-income countries. Matern Child Nutr. 2023;19:e13537. Medline:37276243 
doi:10.1111/mcn.13537

 8 World Bank Group. Early childhood development. 2024. Available: https://www.worldbank.org/en/topic/ear-
lychildhooddevelopment. Accessed: 17 October 2025.

 9 Sudfeld CR, McCoy DC, Danaei G, Fink G, Ezzati M, Andrews KG, et al. Linear Growth and Child Development 
in Low- and Middle-Income Countries: A Meta-Analysis. Pediatrics. 2015;135:e1266–75. Medline:25847806 
doi:10.1542/peds.2014-3111

10 Miller AC, Murray MB, Thomson DR, Arbour MC. How consistent are associations between stunting and 
child development? Evidence from a meta-analysis of associations between stunting and multidimen-
sional child development in fifteen low- and middle-income countries. Public Health Nutr. 2016;19:1339–47. 
Medline:26355426 doi:10.1017/S136898001500227X

11 Gansaonré RJ, Moore L, Bleau L, Kobiané J, Haddad S. Stunting, age at school entry and academic perfor-
mance in developing countries: A systematic review and meta-analysis. Acta Paediatr. 2022;111:1853–61. 
Medline:35691004 doi:10.1111/apa.16449

12 Akseer N, Tasic H, Onah MN, Wigle J, Rajakumar R, Sanchez-Hernandez D, et al. Economic costs of child-
hood stunting to the private sector in low- and middle-income countries. EClinicalMedicine. 2022;45:101320. 
Medline:35308896 doi:10.1016/j.eclinm.2022.101320

R
EF
ER

EN
CE
S

oritised for which children, whether nutritional, social, or educational, in which contexts, and 
whether the focus should be on the child, family, or locality if the global challenges of childhood 
stunting are to be addressed.

https://osf.io/qd3sh/
https://jogh.org/documents/2025/jogh-15-04257-s001.pdf
https://pubmed.ncbi.nlm.nih.gov/12668197
https://doi.org/10.1016/S0749-3797(02)00655-4
https://pubmed.ncbi.nlm.nih.gov/27717610
https://pubmed.ncbi.nlm.nih.gov/27717610
https://doi.org/10.1016/S0140-6736(16)31698-1
https://pubmed.ncbi.nlm.nih.gov/27270467
https://doi.org/10.1371/journal.pmed.1002034
https://pubmed.ncbi.nlm.nih.gov/29028557
https://doi.org/10.1016/j.socscimed.2017.09.039
https://pubmed.ncbi.nlm.nih.gov/37276243
https://doi.org/10.1111/mcn.13537
https://pubmed.ncbi.nlm.nih.gov/25847806
https://doi.org/10.1542/peds.2014-3111
https://pubmed.ncbi.nlm.nih.gov/26355426
https://pubmed.ncbi.nlm.nih.gov/26355426
https://doi.org/10.1017/S136898001500227X
https://pubmed.ncbi.nlm.nih.gov/35691004
https://pubmed.ncbi.nlm.nih.gov/35691004
https://doi.org/10.1111/apa.16449
https://pubmed.ncbi.nlm.nih.gov/35308896
https://pubmed.ncbi.nlm.nih.gov/35308896
https://doi.org/10.1016/j.eclinm.2022.101320


Sideropoulos et al. 
PA
PE
R
S

2025  •  Vol. 15  •  04257	 18	 www.jogh.org • doi: 10.7189/jogh.15.04257

13 Hoddinott J, Behrman JR, Maluccio JA, Melgar P, Quisumbing AR, Ramirez-Zea M, et al. Adult conse-
quences of growth failure in early childhood. Am J Clin Nutr. 2013;98:1170–8. Medline:24004889 doi:10.3945/
ajcn.113.064584

14 Chang SM, Walker SP, Grantham-McGregor S, Powell CA. Early childhood stunting and later behaviour 
and school achievement. J Child Psychol Psychiatry. 2002;43:775–83. Medline:12236612 doi:10.1111/1469-
7610.00088

15 Xie W, Jensen SKG, Wade M, Kumar S, Westerlund A, Kakon S, et al. Growth faltering is associated with altered 
brain functional connectivity and cognitive outcomes in urban Bangladeshi children exposed to early adver-
sity. BMC Med. 2019;17:199. Medline:31760950 doi:10.1186/s12916-019-1431-5

16 Grantham-McGregor S, Cheung YB, Cueto S, Glewwe P, Richter L, Strupp B, et al. Child development in devel-
oping countries 1 - Developmental potential in the first 5 years for children in developing countries. Lancet. 
2007;369:60–70. Medline:17208643 doi:10.1016/S0140-6736(07)60032-4

17 Yani DI, Rahayuwati L, Sari CWM, Komariah M, Fauziah SR. Family Household Characteristics and Stunting: 
An Update Scoping Review. Nutrients. 2023;15:233. Medline:36615889 doi:10.3390/nu15010233

18 Hurtado-Mazeyra A, Alejandro-Oviedo O, Rojas-Zegarra ME, Sánchez A. The relationship between maternal 
sensitivity and play during early childhood with the development of cognitive skills and socio-emotional com-
petencies: Longitudinal evidence from Peru. Child Soc. 2022;36:916–32. doi:10.1111/chso.12547

19 Hamadani JD, Tofail F, Hilaly A, Huda SN, Engle P, Grantham-McGregor SM. Use of family care indicators and 
their relationship with child development in Bangladesh. J Health Popul Nutr. 2010;28:23–33. Medline:20214083 
doi:10.3329/jhpn.v28i1.4520

20 Fischer VJ, Morris J, Martines J. Developmental screening tools: feasibility of use at primary healthcare level 
in low-and middle-income settings. J Health Popul Nutr. 2014;32:314–26. Medline:25076668

21 Prado EL, Abbeddou S, Jimenez EY, Somé JW, Ouédraogo ZP, Vosti SA, et al. Lipid-based nutrient supplements 
plus malaria and diarrhea treatment increase infant development scores in a cluster-randomized trial in Burkina 
Faso. J Nutr. 2015;146:814–22. Medline:26962193 doi:10.3945/jn.115.225524

22 Knauer H, Ozer EJ, Dow WH, Fernald LCH. Parenting quality at two developmental periods in early childhood and 
their association with child development. Early Child Res Q. 2019;47:396–404. doi:10.1016/j.ecresq.2018.08.009

23 Raikes A, Koziol N, Janus M, Platas L, Weatherholt T, Smeby A, et al. Examination of school readiness constructs 
in Tanzania: Psychometric evaluation of the MELQO scales. J Appl Dev Psychol. 2019;62:122–34. doi:10.1016/j.
appdev.2019.02.003

24 Kumar R, Ali M, Pasha MS, Ansari HW, Durrani N. Knowledge, attitude, and practices of parents regarding the 
red flags of developmental milestones in children aged 0-5 years in Karachi, Pakistan: A cross-sectional study. 
BMC Pediatr. 2024;24:120. Medline:38355491 doi:10.1186/s12887-024-04574-9

25 Miller LE, Perkins KA, Dai YG, Fein DA. Comparison of parent report and direct assessment of child skills in 
toddlers. Res Autism Spectr Disord. 2017;41–42:57–65. Medline:28919924 doi:10.1016/j.rasd.2017.08.002

26 Prado EL, Larson LM, Cox K, Bettencourt K, Kubes JN, Shankar AH. Do effects of early life interventions on lin-
ear growth correspond to effects on neurobehavioural development? A systematic review and meta-analysis. 
Lancet Glob Health. 2019;7:e1398–413. Medline:31537370 doi:10.1016/S2214-109X(19)30361-4

27 United Nations Children’s Fund. Early Childhood Development Index 2030. 2023. Available: https://data.unicef.
org/resources/early-childhood-development-index-2030-ecdi2030/. Accessed: 17 October 2025.

28 Dockrell J, Llaurado A, Hurry J, Cowan R, Flouri E, Dawson A. Review of assessment measures in the early 
years: Language and literacy, numeracy, and social emotional development and mental health. London, UK: 
Education Endowment Foundation; 2017. Available: https://discovery.ucl.ac.uk/id/eprint/10039319/8/Dockrell_
Report.pdf. Accessed: 17 October 2025.

29 Rubio-Codina M, Grantham-McGregor S. Predictive validity in middle childhood of short tests of early child-
hood development used in large scale studies compared to the Bayley-III, the Family Care Indicators, height-
for-age, and stunting: A longitudinal study in Bogota, Colombia. PLoS One. 2020;15:e0231317. Medline:32348359 
doi:10.1371/journal.pone.0231317

30 Gustafsson BM, Sund Levander M. The assessment of preschool children with ESSENCE symptoms: Concordance 
between parents, preschool teachers and child psychologists. BMC Pediatr. 2024;24:191. Medline:38493112 
doi:10.1186/s12887-024-04693-3

31 Tahan L, Habchy P, Moussi C, Khadra T, Jawich M, Njeim A, et al. A national school health campaign in Lebanon 
on children aged between 3 and 12 years old: Concordance level between parents’ reports and medical visit 
findings about physical and mental health. Children (Basel). 2024;11:214. Medline:38397326 doi:10.3390/chil-
dren11020214

R
EF
ER

EN
CE
S

https://pubmed.ncbi.nlm.nih.gov/24004889
https://doi.org/10.3945/ajcn.113.064584
https://doi.org/10.3945/ajcn.113.064584
https://pubmed.ncbi.nlm.nih.gov/12236612
https://doi.org/10.1111/1469-7610.00088
https://doi.org/10.1111/1469-7610.00088
https://pubmed.ncbi.nlm.nih.gov/31760950
https://doi.org/10.1186/s12916-019-1431-5
https://pubmed.ncbi.nlm.nih.gov/17208643
https://doi.org/10.1016/S0140-6736(07)60032-4
https://pubmed.ncbi.nlm.nih.gov/36615889
https://doi.org/10.3390/nu15010233
https://doi.org/10.1111/chso.12547
https://pubmed.ncbi.nlm.nih.gov/20214083
https://doi.org/10.3329/jhpn.v28i1.4520
https://pubmed.ncbi.nlm.nih.gov/25076668
https://pubmed.ncbi.nlm.nih.gov/26962193
https://doi.org/10.3945/jn.115.225524
https://doi.org/10.1016/j.ecresq.2018.08.009
https://doi.org/10.1016/j.appdev.2019.02.003
https://doi.org/10.1016/j.appdev.2019.02.003
https://pubmed.ncbi.nlm.nih.gov/38355491
https://doi.org/10.1186/s12887-024-04574-9
https://pubmed.ncbi.nlm.nih.gov/28919924
https://doi.org/10.1016/j.rasd.2017.08.002
https://pubmed.ncbi.nlm.nih.gov/31537370
https://doi.org/10.1016/S2214-109X(19)30361-4
https://pubmed.ncbi.nlm.nih.gov/32348359
https://doi.org/10.1371/journal.pone.0231317
https://pubmed.ncbi.nlm.nih.gov/38493112
https://doi.org/10.1186/s12887-024-04693-3
https://pubmed.ncbi.nlm.nih.gov/38397326
https://doi.org/10.3390/children11020214
https://doi.org/10.3390/children11020214


Childhood stunting and cognitive development

PA
PE
R
S

www.jogh.org • doi: 10.7189/jogh.15.04257	 19	 2025  •  Vol. 15  •  04257

32 Li L, Fan J, Jin Z. Comparing multimethod assessment of approaches to learning among preschool children: 
Direct measure, teacher report, and parent report. Psychol Sch. 2019;56:1271–86. doi:10.1002/pits.22274

33 Leroy JL, Frongillo EA. Perspective: What Does Stunting Really Mean? A Critical Review of the Evidence. Adv 
Nutr. 2019;10:196–204. Medline:30801614 doi:10.1093/advances/nmy101

34 Ioannidis JP. The mass production of redundant, misleading, and conflicted systematic reviews and meta-anal-
yses. Milbank Q. 2016;94:485–514. Medline:27620683 doi:10.1111/1468-0009.12210

35 Ramel SE, Demerath EW, Gray HL, Younge N, Boys C, Georgieff MK. The relationship of poor linear growth 
velocity with neonatal illness and two-year neurodevelopment in preterm infants. Neonatology. 2012;102:19–24. 
Medline:22441508 doi:10.1159/000336127

36 Dickson K, Ko SYJ, Nguyen C, Minchenko D, Bangpan M. Mental health and psychosocial support programmes 
for displaced populations in low- and middle-income countries (LMICs): A systematic review of process, per-
spectives and experiences. Glob Ment Health (Camb). 2024;11:e62. Medline:38774885 doi:10.1017/gmh.2024.56

37 Bangpan M, Mendizabal-Espinosa R, Li Z, Lin D, Kneale D, Vigurs C. Understanding the impact of economic 
inactivity interventions for people with poor health and disability and the nature of interventions for older work-
ers. London, UK: International Public Policy Observatory; 2024. Available: https://eppi.ioe.ac.uk/CMS/Portals/0/
Economic%20inactivity%20RER%20LO-231024.pdf. Accessed: 17 October 2025.

38 Kmet LM, Lee RC, Cook SL. Standard quality assessment criteria for evaluating primary research papers from 
a variety of fields. Edmonton, Canada: Alberta Heritage Foundation for Medical Research; 2004. Available: 
https://era.library.ualberta.ca/items/48b9b989-c221-4df6-9e35-af782082280e/view/a1cffdde-243e-41c3-be98-
885f6d4dcb29/standard_quality_assessment_criteria_for_evaluating_primary_research_papers_from_a_vari-
ety_of_fields.pdf. Accessed: 17 October 2025.

39 Acharya Y, Luke N, Haro MF, Rose W, Russell PSS, Oommen AM, et al. Nutritional status, cognitive achieve-
ment, and educational attainment of children aged 8-11 in rural South India. PLoS One. 2019;14:e0223001. 
Medline:31596845 doi:10.1371/journal.pone.0223001

40 Acharya K, Rahman MS, Islam MR, Gilmour S, Dhungel B, Parajuli RP, et al. Socioeconomic and education-based 
inequality in suspected developmental delays among Nepalese children: a subnational level assessment. Sci 
Rep. 2023;13:4750. Medline:36959346 doi:10.1038/s41598-023-31629-1

41 Ajayi OR, Matthews G, Taylor M, Kvalsvig JD, Davidson LL, Kauchali S, et al. Association of anthropometric sta-
tus and residential locality factors with cognitive scores of 4–6-year-old children in Kwazulu-Natal, South Africa. 
South Afr J Clin Nutr. 2020;33:133–41. Medline:38283260 doi:10.1080/16070658.2019.1578115

42 Ayalew M, Bayray A, Bekele A, Handebo S. Nutritional Status and Educational Performance of School-Aged 
Children in Lalibela Town Primary Schools, Northern Ethiopia. Int J Pediatr. 2020;2020:5956732. Medline:32328114

43 Beckmann J, Lang C, du Randt R, Gresse A, Long KZ, Ludyga S, et al. Prevalence of stunting and relationship 
between stunting and associated risk factors with academic achievement and cognitive function: A cross-sec-
tional study with South African primary school children. Int J Environ Res Public Health. 2021;18:4218. 
Medline:33923436 doi:10.3390/ijerph18084218

44 Brou AM, Djalega FA, Tokpa V, Seri ECG, Anoua ALF, Robinson JA. Urban–rural differences in the relationship 
between stunting, preschool attendance, home learning support, and school readiness: A study in Côte d’Ivoire. 
Front Public Health. 2023;10:1035488. Medline:36699902 doi:10.3389/fpubh.2022.1035488

45 Casale D, Desmond C, Richter L. The association between stunting and psychosocial development among pre-
school children: A study using the South African Birth to Twenty cohort data. Child Care Health Dev. 2014;40:900–
10. Medline:24807234 doi:10.1111/cch.12143

46 Chang SM, Walker SP, Grantham-Mcgregor S, Powell CA. Early childhood stunting and later fine motor abilities. 
Dev Med Child Neurol. 2010;52:831–6. Medline:20345956 doi:10.1111/j.1469-8749.2010.03640.x

47 Chen K, Liu C, Liu X, Wang Z, Luo R, Li S, et al. Nutrition, cognition, and social emotion among preschoolers 
in poor, rural areas of south central China: Status and correlates. Nutrients. 2021;13:1322. Medline:33923756 
doi:10.3390/nu13041322

48 Duc LT. Height and cognitive achievement of Vietnamese children. World Dev. 2011;39:2211–20. doi:10.1016/j.
worlddev.2011.04.013

49 Duc NH. Developmental risk factors in Vietnamese preschool-age children: Cross-sectional survey. Pediatrics 
International. 2016;58:14–21. Medline:26189718 doi:10.1111/ped.12748

50 Ernawati F. Pusparini, Hardinsyah, Briawan D, Safitri A, Prihatini M. Effect of low linear growth and caregiving 
with poor psychosocial aspects on cognitive development of toddlers. J Nutr Sci Vitaminol (Tokyo). 2020;66:S76–
81. Medline:33612652 doi:10.3177/jnsv.66.S76

R
EF
ER

EN
CE
S

https://doi.org/10.1002/pits.22274
https://pubmed.ncbi.nlm.nih.gov/30801614
https://doi.org/10.1093/advances/nmy101
https://pubmed.ncbi.nlm.nih.gov/27620683
https://doi.org/10.1111/1468-0009.12210
https://pubmed.ncbi.nlm.nih.gov/22441508
https://pubmed.ncbi.nlm.nih.gov/22441508
https://doi.org/10.1159/000336127
https://pubmed.ncbi.nlm.nih.gov/38774885
https://doi.org/10.1017/gmh.2024.56
https://pubmed.ncbi.nlm.nih.gov/31596845
https://pubmed.ncbi.nlm.nih.gov/31596845
https://doi.org/10.1371/journal.pone.0223001
https://pubmed.ncbi.nlm.nih.gov/36959346
https://doi.org/10.1038/s41598-023-31629-1
https://pubmed.ncbi.nlm.nih.gov/38283260
https://doi.org/10.1080/16070658.2019.1578115
https://pubmed.ncbi.nlm.nih.gov/32328114
https://pubmed.ncbi.nlm.nih.gov/33923436
https://pubmed.ncbi.nlm.nih.gov/33923436
https://doi.org/10.3390/ijerph18084218
https://pubmed.ncbi.nlm.nih.gov/36699902
https://doi.org/10.3389/fpubh.2022.1035488
https://pubmed.ncbi.nlm.nih.gov/24807234
https://doi.org/10.1111/cch.12143
https://pubmed.ncbi.nlm.nih.gov/20345956
https://doi.org/10.1111/j.1469-8749.2010.03640.x
https://pubmed.ncbi.nlm.nih.gov/33923756
https://doi.org/10.3390/nu13041322
https://doi.org/10.1016/j.worlddev.2011.04.013
https://doi.org/10.1016/j.worlddev.2011.04.013
https://pubmed.ncbi.nlm.nih.gov/26189718
https://doi.org/10.1111/ped.12748
https://pubmed.ncbi.nlm.nih.gov/33612652
https://doi.org/10.3177/jnsv.66.S76


Sideropoulos et al. 
PA
PE
R
S

2025  •  Vol. 15  •  04257	 20	 www.jogh.org • doi: 10.7189/jogh.15.04257

51 Gashu D, Stoecker BJ, Bougma K, Adish A, Haki GD, Marquis GS. Stunting, selenium deficiency and anemia 
are associated with poor cognitive performance in preschool children from rural Ethiopia. Nutr J. 2016;15:38. 
Medline:27067274 doi:10.1186/s12937-016-0155-z

52 Gerber M, Lang C, Beckmann J, du Randt R, Gall S, Seelig H, et al. How are academic achievement and inhibi-
tory control associated with physical fitness, soil-transmitted helminth infections, food insecurity and stunting 
among South African primary schoolchildren? BMC Public Health. 2021;21:852. Medline:33941121 doi:10.1186/
s12889-021-10779-9

53 Grantham-McGregor SM, Walker SP, Chang SM, Powell CA. Effects of early childhood supplementation with 
and without stimulation on later development in stunted Jamaican children. Am J Clin Nutr. 1997;66:247–53. 
Medline:9250101 doi:10.1093/ajcn/66.2.247

54 Honja Kabero T, Bosha T, Feleke FW, Haile Weldegebreal D, Stoecker B. Nutritional Status and Its Association 
with Cognitive Function among School Aged Children at Soddo Town and Soddo Zuriya District, Southern 
Ethiopia: Institution Based Comparative Study. Glob Pediatr Health. 2021;8:X211028198. Medline:34263015 
doi:10.1177/2333794X211028198

55 Kesari KK, Handa R, Prasad R. Effect of undernutrition on cognitive development of children. International 
Journal of Food Safety Nutrition and Public Health. 2010;3:133–48. doi:10.47556/J.IJFNPH.3.2.2010.3

56 Koshy B, Srinivasan M, Gopalakrishnan S, Mohan VR, Scharf R, Murray-Kolb L, et al. Are early childhood stunt-
ing and catch-up growth associated with school age cognition? -Evidence from an Indian birth cohort. PLoS One. 
2022;17:e0264010. Medline:35235588 doi:10.1371/journal.pone.0264010

57 Koshy B, Srinivasan M, Gopalakrishnan S, Mohan VR, Scharf R, John S, et al. Early Childhood Stimulating 
Environment Predicts Later Childhood Resilience in an Indian Longitudinal Birth Cohort Study. Children (Basel). 
2022;9:1721. Medline:36360450 doi:10.3390/children9111721

58 Li C, Zhu N, Zeng L, Dang S, Zhou J, Yan H. Effect of prenatal and postnatal malnutrition on intellectual function-
ing in early school-aged children in rural western China. Medicine (Baltimore). 2016;95:e4161. Medline:27495020 
doi:10.1097/MD.0000000000004161

59 Lim I, Mahmud I, Chowdhury MU, Kaiser A, Bonny FA, Akanbonga S, et al. Early Childhood Development (ECD) 
in Ghana: Assessing the Status and Determinants of the Literacy–Numeracy, Physical, Social–Emotional, and 
Learning Domains. Int J Early Child. 2023;56:1–22.

60 Nguyen PH, DiGirolamo AM, Gonzalez-Casanova I, Young M, Kim N, Nguyen S, et al. Influences of early child 
nutritional status and home learning environment on child development in Vietnam. Matern Child Nutr. 
2018;14:e12468. Medline:28585371 doi:10.1111/mcn.12468

61 Panigrahi A, Das SC, Sahoo P. Adaptive functioning and its associated factors among girl children residing in slum 
areas of Bhubaneswar, India. J Paediatr Child Health. 2018;54:55–60. Medline:28799240 doi:10.1111/jpc.13666

62 Primasari EP, Syofiah PN, Muthia G, Sari DF, Hayati II. The differences in development between stunting and 
normal children at the age of 3–72 months. Med J Malaysia. 2023;78:526–9. Medline:37518927

63 Ronaasen JE, Steenkamp L, Wilson TM, Venter D, Elkonin D. ECD indicators and nutritional status of grade R chil-
dren: An interest to social workers. Southern African Journal of Social Work and Social Development. 2017;29:13.

64 Sandjaja, Poh BK, Rojroonwasinkul N, Le Nyugen BK, Budiman B, Ng LO, et al. Relationship between anthropo-
metric indicators and cognitive performance in Southeast Asian school-aged children. Br J Nutr. 2013;110:S57–64. 
Medline:24016767 doi:10.1017/S0007114513002079

65 Sanou AS, Diallo AH, Holding P, Nankabirwa V, Engebretsen IMS, Ndeezi G, et al. Association between stunt-
ing and neuro-psychological outcomes among children in Burkina Faso, West Africa. Child Adolesc Psychiatry 
Ment Health. 2018;12:30. Medline:29930702 doi:10.1186/s13034-018-0236-1

66 Selvam S, Thomas T, Shetty P, Zhu J, Raman V, Khanna D, et al. Norms for developmental milestones using 
VABS-II and association with anthropometric measures among apparently healthy urban Indian preschool chil-
dren. Psychol Assess. 2016;28:1634–45. Medline:26963591 doi:10.1037/pas0000295

67 Sokolovic N, Selvam S, Srinivasan K, Thankachan P, Kurpad AV, Thomas T. Catch-up growth does not associ-
ate with cognitive development in Indian school-age children. Eur J Clin Nutr. 2014;68:14–8. Medline:24169458 
doi:10.1038/ejcn.2013.208

68 Tarleton JL, Haque R, Mondal D, Shu J, Farr BM, Petri WA Jr. Cognitive effects of diarrhea, malnutrition, and 
Entamoeba histolytica infection on school age children in Dhaka, Bangladesh. Am J Trop Med Hyg. 2006;74:475–
81. Medline:16525109 doi:10.4269/ajtmh.2006.74.475

69 Wahyuningsih HP, Rahmawati A, Nurbeti K. Influence of stunting on children’s development of emotional behav-
ior. Pak J Med Health Sci. 2020;14:1400–4.

70 Walker SP, Grantham-McGregor SM, Powell CA, Chang SM. Effects of growth restriction in early childhood on 
growth, IQ, and cognition at age 11 to 12 years and the benefits of nutritional supplementation and psychosocial 
stimulation. J Pediatr. 2000;137:36–41. Medline:10891819 doi:10.1067/mpd.2000.106227

R
EF
ER

EN
CE
S

https://pubmed.ncbi.nlm.nih.gov/27067274
https://pubmed.ncbi.nlm.nih.gov/27067274
https://doi.org/10.1186/s12937-016-0155-z
https://pubmed.ncbi.nlm.nih.gov/33941121
https://doi.org/10.1186/s12889-021-10779-9
https://doi.org/10.1186/s12889-021-10779-9
https://pubmed.ncbi.nlm.nih.gov/9250101
https://pubmed.ncbi.nlm.nih.gov/9250101
https://doi.org/10.1093/ajcn/66.2.247
https://pubmed.ncbi.nlm.nih.gov/34263015
https://doi.org/10.1177/2333794X211028198
https://doi.org/10.47556/J.IJFNPH.3.2.2010.3
https://pubmed.ncbi.nlm.nih.gov/35235588
https://doi.org/10.1371/journal.pone.0264010
https://pubmed.ncbi.nlm.nih.gov/36360450
https://doi.org/10.3390/children9111721
https://pubmed.ncbi.nlm.nih.gov/27495020
https://doi.org/10.1097/MD.0000000000004161
https://pubmed.ncbi.nlm.nih.gov/28585371
https://doi.org/10.1111/mcn.12468
https://pubmed.ncbi.nlm.nih.gov/28799240
https://doi.org/10.1111/jpc.13666
https://pubmed.ncbi.nlm.nih.gov/37518927
https://pubmed.ncbi.nlm.nih.gov/24016767
https://pubmed.ncbi.nlm.nih.gov/24016767
https://doi.org/10.1017/S0007114513002079
https://pubmed.ncbi.nlm.nih.gov/29930702
https://doi.org/10.1186/s13034-018-0236-1
https://pubmed.ncbi.nlm.nih.gov/26963591
https://doi.org/10.1037/pas0000295
https://pubmed.ncbi.nlm.nih.gov/24169458
https://doi.org/10.1038/ejcn.2013.208
https://pubmed.ncbi.nlm.nih.gov/16525109
https://doi.org/10.4269/ajtmh.2006.74.475
https://pubmed.ncbi.nlm.nih.gov/10891819
https://doi.org/10.1067/mpd.2000.106227


Childhood stunting and cognitive development

PA
PE
R
S

www.jogh.org • doi: 10.7189/jogh.15.04257	 21	 2025  •  Vol. 15  •  04257

71 Warsito O, Khomsan A, Hernawati N, Anwar F. Relationship between nutritional status, psychosocial stimulation, 
and cognitive development in preschool children in Indonesia. Nutr Res Pract. 2012;6:451–7. Medline:23198025 
doi:10.4162/nrp.2012.6.5.451

72 Webb KE, Horton NJ, Katz DL. Parental IQ and cognitive development of malnourished Indonesian children. 
Eur J Clin Nutr. 2005;59:618–20. Medline:15688080 doi:10.1038/sj.ejcn.1602103

73 Effect Size Converter. Convert between different effect sizes. 2024. Available: https://www.escal.site/. Accessed: 
17 October 2025.

74 Campbell Collaboration. Practical meta-analysis effect size calculator. 2023. Available: https://www.campbell-
collaboration.org/calculator/. Accessed: 17 October 2025.

75 Cochrane. Obtaining standard errors from confidence intervals and P values: absolute (difference) measures. 
2024. Available: https://handbook-5-1.cochrane.org/chapter_7/7_7_7_2_obtaining_standard_errors_from_con-
fidence_intervals_and.htm#:~:text=7.7.-,7.2%20Obtaining%20standard%20errors%20from%20confidence%20
intervals,values%3A%20absolute%20(difference)%20measures&text=SE%20%3D%20(upper%20limit%20–%20
lower,confidence%20intervals%20divide%20by%205.15. Accessed: 17 October 2025.

76 Viechtbauer W. Conducting meta-analyses in R with the metafor package. J Stat Softw. 2010;36:1–48. doi:10.18637/
jss.v036.i03

77 Thornton A, Lee P. Publication bias in meta-analysis: its causes and consequences. J Clin Epidemiol. 2000;53:207–
16. Medline:10729693 doi:10.1016/S0895-4356(99)00161-4

78 Ionio C, Riboni E, Confalonieri E, Dallatomasina C, Mascheroni E, Bonanomi A, et al. Paths of cognitive and 
language development in healthy preterm infants. Infant Behav Dev. 2016;44:199–207. Medline:27450100 
doi:10.1016/j.infbeh.2016.07.004

79 Cueto S, León J, Miranda A, Dearden K, Crookston BT, Behrman JR. Does pre-school improve cognitive abil-
ities among children with early-life stunting? A longitudinal study for Peru. Int J Educ Res. 2016;75:102–14. 
Medline:28428683 doi:10.1016/j.ijer.2015.09.011

80 Davis-Kean PE, Ellis A. An overview of issues in infant and developmental research for the creation of robust 
and replicable science. Infant Behav Dev. 2019;57:101339. Medline:31351250 doi:10.1016/j.infbeh.2019.101339

81 Moriguchi Y. Beyond bias to Western participants, authors, and editors in developmental science. Infant Child 
Dev. 2022;31:e2256. doi:10.1002/icd.2256

82 Zeraatkar D, Duku E, Bennett T, Guhn M, Forer B, Brownell M, et al. Socioeconomic gradient in the devel-
opmental health of Canadian children with disabilities at school entry: a cross-sectional study. BMJ Open. 
2020;10:e032396. Medline:32350007 doi:10.1136/bmjopen-2019-032396

83 Flouri E, Midouhas E, Joshi H. Family poverty and trajectories of children’s emotional and behavioural problems: 
The moderating roles of self-regulation and verbal cognitive ability. J Abnorm Child Psychol. 2014;42:1043–56. 
Medline:24473936 doi:10.1007/s10802-013-9848-3

84 Baird G, Simonoff E, Pickles A, Chandler S, Loucas T, Meldrum D, et al. Prevalence of Disorders of the Autism 
Spectrum in a Population Cohort of Children in South Thames: The Special Needs and Autism Project (SNA P). 
Lancet. 2006;368:210–5. Medline:16844490 doi:10.1016/S0140-6736(06)69041-7

85 Duncan GJ, Engel M, Claessens A, Dowsett CJ. Replication and robustness in developmental research. Dev 
Psychol. 2014;50:2417–25. Medline:25243330 doi:10.1037/a0037996

86 Al Khaleefa OH, Al Hussain AT. Performance Rates of Sudanese States in the WISC-III. Journal of Educational 
and Psychological Studies. 2012;6:121–34. doi:10.53543/jeps.vol6iss2pp121-134

87 Munoz-Chereau B, Ang L, Dockrell J, Outhwaite L, Heffernan C. Measuring early child development across 
low and middle-income countries: A systematic review. J Early Child Res. 2021;19:443–70. Medline:40511301 
doi:10.1177/1476718X211020031

88 Weber AM, Rubio-Codina M, Walker SP, Van Buuren S, Eekhout I, Grantham-McGregor SM, et al. The D-score: 
A metric for interpreting the early development of infants and toddlers across global settings. BMJ Glob Health. 
2019;4:e001724. Medline:31803508 doi:10.1136/bmjgh-2019-001724

89 Brewin CR. Inaccuracy in the scientific record and open postpublication critique. Perspect Psychol Sci. 
2023;18:1244–53. Medline:36745732 doi:10.1177/17456916221141357

R
EF
ER

EN
CE
S

https://pubmed.ncbi.nlm.nih.gov/23198025
https://doi.org/10.4162/nrp.2012.6.5.451
https://pubmed.ncbi.nlm.nih.gov/15688080
https://doi.org/10.1038/sj.ejcn.1602103
https://doi.org/10.18637/jss.v036.i03
https://doi.org/10.18637/jss.v036.i03
https://pubmed.ncbi.nlm.nih.gov/10729693
https://doi.org/10.1016/S0895-4356(99)00161-4
https://pubmed.ncbi.nlm.nih.gov/27450100
https://doi.org/10.1016/j.infbeh.2016.07.004
https://pubmed.ncbi.nlm.nih.gov/28428683
https://pubmed.ncbi.nlm.nih.gov/28428683
https://doi.org/10.1016/j.ijer.2015.09.011
https://pubmed.ncbi.nlm.nih.gov/31351250
https://doi.org/10.1016/j.infbeh.2019.101339
https://doi.org/10.1002/icd.2256
https://pubmed.ncbi.nlm.nih.gov/32350007
https://doi.org/10.1136/bmjopen-2019-032396
https://pubmed.ncbi.nlm.nih.gov/24473936
https://pubmed.ncbi.nlm.nih.gov/24473936
https://doi.org/10.1007/s10802-013-9848-3
https://pubmed.ncbi.nlm.nih.gov/16844490
https://doi.org/10.1016/S0140-6736(06)69041-7
https://pubmed.ncbi.nlm.nih.gov/25243330
https://doi.org/10.1037/a0037996
https://doi.org/10.53543/jeps.vol6iss2pp121-134
https://pubmed.ncbi.nlm.nih.gov/40511301
https://doi.org/10.1177/1476718X211020031
https://pubmed.ncbi.nlm.nih.gov/31803508
https://doi.org/10.1136/bmjgh-2019-001724
https://pubmed.ncbi.nlm.nih.gov/36745732
https://doi.org/10.1177/17456916221141357

