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Abstract

Aims
Food insecurity is an important social determinant of children's mental health and educational outcomes.
However, evidence on the independent and combined roles of household and school-based food insecurity
remains limited, particularly in sub-Saharan Africa. This study aimed to examine the associations of
household and school-based food insecurity with children's emotional, behavioural, and academic outcomes,
and investigate whether school-based food insecurity modified the associations between household food
insecurity and children’s mental health difficulties among primary school children in Uganda.

Methods
A cross-sectional study was conducted among 661 children aged 7–13 years attending three randomly
selected government-aided primary schools in Masaka District, Uganda. Household and school-based food
insecurity were assessed using the Children's Food Insecurity Experience Scale (CFIES) and the School-based
Food Insecurity Experience Scale (SFIES), respectively. Emotional and behavioural difficulties were measured
using the Child and Adolescent Symptom Inventory-5 Teacher Rating Scale (CASI-5-T), and academic
performance was obtained from school report cards. Multiple linear regression models with HC3
heteroskedasticity-consistent standard errors were used to examine the associations between household
food insecurity (primary exposure) and children's emotional and behavioural difficulties and academic
performance (outcomes), while assessing school-based food insecurity as both an independent exposure
and a moderator of the associations between household food insecurity and these outcomes, adjusting for
sociodemographic, household, and school-level factors.

Results
Approximately 47.2% of children reported moderate-to-severe household food insecurity, and 46.4%
experienced moderate-to-critical school-based food insecurity. Clinically significant emotional and
behavioural difficulties were identified in 5.3% of children, including 6.2% with elevated internalising
difficulties and 4.5% with elevated externalising difficulties. Higher household and school-based food
insecurity were associated with worry/anxiety (β = −1.27 and 0.87, respectively),
fear/panic/OCD/PTSD/somatic (β = −0.98 and 0.25), ADHD/inattention (β = 0.92 and 0.08),
oppositional/defiant (β = 0.95 and − 0.07), chronic irritability/disruptive mood dysregulation (β = 0.90 and − 
0.03), and externalising symptoms (β = 0.98 and 0.03) (all p < 0.05). School-based food insecurity was
associated with poorer overall academic performance (β = −0.06, p = 0.048), mathematics (β = −0.08, p = 
0.015), and literacy II/social studies achievement (β = −0.07, p = 0.022), whereas household food insecurity
was associated only with literacy II/social studies achievement (β = −0.07, p = 0.014). School-based food
insecurity modified associations between household food insecurity and worry/anxiety (β = −1.35, p = 0.006),
fear/panic/OCD/PTSD/somatic (β = −0.94, p = 0.047), externalising (β = 0.86, p = 0.014), ADHD/inattention (β 
= 0.92, p = 0.025), oppositional/defiant (β = 0.97, p = 0.024), and chronic irritability/disruptive mood
dysregulation symptoms (β = 1.09, p = 0.020), but not academic performance outcomes. Neither household
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nor school-based food insecurity were associated with overall composite scores of mental health difficulties
or internalising conditions.

Conclusions
Household- and school-based food insecurity were associated with worse specific emotional, behavioural,
and academic outcomes. School-based food insecurity modified associations between household food
insecurity and emotional and behavioural difficulties, underscoring the importance of considering food
insecurity across multiple developmental contexts. Interventions addressing food insecurity in both
household and school settings may improve children's mental health and educational outcomes.

1 Background
Food insecurity, defined as limited or uncertain access to sufficient, safe, and nutritious food necessary for an
active and healthy life, remains a major public health challenge affecting millions of children worldwide,
particularly in low- and middle-income countries (LMICs) [1].

Contemporary developmental frameworks increasingly conceptualise food insecurity as a chronic
psychosocial stressor rather than solely a nutritional problem [2]. Beyond inadequate dietary intake, food
insecurity exposes children to repeated uncertainty regarding food availability, disrupted meal routines, and
food-related stigma, contributing to chronic activation of stress-response systems, impaired emotional
regulation, reduced self-regulation, and difficulties engaging with educational environments [3, 4].
Consequently, food insecurity is an important social determinant of child mental health [5–7].

A growing body of evidence connects food insecurity with a broad range of children's emotional and
behavioural difficulties, including anxiety, depressive symptoms, social withdrawal, attention difficulties,
behavioural dysregulation, aggression, and conduct problems [6, 8]. In the present study, these outcomes are
conceptualised within a dimensional framework comprising internalising and externalising symptom
domains, consistent with developmental psychopathology models that recognise common environmental
adversities as contributing to multiple manifestations of psychopathology [9, 10, 11].

Food insecurity has also been consistently associated with poorer academic outcomes. Compared with their
food-secure peers, food-insecure children are more likely to experience difficulties with concentration,
attendance, classroom participation, and educational attainment [12, 13, 14]. Educational functioning is also
closely linked to children's psychological well-being, with poorer academic performance associated with
anxiety, depressive symptoms, behavioural dysregulation, and lower self-esteem [15, 16, 17]. Together, these
findings suggest that food insecurity may have important implications for both educational and psychosocial
development.

Understanding these relationships requires consideration of the contexts in which food insecurity occurs.
Most previous research has focused on household food insecurity, which reflects constraints on food
availability and access within families, whereas children also experience food insecurity in school settings
through missed meals, inadequate school feeding, and uncertainty about food availability during the school
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day [18]. Although household and school-based food insecurity are correlated, they are conceptually and
empirically distinct experiences that may influence children's development through different mechanisms [19,
20].

Although household and school-based food insecurity are conceptually distinct, it remains unclear whether
school-based food insecurity modifies the associations between household food insecurity and children's
emotional, behavioural, and academic outcomes. Most existing studies rely on household-level measures of
food insecurity and provide limited insight into children's own experiences of hunger within school settings
[21, 22]. Addressing this gap may improve understanding of how food insecurity across multiple
developmental contexts influences children's mental health and educational outcomes.

These questions are particularly relevant in Uganda, where food insecurity remains common among school-
aged children and evidence on its implications for children's mental health and educational outcomes is
limited [23]. Few studies in sub-Saharan Africa have simultaneously examined household food insecurity,
school-based food insecurity, children's emotional and behavioural difficulties, and academic performance
within a single analytical framework [24]. The present study set out to address this gap by examining the
associations between household food insecurity, school-based food insecurity, children's emotional and
behavioural difficulties, and academic performance among primary school children in Masaka District,
Uganda.

The objectives of this study were to:

1. Describe the prevalence and distribution of household food insecurity, school-based food insecurity,
children's emotional and behavioural difficulties, and academic performance.

2. Examine the associations between household food insecurity, school-based food insecurity (exposures),
and children's emotional and behavioural difficulties, and academic performance (outcomes).

3. Determine whether school-based food insecurity modifies the strength of the associations between
household food insecurity and children's emotional and behavioural difficulties.

4. Determine whether school-based food insecurity modifies the strength of the associations between
household food insecurity and academic performance.

The following hypotheses (H) were tested:

H1

Higher levels of household food insecurity are associated with greater emotional and behavioural difficulties
among children.

H2

Higher levels of household food insecurity are associated with poorer academic performance.

H3

Higher levels of school-based food insecurity are associated with greater emotional and behavioural
difficulties among children.
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H4

Higher levels of school-based food insecurity are associated with poorer academic performance.

H5

School-based food insecurity moderates the association between household food insecurity and children's
emotional and behavioural difficulties.

H6

School-based food insecurity moderates the association between household food insecurity and academic
performance.

2 Methods

2.1 Study design
This study employed a cross-sectional observational design and was conducted among school-aged children
enrolled in government-aided primary schools in Masaka District, Uganda. All variables included in the
present analyses were measured at a single time point, without administering any intervention that reduced
food insecurity and its effects on children’s mental health outcomes. A cross-sectional design was selected
to enable simultaneous examination of associations among food insecurity experienced in both household
and school contexts, children’s mental health difficulties, and academic performance in a resource-limited
educational setting [25].

2.2 Sampling and participant selection
At the first stage, four sub-counties within Masaka District served as sampling strata. Within each sub-county,
eligible primary schools were identified in collaboration with local education authorities. Schools were then
randomly selected at the sub-county level using the Microsoft Excel random number generator (RAND
function). Specifically, each eligible school within a sub-county was assigned a random number, and schools
were sorted in descending order of the values generated. The school whose random number appeared at the
top of the list was selected to participate. One school per sub-county was selected to ensure geographic
representation across the district.

Although four schools were initially selected, cross-sectional data were ultimately collected from three
schools. The fourth school experienced significant governance instability which limited the feasibility of
maintaining consistent coordination, supervision, and scheduling required for school-based research
involving children. Following consultation with district education authorities and the research supervision
team (CL and TTS), and to maintain procedural integrity and ethical oversight, data collection at that school
was discontinued.

At the second stage, children within each selected school were randomly sampled. Eligible children were
identified from class registers, and random selection was conducted using ballot papers marked with the
letter “Y” or “N” to determine participation. This procedure ensured that each eligible child in a selected
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school had an equal probability of selection while remaining culturally appropriate and feasible in the school
setting.

Eligibility criteria for participation included:

1. enrolment in a participating primary school;
2. being of age between seven and 13 years old; and
3. having the ability to self-report their food insecurity experiences.

Caregivers provided written informed consent for their children’s participation and received a bar of soap as a
token of appreciation. Children provided assent prior to data collection and were given a small snack (a
biscuit and a bottle of packed fruit juice) at the conclusion of the interview. This refreshment was provided to
all participating children, regardless of their responses, and was not contingent on completing specific
questionnaire items. Teachers also provided written informed consent, completed the Child and Adolescent
Symptom Inventory–5 Teacher rating scale (CASI-5-T; [26]), and received monetary compensation for each
completed mental health report for each participating child.

Prior to administering child-reported measures, children’s ability to complete self-report instruments, with the
support of four data collectors, was informally assessed to ensure comprehension and literacy adequacy.
Specifically, children were asked to write their full name, write their age in words (rather than digits), and spell
age-appropriate common words provided by the data collector based in each selected school. These brief
tasks were used as a pragmatic screening tool to confirm basic reading and writing proficiency sufficient to
understand and respond to cognitively pretested questionnaire items independently.

Children who demonstrated difficulty completing these tasks were provided with additional clarification and,
where necessary, items were read aloud individually in a neutral, non-leading manner to ensure
comprehension without influencing responses. This procedure was implemented to minimise response error
due to literacy limitations and to avoid impulsive responses (e.g., “I don’t know”), while preserving the child-
centred nature of the food insecurity measure. The approach is consistent with best practice
recommendations for administering self-report instruments to school-aged children in resource-limited
school settings, where literacy levels may vary within grade cohorts [27].

2.3 Data collection procedures
Data were collected by trained research assistants with prior experience in school-based child mental health
research. Training, conducted in September 2025, was based on established guidance for ethical research
with children and the administration of experience-based measures, drawing on UNICEF procedures for
ethical engagement with children [28], the Food Insecurity Experience Scale (FIES) implementation guidance
[29], the CASI-5-T administration manual, best-practice recommendations for interviewer neutrality and
cognitive interviewing [27], and international ethical guidelines for research involving children [30]. The
programme emphasised child safeguarding, age-appropriate communication, neutral interviewing techniques,
voluntary participation, and appropriate responses to participant distress through role-play and supervised
practice.
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Cross-sectional data collection occurred between September and December 2025 across participating
schools. Interviews and questionnaire administration were conducted in quiet, private spaces within school
premises, such as empty classrooms or designated areas approved by school authorities. Data collection
was scheduled during non-instructional periods, such as school breaks or after lessons, to minimise
disruption and reduce potential coercion associated with classroom authority dynamics. Data collectors were
trained to monitor children’s verbal and nonverbal cues throughout the assessment and to pause or terminate
the interview if a child appeared distressed or uncomfortable.

Data were collected offline using the Qualtrics XM platform installed on password-protected tablets, enabling
uninterrupted fieldwork in settings with limited internet connectivity. Completed questionnaires were
uploaded to the secure platform once a stable internet connection became available. Data were collected in
pseudonymised form using unique study identifiers, with direct identifiers stored separately and accessible
only to authorised research team members. All datasets were fully anonymised before data cleaning and
statistical analysis in accordance with institutional data protection requirements.

2.4 Measures

2.4.1 Household food insecurity
Household food insecurity was assessed using the 10-item Children’s Food Insecurity Experience Scale
(CFIES; [31]), a child-reported, experience-based measure capturing children’s direct experiences of household
food insecurity. The CFIES assesses key dimensions of food insecurity, including food-related worry, reduced
dietary quantity or quality, and disrupted eating patterns due to insufficient household food resources,
reflecting experience-based frameworks that conceptualise food insecurity as both material deprivation and a
psychosocial stressor [29, 32].

Child report was used, recognising that children are active informants of their own lived experiences and may
perceive and experience food insecurity differently from caregivers [33]. Empirical research indicates that
caregiver reports may underestimate children’s exposure due to stigma, social desirability bias, or efforts to
shield children from knowledge of household hardship [34] and that child-reported food insecurity
demonstrates construct validity and independent associations with mental health, behavioural, and
educational outcomes [8, 12, 21, 35].

Items were administered in an age-appropriate format and coded according to standard scoring procedures.
Responses were summed to generate a continuous total score (range 0–10), with higher scores indicating
greater severity of household food insecurity. The CFIES was treated as a dimensional measure, preserving
variability across the full severity spectrum rather than imposing categorical thresholds, consistent with
contemporary practice in food insecurity research [18].

Conceptually, the CFIES aligns with established experience-based measures such as the Household Food
Insecurity Access Scale and the Food Insecurity Experience Scale, which emphasise subjective experiences
of uncertainty and constrained access to food rather than caloric insufficiency alone [34]. This framing is
particularly appropriate for examining associations with children’s mental health difficulties and academic
performance, outcomes theorised to be shaped by chronic stress and environmental unpredictability [3, 6].
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2.4.2 School-based food insecurity
School-based food insecurity was assessed using the 4-item School-based Food Insecurity Experience Scale
(SFIES; [23]), a child-reported, experience-based measure developed for Ugandan school settings. The SFIES
captures children’s experiences of hunger and inadequate food access during the school day, including
skipping meals at school, feeling hungry during lessons, and difficulty concentrating due to lack of food. The
scale has demonstrated acceptable reliability and validity and reflects the context-dependent nature of food
insecurity across children’s daily environments [35].

Items were administered in an age-appropriate format and scored according to standard procedures.
Responses were summed to generate a continuous total score (range 0–4), with higher scores indicating
greater severity of school-based food insecurity. As with the CFIES, the SFIES was treated as a continuous,
dimensional measure, preserving variability in exposure severity and aligning with best practice in experience-
based food insecurity research [18].

Conceptually, the SFIES complements household-level food insecurity measures by capturing context-specific
exposure within the school environment, which may exert distinct effects on learning and mental health
through acute physiological and cognitive pathways.

2.4.3 Children’s mental health difficulties
Children's emotional and behavioural difficulties were assessed using the 83-item, cognitively pretested Child
and Adolescent Symptom Inventory-5 Teacher Rating Scale (CASI-5-T) [26]. Teachers completed the
instrument based on sustained classroom observations of children's emotional and behavioural functioning.
The teacher-report version was selected to minimise the potential emotional burden of directly assessing
sensitive psychological symptoms in children, consistent with ethical guidance recommending the use of
valid alternative informants where appropriate [28, 30].

CASI-5-T domains were organised into two higher-order dimensions consistent with dimensional models of
child psychopathology: internalising difficulties and externalising difficulties [11, 36].

Internalising difficulties comprised anxiety-related and depressive symptom domains, including worry/anxiety,
fear/panic, obsessive–compulsive disorder (OCD), post-traumatic stress disorder (PTSD), somatic anxiety,
social anxiety/shyness, and depressive symptoms. These domains were aggregated to generate an
internalising composite score ranging from 0 to 105, representing 35 internalising symptoms captured by the
CASI-5-T.

Externalising difficulties comprised behavioural dysregulation domains, including attention-
deficit/hyperactivity disorder (ADHD; inattention and hyperactivity/impulsivity), oppositional defiant disorder
(ODD)/defiance, conduct problems, aggression/school violence, and chronic irritability/disruptive mood
dysregulation disorder (DMDD)-like symptoms. These domains were aggregated to generate an externalising
composite score ranging from 0 to 144, representing 48 externalising symptoms captured by the CASI-5-T.

2.4.4 Academic performance
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Academic performance was assessed using official school report-card records from the same academic
term. Subject-specific scores were derived from routine school assessments conducted under standard
educational conditions, comprising beginning-of-term (20%), mid-term (20%), and end-of-term (60%)
examinations. This weighting structure reflected both cumulative classroom engagement and summative
academic attainment across the term.

To facilitate pooling of academic performance data across schools, raw subject scores were converted to
within-school percentile ranks, accounting for differences in grading standards, examination difficulty, and
marking practices between schools. Percentile ranks reflect each child's performance relative to peers within
the same school context. Clustering by school was addressed separately in the regression analyses.

Percentile ranks were calculated separately for core subjects (e.g., English, Mathematics, Literacy I or Basic
Science, Literacy II or Social Studies) and averaged across subjects to generate a composite academic
performance score. This composite total score, derived from subject-specific total scores, reflects general
academic functioning and reduces measurement error associated with subject-specific variability.

2.4.5 Covariates
Household socioeconomic status

Household socioeconomic status (SES) was assessed using child-reported information on the primary
caregiver's employment and household economic conditions. SES was included as a covariate because
socioeconomic disadvantage is an established determinant of household food insecurity and children's
mental health and educational outcomes [37, 38], and adjustment reduces potential confounding arising from
broader socioeconomic deprivation.

Simplified asset index

The 12-item Simplified Asset Index (SAI) [39] was administered to children as a supplementary measure of
long-term household wealth. The index comprises household asset and living-standard indicators and was
analysed as a continuous composite score (range: 5–26), with higher scores indicating greater affluence.
Asset-based measures capture relatively stable socioeconomic conditions and complement employment-
and income-related indicators, particularly in low- and middle-income settings where income may be informal
or unstable [40, 41].

Child status index

The 12-item Child Status Index (CSI) [42] was administered directly to children to assess broader dimensions
of vulnerability, including health, shelter, protection, education, caregiving, and psychosocial support [43, 44].
Child self-report administration has previously been used and evaluated in Ugandan children [42]. Scores
ranged from 12 to 20, with higher scores indicating greater vulnerability. The CSI was included as a covariate
to adjust for co-occurring adversities that may independently influence children's mental health and academic
performance [45].

2.5 Cognitive Pretesting and Instrument Preparation

Page 9/35



Prior to field administration, all study instruments underwent structured cognitive pretesting with school-aged
children from non-study schools within the district to assess linguistic clarity, cultural appropriateness,
comprehension, and response processes using established cognitive interviewing procedures [46]. Think-
aloud and verbal probing techniques [47] were used to identify ambiguities, refine wording and administration
instructions, and ensure developmental and cultural appropriateness while preserving conceptual
equivalence. Particular attention was given to context-specific concepts, including worry, skipping meals, and
hunger during school time.

The CASI-5-T was further contextually adapted through structured feedback from 37 teachers, who assessed
the clarity, interpretability, cultural relevance, and classroom applicability of the items. Revisions were limited
to clarifying language and adding examples while preserving the underlying DSM-5 constructs. The SAI and
CSI were similarly reviewed for cultural relevance, confirming the appropriateness of household asset and
caregiving indicators for assessing socioeconomic position and child well-being in the local context.

2.6 Data analysis
The analytic strategy followed a two-stage, theory-informed approach designed to ensure transparency,
parsimony, and methodological rigour in evaluating associations between household food insecurity, school-
based food insecurity, child mental health difficulties, and academic performance. All analyses were specified
a priori and preregistered on the Open Science Framework (OSF DOI:10.17605/OSF.IO/T4PA9).

2.6.1 Scaling and Standardisation Procedures
Household (CFIES) and school-based food insecurity (SFIES) scores were standardised (z-scores) before
interaction and moderated mediation analyses to facilitate interpretation and comparability of effects.
Standardised scores were used to construct the interaction term (CFIES × SFIES), reducing non-essential
multicollinearity and facilitating interpretation of conditional effects [48, 49]. All other variables, including
internalising difficulties, externalising difficulties, academic performance, SES, SAI, and CSI, were analysed as
continuous variables in their original metrics to preserve scale interpretation and avoid the loss of statistical
power and information associated with categorisation [50].

2.6.2 Analytical approach
Stage 1: Descriptive and Prevalence Analyses

Descriptive analyses were conducted to characterise the distributions of food insecurity, emotional and
behavioural difficulties, and academic performance within the study population. Continuous variables were
summarised using means, standard deviations, ranges, skewness, and kurtosis statistics to assess central
tendency, variability, and distributional properties.

School-based food insecurity (SFIES), household food insecurity (CFIES), CASI-5-T symptom domains, and
academic performance indicators were analysed primarily as continuous variables. Standardised T-scores
were used for the CASI-5-T and academic performance measures, with higher CASI-5-T scores indicating
greater emotional and behavioural difficulties and higher academic T-scores indicating better academic
performance.
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Teacher-reported emotional and behavioural difficulties among children were assessed using the CASI-5-T
and were additionally categorised for prevalence estimation using conventional clinical interpretation
thresholds. T-scores < 60 were classified as within the normative range, scores of 60–64 as at-risk symptom
levels, scores of 65–69 as clinically elevated difficulties, and scores ≥ 70 as clinically significant symptom
severity. Binary prevalence indicators were additionally derived using the conventional T-score threshold of ≥ 
65 to indicate elevated mental health difficulties.

Academic performance T-scores were categorised descriptively using standardised educational performance
conventions, whereby scores ≥ 60 indicated above-average academic performance, scores between 40 and
59 indicated average academic performance, and scores < 40 indicated below-average academic
performance.

Frequencies and percentages were calculated to estimate the prevalence of food insecurity severity
categories, elevated internalising difficulties, elevated externalising difficulties, overall emotional and
behavioural difficulties, and academic performance categories within the sample. Continuous scores were
retained for regression analyses, consistent with dimensional approaches to child psychopathology and
educational functioning.

Despite evidence of variance heterogeneity and non-normality across several emotional and behavioural
domains, variables were retained in their original metric form to preserve clinical interpretability and
consistency with dimensional psychopathology approaches. Parametric analyses were retained given the
large sample size and the robustness of regression-based approaches to moderate departures from
normality.

Stage 2: Regression and Interaction Analyses

Multiple linear regression models were used to examine the associations between household food insecurity
(independent exposure) and school-based food insecurity (independent exposure) and children's emotional
and behavioural difficulties and academic performance (outcomes). Separate models were estimated for
each outcome, adjusting for child sex, age, sibship size, family structure, caregiver occupation, CSI, SAI, and
school clustering. To account for the clustered sampling design, school was included as a stratifying variable
in all analyses.

To examine whether the associations between household food insecurity and study outcomes varied
according to levels of school-based food insecurity, interaction effects were evaluated by including a
household food insecurity × school-based food insecurity (CFIES × SFIES) product term in the regression
models. Significant interaction effects were probed using simple slopes analyses and visual inspection of
interaction plots. Predicted associations between household food insecurity and outcomes were estimated at
low (− 1 SD), mean, and high (+ 1 SD) levels of school-based food insecurity to facilitate interpretation of
interaction effects.

Regression parameters were estimated using HC3 heteroskedasticity-consistent standard errors, which
provide robust estimates in the presence of heteroskedasticity and are recommended for moderate sample
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sizes. Results are presented as unstandardised regression coefficients (β), omnibus F-statistics, 95%
confidence intervals (CIs), and corresponding p-values. Statistical significance was defined as p < 0.05.

2.6.3 Inference and Decision Criteria
All tests were two-tailed (α = 0.05), with statistical inference based on regression coefficients, effect sizes,
and 95% and bootstrap confidence intervals, emphasising effect magnitude and precision rather than p-
values alone.

Evidence of an association was inferred when the estimated regression coefficient differed significantly from
zero, indicated by a two-tailed p-value < 0.05 and a corresponding 95% confidence interval that excluded zero.
Interaction effects between household food insecurity (CFIES) and school-based food insecurity (SFIES) were
considered supported when the interaction coefficient was statistically significant and the associated
confidence interval excluded zero. Significant interactions were subsequently examined using simple-slopes
analyses and graphical inspection of predicted values at lower (− 1 SD), average (mean), and higher (+ 1 SD)
levels of school-based food insecurity to characterise the magnitude of indirect effects.

2.6.4 Handling of missing data
Imputation was performed using the Fully Conditional Specification (FCS) procedure in SPSS, with regression
models selected based on variable type. To maximise the plausibility of the missing-at-random assumption
and ensure compatibility between the imputation and analytic models, all variables included in the
substantive analyses, including household food insecurity, school-based food insecurity, academic
performance, internalising and externalising symptom scores, socioeconomic status (SES), Simplified Asset
Index (SAI), Child Status Index (CSI), and school indicators, were included in the imputation model. Fifty
imputed datasets were generated, consistent with contemporary recommendations to reduce Monte Carlo
error and improve the stability of pooled estimates [51, 52]. Parameter estimates were pooled using Rubin's
rules to obtain final regression coefficients, standard errors, confidence intervals, and significance tests [53].

General linear regression analyses, accounting for school clustering, were conducted using pooled estimates
from an imputed dataset. Regression coefficients were estimated using HC3 heteroskedasticity-consistent
standard errors, and indirect effects were evaluated using 5,000 bias-corrected bootstrap resamples to
improve the robustness of statistical inference.

3 Results

3.1 Sample Characteristics
The final analytic sample comprised 661 children from three randomly selected schools across three sub-
counties. Children in the sample had a mean (SD) age of 10.29 (1.88) years, and 332 (50.2%) were female.
Most children lived in nuclear families (60.7%), with farming as the caregiver's main occupation (69.0%).
School-based food insecurity was common, with 307 (46.4%) children classified as moderately, severely, or
critically food insecure at school. Household food insecurity was even more prevalent, with 312 (47.2%)
children classified as moderately or severely food insecure at home. Overall, 562 (85.0%) children were within
the normative range for emotional and behavioural difficulties, whereas 35 (5.3%) exhibited clinically
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significant difficulties. Clinically significant internalising difficulties were reported for 41 (6.2%) children, while
30 (4.5%) exhibited clinically significant externalising difficulties. Most children demonstrated average
academic performance (62.5%) (see Table 1).
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Table 1
Sociodemographic characteristics, food insecurity, mental health difficulties,

and academic performance.
Variable Prevalence

n (%)

Sex  

Male 329 (49.8)

Female 332 (50.2)

Age group  

7–9 years 250 (37.8)

10–13 years 411 (62.2)

Sibship size  

Below-average sibship size (below 5 children per household) 294 (44.5)

Average sibship size (5 children per household) 122 (18.5)

Above-average sibship size (above 5 children per household) 245 (37.0)

Family structure  

Nuclear (living with both biological parents) 401 (60.7)

Extended (not living with biological parents) 260 (39.3)

Caregiver occupation  

Farmer 456 (69.0)

Trader/hawker 94 (14.2)

Civil servant 29 (4.4)

Artisan 27 (4.1)

Other 55 (8.3)

School-based food insecurity (SFIES)  

Food secure 180 (27.2)

Mild food insecurity 174 (26.3)

Moderate food insecurity 164 (24.8)

Severe food insecurity 100 (15.1)

Critical food insecurity 43 (6.5)

Household food insecurity (CFIES)  
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Variable Prevalence

n (%)

Sex  

Food secure 61 (9.2)

Mild food insecurity 288 (43.6)

Moderate food insecurity 215 (32.5)

Severe food insecurity 97 (14.7)

Overall mental health difficulties (CASI-5-T)  

Within normative range (< 60 T scores) 562 (85.0)

At-risk (between 60.00 and 64.99 T scores) 43 (6.5)

Clinically elevated (between 65.00 and 69.99 T scores) 21 (3.2)

Clinically significant (≥ 70.00 T scores) 35 (5.3)

Internalising difficulties  

Within normative range 582 (88.0)

At-risk 28 (4.2)

Clinically elevated 10 (1.5)

Clinically significant 41 (6.2)

Externalising difficulties  

Within normative range 569 (86.1)

At-risk 38 (5.7)

Clinically elevated 24 (3.6)

Clinically significant 30 (4.5)

Academic performance  

Above-average academic performance 127 (19.2)

Average academic performance 413 (62.5)

Below-average academic performance 121 (18.3)

SFIES = School-based Food Insecurity Experience Scale

CFIES = Children’s Food Insecurity Experience Scale

CASI-5-T = Children and Adolescent Symptom Inventory-5 Teacher Version

Insert Table 1 about here
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3.2 Distributional Characteristics
School-based food insecurity (median = -0.39, Q1 = -1.21, Q3 = 0.43) and household food insecurity (median =
-0.62, Q1 = -0.62, Q3 = 0.55) demonstrated relatively symmetric distributions with modest positive skewness
(0.40 and 0.18, respectively) and slight negative kurtosis (-0.83 and − 0.65, respectively).

Mental health outcomes demonstrated greater departures from normality. Overall CASI-5-T scores showed
moderate positive skewness (1.56) and kurtosis (3.44). Internalising symptoms exhibited substantial positive
skewness (1.93) and kurtosis (5.22), with the greatest departures observed for fear/panic/obsessive-
compulsive/trauma-related/somatic symptoms (skewness = 2.92, kurtosis = 15.07), chronic
irritability/disruptive mood dysregulation symptoms (skewness = 3.35, kurtosis = 13.20), and
aggression/school violence symptoms (skewness = 3.59, kurtosis = 13.99), indicating elevated symptoms
were concentrated within relatively small subgroups of children.

In contrast, academic performance measures approximated normal distributions. The academic performance
composite demonstrated near-zero skewness (0.01) and mild negative kurtosis (-0.88), with similar patterns
observed across English, Mathematics, Literacy I/Science, and Literacy II/Social Studies (see Table 2).
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Table 2
Distributional characteristics of food insecurity, mental health difficulties, and academic

performance
Variable Median (Q1, Q3) Skewness Kurtosis

Food insecurity (z-scores)      

SFIES -0.39 (-1.21, 0.43) 0.40 -0.83

CFIES -0.62 (-0.62, 0.55) 0.18 -0.65

Mental health difficulties (T-scores)      

CASI-5-T Total 47.39 (42.11, 54.78) 1.56 3.44

Internalising 47.30 (41.46, 53.13) 1.93 5.22

Worry/Anxiety (Category D) 44.47 (44.47, 55.45) 2.40 7.92

Fear/Panic/OCD/PTSD/Somatic (Category E) 44.00 (44.00, 53.91) 2.92 15.07

Depressive Symptoms (Category F) 45.37 (45.37, 45.37) 2.52 6.59

Social Anxiety/Shyness (Category K) 47.57 (42.40, 52.75) 1.59 2.22

Externalising 46.75 (42.92, 53.14) 1.83 4.62

ADHD/Inattention (Category A) 48.28 (42.09, 54.47) 1.33 1.81

Hyperactivity/Impulsivity (Category B) 43.56 (43.56, 57.23) 1.95 4.28

Oppositional/Defiant (Category C) 43.42 (43.42, 50.65) 2.24 5.96

Chronic Irritability/DMDD (Category Q) 45.80 (45.80, 51.48) 3.35 13.20

Aggression/School Violence (Category Rz) 46.92 (46.92, 46.92) 3.59 13.99

Academic performance (T-scores)      

Academic Performance Composite 50.24 (42.40, 57.49) 0.01 -0.88

English 49.64 (42.45, 57.93) 0.08 -0.92

Mathematics 49.71 (42.06, 57.60) 0.08 -0.93

Literacy I/Science 49.49 (41.89, 58.16) 0.07 -1.08

Literacy II/Social Studies 51.66 (42.54, 57.81) -0.34 -0.83

Insert Table 2 about here

3.3 Regression Diagnostics
For mental health difficulties, Levene’s tests showed significant differences in variance across scores: overall
F(1, 659) = 12.25, p < 0.001; internalising difficulties F(1, 659) = 5.98, p = 0.015; externalising difficulties F(1,
659) = 32.36, p < 0.001. For academic performance, Levene’s tests confirmed that the assumption of
homogeneity of variances was met across all academic performance domains, including overall academic
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achievement, English, Mathematics, Literacy I/Basic Science, and Literacy II/Social Studies, with non-
significant differences in variance across all domains (Fs(1, 659) = 1.40–2.57, all p-values > 0.05).

White and modified Breusch–Pagan tests were conducted to assess heteroskedasticity of model residuals
across all regression models. For the overall CASI-5-T, internalising composite, social anxiety/shyness
symptoms, hyperactivity/impulsivity symptoms, and aggression/school violence symptoms models, both
White and modified Breusch–Pagan tests were non-significant (all p > 0.05), indicating no evidence of
heteroskedasticity (see Table 3).

Table 3
Regression diagnostic statistics

Outcome White χ²(df) Breusch–Pagan χ²(df) HC3 conclusion

CASI-5-T Total 8.77 (5) 0.97 (1) Unchanged

Internalising 6.68 (5) 1.49 (1) Unchanged

Worry/Anxiety (Category D) 77.2 (5) ** 13.6 (1) ** Unchanged

Fear/Panic/OCD/PTSD/Somatic (Category E) 110.0 (5) ** 39.1 (1) ** Unchanged

Depressive Symptoms (Category F) 11.86 (5) * 0.52 (1) Unchanged

Social Anxiety/Shyness (Category K) 2.33 (5) 0.24 (1) Unchanged

Externalising 66.3 (5) ** 16.7 (1) ** Unchanged

ADHD/Inattention (Category A) 25.3 (5) * 29.9 (1) * Unchanged

Hyperactivity/Impulsivity (Category B) 5.27 (5) 0.62 (1) Unchanged

Oppositional/Defiant (Category C) 44.5 (5) * 18.5 (1) ** Unchanged

Chronic Irritability/DMDD (Category Q) 66.5 (5) ** 32.3 (1) ** Unchanged

Aggression/School Violence (Category Rz) 7.84 (5) 0.08 (1) Unchanged

Insert Table 3 about here

Evidence of heteroskedasticity was observed for several symptom domains. Significant White and modified
Breusch–Pagan tests were identified for worry/anxiety symptoms (White χ²(5) = 77.2, p = 0.009; Breusch–
Pagan χ²(1) = 13.6, p = 0.001), fear/panic/obsessive-compulsive/trauma-related/somatic symptoms (White
χ²(5) = 110.0, p = 0.002; Breusch–Pagan χ²(1) = 39.1, p = 0.002), externalising difficulties (White χ²(5) = 66.3, p 
= 0.004; Breusch–Pagan χ²(1) = 16.7, p = 0.002), ADHD/inattention symptoms (White χ²(5) = 25.3, p = 0.020;
Breusch–Pagan χ²(1) = 29.9, p = 0.015), oppositional/defiant symptoms (White χ²(5) = 44.5, p = 0.012;
Breusch–Pagan χ²(1) = 18.5, p = 0.004), and chronic irritability/disruptive mood dysregulation symptoms
(White χ²(5) = 66.5, p = 0.005; Breusch–Pagan χ²(1) = 32.3, p = 0.001). Depressive symptoms demonstrated
evidence of heteroskedasticity according to the White test only (χ²(5) = 11.86, p = 0.037), whereas the
modified Breusch–Pagan test was non-significant (χ²(1) = 0.52, p = 0.473).
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3.4 Associations of Food Insecurity with Children’s Emotional
and Behavioural Difficulties
School-based food insecurity was significantly associated with several symptom domains (see Table 4).
Higher school-based food insecurity was associated with worry/anxiety symptoms (β = 0.87, 95% CI [-0.01,
1.76], p = 0.003), fear/panic/obsessive-compulsive/trauma-related/somatic symptoms (β = 0.25, 95% CI
[-0.64, 1.14], p = 0.017), externalising difficulties (β = 0.03, 95% CI [-0.86, 0.91], p = 0.029), ADHD/inattention
symptoms (β = 0.08, 95% CI [-0.81, 0.97], p = 0.035), oppositional/defiant symptoms (β = -0.07, 95% CI [-0.96,
0.81], p = 0.031), and chronic irritability/disruptive mood dysregulation symptoms (β = -0.03, 95% CI [-0.92,
0.85], p = 0.044).

Table 4
Associations between school-based food insecurity, household food insecurity, and mental health difficulties

Outcome Model F(df1,
df2)

R² SFIES

β (95% CI)

CFIES

β (95% CI)

CASI-5-T T-Score 1.27 (2, 658) 0.004 0.15 (-0.74,
1.04)

0.53 (-0.36,
1.42)

Internalising Composite 1.43 (2, 658) 0.004 0.35 (-0.54,
1.24)

-0.76 (-1.65,
0.13)

Worry/Anxiety (Category D) 4.14 (2, 658)* 0.12 0.87 (-0.01,
1.76)**

-1.27 (-2.16,
-0.39)**

Fear/Panic/OCD/PTSD/Somatic
(Category E)

2.58 (2, 658) 0.08 0.25 (-0.64,
1.14)*

-0.98 (-1.87,
-0.10)*

Depressive Symptoms (Category F) 0.94 (2, 658) 0.03 0.26 (-0.63,
1.15)

-0.62 (-1.51,
0.27)

Social Anxiety/Shyness (Category K) 0.00 (2, 658) < 
0.001

-0.02 (-0.91,
0.87)

-0.00 (-0.89,
0.89)

Externalising Composite 3.26 (2, 658)* 0.10 0.03 (-0.86,
0.91)*

0.98 (0.09,
1.86)*

ADHD/Inattention (Category A) 3.10 (2, 658)* 0.09 0.08 (-0.81,
0.97)*

0.92 (0.04,
1.81)*

Hyperactivity/Impulsivity (Category B) 0.18 (2, 658) 0.001 -0.05 (-0.94,
0.85)

0.25 (-0.64,
1.14)

Oppositional/Defiant (Category C) 2.77 (2, 658) 0.08 -0.07 (-0.96,
0.81)*

0.95 (0.06,
1.84)*

Chronic Irritability/DMDD (Category Q) 2.59 (2, 658) 0.08 -0.03 (-0.92,
0.85)*

0.90 (0.01,
1.79)*

Aggression/School Violence (Category
Rz)

0.16 (2, 658) < 
0.001

0.13 (-0.76,
1.02)

-0.26 (-1.15,
0.63)

Insert Table 4 about here
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Household food insecurity similarly demonstrated significant associations with several symptom domains.
Higher household food insecurity was associated with greater worry/anxiety symptoms (β = -1.27, 95% CI
[-2.16, -0.39], p = 0.005), fear/panic/obsessive-compulsive/trauma-related/somatic symptoms (β = -0.98, 95%
CI [-1.87, -0.10], p = 0.030), externalising difficulties (β = 0.98, 95% CI [0.09, 1.86], p = 0.031), ADHD/inattention
symptoms (B = 0.92, 95% CI [0.04, 1.81], p = 0.041), oppositional/defiant symptoms (β = 0.95, 95% CI [0.06,
1.84], p = 0.036), and chronic irritability/disruptive mood dysregulation symptoms (β = 0.90, 95% CI [0.01,
1.79], p = 0.047).

At the model level, significant overall associations were observed for worry/anxiety symptoms, F(2, 658) = 
4.14, p = 0.016, R² = 0.012; externalising difficulties, F(2, 658) = 3.26, p = 0.039, R² = 0.010; and
ADHD/inattention symptoms, F(2, 658) = 3.10, p = .046, R² = 0.009. Models examining fear/panic/obsessive-
compulsive/trauma-related/somatic symptoms, oppositional/defiant symptoms, and chronic
irritability/disruptive mood dysregulation symptoms approached statistical significance, with F-statistics
ranging from 2.58 to 2.77 (p = 0.063–0.077; R² = 0.008). The explained variance was also modest, ranging
from < 0.001 to 0.012 (see Table 5).

Table 5
Interaction analyses examining the effects of household and school-based food insecurity on children’s

mental health difficulties
Outcome Interaction β

(unstandardised)
Robust SE

(95% CI)

R² ΔR² Interpretation

Worry/Anxiety -1.35 0.49 (-2.25,
-0.45)**

0.013 0.001 Significant
negative
interaction

Fear/Panic/OCD/PTSD/Somatic -0.94 0.47 (-1.86,
-0.019)*

0.008 0.000 Significant
negative
interaction

Externalising Composite 0.86 0.35
(0.175,1.547)*

0.012 0.002 Significant
positive
interaction

ADHD/Inattention 0.92 0.41 (0.114,
1.722)*

0.011 0.002 Significant
positive
interaction

Oppositional/Defiant 0.97 0.43 (0.129,
1.815)*

0.010 0.002 Significant
positive
interaction

Chronic Irritability/DMDD 1.09 0.47 (0.174,
2.016)*

0.011 0.003 Significant
positive
interaction

Insert Table 5 about here

Significant interaction effects (see Fig. 1) were observed for worry/anxiety symptoms (β = -1.35, SE = 0.49, p = 
0.006), fear/panic/OCD/PTSD/somatic symptoms (β = -0.94, SE = 0.47, p = 0.047), externalising difficulties (β 
= 0.86, SE = 0.35, p = 0.014), ADHD/inattention symptoms (β = 0.92, SE = 0.41, p = 0.025), oppositional/defiant
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symptoms (β = 0.97, SE = 0.43, p = 0.024), and chronic irritability/disruptive mood dysregulation symptoms (β 
= 1.09, SE = 0.47, p = 0.020).

Insert Fig. 1 about here

3.5 Association of Food Insecurity with Academic
Performance
Household food insecurity was significantly associated with Literacy II/Social Studies achievement, F(4, 649) 
= 3.59, p = 0.014, but was not associated with the Academic Composite score, F(4, 649) = 2.07, p = 0.104,
English achievement, F(4, 649) = 1.09, p = 0.351, Mathematics achievement, F(4, 649) = 1.35, p = 0.259, or
Literacy I/Basic Science achievement, F(4, 649) = 1.80, p = 0.147.

School-based food insecurity was significantly associated with the Academic Composite score, F(4, 649) = 
2.41, p = 0.048, Mathematics achievement, F(4, 649) = 3.12, p = 0.015, and Literacy II/Social Studies
achievement, F(4, 649) = 2.89, p = 0.022. However, school-based food insecurity was not associated with
English achievement, F(4, 649) = 1.33, p = 0.257, or Literacy I/Basic Science achievement, F(4, 649) = 1.78, p = 
0.131.

Insert Table 6 about here
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Table 6
Associations between household food insecurity, school-based food insecurity, and academic performance

outcomes, adjusting for covariates
Predictor Academic

Composite

SE (β)

English

SE (β)

Mathematics

SE (β)

Literacy
I/Basic
Science SE (β)

Literacy
II/Social
Studies SE (β)

Household Food
Insecurity
(CFIES)

2.07 (0.104) 1.09
(0.351)

1.35 (0.259) 1.80 (0.147) 3.59 (0.014*)

School Food
Insecurity
(SFIES)

2.41 (0.048*) 1.33
(0.257)

3.12 (0.015*) 1.78 (0.131) 2.89 (0.022*)

CFIES × SFIES
(Interaction term)

1.40 (0.168) 0.88
(0.562)

1.79 (0.052) 1.28 (0.234) 1.15 (0.318)

Sex −2.26 (< 
0.001***)

−3.09 (< 
0.001***)

−1.44 (0.031*) −1.83
(0.003**)

−2.05 (0.001**)

Age −2.23 (< 
0.001***)

−1.68 (< 
0.001***)

−2.13 (< 
0.001***)

−2.17 (< 
0.001***)

−2.34 (< 
0.001***)

Sibship Size −0.18 (0.162) −0.19
(0.154)

−0.05 (0.736) −0.27 (0.036*) −0.16 (0.247)

Family Structure 1.52 (0.014*) 1.53
(0.014*)

1.74 (0.011*) 1.37 (0.028*) 1.05 (0.109)

Caregiver
Occupation

−0.15 (0.645) −0.04
(0.899)

−0.24 (0.493) −0.08 (0.801) −0.20 (0.557)

Child Status
Index (CSI)

0.57
(0.003**)

0.61
(0.002**)

0.53 (0.012*) 0.58 (0.003**) 0.40 (0.049*)

Simplified Asset
Index (SAI)

0.07 (0.501) 0.04
(0.705)

0.03 (0.815) 0.08 (0.439) 0.11 (0.301)

R² 0.458 0.446 0.346 0.455 0.395

Adjusted R² 0.436 0.423 0.320 0.433 0.370

Statistical significance: p < 0.05 (*), p < 0.01 (**), p < 0.001 (***).

The interaction between household and school-based food insecurity was not statistically significant for the
Academic Composite score, F(16, 649) = 1.40, p = 0.168, English achievement, F(16, 649) = 0.88, p = 0.562,
Literacy I/Basic Science achievement, F(16, 649) = 1.28, p = .234, or Literacy II/Social Studies achievement,
F(16, 649) = 1.15, p = 0.318. Although the interaction approached statistical significance for Mathematics
achievement, F(16, 649) = 1.79, p = 0.052, it did not reach the conventional threshold for statistical
significance.

Several covariates were independently associated with academic performance. Female sex was associated
with lower Academic Composite scores (β = -2.26, p < 0 .001), English achievement (β = -3.09, p < 0.001),
Mathematics achievement (β = -1.44, p = 0.031), Literacy I/Basic Science achievement (β = -1.83, p = 0.003),
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and Literacy II/Social Studies achievement (β = -2.05, p = 0.001). Older age was consistently associated with
lower academic performance across all domains, including the Academic Composite score (β = -2.23, p < 
0.001), English (β = -1.68, p < 0.001), Mathematics (β = -2.13, p < 0.001), Literacy I/Basic Science (β = -2.17, p <
.001), and Literacy II/Social Studies (β = -2.34, p < 0.001).

Higher Child Status Index scores were associated with better academic performance across the Academic
Composite score (β = 0.57, p = 0.003), English (β = 0.61, p = 0.002), Mathematics (β = 0.53, p = 0.012), Literacy
I/Basic Science (β = 0.58, p = 0.003), and Literacy II/Social Studies (β = 0.40, p = 0.049). Compared with
children living in extended families, those living with both biological parents in nuclear families, had higher
Academic Composite scores (β = 1.52, p = 0.014), English achievement (β = 1.53, p = 0.014), Mathematics
achievement (β = 1.74, p = 0.011), and Literacy I/Basic Science achievement (β = 1.37, p = 0.028), but not
Literacy II/Social Studies achievement (β = 1.05, p = 0.109). Sibship size was negatively associated only with
Literacy I/Basic Science achievement (β = -0.27, p = 0.036). Neither caregiver occupation nor household asset
status was significantly associated with any academic performance outcome.

Full models explained between 34.6% and 45.8% of the variance in academic performance outcomes (R² =
0.346–0.458; adjusted R² = 0.320–0.436). The highest proportion of explained variance was observed for the
Academic Composite score (R² = 0.458) and Literacy I/Basic Science achievement (R² = 0.455), whereas the
Mathematics model explained the lowest proportion of variance (R² = 0.346).

4 Discussion

4.1 Overview of Key Findings
Four important findings emerged from this study. First, food insecurity was highly prevalent and broadly
distributed across the study population, whereas elevated emotional and behavioural difficulties were
concentrated among a smaller subgroup of children. Second, both household and school-based food
insecurity were associated with specific emotional and behavioural symptom domains rather than overall
psychopathology. Third, school-based food insecurity demonstrated more consistent associations with
academic performance than household food insecurity. Finally, school-based food insecurity modified the
association between household food insecurity and several emotional and behavioural outcomes, but did not
modify the association with academic performance.

4.2 Prevalence and Distribution of Food Insecurity, Mental
Health Difficulties, and Academic Performance
Food insecurity was highly prevalent and broadly distributed across the study population, consistent with
evidence from low-resource settings indicating that it functions as a chronic, socially patterned
developmental exposure affecting children across varying levels of severity [54, 55]. The greater variability
observed in household food insecurity than in school-based food insecurity may reflect greater heterogeneity
in household socioeconomic circumstances, whereas school environments expose children to more uniform
structural conditions.
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In contrast to the broad distribution of food insecurity, clinically significant emotional and behavioural
difficulties were concentrated among a relatively small subgroup of children. Several symptom domains,
including fear/panic/OCD/PTSD/somatic symptoms, depressive symptoms, chronic irritability/disruptive
mood dysregulation symptoms, and aggression/school violence symptoms, demonstrated marked positive
skewness and kurtosis, suggesting that exposure to food insecurity and related adversities does not result in
uniform psychological outcomes. Rather, these findings support developmental psychopathology
frameworks, which propose that children exposed to similar adversities exhibit varying patterns of
vulnerability and resilience [11, 56]. This interpretation is consistent with previous studies reporting
substantial heterogeneity in children's psychological responses to poverty, psychosocial stress, and
household instability [3, 8, 57].

By contrast, academic performance was more evenly distributed across the study population, consistent with
its approximately normal distribution. This pattern is consistent with ecological models of educational
attainment, which propose that learning outcomes reflect the combined influence of nutrition, school quality,
attendance, psychosocial functioning, household resources, and educational opportunities [37, 38]. Unlike
emotional and behavioural difficulties, which were concentrated among a relatively small subgroup of
children, the broader distribution of academic performance suggests that educational achievement is shaped
by multiple interacting influences rather than food insecurity alone.

4.3 Associations Between Food Insecurity and Children's
Emotional and Behavioural Difficulties
Consistent with hypotheses H1 and H3, both household and school-based food insecurity were associated
with specific emotional and behavioural symptom domains but not with overall mental health difficulties or
the internalising composite. Significant associations were observed for worry/anxiety,
fear/panic/OCD/PTSD/somatic symptoms, ADHD/inattention, oppositional/defiant symptoms, chronic
irritability/disruptive mood dysregulation symptoms, and externalising difficulties. This pattern is consistent
with growing evidence that food insecurity influences specific dimensions of child mental health rather than
broad psychopathology [8, 58, 59]. The stronger and more consistent associations observed for behavioural
symptom domains also accord with previous studies linking food insecurity to attentional difficulties,
irritability, aggression, emotional dysregulation, and disruptive behaviours among children and adolescents [6,
60, 61, 62].

Developmental psychopathology perspectives suggest that food insecurity may contribute to specific
emotional and behavioural symptoms through chronic activation of physiological stress systems and
disruptions in self-regulation, executive functioning, and emotional reactivity [11, 3, 8]. This interpretation is
supported by developmental neuroscience evidence indicating that chronic adversity alters attentional
control, behavioural regulation, and executive functioning through neurobiological stress-response
mechanisms [63, 64, 65]. Such mechanisms may help explain the stronger associations observed for
behavioural manifestations of distress, including ADHD/inattention, oppositional/defiant behaviour, chronic
irritability/disruptive mood dysregulation, and broader externalising difficulties.

The findings for anxiety-related symptoms were more complex. Contrary to studies reporting positive
associations between food insecurity and anxiety or emotional distress [12, 8, 66, 67], higher household food
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insecurity was associated with lower levels of teacher-reported worry/anxiety and
fear/panic/OCD/PTSD/somatic symptoms. One possible explanation is that emotional distress may manifest
differently in contexts of chronic adversity, through withdrawal, resignation, reduced classroom participation,
or behavioural adaptation rather than overt anxiety-related behaviours [67, 68, 69]. In addition, teachers may
be better able to observe externalising behaviours than children's internal emotional experiences [70], while
prolonged exposure to adversity may contribute to emotional disengagement or blunted affect, reducing the
visibility of anxiety-related symptoms despite persistent psychosocial stress [3, 53].

Together, these findings suggest that food insecurity may be associated with specific emotional and
behavioural symptom domains rather than broad elevations in psychopathology, highlighting the importance
of examining individual symptom domains rather than relying solely on composite measures of children's
mental health.

4.4 Associations between Food Insecurity and Academic
Performance
Consistent with hypotheses H2 and H4, food insecurity was associated with academic performance, although
the pattern differed across food insecurity contexts. School-based food insecurity demonstrated more
consistent associations with academic outcomes than household food insecurity, being associated with
overall academic performance, mathematics achievement, and literacy II/social studies achievement,
whereas household food insecurity was associated only with literacy II/social studies achievement. These
findings are broadly consistent with evidence that food insecurity impairs educational attainment through
reduced concentration, attentional capacity, fatigue, executive functioning, and school engagement [12, 13,
18], and with studies reporting poorer academic achievement, school attendance, and cognitive performance
among food-insecure children in both high-income and low- and middle-income countries [14, 6, 71]. The
stronger associations observed for school-based food insecurity may reflect the more immediate effects of
hunger during the school day on attention, memory, and classroom engagement, consistent with
experimental and observational evidence linking short-term hunger to impaired cognitive performance and
learning [72, 73, 74]. The more limited associations observed for household food insecurity may reflect
contextual differences in educational systems, adaptation to chronic adversity, or the inclusion of multiple
socioeconomic and developmental covariates in the present analyses [13, 14, 6].

Poorer academic performance may itself contribute to psychosocial stress through reduced self-esteem,
negative academic feedback, strained relationships with teachers and peers, and greater exposure to
disciplinary practices [15, 75]. Although academic performance was not examined as a mediating pathway in
the present study, these findings highlight the potential interplay between educational functioning and
children's mental health in food-insecure contexts, warranting further longitudinal investigation.

4.5 Moderating effect of School-Based Food Insecurity
Consistent with hypothesis H5, school-based food insecurity modified the associations between household
food insecurity and several emotional and behavioural outcomes, including worry/anxiety,
fear/panic/OCD/PTSD/somatic symptoms, externalising difficulties, ADHD/inattention, oppositional/defiant,
and chronic irritability/disruptive mood dysregulation symptoms. Although the interaction effects explained
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only a modest proportion of the variance, they suggest that the mental health consequences of household
food insecurity may depend partly on children's experiences of food insecurity within school environments.

For worry/anxiety and fear/panic/OCD/PTSD/somatic symptoms, increasing school-based food insecurity
attenuated the associations with household food insecurity. As discussed earlier, this counterintuitive pattern
may reflect differences in the expression and recognition of internalising symptoms under conditions of
chronic adversity. Repeated exposure to adversity may contribute to emotional suppression, withdrawal,
adaptation, or stress habituation [3, 76], while deprivation may alter emotional and neurodevelopmental
processes in ways that influence behavioural manifestations of distress [77]. The possibility that teachers are
less able to detect internalising than externalising symptoms [78] should also be considered when
interpreting these findings and represents an important limitation of teacher-reported assessments.

In contrast, school-based food insecurity strengthened the associations between household food insecurity
and behavioural symptom domains, including externalising difficulties, ADHD/inattention,
oppositional/defiant, and chronic irritability/disruptive mood dysregulation symptoms. These findings are
consistent with cumulative-risk frameworks, which propose that multiple adversities interact to undermine
children's developmental functioning [79, 80, 81]. Concurrent exposure to food insecurity across household
and school environments may increase cumulative stress and self-regulatory demands, thereby
compromising attentional control, emotional regulation, and behavioural functioning [82].

School-based food insecurity did not modify the associations between household food insecurity and
academic performance. One possible explanation is that academic performance represents a cumulative
developmental outcome shaped by multiple influences, including prior learning, instructional quality, school
attendance, household resources, and cognitive ability, whereas emotional and behavioural symptoms may
be more responsive to children's immediate experiences across home and school contexts. Consequently,
although school-based food insecurity may alter the emotional and behavioural consequences of household
food insecurity, its additional contribution to academic performance may be less readily detectable. This
interpretation is consistent with evidence suggesting that schools may partially buffer household
disadvantage through school feeding programmes, supportive teacher relationships, and peer networks [71,
83]. Academic performance may have been influenced by many educational, developmental, and
socioeconomic factors, and the small moderating effect of school-based food insecurity on the association
between household food insecurity and performance may be overshadowed by these broader factors [84].

Collectively, these findings support ecological models of child development, which emphasise that
developmental outcomes arise through interactions across multiple environmental systems, including home
and school [85, 86]. They further suggest that assessing children's experiences of food insecurity across both
contexts may provide a more comprehensive understanding of their emotional and behavioural functioning
than relying on household measures alone.

4.6 Strengths and Limitations
This study has several strengths. To our knowledge, it is among the first studies on the African continent to
simultaneously examine household food insecurity, school-based food insecurity, children's emotional and
behavioural difficulties, and academic performance within a single analytical framework [2]. Additional
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strengths include the large sample of school-aged children, the use of a child-centred measure of school-
based food insecurity, the examination of specific emotional and behavioural symptom domains rather than
global mental health indicators, the inclusion of objective school-record measures of academic performance,
and adjustment for school clustering and a broad range of sociodemographic and household covariates.

Several limitations should be acknowledged. First, the cross-sectional design precludes causal inference and
prevents conclusions regarding the temporal ordering of household food insecurity, school-based food
insecurity, children's emotional and behavioural difficulties, and academic performance. Consequently, it
remains unclear whether food insecurity precedes these outcomes or whether bidirectional relationships
exist. Longitudinal studies are needed to clarify developmental pathways and establish temporal ordering.
Second, emotional and behavioural outcomes were assessed using teacher reports, which may be less
sensitive than child self-report measures for detecting internalising symptoms such as anxiety [78]. This may
partly explain the inverse associations observed for some anxiety-related symptom domains, which should
therefore be interpreted cautiously. Future studies should incorporate multiple informants, including teachers,
caregivers, and children, to provide a more comprehensive assessment of children's emotional and
behavioural functioning. Third, the study was conducted within a single district in Uganda, which may limit the
generalisability of the findings to other geographical, cultural, and educational contexts. Replication in other
regions of Uganda and across sub-Saharan Africa would help establish the external validity of these findings.

Finally, although analyses adjusted for school clustering and a broad range of sociodemographic and
household characteristics, residual confounding from unmeasured factors cannot be excluded. Future
research should consider additional determinants, including school quality, caregiver mental health, parenting
practices, and neighbourhood characteristics, to further elucidate the associations between household and
school-based food insecurity with children's mental health and educational outcomes.

5 Conclusions
Household and school-based food insecurity were associated with specific emotional, behavioural, and
academic outcomes among primary school children in Uganda. School-based food insecurity additionally
modified the associations between household food insecurity and several emotional and behavioural
symptom domains, demonstrating that children's experiences of food insecurity within school settings
provide important information beyond household measures alone. These findings highlight school-based
food insecurity as a distinct developmental exposure rather than simply a proxy for household food insecurity
and support integrated interventions that address food insecurity across both household and school settings
to promote children's mental health, well-being, and educational outcomes.
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Figure 1

Significant interaction effects differed by symptom domain.
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