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Abstract

Household food insecurity (HFI) during childhood is associated with poor dietary
diversity and malnutrition, placing children's growth at risk. Children with growth
disorders, such as stunting, are more likely to have poor cognition and educational
performance, lower economic status, and an increased risk of nutrition-related
chronic diseases in adulthood. Our study aimed to systematically review and conduct
a meta-analysis of cohort studies investigating the association between HFI and
stunting in children aged 0-59 months. Peer-reviewed and grey literature were
systematically searched in electronic databases with no language or date restrictions.
Two reviewers independently assessed the studies for pre-established eligibility
criteria. Data were extracted using a standard protocol. Random-effects
meta-analysis models were used, and I? > 40% indicated high heterogeneity across
studies. We used the Grading of Recommendations Assessment, Development, and
Evaluation system to assess the quality of the evidence. Nine cohort studies
comprising 46,300 children were included. Approximately 80% (n = 7) of the studies
found a positive association between HFI and stunting. Pooled odds ratio was 1.00
(95% confidence interval [Cl]: 0.87-1.14; 1% 76.14%). The pooled hazard ratio
between moderate and severe HFI and stunting was 1.02 (95% Cl: 0.84-1.22; 1%
85.96%). Due to high heterogeneity, the quality of evidence was very low. Individual
studies showed an association between HFI and stunting in children aged 0-59
months; however, this association was not sustained in the pooled analysis, possibly

because of high heterogeneity across studies.
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1 | INTRODUCTION

Childhood, particularly the first 2 years of life, provides opportunities
for growth and development. Human growth is defined as a dynamic
and continuous process, involving physical enlargement of the body,
which is related to a gradual increase in the number and size of cells.
Growth patterns vary throughout life (Black et al., 2022). During the
first 2 years of life, growth is intense, and adequate food and
nutrition during this period are the basis for child survival, growth,
and development. Therefore, adverse childhood experiences, such as
poverty and food insecurity, are risk factors for suboptimal growth
(Inzaghi et al., 2022; Schwarzenberg et al., 2018).

Intrinsic (genetic) and extrinsic (environmental) factors, such as
insufficient or inadequate food access and consumption, general care
and hygiene, housing conditions, and basic sanitation, influence child
growth (Schwarzenberg et al., 2018). Faltering growth contributes to
higher rates of infant morbidity and mortality, predisposing children
to various diseases during adulthood, including non-communicable
diet-related diseases, such as obesity and other cardiometabolic
diseases; this negatively interferes with cognitive, motor, and social
development (de Oliveira et al, 2020; UNICEF/WHO/WORLD
BANK, 2021). Therefore, linear growth is an important indicator of
a child's overall health and should be monitored continuously
(Inzaghi et al., 2022).

Recent scientific evidence suggests that linear growth in
childhood can have lifelong consequences and can be associated
with HFI (Gallegos et al., 2021; Mistry et al., 2019). HFI is defined as a
lack of physical, social, and economic access to sufficient, safe, and
nutritious food that meets the dietary needs and food preferences for
an active and healthy life (FAO, IFAD, UNICEF, WFP, & WHO, 2022).
According to ‘The State of Food and Nutrition Security in the World
2022’ report, 828 million individuals were hungry globally (approxi-
mately 9.8% of the world's population), and 2.3 billion individuals
(29.3% of the world's population) experienced moderate or severe
HFI (FAO, IFAD, UNICEF, WFP, & WHO, 2022).

Children with HFI are more likely to be stunted, wasted, and
underweight than those in food security households (Hasan
et al., 2022). Globally, approximately 148.1 million children <5 years
were reported to be stunted, which corresponds to 22% of this
population, and a further 6.8% (45.4 million) children aged <5 years
were wasted in 2020. The highest prevalence of short stature in
children is in Asia (52%) and Africa (43%) (World Health Organiza-
tion, 2023). Given the health and economic consequences of HFI on
early childhood development, understanding the relationship
between HFI and child nutrition is critical.

A systematic review (Lye et al., 2023) that included 36 studies
found that HFI is significantly associated with undernutrition,
especially stunting and underweight; however, no meta-analysis
was performed. Moreover, the authors did not assess the certainty of
the evidence for each exposure-outcome association, restricted the
publication period between 2012 and 2022, and limited the search to
English-language studies, and most studies included were cross-

sectional studies. New reviews in this area should take a more
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Key messages

e Household food insecurity (HFI) was associated with
stunting in children aged 0-59 months; however this
association was not observed in a pooled analysis.

e Based on the scientific evidence in the literature to date,
HFI alone does not explain growth problems in the 0-59
months age group.

e Because other factors were found to be associated with
delayed linear growth in light of the available evidence, it
is recommended that another systematic review be
conducted to expand this investigation.

e There is a need for continued and effective monitoring of

factors affecting child growth.

comprehensive approach, such as not limiting the publication date
and language, which allows for capturing the whole body of evidence.
Specifically, it is important to investigate group-based trajectory
models to understand the changes that occur in responses over time
and to compare them between individuals (Fitzmaurice et al., 2012).
Cohort studies are recommended because this design allows the
observation of repeated measures in similar groups of individuals
over time, observation of individual changes, and consideration of
time for the development of the outcome of interest, thereby
establishing a causal relationship (Laird, 2022). Therefore, we aimed
to systematically review cohort studies to investigate the relationship
between HFI and stunting in children aged 0-59 months.

2 | METHODS

This systematic review followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) for reporting
systematic reviews (Page et al, 2021). The study protocol was
registered in the International Prospective Register of Systematic
Reviews (PROSPERO; number CRD42022353737). The Population,
Exposure, Comparison, Outcome, and Study design was used to
elaborate the guiding study question as follows: ‘Is HFI associated
with stunting in children aged 0-59 months?’

2.1 | Eligibility criteria

Cohort designs (prospective and retrospective) that reported a
measure of association (relative risk [RR], odds ratio [OR], hazard
ratio [HR], or coefficients with confidence intervals [Cl]) between HFI
and stunting in children up to 59 months of age were included.
Studies were not eligible if they were as follows: (a) letters to editors,
reviews, personal opinions, book chapters, commentaries, editorials,
or any publication without primary data; (b) animal studies; (c)
children with comorbidities that affect growth; and (d) studies that
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evaluated developmental outcomes, such as cognitive abilities,

language, motor, socioemotional, and social interactions.

2.2 | Exposure

The key exposure was the HFI, which was measured according to the
results reported by studies using their assessment instruments. When
studies reported different levels of HFI, a meta-analysis was
performed for each study using a fixed-effects inverse-variance
model so that it could be included in the statistical combination of

individual results.

2.3 | Outcome

Stunting was measured using z-scores, according to sex and age
at the time of the measurement, calculated for length-for-age
z-score (LAZ) for infants between O and 24 months, and height-
for-age (HAZ) for toddlers between 2 and 5 years, according to
the World Health Organization (WHO) Child Growth Standards
(WHO Child Growth Standards, 2006). Children with LAZ or HAZ
score below -2 standard deviation (SD) were considered stunted.
Children with LAZ or HAZ scores > -2SD were considered to have
adequate growth (WHO Child Growth Standards, 2006). Further-
more, the length-for-age and stature-for-age, fifth percentile,
and tenth percentile were considered based on the Center for
Disease Control age-sex specific growth standards (Kuczmarski
et al., 2002).

2.4 | Search strategy

A systematic literature search was performed on August 25, 2022,
and updated on May 12, 2023, using the Medline, Embase, Scopus,
Web of Science, and Lilacs (BVS) databases. Furthermore, a gray
literature search was performed using ProQuest Dissertations and
Theses Global and Google Scholar (limited to the first 200 most
relevant results in the first search and first 100 in the update) (Biete
et al,, 2023; Paula et al., 2022). Reference lists of selected articles
were manually searched to identify additional relevant publications.
The search strategy comprised free-text words and identified terms
in medical subject headings and health science descriptors for
participants, exposure, and outcomes. The following terms were
used in combination using boolean operators, such as ‘OR’ or ‘AND’:
(‘Infant’ OR ‘Child’ OR ‘Children’ OR ‘child preschool’ OR ‘Preschool
Child’ OR ‘children preschool’ OR ‘Preschool Children’ OR ‘infant
newborn’ OR ‘infants newborn’ OR ‘Newborn Infant’ OR ‘Newborn
Infants’ OR ‘Newborns’ OR ‘Newborn’ OR ‘Neonate’ OR ‘Neonates’
OR ‘Toddler’ OR ‘boy’ OR ‘girl'’) AND (‘Food Insecurity’ OR ‘Food
Insecurities’ OR ‘insecurity food’ OR ‘Food Rationing’ OR ‘rationing

food’ OR ‘nutrition insecurity’ OR ‘Food and nutrition insecurity’ OR

}Wl LEYy—L 2°'*

‘household food insecurity’ OR ‘Food and Nutrition Security’ OR
‘Food Supply’ OR ‘Food Supplies’ OR ‘supplies food’ OR ‘supply food’
OR ‘Food Security’ OR ‘security food’' OR ‘Food Insecurity Scale’ OR
‘Household Food Insecurity Measurement Scale’) AND (‘Growth
Charts’ OR ‘chart growth’ OR ‘charts growth’ OR ‘Growth’ OR ‘Child
undernutrition’ OR ‘infant undernutrition’ OR ‘Growth and Develop-
ment’ OR ‘Development and Growth’ OR ‘Postnatal growth’ OR
‘Postnatal development’ OR ‘Growth Disorders’ OR ‘disorder growth’
OR ‘Growth Disorder’ OR ‘Stunting’ ‘Stunted Growth’ OR ‘growth
stunted’ OR ‘Physical Development’ OR ‘Nutritional Status’ OR
‘status nutritional’ OR ‘Child Nutrition Disorders’ OR ‘Child Nutrition
Disorder’ OR ‘Child Malnutrition’ OR ‘malnutrition child’ OR
‘Malnutrition in Children’ OR ‘Infant Malnutrition’ OR ‘Malnutrition
in Infant’ OR ‘Malnutrition in Infants’ OR ‘malnutrition infant’ OR
‘Infantile Malnutrition’ OR ‘malnutrition infantile’ OR ‘Malnutrition’
OR ‘Nutritional Deficiency’ OR ‘Nutritional Deficiencies’ OR ‘Under-
nutrition’ OR ‘Malnourishment’).

The quality of the search strategy was assessed by an
investigator with experience in systematic reviews and expertise in
child nutrition, following the Peer Review of Electronic Search
Strategies checklist (McGowana et al., 2016). The full search strategy
for each database is presented in Table S1.

2.5 | Study selection

The review selection process was independently conducted by two
reviewers in two steps. First, the titles and abstracts of all retrieved
articles were screened, according to the eligibility criteria. Potentially
eligible studies were submitted for a full-text analysis. Articles that
met the eligibility criteria were included in this review. Any
disagreements were resolved by consensus. Duplicates were
identified and removed using the Mendeley Desktop Reference
Management Tool (version 1.19.8). The Rayyan QCRI software
(Qatar Computing Research Institute®) was used for the screening
of articles.

2.6 | Data extraction

For data extraction, the two reviewers independently extracted data
using a standard predefined protocol, including authors, year of
publication, data collection year, follow-up time, study design,
country in which the study was conducted, sample size, age of
participants, criteria for stunting, method for assessing the degree
and prevalence of HFI, measures of effect size with Cl, details of
adjustment for confounding factors, and study funding/support
information. When multiple estimates were reported, the results
adjusted for the highest number of confounders were used. The
authors were contacted to retrieve additional information when
necessary. At least two attempts were made to request for missing or

additional information.
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2.7 | Risk of bias assessment of individual studies

The two investigators independently assessed the methodological
quality of each included study using the Joanna Briggs Institute
Critical Appraisal Checklist for Cohort Studies (Moola et al., 2020).
The tool consists of questions answered as ‘yes’, ‘no’, ‘unclear’, or ‘not
applicable’. In this study, the risk of bias was considered low when all
items were answered ‘yes’ or ‘not applicable’. If the response to any
item was ‘no’ or ‘unclear’, a high risk of bias was expected. Any
disagreements were resolved by consensus. An analysis of the
relative frequency of each investigated domain was presented, and

no scores were assigned.

2.8 | Data analysis

2.8.1 | Descriptive analysis

Description of the characteristics of the included studies, such as
type of study, sample size, age, and key findings (severity, prevalence,
and association between HFI and growth). Regarding country
classification by income level, the countries in which the studies
were conducted were classified as high-income countries, upper-
middle-income countries, low- and middle-income countries (LMICs),
or low-income countries (LICs), according to the World Bank Open
Data (The World Bank, 2023).

2.8.2 | Effect size

The primary outcome was the association between HFI and stunting,
along with their respective 95% Cl. Based on data availability, RR, OR,
HR, and coefficients with their respective 95% Cl were measured for
stunting outcomes. If studies reported a measure of the coefficient
beta (B) of the regression, it was converted to OR and HR using the
proposed methods of Zhang and Yu (1998).

2.8.3 | Meta-analysis

Meta-analysis was conducted when at least three studies reported
data that could be included in the statistical combination of results.
No studies were included in the meta-analysis in which the OR or HR
could not be calculated using the available data. Owing to the studies
with different measures of association, such as OR and HR, a meta-
analysis was performed to summarize the results of mild and
moderate HFI exposure presented in studies with OR and beta
measures. Additionally, and another meta-analysis was performed to
summarize the results of moderate and severe HFI exposure
presented in studies with HR and beta measures. Overall associations
were analyzed using the DerSimonian and Laird random-effect
models. Statistical heterogeneity between studies was measured

using I-square (I?). Heterogeneity was considered important if 2
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values were >40% (Deeks et al., 2021). Publication bias and meta-
regression analyses were not conducted because a minimum of 10
studies were not available for the measure (Deeks et al., 2021). Data
analysis was performed using the Stata software (StataCorp. 2019.
Stata Statistical Software: Release 16.1.; StataCorp, LLC).

2.9 | Quality of meta-evidence

The Grading of Recommendations, Assessment, Development, and
Evaluation (GRADE) system was used to evaluate the certainty of the
evidence for each exposure-outcome association based on the major
domains of study limitations. The quality of the evidence was
downgraded based on five criteria: risk of bias, inconsistency of
results, indirectness of evidence, imprecision, and publication bias

when it was assessed (Schiinemann et al., 2013).

3 | RESULTS
3.1 | Characteristics of studies

A PRISMA flowchart of the study selection process is shown in (Figure 1).
A database search retrieved 8791 articles. After removing duplicates,
4339 articles and abstracts were screened. Of these, 20 full-text articles
were further assessed for eligibility. Finally, nine studies (Belayneh
et al, 2020; Cook et al., 2006; Harper et al, 2023; Kabalo &
Lindtjgrn, 2022; Koyratty et al., 2022; Mutisya et al.,, 2015; Na et al., 2020;
Namirembe et al., 2022; Oduro et al., 2022) met the inclusion criteria and
were included in this systematic review. A complete list of the reasons for
the exclusion of articles is presented in Table S2.

The articles were published between 2006 (Cook et al., 2006) and
2022 (Harper et al., 2023; Kabalo & Lindtjgrn, 2022; Koyratty et al., 2022;
Namirembe et al., 2022; Oduro et al., 2022). The included studies were
conducted in Africa (Belayneh et al., 2020; Harper et al., 2023; Kabalo &
Lindtjgrn, 2022; Koyratty et al., 2022; Mutisya et al., 2015; Namirembe
et al.,, 2022; Oduro et al., 2022), America (Cook et al., 2006), and Asia
(Harper et al., 2023). The sample size ranged from 692 (Oduro et al., 2022)
to 17,130 (Cook et al., 2006), with a total of 46,300 children evaluated.
The ages of the children ranged from O (Harper et al., 2023; Koyratty
et al, 2022; Mutisya et al., 2015; Oduro et al., 2022) to 55 months
(Harper et al., 2023). Four studies were conducted in the LMICs (Koyratty
et al, 2022; Mutisya et al., 2015; Na et al., 2020; Oduro et al., 2022),
three in the LICs (Belayneh et al., 2020; Kabalo & Lindtjgrn, 2022;
Namirembe et al., 2022), one in upper-middle-income country (Harper
et al,, 2023), and one in high-income countries (Cook et al., 2006).

Five studies were conducted in rural areas (Belayneh et al., 2020;
Kabalo & Lindtjgrn, 2022; Koyratty et al., 2022; Na et al.,, 2020;
Namirembe et al., 2022), three in urban areas (Cook et al., 2006;
Mutisya et al., 2015; Oduro et al., 2022), and one in a traditional area
(communally owned land under the jurisdiction of traditional leaders.
Settlements within these areas included villages, urban areas, and

rural areas (Harper et al., 2023).
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FIGURE 1 Flowchart of the study selection process. Adapted from PRISMA. PRISMA, Preferred Reporting Items for Systematic Reviews and

Meta-Analyses.

3.2 | HFI across studies

The prevalence of HFI ranged between 15.4% (Belayneh et al., 2020)
and 100% (Koyratty et al., 2022), with a higher prevalence in African
countries. Regarding exposure to HFI, one cohort used the Multi-
dimensional Family Feeding Insecurity Tools developed specifically

for rural households in Zimbabwe, including three dimensions: poor
food access, household shocks, and low food availability and quality
(Koyratty et al., 2022). Two cohorts used nine Household Food
Insecurity Access Scale (HFIAS) items, validated for Ethiopia
(Belayneh et al., 2020; Kabalo & Lindtjgrn, 2022). This tool is adapted
to estimate seasonal variations in food insecurity and assesses four
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levels of food insecurity: food secure, mild food insecurity, moderate
food insecurity, and severe food insecurity. One cohort used an 18-
item food security measure referred to as the Family Food Safety
Research (HFSS) module (Cook et al., 2006).

Namirembe et al. (2022) used the HFIAS to measure food access
published by the US Agency for International Development through
the Food and Nutrition Technical Assistance Il Project. Through the
households' responses, the categorization of household food
insecurity (HFI) (access) was assessed on four levels: food secure,
mildly food insecure, moderately food insecure, or severely food
insecure. Na et al. (2020) examined food security, mild food
insecurity, moderate food insecurity, and severe food insecurity
using the 9-item Food Access Survey Tool developed and tested by
the Food and Nutrition Technical Assistance Project in Bangladesh.
Mutisya et al. (2015) evaluated the severity of the three levels of HFI
severity using a Radimer framework. One cohort did not include a
validated measure of food security (Harper et al., 2023), and
another did not report which tool was used in the evaluation
(Oduro et al., 2022).

3.3 | Description of the relationship between
stunting and HFI

A summary of the characteristics and main results of each study is
presented in Table 1. The overall prevalence of stunting ranged
between 32.1% (Kabalo & Lindtjgrn, 2022) and 79% (Namirembe
et al,, 2022).

A prospective cohort study conducted by Mutisya et al. (2015)
assessed the effect of household food security status and its
interaction with household wealth status on stunting among
children aged 6-23 months in a resource-poor urban setting in
Kenya. The growth delay was greater between 10 and 15 months,
reaching a peak at around 12 months of age, and the risk of a child
being stunted if he came from a household with moderate and
severe food insecurity increased by 16% (HR: 1.16; 95% Cl:
1.07-1.26) and 23% (HR: 1.23; 95% Cl: 1.11-1.35), respectively,
compared to that in children from a household with food security.
In other words, family security and the asset wealth index are
associated with delayed growth. After adjusting for other
variables, such as the asset wealth index, the characteristics of
the mother and child (age at birth, level of education, birth parity,
breastfeeding, and birth weight), and household characteristics
(head education, sex, age, and size) remained positive and
significant (Mutisya et al., 2015).

The retrospective cohort study (Koyratty et al., 2022) conducted
in rural districts of Zimbabwe between November 2012 and March
2015 showed that the dimension of ‘low food availability and quality’
was the only one associated with LAZ from 1 month to month 18 (M1
to M18) of age (B: -0.09; 95% CI: -0.17 to -0.01). Na et al. (2020)
identified components and likely mechanisms explaining the
observed associations between HFI and infant size at 6 months of

age in rural Bangladesh. Compared with the food-secure group, mild,
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moderate, and severe HF| were associated with a 5% (adjusted OR
[aOR]: 1.05; 95% Cl: 0.94-1.16), 24% (aOR: 1.24; 95% Cl:
1.11-1.39), and 39% (aOR: 1.39; 95% Cl: 1.24-1.56) increased risk
of stunting, respectively (Na et al., 2020).

A longitudinal study in South Africa (Harper et al., 2023) assessed
the relationship between HFI indicators with birth weight and
stunting in the first 5 years of life and showed that household food
expenditure below the poverty line, a food security indicator, was
significantly associated with an increased risk of stunting.

Oduro et al. (2022) described transitions between stunting states
and associated factors among children aged 0-3 years and showed
that when in a marginally stunted state, children living in moderately
food insecure and severely food insecure households are 2.4 times
more at risk of moving into a moderately stunted state than children
in food secure households. Additionally, the risk of back transitioning
from moderately stunted to marginally stunted state for children in
moderately food secured and severely food households are,
respectively, 2.8 and 1.6 times the risk for children in food secured
households (Oduro et al., 2022).

Namirembe et al. (2022) followed a cohort of Ugandan infants
from birth through 1 year of age, applied group-based trajectory
modeling to assess diverse patterns of growth, and assessed the pre-
and postnatal factors associated with each pattern. Child growth
patterns followed four distinct trajectory groups in rural Ugandan
children: chronically stunted (group one), recovery (group two),
borderline stunted (group three), and normal (group four). Group one
had the highest proportion of children from poorest (41.3%) and most
food-insecure (68.1%) households. The HFI was a risk factor to
borderline stunted (8 =-0.354; 95% Cl: -0.623 to -0.085; p <0.01)
(Namirembe et al., 2022).

Belayneh et al. (2020) evaluated seasonal patterns of HFI on
stunting and showed that the prevalence increased with age, with a
higher prevalence among children aged > 36 months. Additionally,
compared to the severe HFI group, the mild HFI group showed
increased odds of child stunting (OR: 2.94; 95% CI: 1.18-7.31;
p < 0.05) and moderate HFI (OR: 1.56; 95% Cl: 1.02-2.39; p < 0.05).
The other studies included in this review showed no association
between HFI and stunting (Cook et al, 2006; Kabalo &
Lindtjarn, 2022).

3.4 | Risk of bias within individual studies

Figure 2 outlines the risk of bias (see Table S3 for a full appraisal). Of
nine cohort studies, five (55.5%) were considered low risk of bias
(Belayneh et al., 2020; Kabalo & Lindtjgrn, 2022; Mutisya et al., 2015;
Na et al., 2020; Namirembe et al., 2022), two studies were at high risk
of bias due to not presenting a validated method for measuring HFI
(Harper et al., 2023; Koyratty et al.,, 2022). Among the sources of
bias, one study did not detail whether the method used to measure
exposure was validated and did not control for confounding factors
(Oduro et al., 2022), Another study did not recruit groups from the
same population (Cook et al., 2006).

85UB017 SUOWILIOD BAITeRID 9 |gedtjdde aup Ag peusenob ale seoiie WO ‘8sn J0 Se|n Joy AeqiauluQ 48]\ UO (SUOIIPUOD-pUe-SWLB)/W0o" A8 | 1M Afelq 1 pUI|UO//:SANY) SUONIPUCD PUe SWe | 8U188S *[202/T0/0T] o Akeiqiqauliuo A1 'S3d VD A 609ET UOW/TTTT OT/I0p/wWod Ao 1M Aigjul|uo//sdny wo.j pspeojumod ‘0 ‘60.807.T



17408709, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/mcn.13609 by CAPES, Wiley Online Library on [10/01/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

7 of 15

%Wl LEY

PATRIOTA ET AL

(senunuo))

(9T T-v60
112 %56 'S0°T “JO.) AjIn2asul pooy piA
s1010e) |eusalew
pue juejul Joj paisnipy (dnou3d
92U313J3J) :SP|OYasNoYy 24nI3S-poo4

(¢z'1-20°T 1D
%G6 ‘ST'T “YH) :24ndasul pooy Aja4aAs
(€2 T-20°T 1D %56
‘ZT'T “YH) :21nd3asul pooy 91etapoin
(®2uaJtagal) T :24nd3s poo4

(100 03 £LT°0-
11D %56 *60°0- =) 8TIN 03 TIN Wold

(261°0 01 990°0-
1D %56 ‘€90°0 = g) :BunuMSs YIM
pa3e1d0sse A3INdasul pooj ployasnoH

(867'0=4d:21'C-69°0

1D %56 ‘TT'T ¥ye) :Bunums
9J9ASS pue (7/2¥) aul| Aaaod poo

(9000=d

TTY-LTT 1D %S6 ‘TE'T “Ye)
:Bunpuns pue (f/zy) aul Axanod pooH

(6T°'T-£80

11D %56 ‘TO'T :Pa][043u0d S “YOE)
(6T°'T-880 1D %56

20T :P3J|043U0d 4NVL YOE) (I4D3H
(0€'T-760

11D %56 ‘0T'T :Pa][043u0d dS4 “YOE)
(82°T-€6°0 1D

%56 ‘60'T P||043U0d ANV “HOE) :I4H

(S¥'T-1L0

1D %56 TO'T “YOE) :8ununs yum
pajeidosse ajelapowl >u_._3ummc_ poo-4

(5eT-82°0

1D %S6 ‘GE'T YOE) :Bununys
YHM pajeldosse pjiw >t._3u®m poo4

(92°2-2L°0 11D %56 8T'T “YOE)
:3upun3s Yy3M pajeidosse A}undas poo4
J9Y :949A9S AJlINdasul poo4

s3)nsaJ uie

papodai jou :Sununig

%6y Bunums

%9°GE Bununs

%T'CE Bununs

%Y ¥1 pajunis
Aj2Janss

‘%8°LT [paIINIS

%1y :swajqoad
ymou3

104 3{SH YUM URIP|IYD

%< Bunums

9W02}1N0 JO dU3jeAald

‘%/°GT :Ajundasul
pooy S1e43pojN
‘%0 :Ajndasul
pooy pIIN
%/ 8% :24N235-p0o04

"%C ‘94ndasul
pooy Aj24aA3S
{%0G :24nd3sul
pooy a1e43pojn
‘%8¢ :91n23s poo4

%0071 ‘14H

%CvL IdH

%C'18 (dsn
9T°Z 03 JusjeAInba)
(£z¥) auy Axaaod pooy

%1140 SH
‘%0T ‘14H
{948/ 124Nd3S poo4

%9°9 :919A3S

Ajlundasul poo4
{%0'G :91esapow

Ajndasul poo4

{9%8°E Pl Ajundasul poo4

{9%7'€ 12In23s poo4

14H J0 dudjenasd

syjuow 9 je yyig €69°CT
syjuow €z
pue 9 usamiag 8589
Syjuow gT e T 9911
sypuow (£'TT
:ds) v'e¢ :uesn £06
syjuow
GG 0} yuig T6€T
SYuow 9¢s 0ST'ZLT
Sypuow /-9 GE6

(syauow) 38y (u) s323fqns

14040 aA[3dadsold

140402 dA1323dsold

Moyod
dAIdadsou1oy

JoYyod dAI3dadsold

10400 aA[3dadsold

110402 3A3dadsold

140402 dA13adsold

usisap Apmis

"S213S11910BIBYD S3IPN]S PapN|dul JO Alewwng

ysapejdueg

pajiodai JoN (0Z0Z “le 3@ eN)

AU

¢10¢ 03 900¢ (STOT “|e 13 eAsnin)

STOZ UIe
0} ZT0Z J2quanoN

ueamgequiiz
(zZ0z “Ie 1@ Anjeihoy)

eidoiyig
(¢z0z ‘wehpur] 3 ojeqey)

8T0¢ aunf
0} /T0C 3unf

<BILY

Z10T 03 800C UYINOS (£Z0T '|e 12 JadieH)

(Sn) se1e3S
#00¢C 03 866T  Pa)UN (9002 ‘[e 32 %00D)

£L10C

Jaquiadag eidoiylg
0} YaJeN (0202 “|e 38 YauAhejag)
uoid29j|0d Anunod Jeah ‘“oyny

ejep JO Jeap

T 314avl



17408709, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/mcn.13609 by CAPES, Wiley Online Library on [10/01/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

PATRIOTA ET AL.

Wi LEY~I

8 of 15

(PST'S-T9LS'T “1D %S6
{00S8°Z “y4H) :24n23asul pooy Aja1es9poln
(94n23s pood = JaJ)
9leds J93uny :(pajunis Ajjeuidiew
-pajun)s Aj9lesapow 93e3s) uoljisuel ]
(6£90°CT-S6LL°0 *1D %S6
{969Z'T ¥H):24n235U] poo) A]2UaAS
(2SS P-LE0E'T 1D %S6
Z9EY'T “YH) :21n23sul pooy A|91eIspoln
(24n29s poo4 = JaJ)
9leds Ja3uni :(pajunis Aj@jesspow
-pajunis Ajjeuidiew 93e3s) uoljisues
(£668°0-TGET0 1D %56
{/8YE°0 “¥H) :24n29sul pooy A[249A9S
(TST'Z-292€0 1D %S6
{9/€8°0 “yH) :21n23sul pooy A|91eIspoln
(24nd3s
poo4 = Jau) 9|eds 493uny :(jewsou
-pajunis Ajjeuidiew a1e3s) uolisuel |
(80L0°T ‘S¥T°0 (1D %S6
YE6E°0 ¥H) :24n29suUl pooy A[249A9S
(T€€'T-681€°0 *1D %S6
12298°0 “YH) :24ndasul pooy Aja1esapoln
(24nd3s
poo4 = JaJ) 9|eas ua3uny :(pajunis
Alleui8Jew-|ew.ou a3e1s) uolsued |

(S80°0- 03 £29°0- 1D

%SG 6 7SE0- = §) :parunis sulpap.Ioq
UHM pa3jeldosse A31indasul poo4

(2120 03 92¥0-

1D %56 £0T°0- = §) :dnou3 AusAoda.
UMM pa3eldosse A31ndasul poo4

(S6%°0 03 62T°0- :I1D

%S6 -€8T°0 = g) :pa3unis Ajjeaiuodyd
UM pa3eldosse A31indasul poo

(95 T-¥2°T 1D

%56 ‘6E°T *JOB) AJ1INd3sul PO0J SIS
(6€T-TT'T “1D %56

YZ'T *4Oe) Alundasul pooy a1elapojn

s}nsaJ ulej

'%0E :PaIUNIS Aj9U9ASS

‘%12 ‘payunis
Al21849pO|A

%92 pajunis
Ajjeuidaeln
{19%ET :|ewIoN

%6 :Bununs

9W021N0 JO ddusjeAald

‘%8G :94nJasul
pooy Aj24oA9S
{9%/ T :@4ndasul
pooj Aja3esapoln
{9%GZ :94n29s poo4

‘%8°ET :24ndasul
pooy Aj24aA3S
‘%¢'SC 2Indasul
pooy A|93etspojn
%8¢ :24ndasul
pooy AlpIlA
{%Z’'8€ :24nd3s poo

"%¢'ST “Ayundasul

pooy 219A3S

14H jo 3du3jenald

SYjuow 9¢ pue 69

syuoW ZT 38 O 8T5Y

(syjuow) a8y (u) s123lqng

Joyod aAIpdadsold

11040 aA3dadsold

usisap Apnis

¥102 pue
0TOT Usamiag  eAud) (20T “[e 32 0InpQ)

epue3n
(c20z “Ie 39 aquiaiiweN)

910¢ pue
¥10¢ ussmisg

uoI329]|02 Anunod Jeah “oyny

ejep Jo Jeap

(penupuod) T 374dVL



17408709, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/mcn.13609 by CAPES, Wiley Online Library on [10/01/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

9 of 15

%Wl LEY

‘3|qe|ieAe ejep ayl Yum YO Y1 a1ejndjed 03 9|qissod Jou Sem 1l asnedaq sisAjeue-e1awl ay3 ul papnjdoul 10N,
‘e}ag ‘g ‘saljiwey Apasu 03 aouejsisse Alesodwal 4NV L 40449 paepue)s ‘IS ‘oljed Sppo YO :‘oljed piezey
“4H ‘A3undasul pooy pjiyd pue pjoyasnoy ‘|4)9H ‘Al4ndasul pooy pjoyasnoy ‘|4H {(dS4) wesSoid dwels pooy ‘S |eAlalul adUapyuod ‘[ ‘paisnipe oljel sppo ‘YOe S dAIjejas paysnipe ‘Yye suoleinaiqaqy

(v1ST-E2PT0 H1D %56

‘Y90 *YH) :94n29sul poo) Aj9IaAaS
(SSS'€-€0ST0 1D %S6

‘eE16°0 "y H) :24ndasul pooy A[a3esapol

(94n23s poo4 = JaJ) 9(eds Ja3uny
:(pajun)s Aj@jesspow

-pajun3s Aj9JaAas 23e3s) uoljisued |
(£8ETT-ETET0 (I %56

{£E01°0 YH) :24n29sUl Poo) Aj9I9AS
(687 T-ZLTT0 1D %S6

{//T¥°0 “4H) :24ndasul pooy A[a3eapoln
(91n23s poo4 = JaJ)
9|e2s J93uny :(pa1unis Aj9JaAas

-pajunis Aja1ei9pow 91e1s) uonisuel |
(£2VST-EV90°T 1D %S6

‘0S¥9°T “¥H) :24n23sul pooy Aj9IaAdS

S)|NsSaJ ulely] dWO0I3INO JO ddUB|eAdid 14H Jo ddudjeAald (syjuow) a8y (u) s123lqng usisap Apnis uoI329]|02 Anunod Jeah “oyny
ejep Jo Jesp

(penupuod) T 374dVL

PATRIOTA ET AL



10 of 15 WILEY~I ‘

Two groups similar and recruited from the same population
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Exposure measured in a valid and reliable way

Confounding factors identified

Strategies to deal with confounding factors

Participants free of the outcome at the start of the study
Outcomes measured in a valid and reliable way

Follow up time reported and long enough

Follow up complete or the reasons explored

Strategies to address incomplete follow up utilized

Appropriate statistical analysis used
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FIGURE 2 Risk of bias of the included articles according to study design.
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0.;54 1.00 1.(|50

Random-effects DerSimonian-Laird model

FIGURE 3 Meta-analysis of HFI mild and moderate versus stunting. HFI, household food insecurity.

3.5 | Meta-analysis

Six articles were pooled in the meta-analysis, including 37.359
participants, but no association was found between the mild and
moderate HFI exposition and stunting (OR: 1.00; 95% Cl: 0.87-1.14;
1% 76.14%) (Figure 3) (Belayneh et al., 2020; Cook et al., 2006; Kabalo
& Lindtjgrn, 2022; Koyratty et al., 2022; Na et al., 2020; Namirembe
et al., 2022). The association between moderate and severe HFI and
stunting was also explored using HR in five articles, including 14.151
children (Kabalo & Lindtjgrn, 2022; Koyratty et al., 2022; Mutisya
et al., 2015; Namirembe et al., 2022; Oduro et al., 2022); however, no
significant association was found (HR: 1.02; 95% Cl: 0.84-1.22; 12
85.96%) (Figure 4).

3.6 | Certainty of evidence
The GRADE assessment was very low for mild and moderate HFI and
stunting and moderate and severe HFI and stunting (©000). The full

GRADE assessment of each meta-analysis is shown in Table S4.

4 | DISCUSSION

The present systematic review highlighted the association between
HFI and stunting in children aged 0-59 months across individual
studies; however, this association was not observed in the pooled
analysis. The results of our meta-analysis should be interpreted with
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FIGURE 4 Meta-analysis of HFI moderate and severe versus stunting. HFI, household food insecurity.

caution because of the small number of cohort studies investigating
this association. Stunting affects 148.1 million (22.3%) children aged
<5 years worldwide. Almost all the affected children live in Asia (52%
of the global population) and Africa (43% of the global proportion)
(World Health Organization, 2023). A systematic review conducted
to describe the prevalence and predictive factors in children aged <5
years of age found a combined prevalence of growth retardation of
39.11% (Rafique & Afzal, 2023). The data reported in the literature
are consistent with the high prevalence of stunting observed among
participants in the studies included in this review.

Of the nine studies included in this review, 78% found a
significant association between HFI and stunting. The data demon-
strate the important impact on public health in children and may
support future recommendations and strategies for these popula-
tions. HFI is recognized as a standard underlying determinant of
stunting (United Nations Children's Fund UNICEF, 2020). A cross-
sectional study of children aged 2-5 years in Indonesia found that
households with severe food insecurity increased the likelihood of
child stunting (Mahmudiono et al, 2018). Other studies have
presented contrasting findings, indicating no correlation between
HFI and stunting in the respective contexts in which the study was
conducted (Motbainor et al., 2015; Roesler et al., 2019).

When attempting to statistically combine the results of individual
studies, this association was not sustained in the pooled meta-
analyses. This may be explained by the fact that these studies had
regional differences. Food security inequalities exist both within and
between countries. Furthermore, the HFI has a geographical
concentration in impoverished urban neighborhoods, large metropol-
itan areas, and remote rural regions (FAO, IFAD, UNICEF, WFP, &
WHO, 2022).

The high prevalence of HFI found among children in studies
conducted in sub-Saharan Africa (Harper et al., 2023; Kabalo &
Lindtjgrn, 2022; Koyratty et al.,, 2022; Mutisya et al., 2015;
Namirembe et al., 2022; Oduro et al., 2022) can be explained by
the civil conflict in these regions and heavy dependence of the Near

East and North African diets on imported wheat (FAO, IFAD,
UNICEF, WFP, & WHO, 2022). In 2021, the prevalence of HFI is
significantly higher in African populations than that in Asian, Latin
American, and Caribbean populations; Oceania; North America; and
Europe (FAO, IFAD, UNICEF, WFP, & WHO, 2022). In contrast, in
addition to these regional and socioeconomic differences within and
between countries, the influence of other factors on child growth
must also be considered.

Childhood stunting is influenced by several contextual factors
originating at different levels that may interact or correlate with each
other (Lukwa et al., 2020). Namirembe et al., 2022 reported that
stunting occurred before birth, citing maternal education, height, age,
human immunodeficiency virus serology, and gestational age as
possible prenatal risk factors. Na et al. (2020) found that increasing
the severity of HFI had a significant dose-response association with
infant weight and linear growth at 6 months of age. A systematic
review examining the relationship between HFI, dietary diversity, and
stunting in children aged <5 years found that these factors are
significantly associated with stunting in sub-Saharan Africa (Gassara
& Chen, 2021).

According to the WHO conceptual framework on childhood
stunting (Stewart et al., 2013), stunted growth and development are
at the center of the framework, and the contextual factors are
organized in the category ‘Community/Nation’, which includes the
following groups: political economy, health and healthcare, educa-
tion, society and culture, agriculture and food systems, and water,
sanitation and environment. As causes of stunted growth and
development, household and family factors include maternal out-
comes before and during pregnancy and the home environment
(Stewart et al., 2013).

In Ethiopia, stunting shows seasonal variations, and the HFI
increases during the preharvest season when there is a greater
shortage of food. However, the patient developed stunting a few
months later. Additionally, household characteristics such as poverty
level, education, occupation, HFI, and dietary diversity have been
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associated with subsequent wasting or stunting (Belayneh
et al., 2020).

A significant proportion of the studies included in this review
were conducted in LMICs. Despite the progress made in recent years
in reducing global poverty and HFI, particularly in LMICs, the
prevalence of HFI remains unacceptably high. Moreover, stunting
and wasting remain public health problems associated with LICs
(Victora et al., 2021). Food expenditure below the Stats SA poverty
line and low dietary diversity are associated with stunting and severe
stunting, respectively (Harper et al., 2023). There is growing evidence
that HFI interferes with physical, economic, biological, and social
access to food, and its consequences can affect the nutritional status
of both children and adults (Militao et al., 2022; Potochnick
et al., 2019; Schmeer & Piperata, 2017).

Other factors associated with growth and development disorders
include inadequate breastfeeding, inadequate complementary feed-
ing (Stewart et al., 2013). An Ethiopian demographic and health
survey conducted in 2019 with children aged 6-23 months found
that the factors that had a significant negative association with
length-for-age were agrarian region of residence, poor household
wealth category, unimproved household toilet facility, male sex, age,
not currently breastfeeding, and small birth size. In contrast, vitamin
A supplementation, higher meal frequency, and dietary diversity
scores showed significant positive associations with length-for-age,
confirming its multifactorial nature (Mohammed et al., 2019).

It is essential to implement both clinical interventions aimed at
the prevention and treatment of growth disorders and social
protection policies aimed at reducing HFI and stunting in children
(Mohammed et al., 2019). From a clinical practice perspective,
targeted interventions may include the promotion of growth status,
tailored counseling, micronutrient supplementation, detection and
treatment of common conditions, and referral to healthcare providers
as needed (Daelmans et al., 2015).

At the social protection policy level, various policies and
programs can be formulated or reformulated to address child food
insecurity in households. Unconditional and conditional cash transfer
programs can improve food security and dietary diversity. Food
vouchers can also reduce stunting (Durao et al, 2020; Reeves
et al., 2021). These social protection measures contribute directly or
indirectly to improving the socioeconomic status of families,
consequently reducing HFI. Additionally, measures must be
implemented that include educating vulnerable groups, such as
women and girls, improving access to drinking water, and changing
access to maternal and child health care (Durao et al, 2020;
Reeves et al., 2021).

Between 2006 and 2016, India reported that modifications in
health and nutrition services, household socioeconomic status, and
sanitation led to advancements in reducing childhood stunting.
Shared programs between the state and district governments,
development partners, and civil society included a set of interven-
tions aimed at health and nutrition care during pregnancy and
childbirth, neonatal protection against tetanus, deworming, nutri-

tional interventions for children (complete immunization, folic

PATRIOTA ET AL.

acid and vitamin A supplementation), massive community health
worker programs, right-to-food campaigns, improvements in sanita-
tion, and universalization of the Integrated Child Development Services
program (Kohli et al., 2020).

Brazil's policies for income redistribution and the provision of
basic services, including universal access to education, health,
water supply, and sanitation services, played a fundamental role in
improving child growth indicators from 1996 to 2007, highlighting
the need to maintain economic and social policies (Monteiro
et al., 2009; Monteiro et al., 2010). Another study that presented
results from countries with exemplary progress in providing
guidelines for reducing child stunting highlighted the importance
of interventions both within and outside the health sector.
These interventions include improvements in parental education,
maternal nutrition, maternal and neonatal care, economic
conditions, and fertility control/interval between pregnancies
(Bhutta et al., 2020).

This systematic review and meta-analysis highlight that HFI and
stunting are prominent global health problems that are interrelated.
Thus, they require attention from both researchers and health
policymakers in the production of more homogeneous studies,
formulation of health policies, and decision-making to reduce
stunting. This study has several strengths. To our knowledge, this is
the first study to conduct a meta-analysis on this topic. A
comprehensive search strategy was carried out using robust and
appropriate methodology according to Cochrane Handbook and
PRISMA guidelines. Moreover, many participants were included in
each pooled outcome, which increases the generalizability of the
results. The methodological quality of the included studies was
assessed independently, and the GRADE system was used to
assess the certainty of the evidence for each exposure-outcome
association.

This study has some notable limitations. First, considering the
nature of observational studies, high heterogeneity between studies
was observed in many analyses. Additionally, variations in the HFI
measurement instruments used in the studies and discrepancies in
the incidence of food security based on the level of development of
the countries may have contributed to heterogeneity. Although we
performed a meta-regression to explore the possible sources of
heterogeneity, this was not possible because of the limited number of
studies. For further cohort studies, since a wide variety of covariates
were used in the included studies, it is recommended that
multivariable analyses be performed to adjust for other factors
associated with growth that may be confounding covariates, such as
differences in age at exposure assessment, maternal age and
education level, income level, and breastfeeding. Second, we focused
only on the association between HFI and stunting. As other factors
were found to be associated with delayed linear growth in light of the
available evidence, another systematic review is recommended to
expand this investigation. Third, few longitudinal studies have
examined the relationship between HFI and stunting in children
aged <5 years, indicating the need for further studies with robust

methodological quality.
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5 | CONCLUSIONS

This study indicated that most of the studies included in the review
found a significant association between HFI and stunting; however,
this was not maintained in the meta-analysis results. These study
findings highlight that HFI alone does not explain growth problems in
this age group based on scientific evidence in the literature to date
and point to the need for continued and effective monitoring of

factors affecting child growth.
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