
R E V I E W Open Access

Agriculture & Food Security

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​
v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​l​​i​c​e​​n​s​e​s​​/​b​​y​-​n​c​-​n​d​/​4​.​0​/.

Masamha et al. Agriculture & Food Security           (2026) 15:10 
https://doi.org/10.1186/s40066-025-00583-8

*Correspondence:
Blessing Masamha
BMasamha@hsrc.ac.za; blemasamha@gmail.com

Full list of author information is available at the end of the article

Abstract
Background  Measuring the non-observable nature of food security has remained complex mainly because of the 
construct’s complexity and its continuously evolving nature. The main challenges in measuring food security involve 
determining what is to be measured and how it is measured. In South Africa, various approaches and indicators have 
led to divergent food security measurement outcomes, leading to inaccurate assessment, monitoring, and targeting 
of context-specific food security interventions. This study analyses food access, availability, and stability measurement 
metrics and proposes a clear food security measurement approach for South Africa. Comprehensive reviews of 
food security indices with a national scope and subsequent meta-analysis to determine these indicators’ effect size, 
publication bias, and heterogeneity have not been adequately explored.

Methods  A systematic review and meta-analysis using the PRISMA guidelines were used to select the analysed 
articles. A search strategy was used to retrieve literature from the Web of Science and Scopus Databases, yielding a 
total of 1155 articles. Rayyan 1.6 software was used for screening articles and duplicate removal, whilst the Newcastle-
Ottawa scale was used to qualitatively assess the articles. Perplexity and Quill Bot Artificial Intelligence (AI) tools were 
used to enhance literature search and paraphrasing, respectively, to improve the validity and reliability of the review. 
The inclusion and exclusion criteria resulted in a final sample of 82 articles being eligible for analysis.

Results  Most studies used Household Food Insecurity Access Score (HFIAS), (n = 45), Household Dietary Diversity 
Score (HDDS) (n = 24), Coping Strategy Index (CSI), (n = 13), and the Household Hunger Score (HHS) (n = 4). Few studies 
used a composite of indicators, while most studies used HFIAS alone. The indicators used provide very different 
estimates of the prevalence of food insecurity in South Africa. Limpopo and KwaZulu-Natal provinces had the most 
studies distributed across rural communities, while Cape Town City and Gauteng Province had the highest number of 
urban studies. Meta-analysis was done on HFIAS (n = 16) and HDDS (n = 14) indicators using a Forest plot and Funnel 
plot, and results showed limited heterogeneity and publication bias across the studies.

Conclusions  More food security studies need to use longitudinal designs, composite indicators across different 
seasons, and along the urban, peri-urban, and rural settlement gradient, and panel data from national surveys. The 
routine national surveys need to adopt the full modules of indicators to allow for household and individual food 
security analysis in South Africa. We recommend the Agency Module, the Women Empowerment in Agriculture 
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Introduction
 The Global agenda of achieving the Sustainable Develop-
ment Goals (SDGs) of Zero Hunger (SDG1) and ending 
Poverty (SDG1) is well aligned with the African Union’s 
(AU) Agenda 2063: The Africa We Want and the National 
Development Plan (NDP) for South Africa, which targets 
addressing poverty, inequality, and unemployment. To 
achieve these goals, policymakers need to monitor the 
prevalence of food insecurity using indicators that track 
broader trends and enable easy evaluation of food secu-
rity policy initiatives and other interventions. This is crit-
ical for identifying underlying drivers and consequences 
and is vital to developing informative food security poli-
cies, strategies, and programs [1]. However, food security 
is challenging and complex to measure [2–4]. Although 
commendable efforts have been made by the South Afri-
can government to address the food security situation 
since 1994, the agenda of household hunger and under-
nutrition remains a primary concern given the high levels 
of poverty, inequality, unemployment, and rapid urban-
isation driven by climate change, pandemics, and recur-
ring global economic recessions. Several studies have 
reported relatively high food insecurity among South 
Africans, including 45,5% [5], 61% [6]; and the General 
Household Survey (23%) [7]. This is against the assertion 
that South Africa is food secure at the national level. Fur-
thermore, South Africa is experiencing a nutrition transi-
tion due to excessive consumption and reliance on cheap 
ultra-processed foods, high-calorie, oily, and high-sugar 
diets, and fewer fresh fruit and vegetable consumption 
(Ronquest-Ross et al. [8]). As a result, five of the lead-
ing causes of death in South Africa are linked to poor 
nutrition [5]. To address these challenges, food security 
interventions must rely on valid and reliable food access, 
availability, stability, and utilization measurements. How-
ever, the research community and development agencies 
have internationally recognized that no “perfect single 
measure captures all aspects of food insecurity” exists 
and that food insecurity is not a homogeneous condi-
tion easily measured in economic, energy-availability, or 
anthropometric terms (Hendriks et al. [9]). According to 
Hoddinott [10], there are about 450 food security indi-
cators, and a nuanced analysis of these indicators shows 
that they do not all measure the same thing; instead, 
each focuses on one or more of the four key dimensions 
that are: availability, access, utilization or nutrition, and 
stability.

Background
The concept of food security
For purposes of this study, the author adopts the 1996 
World Food Summit definition of food security, wherein 
food security is defined as “a situation that exists when 
all people, always, have physical, social, and economic 
access to sufficient, safe, and nutritious food that meets 
their dietary needs and food preferences for an active 
and healthy life”. Traditionally, the dimensions of food 
security were availability, stability, accessibility, and uti-
lization. The World Food Committee introduced the 
agency’s food security and sustainability dimensions, 
as expounded by the HLPE [11]. Darwood and Vuuren 
[12] define food availability as being concerned with the 
population’s reliable and consistent supply and produc-
tion situation. Accessibility is the economic and physical 
resources and the infrastructure necessary for the food to 
reach the consumer at the household or individual level. 
The dimension of food utilization is described in terms 
of the intake of adequate nutrient-dense food that can 
meet a population’s physiological, sensory, and cultural 
needs [12]. The food stability dimension, introduced in 
2009 during the World Food Summit, refers to the tem-
poral dimension and pertains to the ability and resilience 
of a food system to survive natural or man-made disas-
ters [13]. Food agency and sustainability were proposed 
as additional dimensions of food security, highlighting 
the importance of individuals having the ability to make 
choices and control their food systems. The agency food 
security dimension means that households, individu-
als, or communities can make decisions or strategic life 
choices about what foods they can eat, what foods they 
produce, and how that food is produced, processed, pre-
pared, distributed, and consumed [14]. This implies that 
people can engage in processes that shape food system 
policies and governance to empower themselves. On 
the other hand, the food security dimension of sustain-
ability in food systems is understood to foster long-term 
natural, social, and economic regeneration. This should 
ensure that the present and future generations do not 
have to compromise their food needs [14]. The six pil-
lar food security dimensions are inextricably linked (See 
Fig. 1) with feedback relationships among the different 
pillars. Food availability enhances food access and utili-
zation, while food stability influences access, availability, 
agency, sustainability, and utilization. The instability is 
usually in the form of shocks such as high food prices, the 
COVID-19 pandemic, climate change-induced hazards, 

Index (WEAI), and the Women Empowerment in Livestock Index (WELI) to measure the sustainability and agency 
dimensions of food security.
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extreme events, political instability, and global economic 
recessions.

  

Food security measurement
Because there is no agreed or standard measure of food 
insecurity internationally [15] and in South Africa [9, 
16], it is not easy to establish a relationship between food 
security and nutrition indicators Food security indica-
tors or metrics have been divided into direct indicators, 
which measure the experience of food insecurity (for 
example, food consumption surveys, household percep-
tions of food insecurity or hunger, and food frequency 
measurements). Direct indicators are best measured 
by observing households over time and interviewing 
household members in-depth [17], for example, HFIAS, 

HHS, and FCS, while indirect household food security 
indicators are used where access to such information is 
unavailable or too costly to collect. Indirect indicators 
include dietary diversity, storage estimates at critical 
times of the year, subsistence potential for largely agrar-
ian households (ratio of dietary energy requirement and 
food availability), and nutritional assessments (anthro-
pometric measurements. The dynamic nature of food 
security dimensions, which continually evolves, makes it 
challenging to rely on a single measure or index due to 
contextual differences across countries, provinces, dis-
tricts, municipalities, cultures, and households. Given 
the complexity of food security and the range of factors 
involved, as well as security measurement, it is appre-
ciably complex, extensive, and expensive [9]. Therefore, 
there is a need to deconstruct this complexity to facilitate 

Fig. 1  Six-pillar multi-dimensional food security concept (Adopted & modified from Dawood & van Vuuren [12])
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comprehensive, reliable, and valid food insecurity esti-
mates. Data and resource availability often limit the vari-
ables in measuring and monitoring regional household 
food security. The complexity around linking the house-
hold food security indicators to individual households 
is a huge impediment, especially linking household food 
security and individual nutrition outcomes.

Various routine national studies that include the Gen-
eral Household Survey (GHS), the National Food Con-
sumption Survey (NFCS), the National Income Dynamics 
Survey (NIDS), the South African Social Attitudes Survey 
(SASAS), and the Labour Force Survey (LFS), have been 
implemented in South Africa with modules to measure 
food insecurity and household hunger prevalence. The 
other surveys that have food security modules include the 
Food Insecurity and Vulnerability Information and Map-
ping System (FIVIMS), and the Income and Expenditure 
Survey (IES) [9]. These surveys use different metrics and 
are also done at different times. Therefore, they have 
yielded divergent food security measurement results, 
sometimes conflicting with other smaller provincial and 
municipality-based studies. For example, the General 
Household Survey 2007 indicated that 10.6% and 12.2% 
of adults and children were sometimes or always hungry. 
In stark contrast, the National Food Consumption Survey 
(NFCS) 2005 reported that 52% of households experi-
ence hunger (Labadarios et al. [18]). Although these stud-
ies were done in different time frames, they still provide 
extremely divergent figures in terms of hunger scores and 
food insecurity. In the South African National Health and 
Nutrition Examination (SANHANES) [5] study, about 
54% of South African households reported experiencing 
either hunger or risk of hunger (Shisana et al. [5]). Using 
the same HFIAS module, the GHS [7] and Simelane et al. 
[6] conducted national surveys in the same period and 
reported 23.1% and 17.5% severe food insecurity, respec-
tively. There is a significant difference in the HFIAS esti-
mates of the two studies despite using the same metric. In 
agreement with these reports, Aliber [19] postulated that 
these national food security and nutrition surveys (GHS 
and IES) are not designed to analyze household-level 
food security; hence, it is not possible to do a detailed 
analysis using their data to interrogate the association 
of agricultural productivity, dietary diversity, and nutri-
tion in South Africa. These national studies also do not 
use complete modules of indicators such as the HFIAS, 
as evidenced in the GHS, which employs a shortened ver-
sion of the HFIAS questions, resulting in an incomplete 
assessment of the food insecurity status of the household. 
These drawbacks compound the complexity of measuring 
food security, especially at the household and individual 
levels.

The emphasis on enhancing reliability and validity in 
measuring food security also stems from what Hendriks 

et al. [9] have argued: measuring such a complex and 
non-observable food security concept has remained 
challenging because of the construct’s complexity and 
continuously evolving nature. The main challenges in 
measuring food security involve determining what is to 
be measured and how it is measured. Determining what 
is measured refers to the specific food security dimen-
sions (access, availability, stability, utilization, agency, and 
sustainability) [9]. The how part relates to the methods, 
research design, unit of analysis, choice of indicators, and 
the associated recall period. To address these challenges, 
scholars and development agencies have proposed a vari-
ety of indicators (See Table 1) to measure food and nutri-
tion security. Despite several studies using measurement 
indicators at different levels, this has remained a complex 
terrain. Another reason for the measurement complexity 
is the dynamic nature of the definition of food security, 
which has evolved; hence, the indicators and methodolo-
gies used have also changed. Since adding the two pillars 
of agency and sustainability, no studies have explored 
how all six dimensions can be comprehensively measured 
to reflect the food security status of households in South 
Africa and beyond. Hendriks et al. [9] argue that to tar-
get food security, interventions effectively, there is a need 
to comprehensively analyse food insecurity experiences, 
the drivers, and the associated outcomes to provide a 
clear picture of the compound effect of the problem. This 
would enable effective planning through predictive mod-
elling and provide baseline information that assists in 
designing intervention strategies and programs, particu-
larly during shocks such as COVID-19, extreme weather 
events, and economic recessions.

Table 1 summarizes everyday food and nutrition secu-
rity indicators or metrics that researchers, develop-
ment agencies, and policymakers use. These include the 
Household Dietary Diversity Score (HDDS) [20], which 
measures dietary quality. The Food Consumption Score 
(FCS) developed by the World Food Programme (WFP) 
in 2006 is an indicator of dietary quantity and qual-
ity (diversity). The CAF is derived from the Household 
Food Insecurity Access Scale (HFIAS) [21]. The Cop-
ing Strategies Index (CSI) was calculated following the 
method of Maxwell et al. [22]. The higher the CSI, the 
more food insecure the household was. The Household 
Hunger Scale (HHS) estimates the proportion of house-
holds experiencing three levels of severity of hunger: lit-
tle or no household hunger [23]. Self-reported experience 
of hunger (EoH) and modified complex access to food 
(mCAF) questions are traditionally used to estimate the 
incidence of experiences of hunger (self-reported) among 
adults and children in households during the preceding 
12 months. The EoH and CAF are based on questions 
typically included in the South African General House-
hold Survey (GHS). The Household Economy Approach 
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Indicator/metric/ Dimension Level of 
analysis

Description and measurement scale Recall 
period 

Household Food
Insecurity Access 
Score (HFIAS)

Access Household HFIAS can be used to assess the prevalence of household food insecurity in a 
population and changes in food insecurity over time. The total HFIAS can range 
from 0 to 27, indicating the degree of insecure food access. As a categorical variable, 
households are categorized as food secure, mildly food insecure, moderately food 
insecure, or severely food insecure

30 days

Food Insecurity Expe-
rience Scale (FIES)

Access Individual The FIES is an outcome of the Voices of the Hungry project. It is built up from a se-
ries of yes-no responses to a relatively short series of questions and then converted 
into a FIES scale using item response theory. It was designed and validated specifi-
cally for individual-level data collection.

12 
Months

Household Hunger 
Scale (HHS)

Access
Availability

Household It is used to estimate the proportion of households experiencing three levels of 
severity of hunger: little or no household hunger (HHS score 0–1), moderate house-
hold hunger (HHS score 2–3), and severe household hunger (HHS score 4–6)

30 days

Household Meal Fre-
quency Score (HMFS)

Availability
Access

Household The Household Meal Frequency Score (HMFS) is a proxy for food availability in a 
household.

Household Dietary Di-
versity Score (HDDS)

Access
Availability

Household The Household Diversity Score (HDDS) measures dietary quality. It uses a 24-
hour recall period for sixteen food groups without asking about the frequency 
of consumption. The dietary diversity score is the sum of the first fourteen scores 
classified as 1 for each food group is assigned a score of 1 (if consumed over the 
previous 24 hours) or 0 (if not consumed in the last 24 hours). The household score 
will range from 0 to 12 and is equal to the total number of food groups consumed 
by the household:

24 
hours
Or 7 
days

Minimum Dietary 
Diversity for Women 
[MDD-W]

Access
Utilization

Individual This is measured individually for women between 15–49 years who have consumed 
five of the ten defined food groups. It is a proxy for micronutrient adequacy (Diet 
quality)

24 
hours

Minimum Dietary 
Diversity [MDD]

Access
Utilisation

Individual It measures children between 6–23 months who have consumed at least five of the 
eight food groups in the previous day or night.

24 
hours

Coping Strategy Index 
(CSI)

Access Household Assess what people do when they cannot access food. Responses to fifteen ques-
tions about the frequency of precautionary measures applied in the face of food 
shortages during the previous week were multiplied by the severity ranking for 
each strategy.4

7 days

The Food Consump-
tion Score (FCS)

Access Household  The FCS is the sum of the number of times a food group from the HDDS was eaten 
in the previous 7-day period, multiplied by the weight. The scores are then classified 
into three categories.

7 days

Community Child-
hood Hunger 
Identification Project 
(CCHIP)

Access
Availability

Household
Community

The CCHIP index defines hunger as the mental and physical condition resulting 
from insufficient food due to insufficient economic, family, or community resources.

12 
months
 30 
days

The Months of Inad-
equate Household 
Food Provision 
(MIHFP)

Availability and 
access.

Household This is a simple sum of the months a household reports experiencing hunger in the 
previous 12 months

12 
Months

EoH and the mCAF Access Household
Individual

Self-reported experience of hunger (EoH) and modified complex access to food 
(mCAF) questions were used to estimate the incidence of experiences of hunger 
(self-reported) among adults and children in households during the preceding 12 
months.

12 
Months

Low Energy Avail-
ability (LEA)

Access
Availability

Household
Individual

LEA is when the energy available by the household’s food supplies is less than the 
sum of recommended energy intakes for each member. The numerator of the LEA 
calculation is the sum of the energy available in the food purchases reported by 
the household plus the energy consumed from food produced at home during 
1 month. The denominator is the household sum of the daily recommended energy 
intakes for each member of the household member, multiplied by thirty to convert 
it to the same monthly time frame as the numerator. Households that scored <1 on 
this ratio were defined as having low energy availability.

30 days

Food Poverty (FP) Access
Utilization

Household A household is said to be in Food Poverty (FP) when the amount of money it spends 
on food is not enough to purchase an essential diet that is nutritionally adequate. 
The numerator of this ratio is the sum of a household’s reported food expenditure 
plus the estimated monetary value of the food it consumed from home production. 
The denominator is the cost of a nutritionally adequate food basket for a particular 
household.

Table 1  Food security indicators commonly used in food and nutrition security measurement in South Africa
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(HEA) is another example of vulnerability assessment. 
However, it uses rapid assessment methods for a more 
detailed assessment of food aid needs of disaster or con-
flict-affected communities over a more extended period 
(Hendriks [24]).

The agency and sustainability dimensions have added 
more complexity to the measurement indicators of food 
security since this can lead to misestimation and mis-
interpretation [25]. However, very few studies have 
assessed whether expected household food security indi-
cator results converge and whether these provide valid 
evidence, especially in the South African context, where 
food security measurement is influenced by the het-
erogeneity of climate, socio-cultural values, livelihood 
zones, settlement type, inequality, and varied economic 
advancement. As Maxwell et al. [3] argued that diver-
gent findings can be produced by applying different food 
security measures to the same data set. To the best of the 
authors knowledge, no survey with a national scope has 
been conducted to assess all the dimensions of food inse-
curity in South Africa, particularly food utilization and 
access. However, some national surveys have included 
specific modules of food insecurity assessment, as argued 
by Aliber [19], for instance the General Household Sur-
vey (GHS) and the Income and Expenditure Survey 
(IES) are not designed for the analysis of household-level 
food security, it is not possible to do the kind of detailed 
analysis using their data that interrogates food availabil-
ity, access, and stability at the household and individual 
levels in South Africa. Labadarios et al. [18] confirmed 
that no national survey has ever assessed all food secu-
rity dimensions in South Africa. Because of these limi-
tations, D’Haese et al. [26] postulate that there are no 
existing regularised ways of monitoring food security in 
South Africa since different methodologies, sample sizes, 
and sampling techniques are used, and aspects of food 
security are assessed. As a result, this is bound to pro-
vide divergent results, making it very complex to com-
pare indicators across studies and develop a single food 
security estimate for South Africa. For example, the GHS 
[7] reported that 23.1% of the households nationally were 
found to have inadequate or severely inadequate food. In 

comparison, Simelane et al. [3] reported a severe food 
insecurity category of 17.5% and 46% mild or moderate 
food insecurity among South African households.

Although several reviews have been documented 
regarding food security in South Africa, many of them 
have been localized to provincial, district, and munici-
pality levels. For example, Govender et al. [27] focused 
on KwaZulu-Natal (KZN) districts, and Styne et al. 
[28] focused on Cape Town and Johannesburg. None of 
the studies did a review with a national scope, which is 
mainly attributed to the fragmented and siloed approach 
of studies that do not link household and individual food 
and nutrition security indicators to present a concise 
national scope necessary for policy planning. Except for 
van Den Berg and Walsh [1], who documented a review 
of the food and nutrition security indicators, there is lit-
tle to no evidence regarding measuring the agency and 
sustainability dimensions of food security. Again, van 
Den Berg and Walsh [1] do not conduct a meta-analysis 
to comprehensively analyze the indices and determine 
the effect size, heterogeneity, and publication bias. Their 
review also does not analyze the use of varying indicators, 
the spatial distribution of the studies across districts, nor 
a sensitive analysis of the indicators documented. These 
gaps have been adequately bridged in this review study. 
It is against this background that this systematic review 
and meta-analysis study is conducted to provide empiri-
cal evidence to shape future food security intervention 
policies, programs, strategies, and research funding mod-
els grounded on valid and reliable empirical evidence 
in South Africa. A broad research question was framed 
using the Population, Exposure, Comparator, and Out-
come of interest (PECO) framework. The main research 
question, therefore, is: How and to what extent have food 
security and nutrition standard international measure-
ment indicators been used to measure food availability, 
access, and stability among households in South Africa?. 
The objectives of the study were (i) to explore and anal-
yse the food security indicators’ frequency of use, and the 
temporal and spatial distribution of food security studies 
between 2000 and 2024 in South Africa (ii) to determine 
the effect size and heterogeneity of studies for selected 

Indicator/metric/ Dimension Level of 
analysis

Description and measurement scale Recall 
period 

Experience of Food 
Shortage Scale (EFSS)

Access
Availability

Household a tool used to measure household food security. It assesses the severity and 
frequency of food shortages experienced by a household within a specific period, 
typically the past 12 months. 

12 
months

Anthropometric 
measurements

Utilisation Individual Assessing individual nutritional outcomes about individuals' height, weight, and 
body size. Calculations of z scores with cut-off points

N/A

HEA Access, 
availability
Stability

Community The Household Economy Approach enables the development of a baseline picture 
of how households in a particular area survive in average years. This information is 
collected through focus groups from each wealth group in a community using a 
mix of qualitative and quantitative approaches.

N/A

Table 1  (continued) 
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metrics on food access, availability, and stability using 
meta-analysis (iii) to propose measurement approaches 
for the recently introduced food security dimensions of 
agency and sustainability and recommend policy inter-
ventions to address bottlenecks in national food security 
and related routine surveys in the South African context.

Methods and procedures
Research approach and design
The study adopted a descriptive design using the Pre-
ferred Reporting Items for Systematic Reviews and 
Meta-Analysis (PRISMA) guidelines. The Population, 
Exposure, Comparator, and Outcome of interest (PECO) 
framework was used to develop the main research ques-
tion for this systematic review. The PECO framework was 
adopted because it is useful in circumstances where the 
exposure aspect is not a planned intervention, for exam-
ple, in environmental, agricultural, and occupational 
health domains. A scoping review was done in Google 
Scholar (scholar.google.com), Scopus, and ISI Web of Sci-
ence for the paper’s primary systematic review sections of 
titles and abstracts. Preliminary screening based on title 
and abstract reviewing was done using Rayyan 1.6 soft-
ware to facilitate resolving the disputes amongst the three 
(3) independent collaborators and easy removal of dupli-
cates. This was followed by a comprehensive full-text 
search in Web of Science (WoS) and Scopus databases by 
the three independent authors through the Human Sci-
ences Research Council (HSRC)’ online library catalogue. 
The search was done using a search strategy with the aid 
of the Perplexity artificial intelligence (AI) application. 
The search focused on primary research and panel data 
from South Africa that used standard international (SI) 
indicators to measure food access, availability, and sta-
bility dimensions. A similar comprehensive systematic 
review focusing on zero hunger studies conducted in the 
Scopus database by Otekunrin et al. [29] argues that Sco-
pus is undoubtedly one of the most reliable databases, 
with an exhaustive collection of abstracts and citation 
databases linked to scholarly publications from vari-
ous academic fields. In 2023, Scopus has over 90 million 
content records,17 million-plus author profiles, over 1.8 
billion cited references, and over 7 thousand publishers 
across 240 disciplines. Further, Scopus is a widely trusted 
source for reliable and quality bibliometric searches. In 
addition, the ISI Web of Science database was also used 
to search for literature.

Search strategy
Since food security is an interdisciplinary domain involv-
ing agriculture, food security, climate change, nutrition, 
public health, disaster management, and anthropology, 
a scoping review was done to determine the availability 
of literature, search terms, and appropriate databases 

focusing on food security assessment or measurement. 
To enhance the validity and reliability of the search strat-
egy, Artificial Intelligence (AI) tools were used to assist 
in searching, summarising, and extracting the informa-
tion from the articles. The AI perplexity application was 
used to find research papers. The authors did a full-text 
reading of all documents retrieved and used Quilbot, 
an artificial intelligence application, to complement the 
paraphrasing done after the manual data extraction of 
relevant text by the authors using NVIVO Software 14.0. 
The search strings for this systematic review included the 
terms related to food security measurement and food 
security indicators, or metrics. As was similarly imple-
mented in a systematic review by Manikas et al. [30] in 
a study focusing on food security measurement, the fol-
lowing search strings were developed and used in this 
study:

(“food security” OR “food access” OR “food affordabil-
ity” OR “food availability” OR “food utilization” OR “food 
stability” OR “nutrition security” OR “nutrition insecu-
rity”) AND (“measurement” OR “metrics” OR “indica-
tors” OR “assessments” OR “scales” OR “index”) AND 
(“South Africa”).

The search in the Scopus database yielded 572 articles, 
and the initial screening using titles, abstracts, and key-
words removed 393 irrelevant documents. A similar 
search in Web of Science (WoS) produced 583 docu-
ments, and the initial screening of the articles based on 
the titles and information from abstracts removed 484 
irrelevant documents, leaving 99 articles (see Fig.  2). 
After searching, the articles were exported into Rayyan 
1.6 software for screening and duplicate removal. The 
files searched were also exported and merged into an 
Excel spreadsheet format. After removing duplicates, 
the remaining articles were screened using the appro-
priate inclusion and exclusion criteria illustrated in the 
PRISMA diagram (See Fig. 2).

Inclusion and exclusion criteria
The first step involved the three independent collabo-
rators reading the article title, keywords, and then the 
abstract to check for initial inclusion or exclusion. Finally, 
the full text was read to check the inclusion and exclu-
sion criteria. The systematic review included published 
peer-reviewed articles, book chapters, conference pro-
ceedings, and short communications. Only literature 
that was written in the English language was consulted. 
Review papers, conceptualization papers, and policy 
papers were excluded from the analysis. Only articles 
that used standard food security indices were considered, 
while those that used proxy indicators for food security 
were discarded. Indicators of food access, food availabil-
ity, and stability were considered in this review; those 
of the food utilization dimension indicators related to 
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health and nutrition outcomes were excluded. In addi-
tion, grey literature and Master’s and Doctoral theses 
were all excluded from the review because some of these 
documents are not easily accessible at their institutional 
repositories, and there are quality concerns, particularly 
given the limited peer review rigor aspect, which they are 
not subjected to. The search was done between February 
2024 and finalised on 9th September 2024. Similarly, no 
agreed-upon indicators for the food security dimensions 
of agency and sustainability have been documented yet. 
Instead, this paper will propose plausible ways of quanti-
fying these dimensions of food security.

Data extraction from the documents
Table 4  was developed to assist in extracting and pre-
senting data from the documents. The extraction of 
the data was aided by Quillbot, an artificial intelligence 
application. The following data were extracted from eli-
gible articles. The researcher tabulated the first author, 
year of publication, study name, food security indica-
tors used, methodology, study design, total sample size, 
and the gender-specific number of participants and their 
ages. The mean, standard deviation (SD), and standard 
error (SE) of HFIAS and HDDS were also tabulated for 
meta-analysis.

Quality assessment and assurance of the review
The three independent collaborators searched for arti-
cles to eliminate bias with the assistance of Perplexity, 
an Artificial Intelligence (AI) tool. The review adopted 
the Newcastle-Ottawa scale as a quality assessment tool 
for scoring each study for inclusion. In this context, the 
tools focused primarily on the quality of the methodol-
ogy, sample size, statistical analysis used, and how stud-
ies could be relatively compared with other studies. An 
online free Rayyan 1.6.0 software was used for prelimi-
nary screening of articles based on title and abstract, 
and resolving disagreements on the inclusion of articles 
among the three collaborators. This led to the thorough 
evaluation of the articles by three independent authors 
or collaborators. A discussion was used to tackle any 
disagreements among the collaborators before the final 
compilation of the database search results.

Statement on the use of artificial intelligence (AI) tools
The study was primarily based on the conceptualisation 
and independent execution by the authors, thereby guar-
anteeing the originality and responsible use of AI appli-
cations. Perplexity, an AI tool, was used to complement 
the search strings and strategy developed to enhance the 
accuracy of the search, which ensured that almost all 

Fig. 2  Literature searching and screening criteria using the PRISMA guidelines
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relevant literature that was missed by the search strings 
was included. Authors were primarily responsible for 
full-text reading and paraphrasing of all included articles. 
The NVIVO software was used to search for text related 
to the research question. Quill Bot, an AI tool, was also 
used to assist authors in paraphrasing the relevant text 
phrases to aid the synthesis of results, but this was done 
in such a way that it does not replace the traditional full-
text reading and paraphrasing or data extraction using 
the data extraction tool developed by the authors.

Statistical analysis
The qualitative document analysis was done using 
NVIVO Software 14.0 assisted in extracting relevant text 
aligned to the research questions using text search que-
ries. SPSS Software Version 29.0 was used to perform 
descriptive analysis and meta-analysis in which all stan-
dard errors (SEs) were first converted to standard devia-
tions (SDs). Only two indicators, the HFIAS and HDDS, 
generated enough threshold data to enable meta-analysis. 

The meta-analysis was conducted separately for HFIAS 
and HDDS to generate forest plots and funnel plots, as 
well as the associated effect sizes, standard mean differ-
ence, and standard errors. Cochran’s Q evaluated sources 
of between‐study heterogeneity, and I square (I2) tests. 
Fixed effect models were used to determine effect size, 
standard mean differences, and the associated standard 
errors. Since the heterogeneity among studies was mini-
mal or moderate, as determined by Cochran’s Q tests, 
subgroup analysis was not done during the meta-analysis 
analytical process.

Results
This review identified 18 commonly used standard food 
security indicators among studies on food access, avail-
ability, and stability between 2000 and 2024 in South 
Africa. Figure 3 depicts the number of studies that used 
indicators measuring food access, availability, and stabil-
ity used by various studies from 2000 to 2024. The data 
extracted from the 82 articles reviewed are presented in 

Fig. 3  The Frequency of different metrics (indicators)used to measure food security in South Africa. *KEY: HFIAS -Household Food Insecurity Access 
Score; HHS-Household Hunger Score; FCS - Food Consumption Score; CSI-Coping Strategy Index; FE-Food Expenditure; HDDS-Household Di-
etary Diversity Score; FIES-Food Insecurity Experience Scale; CCHIP- Community Childhood Hunger Identification Project; MDD-W- Minimum 
Dietary Diversity Index for Women; LEA – Low Energy Availability; FP- Food Poverty, MAHFP- Months of Inadequate Household Food Provi-
sioning; IDDS -Individual Dietary Diversity Score; HMFSa- Household Meal Frequency Score (HMFS) & HMSFb – Household Meal Frequency 
Score; CFIAS -Children’s Food Insecurity Access Scale; HFI – Household Food Intake Scale; EFSS- Experience of Food Shortage Scale
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Table 4, which depicts the authors, indicators used, study 
areas, research approaches, and methods, and a sum-
mary of the findings.

It emerged that HFIAS is the most widely used indica-
tor for measuring food access in South Africa, with 45 
studies (See Fig. 3) reported to have used it. Most studies 
used this indicator as a stand-alone measure of food inse-
curity, while the HDDS was the second most frequently 
used indicator, with 24 studies. The Coping Strategy 
Index (CSI), Food Expenditure (FE), Household Hunger 
Score (HHS), Food Poverty (FP), and the Months of Inad-
equate Household Food Provisioning (MAHFP) followed 
in terms of frequency of use in that order (See Fig.  3). 
The high frequency of use of HFIAS is mainly because it 
provides a straightforward measure of self-reported food 
insecurity at the household level. Few studies used the 
Household Food Insecurity Access Prevalence (HFIAP).

Spatial distribution of food security measurement studies
Most food security studies implemented to measure food 
access, availability, and stability using standard indica-
tors were done in parts of Limpopo, Gauteng, KZN, and 
Western Cape Provinces. On the other hand, very few 
studies of this nature have been done in the Free State, 
Northern Cape, Eastern Cape, North-West, Western 
Cape, and Mpumalanga Provinces (See Fig.  4). In the 
Western Cape, most of the studies have concentrated 
in the City of Cape Town), which depicts the severity of 
food insecurity in townships such as Khayelitsha, Mitch-
ells Plain, and Nyanga. Similarly, most studies in Gauteng 
Province were also focused on urban townships. Minimal 
studies have been done across peri-urban settings.

Types of studies and data sources used
Figure 5 shows the number of studies undertaken in vari-
ous provinces and districts, as well as the sources of data 
used for measuring food access, availability, and stability 
across South Africa from 2000 to 2024. From the review, 

Fig. 4  Spatial distribution of studies that used food security measurement indicators in South Africa
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the majority (89%) of the studies were cross-sectional 
studies. All cross-sectional studies were conducted using 
primary data collection, while very few studies (3%) used 
a desk research approach (see Fig. 5), from secondary and 
panel data generated from routine national surveys such 
as the General Household Survey (GHS) of 2014, the 
National Income Dynamics Survey (NIDS) of 2008–2014, 
and the Income and Expenditure Survey (IES) of 1995. 
Other secondary data sources from specific studies were 
also used, besides these national representative data sets.

Most studies were conducted in urban and rural set-
tings, with Gauteng Province (GP) recording the highest 
number of studies in the urban setting (See Fig. 6). This is 
because most of the vulnerable food-insecure households 
in Gauteng are in urban township settings and there are 
no strict rural landscapes in Gauteng since the province 
is highly urbanized. KZN province, followed by the Lim-
popo Province, had the highest number of studies in the 
rural areas, a finding mainly attributable to the reliance 
on smallholder agriculture for food access and availabil-
ity amongst the households in these two provinces. In the 
Free State, North West, and Northern Cape Provinces, 

there is minimal research activity involving food secu-
rity measurement using standard indicators across all the 
settlement landscapes. Minimal food security measure-
ment studies have been conducted in peri-urban settings 
across all provinces. This is despite the increased vulner-
ability to food insecurity of peri-urban households in the 
Free State province.

Temporal variation of food security measurement studies
The temporal variation of studies that used food security 
metrics indicates a gradual increase in studies from 2000 
to 2011. There was a sharp decline in these studies in 
2013 right through to 2015, followed by a sharp increase 
from 2015 to 2019 (See Fig. 7). A drastic decrease in the 
number of food security measurement studies is evident 
in 2020 due to the COVID-19 pandemic, which resulted 
in the unprecedented strict movement lockdown mea-
sures first instituted on 27th March 2020, leading to a 
complete halt in all research activities involving travelling 
to study sites. However, the general trend over the 2000–
2024 period shows a steady increase in the number of 
food security studies using standard metrics to measure 

Fig. 5  Types of studies and sources of data used in measuring food security in South Africa.*Key: NFCS-National Food Consumption Survey; NIDS- Na-
tional Income Dynamics Survey; IES- Income and Expenditure Survey; GHS-General Household Survey
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Fig. 7  Temporal variation of studies focusing on food security indicators in South Africa (2000–2024)

 

Fig. 6  Number of studies disaggregated by settlement type across the different provinces
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food availability, access, and stability (See Fig.  7) from 
2000 to 2024 (Table 2).

Meta-analysis of HFIAS and HDDS food security metrics
The meta-analysis results for the HFIAS metric show 
that the overall pooled effect size from the Forest plot is 
1.5. (See Fig. 8). The studies are homogeneous since the 
I2 (0.81) value is far less than 50%. However, the funnel 
plot for the HFIAS shows a relatively high publication 
bias, as shown in some studies (n = 4), which is outside 
the confidence interval limits. The forest plot also depicts 
that several studies [6, 31–34] were significant (P < 0.05) 
since their confidence limits did not encroach on the null 
point. Only [32, 35] had individual effect sizes below the 
pooled effect size of 1.5. These are the only two most 
precise studies identified from this study since they are 
close to the zero-standard error value within the funnel 
plot (See Fig. 9). The funnel plot also shows relatively 
high imprecision because of the distance of the distribu-
tion of the studies away from the x-axis (standard error). 

Meta-analysis results for HDDS show that the overall 
pooled effect size is 5.69, and the studies are homoge-
neous since the homogeneity test is less than 50%. The 
funnel plot for HDDS shows minimal publication bias 
since most of the studies, except two [36, 37], fell within 
the confidence limits of the funnel plot. The studies are 
also more precise in estimating the HDDS across the 
studies since most of the studies are closer to the zero 
standard error point within the funnel plot (See Fig. 10). 
There was very minimal heterogeneity for both metrics 
(HFIAS and HDDS) hence there was no subgroup analy-
sis done (Table 3).

Discussion
The frequency of use of food security indicators in South 
Africa
The reliance on HFIAS as the primary and, in most 
instances, as the sole indicator of food insecurity mea-
surement, as shown in most studies (n = 0.45), shows that 
much of the food insecurity estimates in South Africa 

Table 2  Summary of HFIAS meta-analysis results used in food security measurement in South Africa
Effect size estimates

Effect size Std. error Z Sig. (2-tailed) 95% Confidence interval
Lower Upper

Overall 1,596 ,2901 5,502 <,001 1,028 2,165

Fig. 8  Forest plot depicting effect sizes for selected HFIAS studies conducted in South Africa
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primarily rely on this metric. However, contrary to find-
ings from the Global North, Sumsion et al. [38] postulate 
that the US Household Food Security Survey Module 
(HFSSM) and Food Insecurity Experience Scale (FIES) 
are two of the most used metrics of food insecurity in the 
United States (US). In stark contrast, the probable rea-
son behind the extensive use of HFIAS in South Africa is 
that this indicator uses a household as a unit of analysis; 
it relies heavily on the reported experiences of the house-
hold caregiver and is therefore easy to measure. However, 
the HFIAS index may give a biased view of household 
food insecurity prevalence, especially consider the intra-
household power disparities and food preparation and 
serve priorities that emanate from the different roles of 
the household members interviewed. This is similarly 
argued by Hendriks et al. [9] and Coates et al. [39] that 
adult men and women living in the same household may 
respond differently to household food security questions 
due to their divergent food-related roles and responsi-
bilities. Although the HFIAS food continuum categories 
have standardized categories (Severe food insecurity, 
Mildly food insecure, Moderately food insecure, and 

Food secure) applicable across locations, they vary with 
different contexts, subject to varying age, level of income, 
culture, and other socio-economic factors. Because of 
this assertion, it is very difficult to make standardized 
HFIAS measurement outcome comparisons across com-
munities, districts, municipalities, cultures, provinces, 
and livelihood zones. This is similarly buttressed by Hen-
driks et al. [9] that some of the items in the HFIAS ques-
tionnaire do not meet strict psychometric criteria for 
cultural invariance, meaning that it should not be used 
to make comparisons across diverse sociocultural coun-
tries and contexts. Despite these shortcomings, HFIAS 
remains the most helpful metric in population-level 
food policymaking, monitoring, and evaluation (M&E) 
of food access-related programs. The HFIAS indicator 
is also able to detect aspects of food insecurity involv-
ing decreased access to a sufficient quantity or quality 
of food. It also detects psychosocial manifestations of 
anxiety and uncertainty around food access, with nega-
tive implications for health and well-being. It is readily 
applicable to varying contexts, such as urban, peri-urban, 
and rural settlements. HFIAS is a relatively short module, 

Fig. 9  A funnel plot depicting variability among selected HFIAS studies undertaken in South Africa
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Fig. 11  A funnel plot depicting variability among selected HDDS studies undertaken in South Africa

 

Fig. 10  Forest plot for HDDS among the selected studies conducted in South Africa (2000–2024)
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er

e 
m

ild
ly

 fo
od

 in
se

cu
re

, 2
7%

 
w

er
e 

m
od

er
at

el
y,

 a
nd

 8
%

 w
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making it easier to incorporate into other household sur-
veys, as similarly done in the General Household Survey 
(GHS) since 2009 in South Africa. One weakness of this 
indicator is that it might under- or over-report food inse-
curity in the households [40]. Therefore, HFIAS needs to 
be used simultaneously with other food security indica-
tors, for example, HDDS, CSI, and FCS. This is also but-
tressed by D’Hasse et al. [26], who argue that the HFIAS 
measurement alone will not give a complete picture of 
the food security and nutrition status of households and 
individuals and is prone to measurement errors. For this 
reason, additional measures that include dietary diver-
sity, the number of months people felt hungry in a year, 
expenditure on food, and production diversity need to be 
used together with HFIAS. From the review, studies such 
as those by [6, 9, 26, 41, 42] used a composite of indica-
tors to measure food security, hence providing a more 
reliable and valid estimate of food insecurity prevalence. 
Most studies in South Africa also used the Household 
Dietary Diversity Score (HDDS) as the most common 
indicator for food quantity and quality assessment. Only 
one study was identified to have used the FIES indicator 
to measure food insecurity in South Africa. The Food 
Expenditure metric (FE) was also among the most widely 
used indicators, though relatively reported in a few stud-
ies (n = 4).

The limited number of studies (n = 13) that used the 
CSI food security indicator points towards a need for 
more studies examining the effects of various shocks, 
particularly in this era of a polycrisis that South Africa 
is battling. This also points to the limited measurement 
of the food stability dimension, which is usually related 
to how various shocks, such as extreme weather events, 
high food prices, the COVID-19 pandemic, and global 
economic recessions, affect food supply chains and trade. 
Simelane et al. [6];43, 44, 9] and others used the CSI to 
investigate how households used various coping mecha-
nisms to respond to household food security shocks 
in South Africa. Leroy et al. [45] also argue that CSI is 
a valuable metric in screening vulnerable households, 
targeting specific food security interventions, or as an 
early warning indicator before shocks. Most of the stud-
ies were largely cross-sectional (89%), with a few studies 
(3%) having a national scope reported to have used panel 
data from GHS, NIDS, IES, and NFCS. Examples of stud-
ies that used panel data include [18, 46, 47], among oth-
ers. Some studies, such as Chakona and Shackleton [41], 
compared food security measurements across seasons in 
Kwa-Zulu Natal (KZN) Province, focusing on Dundee, 
Richards Bay, and Harrismith districts/municipalities. 
Similarly, Hendriks et al. [9] designed a study across the 
winter and summer seasons using a composite of food 
security indicators that included HFIAS, HDDS, and CSI 
in Limpopo, Eastern Cape, North West, and Limpopo A

ut
ho

rs
 &

 T
itl

e 
of

 
st

ud
y

In
de

x 
U

ni
t o

f a
na

ly
si

s
Pr

ov
in

ce
 &

A
re

a 
of

 s
tu

dy
Re

se
ar

ch
 a

pp
ro

ac
h,

 m
et

h-
od

s,
 a

nd
 s

tu
dy

 s
ub

je
ct

s 
co

ns
id

er
ed

 in
 th

e 
st

ud
y

Su
m

m
ar

y 
of

 fi
nd

in
gs

 re
po

rt
ed

 

82
.S

im
el

an
e 

et
 a

l 
[6

] N
at

io
na

l F
oo

d 
& 

N
ut

rit
io

n 
Se

cu
-

rit
y 

Su
rv

ey
 R

ep
or

t 
(N

FN
SS

, 2
02

4)

H
FI

A
SH

D
D

SF
C

SF
PF

EC
SI

H
EA

 
H

ou
se

ho
ld

In
di

vi
du

al
Co

m
m

un
ity

N
at

io
na

l S
co

pe
A

 c
ro

ss
-s

ec
tio

na
l s

ur
ve

y 
w

as
 

co
nd

uc
te

d 
in

 n
in

e 
pr

ov
in

ce
s 

of
 S

ou
th

 A
fri

ca
. D

at
a 

w
er

e 
co

lle
ct

ed
 a

t t
he

 h
ou

se
ho

ld
 

an
d 

in
di

vi
du

al
 le

ve
ls

 u
si

ng
 

th
e 

fo
od

 s
ec

ur
ity

 c
on

tin
uu

m
 

an
d 

th
e 

H
ou

se
ho

ld
 E

co
-

no
m

ic
 A

pp
ro

ac
h 

(H
EA

). 
A

 
sa

m
pl

e 
of

 3
47

57
 h

ou
se

ho
ld

s 
w

er
e 

in
te

rv
ie

w
ed

Re
su

lts
 in

di
ca

te
 th

at
 o

nl
y 

36
.5

%
 

of
 h

ou
se

ho
ld

s 
in

 S
ou

th
 A

fri
ca

 a
re

 
fo

od
 s

ec
ur

e 
w

hi
ls

t 1
7.

5%
 w

er
e 

se
ve

re
ly

 fo
od

 in
se

cu
re

 a
nd

 4
6%

 
w

er
e 

m
ild

ly
 o

r m
od

er
at

el
y 

fo
od

 
se

cu
re

. H
H

S 
sc

or
e 

re
po

rt
ed

 a
 7

9.
2%

 
of

 h
ou

se
ho

ld
s 

ex
pe

rie
nc

ed
 li

tt
le

 to
 

no
 h

un
ge

r w
hi

ls
t t

he
 F

C
S 

re
fle

ct
ed

 
th

at
 1

8.
6%

 o
f h

ou
se

ho
ld

s 
co

ns
um

e 
po

or
 d

ie
ts

 a
nd

 th
e 

H
D

D
S 

re
po

rt
ed

 a
 

80
.8

%
 o

f h
ou

se
ho

ld
s 

th
at

 c
on

su
m

ed
 

ac
ce

pt
ab

le
 c

om
bi

na
tio

n 
gr

ou
p 

of
 

di
et

s.

Ta
bl

e 
4 

(c
on

tin
ue

d)
 



Page 50 of 56Masamha et al. Agriculture & Food Security           (2026) 15:10 

Provinces. This study was comprehensive since it focused 
on several provinces over two seasons. The methodologi-
cal approach of measuring food security across seasons 
provides more nuances regarding food availability, par-
ticularly in rural and peri-urban communities that rely 
on rain-fed agriculture, primarily affected by seasonal 
rainfall patterns such as the recent El Niño phenomenon. 
This is echoed by Simelane et al. [6], who reported that 
in most provinces in South Africa, food availability dis-
proportionately varied according to seasons, drawing evi-
dence from the Household Economic Approach (HEA)’s 
seasonal calendars generated from community Focus 
Group Discussions (FGDs) during the National Food and 
Nutrition Security Survey (NFNSS) study.

Temporal and spatial distribution of food security 
measurement studies in South Africa
From the year 2000 to 2024, most of the studies focusing 
on food availability, access, and stability, making use of 
the food security indicators, were predominantly focused 
on Limpopo Province (Vhembe; Capricorn and Mopani 
districts); eThekwini Municipality in the KZN Province 
and the City of Cape Town in the Western Cape Prov-
ince. This is mainly because in the early years of the mil-
lennium through to around the year 2010, food insecurity 
has been widely reported in Limpopo Province than in 
any other province, especially in the semi-arid districts of 
Mopani and Capricorn (See Fig. 4). In Provinces such as 
the Northern Cape, Northwest, Free State, and Mpuma-
langa there were minimal studies of this nature, indicat-
ing a massive gap in empirical evidence pointing toward 
food access, availability, and stability at the household 
and individual levels. The renewed interest in food secu-
rity measurement through the newly introduced Sustain-
able Development Goals (SDGs) in 2015 that followed 
the end of the Millenium Development Goals (MDGs) 
era provided an impetus for generating empirical evi-
dence towards the Zero hunger (SDG 2) indicators and 
the 2025 SDG nutrition targets hence the sharp increase 
in the number of studies reported in the year 2015 to 
2019 (See Fig.  7). In addition, the introduction of the 
National Policy on Food and Nutrition Security, as well 
as the National Strategy for Household Food and Nutri-
tion Security in 2013 for South Africa, to ensure the 
availability, accessibility, and affordability of safe and 
nutritious food at the national and household levels, 
provides a plausible explanation for the sharp increase 
of studies from 2015 to 2019. This followed a renewed 

focus and thrust on channeling resources and efforts for 
studies addressing the measurement of food access, avail-
ability, stability, and utilization across provincial govern-
ments. Evidence from the South African 2023 Science, 
Technology and Innovation (STI) report indicate that 
there was a huge increase in research and development 
(R&D) funding allocated to strategic priorities includ-
ing food and nutrition security during the 2014 right 
through 2018 period, thereby justifying the increase in 
food security measurement studies. The low number of 
studies recorded in 2020 is attributed to the COVID-19 
pandemic outbreak, which resulted in restricted move-
ments and a shift in the focus on resources and efforts 
to tackle the pandemic. Only studies that did not require 
movements were undertaken through telephonic con-
versations and digital technology use during this period 
(March 2020–2022).

To comprehensively capture the temporal variation of 
food security in South Africa, this study suggests that 
more studies need to be done using cohort and longi-
tudinal studies, like the one undertaken by Rusere et al. 
[48]. Spatial settlement variations must also consider the 
urban, peri-urban, and rural settlement continuum to 
the food insecurity variabilities that emanate from these 
settlement dynamics. To capture the effect of the settle-
ment gradient on food security, Chakona and Shackleton 
[41] conducted a study in KZN, in Harrismith, Dundee, 
and Richards Bay, to determine food access, availability, 
and stability along the settlement gradient. However, 
this is only one of the few studies done at the micro-level 
and more studies of this nature need to be undertaken in 
other provinces and municipalities of South Africa. Very 
few studies, such as [9, 41], have used the assessment of 
food security across different seasons, which provides a 
comprehensive assessment of food security among dif-
ferent seasons, especially in communities whose food 
availability is premised on smallholder rainfed agricul-
ture, which is seasonal. The systematic review results 
also depict a situation where most studies used only one 
indicator, the HFIAS, which was not very comprehen-
sive in capturing the quality of food security perspec-
tives required to guarantee individual and household 
food security. A few studies, such as [6, 9, 41, 42, 49], 
combined several indicators such as HFIAS, HDDS, CSI, 
FCI, and MAHFP in an to attempt to provide a valid and 
reliable food security assessment, although not all the 
critical indicators were incorporated. None of the studies 
investigated the food security dimensions of agency and 

Table 3  Summary of HDDS meta-analysis results depicting effect size estimates
Effect size estimates

Effect size Std. error Z Sig. (2-tailed) 95% Confidence interval
Lower Upper

Overall 5,629 ,6938 8,113 <,001 4,269 6,988
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sustainability, including the possible ways of quantifying 
and accounting for them. There is a need for a nuanced 
analysis of proposed methods and metrics to measure 
agency and sustainability in the South African context. 
Paganini et al. [14] conducted a similar study in South 
Africa in the Cape Flats in Western Cape Province. They 
proposed the Agency Module (AM) to measure the agen-
cy’s food security dimension.

The review shows that there are provinces with 
minimal coverage regarding food security assessment 
research in South Africa. Nevertheless, they appear to 
be the most affected by food insecurity, as reported by 
the GHS [7], where the Northern Cape had the highest 
(37.7%), followed by the North West (32.6%). Although 
slightly different, Simelane et al. [6] also report similar 
trends, where North West, Mpumalanga, Free State, and 
Northern Cape recorded severe food insecurity of 25%, 
22%, 22%, and 21%, respectively. Figure 4 depicts minimal 
food security studies that have been done in the North 
West, Mpumalanga, Free State, and Northern Cape Prov-
inces, yet evidence shows that they experience the high-
est severe food insecurity compared to other provinces. 
The limited methodological triangulation approach in 
most of the studies limits the validity and reliability of the 
food security results. By design, most of the studies used 
quantitative survey methods without getting the voices of 
participants’ experiences through qualitative methodolo-
gies. To the best of the authors’ knowledge, Simelane et 
al. [6], through the National Food and Nutrition Security 
Survey (NFNSS), adopted the SAVACC-commissioned 
methodological framework that used the Household Eco-
nomic Approach (HEA) and the Food Security Contin-
uum to measure food insecurity in South Africa. This is 
also important given that the additional qualitative food 
security dimensions (Agency and Sustainability) have 
been added to the food and nutrition security concept.

Conclusions
The study reveals substantial empirical evidence on food 
access, availability, and stability measurement using 
standard indicators for 2000–2024 in South Africa. The 
HFIAS indicator emerged as the most widely used met-
ric (n = 45) for quantifying food insecurity among South 
African households, followed by the HDDS (n = 24). 
The least used indicators were MDD-W, HFI, FIES, and 
CFIAS. Most of the studies used HFIAS as the sole mea-
surement indicator of food insecurity in their studies. In 
contrast, only nine studies used a composite of three or 
more indicators of food access, availability, and stabil-
ity. None of the reviewed articles attempted to measure 
the food security dimensions of agency and sustain-
ability, except for the Paganini et al. (2021) study con-
ducted in Cape Town, South Africa, which was reported 
as gray literature; hence, it could not be identified from 

the databases searched. Most of the studies (89%) were 
cross-sectional by design. Few studies measured food 
insecurity across different seasons, except for only four. 
Another significant finding is that few studies mea-
sured food security following the urban-peri-urban and 
rural settlement gradient, except for only two studies. A 
few studies use secondary data from previous national 
studies, including the Income and Expenditure Survey 
(IES), NFCS, GHS, and NIDS. The rest of the studies 
were cross-sectional primary studies. Studies in South 
Africa need to adopt the full HFIAS module within rou-
tine national surveys such as the GHS, NIDS, and the 
IES, and restructure the surveys to allow household and 
individual analysis of food insecurity. There is a need to 
emphasize measuring the stability dimension, especially 
the use of the CSI index, given the polycrisis that South 
Africa is undergoing. This would allow various compos-
ite indicators to capture most of the food security dimen-
sions comprehensively.

The spatial distribution of the studies across provinces 
and districts is not uniform since most studies are con-
centrated in KZN and Limpopo provinces, particularly 
in the rural settings of these two provinces. Most of the 
studies conducted in Gauteng and Western Cape prov-
inces were done in Sedibeng and Cape Town, respec-
tively. Minimal research has been done in the Free State, 
North West, Northern Cape, and Mpumalanga Prov-
inces, yet recent reports argue that most of these areas 
are the most food-insecure hotspots in South Africa. The 
peak of studies measuring food access, availability, and 
stability was reached in 2016, and its all-time low was 
in 2020 during the COVID-19 pandemic. Meta-analysis 
of HFIAS studies (n = 16) showed high publication bias, 
as depicted by the funnel plot output. Most of the stud-
ies (n = 6) were significant, as depicted by the forest plot 
for HFIAS; however, a high number of the studies were 
outside the confidence interval limits of the funnel plot, 
indicating high imprecision. This is contrary to the meta-
analysis output of the HDDS metric (n = 14), where most 
studies were close to the zero standard error point in the 
funnel plot, and they were all within the confidence limits 
except for only two studies, thereby indicating very little 
publication bias and high precision. This study provides 
several possible approaches for measuring food security 
dimensions of agency and sustainability and explaining 
emerging gaps for further study.

Proposed approaches for measuring agency and 
sustainability dimensions of food security
Attempts to measure agency and sustainability will 
require different indicators that capture a range of aspects 
of each of these dimensions to account for their complex-
ity. An index to measure food agencies by Paganini et al. 
[14] used a mixed-methods and co-research approach in 
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a household survey conducted in marginalized commu-
nities in South Africa. Results from this study showed a 
statistically significant relationship between the FIES and 
the metric developed to measure food agencies. Paganini 
et al. [14] developed an Agency Module consisting of five 
domains, each with four sets of questions. The domains 
include (a) Diet sovereignty, (b) Food production, (c) 
Food processing, (d) Food distribution, and (e) Voice in 
food policies and governance. The agency module (AM) 
necessitates the computation of an index for the agency 
and sub-indices for each domain. However, measuring 
these qualitative and subjective aspects, such as voice in 
food policies and governance, is complex. This will vary 
according to context, especially the state governance 
structure and ideologies, which influence policy formula-
tion and implementation. Benchmarking these results by 
comparing the measurement of these dimensions across 
countries and local government settings will be very dif-
ficult due to the heterogeneity in governance systems in 
Africa and at the global level.

Clapp et al. [110] propose the use of metrics that have 
included some aspects of agency at the individual and 
household scales, such as the Women’s Empowerment 
in Agriculture Index (WEAI) and the Women’s Empow-
erment in Livestock Index (WELI). These indices mea-
sure women’s empowerment using several domains that 
enhance agency in farming and animal husbandry by 
profiling women’s roles versus men, thereby measuring 
their decision-making power [111–114]. However, these 
aspects are difficult to comprehensively measure due to 
the qualitative nature and comparison across commu-
nities is difficult due to differences in religion, culture, 
and intra-household power dynamics. There is a need 
to find linkages between food and nutrition outcomes 
by incorporating the factors influencing the dynamic 
nature of food security, as argued by [114]. This is how-
ever complex and require exceptional data science as well 
as advanced statistical expertise to accomplish consider-
ing that household food security status and individual 
nutrition data require merging and alignment prior to 
analysis as similarly done during the study by Simelane 
et al. [6]. Concerning sustainability, Seekell et al. [115] 
have developed resilience indicators for food systems, 
incorporating biophysical capacity, production diversity, 
and socioeconomic access. The proposed methodology 
and metrics emphasize that increased attention to agro-
ecology indicators could improve researchers’ ability to 
determine food systems transformation towards eco-
logical, social, and economic sustainability. Diet indica-
tors have also been proposed to enhance sustainability. 
Donini et al. [116] proposed assessments of the sustain-
ability of healthy diets that draw on 13 indicators using 
the Mediterranean diet model. Most scholars have pro-
posed the use of the Sustainable Nutrition Security (SNS) 

framework that incorporates seven types of metrics, 
including ecosystem stability, food loss and waste reduc-
tion, and sociocultural well-being (which includes gender 
equity and community rights [117].

Emerging gaps and scope for further studies
To adequately measure food access, availability, and sta-
bility, there is a need to use a composite of indicators that 
report food security experiences and quantity, such as 
HFIAS, CSI, and HDDS, while measuring the food qual-
ity component using metrics such as FSC and MDD-W. A 
few studies did this to a lesser extent [6, 9, 26, 42]. More 
indicators, such as MDD-W, which provides food secu-
rity measurement for vulnerable groups, such as women 
and children (MDD), need to be used in most studies 
to generate the necessary evidence to address inequal-
ity and limited access to nutritious diets at the house-
hold level. Only two studies identified in this study used 
these vital indicators (MDD and MDD-W) since they are 
used as proxy indicators for micronutrient adequacy, a 
critical dimension of food quality. More studies need to 
be done to investigate the effects of multiple shocks on 
food access, availability, and stability using indicators 
such as the CSI, especially during and after extreme cli-
mate events, economic recessions, civil unrest, pandem-
ics like COVID-19, and other shocks. Another glaring 
research gap is the assessment of food security dimen-
sions across different seasons, such as summer, autumn, 
winter, and spring, since food availability varies signifi-
cantly between these seasons, as demonstrated by [9, 14]. 
As an avenue for further exploration, researchers could 
review the studies focusing on food utilization and sub-
sequent meta-analysis and explore the relationship with 
food access, availability, and stability at the individual and 
household levels. This glaring and critical gap in the food 
security domain must provide enough evidence for gov-
ernment and development agencies’ food and nutrition 
security interventions. There is limited use of secondary 
data, especially those data generated from surveys with 
a national scope, such as the annual GHS, NIDS, and 
NFCS. Not much data analysis has been done to deter-
mine the changing trends of food security metrics over 
time.

Most studies did not provide evidence of food inse-
curity measurement across the settlement continuum 
of urban, peri-urban, and rural landscapes. According 
to the 2024 HLPE Report, peri-urban households expe-
rience extreme vulnerability to income due to various 
shocks, unlike their rural and urban counterparts. Most 
of these studies’ research designs are cross-sectional, 
with no standardized minimum threshold sample size, 
sampling strategy, or data collection approach. There is 
also an opportunity to disaggregate food security metrics 
according to racial groups, an aspect that most studies 
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have not adequately explored in South Africa. Most vul-
nerable and marginalized groups, such as migrants’ food 
security, have not received enough attention, an aspect 
in which urbanization has been the primary driver, yet 
these groups have not been appropriately considered. 
Although the South African Vulnerability Assessment 
Committee (SAVAC) has made good progress in design-
ing and recommending methodological frameworks for 
measuring food security, there is an urgent need to scien-
tifically compile and test these methodologies for broader 
adoption by institutions and researchers. The evolving 
nature of the food security concept has added two more 
dimensions: sustainability and Agency (HLPE [11]). 
More qualitative measurement dimensions are needed 
in these newly included concepts. Although the House-
hold Economic Approach (HEA) had previously been 
advocated through the SAVAC food security assessment 
methodological framework, it has not been widely used. 
Simelane et al. [6] used the HEA approach as a qualitative 
dimension of food security measurement, triangulating 
it with the quantitative survey. However, a more rigor-
ous analysis of its methods must be scientifically done 
to make the results more valid and reliable. This comes 
against the backdrop that HEA has been designed pri-
marily to rapidly assess livelihood activities in disaster-
affected areas and regions. Finally, a similar study and 
analysis need to focus on the food utilization (nutrition) 
dimension to provide an overview of anthropometric and 
other related nutrition outcomes in South Africa.

Limitations of the study
The study was limited to the review of metrics measuring 
food security dimensions of access, availability, and sta-
bility. It did not consider the dimensions of food utiliza-
tion, food sustainability, or food agency. Only studies that 
used at least one indicator measuring food access, avail-
ability, and stability were considered. The searched data-
bases were limited to Google Scholar, Scopus, and Web 
of Science. Only peer-reviewed and published scientific 
articles, conference proceedings, and book chapters were 
considered, excluding grey literature, Master’s, and Doc-
toral Theses. The search was conducted between Febru-
ary 2024 and finalized on 9th September 2024; hence, 
articles that became available online in 2024 after the 
search dates were not considered. Other databases that 
were not considered include PubMed, EBSCO, and oth-
ers, mainly because most of their documents relate to the 
food utilization dimension, which was excluded in this 
review. The only studies that were considered for meta-
analysis were the ones that presented their results with 
means, standard deviation, or standard errors. Unlike 
other indicators, only the studies that used the HFIAS 
and HDDS metrics generated enough threshold data to 
be considered for meta-analysis.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​4​0​0​6​6​-​0​2​5​-​0​0​5​8​3​-​8.

Supplementary Material 1

Acknowledgements
The author would like to acknowledge the assistance rendered by Dr. 
Emmanuel Fundisi, Ms. Thabiso Moeti, Ms. Jacqueline Masemola, and Ms. 
Shingirirai Muzondo of the eResearch Knowledge Centre (eRCK) within the 
Human Sciences Research Council (HSRC) in generating a spatial distribution 
map using ArcGIS, library catalog database search, and iThenticate.

Author contributions
The corresponding author, Dr Blessing Masamha, conceptualized and 
designed the study protocol, developed the search strategy, led the literature 
search, led the document screening process and discussions, analyzed the 
data, drafted the manuscript, and addressed all the review comments.

Funding
No funding was received from any organization for this study.

Data availability
All relevant data extracted from the databases and analyzed are available and 
ready for sharing. This data is provided in this submission as supplementary 
information. The data includes articles extracted from the Web of Science 
(WoS) and Scopus databases, and the list of studies with indicators used in 
food security measurement.

Declarations

Declaration of use of artificial intelligence tools
The study ensured the responsible use of AI tools. It used two artificial 
intelligence (AI) applications to enhance the search and to complement 
the paraphrasing of relevant text for synthesis. Perplexity was used to 
complement the search strategy that was developed, whilst the Quill Bot 
was used to complement paraphrasing after full-text reading and manual 
extraction of text phrases by the three independent authors.

Competing interests
The authors have nothing conflicting to declare.

Author details
1Africa BRICS and the Global South (ABGS) Division, Human Sciences 
Research Council (HSRC), Africa Institute of South Africa (AISA) Unit, 
Private Bag, HSRC Building, 11th Floor, 134 Pretorius Street, Gauteng 0001, 
Pretoria, South Africa
2Department of Anthropology, Archaeology & Development Studies 
(DAADS), University of Pretoria, Lynwood Road, Hatfield Campus, Pretoria, 
Gauteng, South Africa
3Faculty of Humanities, School of Governmental & Social Sciences, 
Department of Public Management & Leadership, Nelson Mandela 
University, P.O. Box 77000, Nelson, South Africa
4Council for Scientific and Industrial Research (CSIR), Climate Services 
Research Group, Meiring Naude Road, Pretoria 0001, Gauteng, South 
Africa

Received: 6 November 2024 / Accepted: 3 November 2025

References
1.	 van den Berg L, Walsh CM. Household food insecurity in South Africa from 

1999 to 2021: a metrics perspective. Public Health Nutr. 2023. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​1​0​1​7​​/​S​​1​3​6​8​9​8​0​0​2​3​0​0​1​8​7​8.

2.	 Vaitla B, Coates J, Glaeser L, Hillbruner C, Biswal P, Maxwell D. Measuring 
household food security: correlation and latent variable analysis of alternative 

https://doi.org/10.1186/s40066-025-00583-8
https://doi.org/10.1186/s40066-025-00583-8
https://doi.org/10.1017/S1368980023001878
https://doi.org/10.1017/S1368980023001878


Page 54 of 56Masamha et al. Agriculture & Food Security           (2026) 15:10 

indicators in a large multi-country dataset. Food Policy. 2017;68:193–205. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​f​o​​o​d​p​​o​l​.​2​​0​1​​7​.​0​2​.​0​0​6.

3.	 Maxwell D, Vaitla B, Coates J. How do indicators of household food inse-
curity measure up? An empirical comparison from Ethiopia. Food Policy. 
2014;47:107–16. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​f​o​​o​d​p​​o​l​.​2​​0​1​​4​.​0​4​.​0​0​3.

4.	 Coates J. Build it back better: deconstructing food security for improved 
measurement and action. Glob Food Secur. 2013;2(3):188–94. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​1​0​1​6​​/​j​​.​g​f​s​.​2​0​1​3​.​0​5​.​0​0​2.

5.	 Shisana O, Labadarios D, Rehle T, Simbayi L, Zuma K, Dhansay A, Reddy P, 
Parker W, Hoosain E, Naidoo P, Hongoro C, Mchiza Z, Steyn NP, Dwane N, 
Makoae M, Maluleke T, Ramlagan S, Zungu N, Evans MG, Jacobs L, Faber M, 
SANHANES-1 Team. &, (2014) The South African National Health and Nutrition 
Examination Survey, 2012: SANHANES-1: the health and nutritional status of the 
nation. 2014 ed. Cape Town: Online. HSRC Press. ​h​t​t​​p​:​/​/​​h​d​l​​.​h​​a​n​d​l​e​.​n​e​t​/​2​0​.​5​0​0​.​
1​1​9​1​0​/​2​8​6​4​.​​​

6.	 Simelane T, Mutanga SS, Hongoro C, Parker W, Mjimba V, Zuma K, Kajombo 
R, Ngidi M, Masamha B, Mokhele T, Managa R, Ngungu M, Sinyolo S, Tshililo 
F, Ubisi N, Skhosana, Ndinda C, Sithole M, Muthige M, Lunga W, Tshitangano 
F, Dukhi N, Sewpaul F, Mkhongi R, Marinda A. E., National Food and Nutrition 
Security Survey: National Report: HSRC: Pretoria. 2023.

7.	 General Household Survey (GHS) 2023. Statistics South Africa (STATS SA), 
Republic of South Africa (RSA).(2023). Private Bag X44, Pretoria, 0001, South 
Africa, ISIbalo House, Koch Street, Salvokop, Pretoria, 0002 www.statssa.gov.
za.

8.	 Ronquest-Ross LC, Vink N, Sigge GO. Food consumption changes in South 
Africa since 1994. S Afr J Sci. 2015;111(9–10):01–12.

9.	 Hendriks SL, van der Merwe C, Ngidi MS, Manyamba C, Mbele M, McIntyre 
AM, et al. What are we measuring? Comparison of household food security 
indicators in the Eastern cape Province 6, South Africa. Ecol Food Nutr. 
2016;55(2):141–62. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​0​​3​6​7​​0​2​4​​4​.​2​0​​1​5​​.​1​0​9​4​0​6​3.

10.	 Hoddinott J. Operationalizing household food security in development 
projects: an introduction. Tech Guide. 1999;1:1–19.

11.	 HLPE. Food security and nutrition: building a global narrative towards 2030. 
A report by the High-Level Panel of Experts on Food Security and Nutrition of 
the Committee on World Food Security.CFS, Rome. (2020). ​h​t​t​p​​:​/​/​​w​w​w​.​​f​a​​o​.​o​​r​
g​/​​3​/​c​a​​9​7​​3​1​e​n​/​c​a​9​7​3​1​e​n​.​p​d​f

12.	 Dawood F, van Vuuren JH. A multi-dimensional spatial index for the quantifi-
cation of food insecurity. J Agric Food Res. 2023;14:100768.

13.	 Peng W, Berry E. The concept of food security. Food Sci. 2018;2:1–7. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​B​​9​7​8​​-​0​-​​0​8​-​1​​0​0​​5​9​6​-​5​.​2​2​3​1​4​-​7.

14.	 Paganini, N., Adams, H., Bokolo, K., Buthelezi, N., Hansmann, J., Isaacs, W., … 
Swanby,H. Agency in South Africa´ s food systems. Humboldt-Universität zu 
Berlin. (2021).

15.	 Headey D, Ecker O. Rethinking the measurement of food security: from first 
principles to best practice. Food Secur. 2013;5:327–43.

16.	 Misselhorn A, Hendriks SL. A systematic review of sub-national food insecu-
rity research in South Africa: missed opportunities for policy insights. PLoS 
ONE. 2017;12(8):e0182399.

17.	 Wolfe WS, Frongillo EA. Building household food-security measurement tools 
from the ground up. Food Nutr Bull. 2001;22(1):5–12.

18.	 Labadarios D, Mchiza ZJR, Steyn NP, Gericke G, Maunder EMW, Davids YD, 
et al. Food security in South Africa: a review of National surveys. Bull World 
Health Organ. 2011;89(12):891–9.

19.	 Aliber M. Exploring statistics South Africa’s National household surveys 
as sources of information about household-level food security. Agrekon. 
2009;48(4):384–409.

20.	 Kennedy G, Ballard T, Dop M. Guidelines for measuring household and indi-
vidual dietary diversity. (2011).

21.	 Coates J, Swindale A, Bilinsky P. Household Food Insecurity Access Scale 
(HFIAS) for measurement of food access: indicator guide: version 3. (2007).

22.	 Maxwell D, Caldwell R, Langworthy M. Measuring food insecurity: can an 
indicator based on localized coping behaviors be used to compare across 
contexts? Food Policy. 2008;33(6):533–40.

23.	 Ballard T, Coates J, Swindale A, Deitchler M. Household hunger scale: indica-
tor definition and measurement guide. Washington, DC: Food and nutrition 
technical assistance II project, FHI, 360, 23. (2011).

24.	 Hendriks SL. The challenges facing empirical estimation of household food 
(in) security in South Africa. Dev South Afr. 2005;22(1):103–23.

25.	 Coates J. Build it back better: deconstructing food security for improved 
measurement and action. Glob Food Secur. 2013;2(3):188–94.

26.	 D’Haese M, Vink N, Nkunzimana T, Van Damme E, Van Rooyen J, Remaut AM, 
et al. Improving food security in the rural areas of KwaZulu-Natal province, 
South Africa: too little, too slow. Dev South Afr. 2013;30(4–5):468–90.

27.	 Govender L, Pillay K, Siwela M, Modi A, Mabhaudhi T. Food, and nutrition 
insecurity in selected rural communities of KwaZulu-Natal, South Africa—
linking human nutrition and agriculture. Int J Environ Res Public Health. 
2017;14(1):17.

28.	 Steyn NP, Nel JH, Drummond L, Malczyk S, Senekal M. Has food security 
and nutritional status improved in children 1–< 10 years in two provinces 
of South Africa between 1999 (National food consumption Survey) and 
2018 (provincial dietary intake study (PDIS)). Int J Environ Res Public Health. 
2022;19(3):1038.

29.	 Otekunrin OA, Mukaila R, Otekunrin OA. Investigating and quantifying food 
insecurity in Nigeria: a systematic review. Agriculture. 2023;13:1873. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​a​​g​r​i​​c​u​l​​t​u​r​e​​1​3​​1​0​1​8​7​3.

30.	 Manikas I, Ali BM, Sundarakani B. A systematic literature review of indicators 
measuring food security. Agric Food Secur. 2023;12(1):10.

31.	 Shisanya SO, Hendriks SL. The contribution of community gardens to food 
security in the Maphephetheni uplands. Dev South Afr. 2011;28(4):509–26. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​0​​3​7​6​​8​3​5​​X​.​2​0​​1​1​​.​6​0​5​5​6​8.

32.	 Mncube LN, Ojo TO, Nyam YS. Addressing food insecurity in Richmond 
area of KwaZulu-Natal, South Africa: the role of cash transfers. Sci Afr. 
2023;19:e01485.

33.	 Ndhleve S, Dapira C, Kabiti HM, Mpongwana Z, Cishe EN, Nakin MDV, et al. 
Household food insecurity status and determinants: the case of Botswana 
and South Africa. AGRARIS: Journal of Agribusiness and Rural Development 
Research. 2021;7(2):207–24.

34.	 Oldewage-Theron W, Egal AA. Is food insecurity a problem among the elderly 
in Sharpeville, South Africa? Food Secur. 2021;13(1):71–81.

35.	 Bahta YT, Owusu-Sekyere E, Tlalang B. Does women’s empowerment through 
policy intervention reduce food insecurity in South Africa? Dev Pract. 
2019;29(1):3–14. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​0​​9​6​1​​4​5​2​​4​.​2​0​​1​8​​.​1​5​1​2​9​5​2.

36.	 Mazenda A, Mushayanyama T. Analyzing household dietary diversity 
amongst urban food insecure households. J Hunger Environ Nutr. 
2022;17(5):630–41. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​1​​9​3​2​​0​2​4​​8​.​2​0​​2​1​​.​1​9​0​6​8​1​8.

37.	 Kaschula SA. Wild foods and household food security responses to AIDS: 
evidence from South Africa. Popul Environ. 2008;29:162–85.

38.	 Sumsion RM, Haylie MJ, Michael RC. Measuring food insecurity: the problem 
with semantics. Foods. 2023;12(9):1816. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​f​​o​o​d​s​1​2​0​9​1​8​
1​6.

39.	 Coates JC, Webb P, Houser RF, Rogers BL, Wilde P. He said she said: who 
should speak for households about experiences of food insecurity in bangla-
desh? Food Secur. 2010;2:81–95.

40.	 Masa R, Sharma A. Invariance of the household food insecurity access scale 
across different groups of adolescents and young adults. Food Nutr Bull. 
2021;42(3):437–50.

41.	 Chakona G, Shackleton CM. Household food insecurity along an agroecologi-
cal gradient influences children’s nutritional status in South Africa. Front Nutr. 
2018;4:72.

42.	 De Cock N, D’Haese M, Vink N, Van Rooyen CJ, Staelens L, Schönfeldt HC, et 
al. Food security in rural areas of Limpopo province, South Africa. Food Secur. 
2013;5:269–82.

43.	 Kruger R, Schönfeldt HC, Owen JH. Food-coping strategy index applied to 
a community of farm-worker households in South Africa. Food Nutr Bull. 
2008;29(1):3–14.

44.	 Ngidi MS, Hendriks SL. Coping with food insecurity in rural South Africa: the 
case of Jozini, KwaZulu-Natal. Mediterr J Soc Sci. 2014;5(25):278.

45.	 Leroy JL, Ruel M, Frongillo EA, Harris J, Ballard TJ. Measuring the food access 
dimension of food security: a critical review and mapping of indicators. Food 
Nutr Bull. 2015;36(2):167–95.

46.	 Rose D, Charlton KE. Quantitative indicators from a food expenditure 
survey can be used to target food insecurity in South Africa. J Nutr. 
2002;132(11):3235–42.

47.	 Megbowon ET, Mushunje A. Assessment of food security among households 
in Eastern Cape Province, South Africa: evidence from the general household 
Survey, 2014. Int J Soc Econ. 2018;45(1):2–17.

48.	 Rusere F, Hunter L, Collinson M, Twine W. Patterns and trends in household 
food security in rural Mpumalanga Province, South Africa. Dev South Afr. 
2024;41(1):164–82.

49.	 Harper A, Goudge J, Chirwa E, Rothberg A, Sambu W, Mall S. Dietary diversity, 
food insecurity and the double burden of malnutrition among children, 

https://doi.org/10.1016/j.foodpol.2017.02.006
https://doi.org/10.1016/j.foodpol.2017.02.006
https://doi.org/10.1016/j.foodpol.2014.04.003
https://doi.org/10.1016/j.gfs.2013.05.002
https://doi.org/10.1016/j.gfs.2013.05.002
http://hdl.handle.net/20.500.11910/2864
http://hdl.handle.net/20.500.11910/2864
https://doi.org/10.1080/03670244.2015.1094063
http://www.fao.org/3/ca9731en/ca9731en.pdf
http://www.fao.org/3/ca9731en/ca9731en.pdf
https://doi.org/10.1016/B978-0-08-100596-5.22314-7
https://doi.org/10.1016/B978-0-08-100596-5.22314-7
https://doi.org/10.3390/agriculture13101873
https://doi.org/10.3390/agriculture13101873
https://doi.org/10.1080/0376835X.2011.605568
https://doi.org/10.1080/0376835X.2011.605568
https://doi.org/10.1080/09614524.2018.1512952
https://doi.org/10.1080/19320248.2021.1906818
https://doi.org/10.3390/foods12091816
https://doi.org/10.3390/foods12091816


Page 55 of 56Masamha et al. Agriculture & Food Security           (2026) 15:10 

adolescents and adults in South Africa: findings from a National survey. Front 
Public Health. 2022;10:948090.

50.	 Robb L, Jordaan EM, Joubert G, Ngounda J, Walsh CM. Sociodemographic 
indicators, household food security and associations with choline intake in 
pregnant women: the NuEMI study. Ecol Food Nutr. 2022;61(6):669–86.

51.	 Cele T, Mudhara M. Impacts of crop production and value chains on house-
hold food insecurity in KwaZulu-Natal: an ordered probit analysis. Sustain-
ability. 2024;16(2):700.

52.	 Tyabashe-Phume BP, Swart R, Zembe-Mkabile W. The relationship between 
food insecurity, the child support grant, and childcare arrangements. Social 
Work/Maatskaplike Werk. 2024;60(1):80–97.

53.	 Mbhenyane XG, Tambe AB. The influence of household and community food 
environments on food insecurity in Limpopo Province, South Africa. Int J 
Environ Res Public Health. 2024;21(2):125.

54.	 Gwacela M, Ngidi MSC, Hlatshwayo SI, Ojo TO. Analysis of the contribution of 
home gardens to household food security in Limpopo Province, South Africa. 
Sustainability. 2024;16(6):2525.

55.	 Nkinsi NT, Galagan SR, Benzekri NA, Govere S, Drain PK. Food insecurity at HIV 
diagnosis associated with subsequent viremia amongst adults living with HIV 
in an urban Township of South Africa. AIDS Behav. 2023;27(11):3687–94.

56.	 Ngarava S. Effectiveness of the indigent support policy on food insecurity in 
South Africa: experiences from matatiele local municipality. Heliyon. 2023. 
e19080 ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​h​e​​l​i​y​​o​n​.​2​​0​2​​3​.​e​1​9​0​8​0.

57.	 Ngarava S. Implications of land restitution as a transformative social policy for 
water-energy-food (WEF) insecurity in Magareng local municipality, South 
Africa. Land Use Policy. 2023;133:106878.

58.	 Hlatshwayo SI, Ngidi MSC, Ojo TO, Modi AT, Mabhaudhi T, Slotow R. The deter-
minants of crop productivity and its effect on food and nutrition security in 
rural communities of South Africa. Front Sustain Food Syst. 2023;7:1091333.

59.	 Hlatshwayo SI, Ojo TO, Ngidi MSC. Effect of market participation on the food 
and nutrition security status of the rural smallholder farmers: the case of 
Limpopo and Mpumalanga provinces, South Africa. Front Sustain Food Syst. 
2023;7:1097465.

60.	 Ngidi MSC, Zulu SS, Ojo TO, Hlatshwayo SI. Effect of consumers’ acceptance 
of Indigenous leafy vegetables and their contribution to household food 
security. Sustainability. 2023;15:4755. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​s​​u​1​5​0​6​4​7​5​5.

61.	 Schoeman J, Kellerman IM, Ndlovu S, Ladas EJ, Rogers PC, Lombard CJ, Kruger 
M. Prevalence of poverty and hunger at cancer diagnosis and its associa-
tion with malnutrition and overall survival in South Africa. Nutr Cancer. 
2023;75(7):1551–9.

62.	 Olawuyi SO, Mushunje A. Access to special COVID-19 relief from distress grant 
and livelihood outcome of livestock farming households in Eastern cape 
Province, South Africa. AIMS Agric Food. 2023. 598-614 ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​9​3​
4​​/​a​​g​r​f​o​o​d​.​2​0​2​3​0​3​3.

63.	 Nedzingahe V, Tambe BA, Zuma MK, Mbhenyane XG. Associations among 
food systems, food environments, food choices, food security, and nutrition 
transition in Limpopo Province, South Africa: a cross-sectional study. Int J 
Environ Res Public Health. 2023;20(16):6557.

64.	 Bahta YT, Musara JP. Diversity of food insecurity coping strategies among 
livestock farmers in Northern Cape Province of South Africa. Climate. 
2023;11(4):82.

65.	 Jilajila SP, Ngidi MSC, Hlatshwayo SI, Ojo TO. An analysis of the prevalence and 
factors influencing food insecurity among university students participating 
in alcohol consumption in KwaZulu-Natal Province. Int J Environ Res Public 
Health. 2023;20(7):5314.

66.	 Bhebhe QN, Ngidi MSC, Siwela M, Ojo TO, Hlatshwayo SI, Mabhaudhi T. The 
contribution of trees and green spaces to household food security in Ethek-
wini Metro, KwaZulu-Natal. Sustainability. 2023;15:4855.

67.	 Mazenda A, Manzi P, Mushayanyama T, Ngarava S. (2022). Household-level 
determinants of food security in the City of Tshwane, South Africa.

68.	 Chari MM, Zhou L, Ngarava S, Ningi T. (2022) Determinants of food access in 
Raymond Mhlaba local municipality, South Africa. In W.L.Filho; M. Kovaleva 
& E Popkova (Eds). Sustainable agriculture and food security. Cham: Springer 
International Publishing; 2022. pp. 495–509.

69.	 Mkhize M, Sibanda M. Food insecurity in the informal settlements of Inanda 
households living with children under 60 months in Ethekwini municipality. 
Children. 2022;9:1521. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​c​​h​i​l​d​r​e​n​9​1​0​1​5​2​1.

70.	 Abegunde VO, Sibanda M, Obi A. Effect of climate-smart agriculture on 
household food security in small-scale production systems: a micro-level 
analysis from South Africa. Cogent Soc Sci. 2022;8(1):2086343.

71.	 Jesson J, Dietrich J, Beksinska M, Closson K, Nduna M, Smit J, et al. Food 
insecurity and depression: a cross-sectional study of a multi‐site urban 

youth cohort in Durban and Soweto, South Africa. Trop Med Int Health. 
2021;26(6):687–700.

72.	 Horwood C, Haskins L, Hinton R, Connolly C, Luthuli S, Rollins N. Addressing 
the interaction between food insecurity, depression risk, and informal work: 
findings of a cross-sectional survey among informal women workers with 
young children in South Africa. BMC Womens Health. 2021;21:1–12.

73.	 Clarke P, Zuma MK, Tambe AB, Steenkamp L, Mbhenyane XG. Caregivers’ 
knowledge and food accessibility contributes to childhood malnutrition: 
a case study of Dora Nginza Hospital, South Africa. Int J Environ Res Public 
Health. 2021;18:10691. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​i​​j​e​r​p​h​1​8​2​0​1​0​6​9.

74.	 Battersby J. Finding ways to speak about urban food security in South Africa. 
Geografiska Annaler: Series B, Human Geography. 2012;94(2):141–59. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​j​​.​1​4​​6​8​-​​0​4​6​7​​.​2​​0​1​2​.​0​0​4​0​1.

75.	 Sabi SC, Kolanisi U, Siwela M, Naidoo D. Students’ vulnerability and percep-
tions of food insecurity at the university of KwaZulu-Natal. S Afr J Clin Nutr. 
2020;33(4):144–51.

76.	 Maziya M, Mudhara M, Chitja J. What factors determine household food 
security among smallholder farmers? Insights from Msinga, KwaZulu-Natal, 
South Africa. Agrekon. 2017;56(1):40–52.

77.	 Napier C, Oldewage-Theron W, Makhaye B. Predictors of food insecurity and 
coping strategies of women asylum seekers and refugees in Durban, South 
Africa. Agric Food Secur. 2018;7:1–9.

78.	 Oldewage-Theron W, Kruger R. Dietary diversity and adequacy of women 
caregivers in a peri-urban informal settlement in South Africa. Nutrition. 
2011;27(4):420–7.

79.	 Devereux S, Tavener-Smith L. Seasonal food insecurity among farm workers 
in the Northern Cape, South Africa. Nutrients. 2019;11(7):1535.

80.	 Msaki MM, Hendriks SL. Do food quality and food quantity talk the same? 
Lesson from household food security study in Embo, South Africa. J Am Coll 
Nutr. 2013;32(3):165–76.

81.	 Msaki MM, Hendriks SL. Measuring household food security using food 
intake indicators in rural Kwazulu Natal, South Africa. Ecol Food Nutr. 
2014;53:193–213.

82.	 Musemwa L, Muchenje V, Mushunje A, Aghdasi F, Zhou L. Household food 
insecurity in the poorest Province of South Africa: level, causes and coping 
strategies. Food Secur. 2015;7:647–55.

83.	 Baiyegunhi LJS, Oppong BB, Senyolo GM. Mopane worm (Imbrasia belina) 
and rural household food security in Limpopo province, South Africa. Food 
Secur. 2016;8:153–65.

84.	 Grobler W. Factors influencing urban household food insecurity in a Low-
Income neighbourhood in South Africa. Int Inform Inst (Tokyo) Inform. 
2017;20(10A):7179–89.

85.	 Sharaunga S, Mudhara M, Bogale A. Effects of ‘women empowerment on 
household food security in rural KwaZulu-Natal Province. Dev Policy Rev. 
2016;34(2):223–52.

86.	 Shisanya S, Mafongoya P. Adaptation to climate change and the impacts 
on household food security among rural farmers in uMzinyathi district of 
Kwazulu-Natal, South Africa. Food Secur. 2016;8:597–608.

87.	 Roisin ED, Mosa M, Urmilla B. Adapting the coping strategies index to mea-
sure food insecurity in the rural district of iLembe, South Africa. Food Cult 
Soc. 2019;22(1):95–110. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​1​​5​5​2​​8​0​1​​4​.​2​0​​1​8​​.​1​5​4​7​0​6​7.

88.	 Khumalo NZ, Sibanda M. Does urban and peri-urban agriculture contribute 
to household food security? An assessment of the food security status of 
Tongaat, eThekwini municipality households. Sustainability. 2019;11(4):1082.

89.	 Dunga HM, Dunga SH. An analysis of household food security: a case study of 
townships in Gauteng South Africa. Int J Econ Finance Stud. 2020;12(2):388–
405. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​4​1​0​​9​/​​i​j​e​f​s​.​2​0​2​0​1​2​2​0​9.

90.	 Jonah CM, May JD. The nexus between urbanization and food insecurity in 
South africa: does the type of dwelling matter? Int J Urban Sustainable Dev. 
2020;12(1):1–13.

91.	 Grobler WC. Food insecure household coping strategies: the case of a low-
income neighborhood in South Africa. Mediterr J Soc Sci. 2014;5:10.5901. Vol 
5 (13) ISSN 2039 - 2117

92.	 Mazenda A, Mushayanyama T, Masiya T, Simawu M. Poverty and food: the role 
of municipalities in enhancing food security. Cities. 2021;22:26–43. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​​4​7​7​8​​5​/​​u​r​b​a​n​a​.​3​.​2​0​2​1.

93.	 Zondi NTB, Ngidi MSC, Ojo TO, Hlatshwayo SI. Impact of market participation 
of Indigenous crops on household food security of smallholder farmers of 
South Africa. Sustainability. 2022;14(22):15194.

94.	 Ndlovu PN, Thamaga-Chitja JM, Ojo TO. Impact of value chain participation 
on household food insecurity among smallholder vegetable farmers in 
Swayimane KwaZulu-Natal. Sci Afr. 2022;16:e01168.

https://doi.org/10.1016/j.heliyon.2023.e19080
https://doi.org/10.3390/su15064755
https://doi.org/10.3934/agrfood.2023033
https://doi.org/10.3934/agrfood.2023033
https://doi.org/10.3390/children9101521
https://doi.org/10.3390/ijerph18201069
https://doi.org/10.1111/j.1468-0467.2012.00401
https://doi.org/10.1111/j.1468-0467.2012.00401
https://doi.org/10.1080/15528014.2018.1547067
https://doi.org/10.34109/ijefs.202012209
https://doi.org/10.47785/urbana.3.2021
https://doi.org/10.47785/urbana.3.2021


Page 56 of 56Masamha et al. Agriculture & Food Security           (2026) 15:10 

95.	 Akinboade OA, Taft T, Weber JF, Manoko OB, Molobi VS. Correlates of access 
to ICT and food security of the poor in South africa’s Soshanguve. GeoJour-
nal. 2022;87(6):5165–78.

96.	 Kehoe SH, Wrottesley SV, Ware L, Prioreschi A, Draper C, Ward K, et al. Food 
insecurity, diet quality and body composition: data from the Healthy Life Tra-
jectories Initiative (HeLTI) pilot survey in urban Soweto, South Africa. Public 
Health Nutr. 2021;24(7):1629–37.

97.	 Lujabe B, Pretorius B, Goliath V, Sibanda W. Exploring the food (In)security 
status of suburban households and its determinants during COVID-19. 
Sustainability. 2022;14:3918. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​3​3​​​9​0​​/​s​u​1​4​0​7​3​9​1​8.

98.	 Waidler J, Devereux S. Social grants, remittances, and food security: does the 
source of income matter? Food Secur. 2019;11:679–702.

99.	 Kaschula S. Using people to cope with the hunger: social networks and food 
transfers amongst HIV/AIDS afflicted households in KwaZulu-Natal, South 
Africa. AIDS Behav. 2011;15:1490–502.

100.	 Labadarios D, Steyn NP, Nel J. How diverse is the diet of adult South africans? 
Nutr J. 2011;10:1–11.

101.	 Oldewage-Theron WH, Dicks EG, Napier CE. Poverty, household food inse-
curity and nutrition: coping strategies in an informal settlement in the Vaal 
Triangle, South Africa. Public Health. 2006;120(9):795–804.

102.	 Oldewage-Theron WH, Kruger R. Food variety and dietary diversity as indica-
tors of the dietary adequacy and health status of an elderly population in 
Sharpeville, South Africa. J Nutr Elder. 2008;27(1–2):101–33.

103.	 Oketch JA, Paterson M, Maunder EW, Rollins NC. Too little, too late: com-
parison of nutritional status and quality of life of nutrition care and support 
recipient and non-recipients among HIV-positive adults in KwaZulu-Natal, 
South Africa. Health Policy. 2011;99(3):267–76.

104.	 Kirkland TM, Kemp RJ, Hunter LM, Twine WM. Toward improved understand-
ing of food security: a methodological examination based in rural South 
Africa. Food Cult Soc. 2013;16(1):65–84.

105.	 Walsh CM, Van Rooyen FC. Household food security and hunger in rural and 
urban communities in the free state Province, South Africa. Ecol Food Nutr. 
2015;54(2):118–37.

106.	 Swanepoel JW, Van Niekerk JA. The level of household food security of urban 
farming and non-farming households in the informal settlement area of the 
Cape Town Metropole in South Africa. South African Journal of Agricultural 
Extension (SAJAE). 2018;46(2):89–106.

107.	 Chakona G, Shackleton C. Minimum dietary diversity scores for women 
indicate micronutrient adequacy and food insecurity status in South African 
towns. Nutrients. 2017;9(8):812.

108.	 McLaren S, Steenkamp L, Feeley A, Nyarko J, Venter D. Food insecurity, social 
welfare and low birth weight: implications for childhood malnutrition in an 
urban Eastern Cape Province township. S Afr J Child Health. 2018;12(3):95–9.

109.	 Ntila S, Siwela M, Kolanisi U, Abdelgadir H, Ndhlala A. An assessment of the 
food and nutrition security status of weaned 7–12 months old children in 
rural and peri-urban communities of Gauteng and Limpopo Provinces, South 
Africa. Int J Environ Res Public Health. 2017;14(9):1004.

110.	 Clapp J, Moseley WG, Burlingame B, Termine P. The case for a six-dimensional 
food security framework. Food Policy. 2022;106:102164.

111.	 Masamha B, Uzokwe VN, Thebe V. Women’s empowerment in traditional food 
value chains at the micro-level: evidence from cassava smallholder farming in 
Tanzania. Agroecol Sustain Food Syst. 2018;42(1):28–47.

112.	 Alkire S, Meinzen-Dick R, Peterman A, Quisumbing A, Seymour G, Vaz A. The 
women’s empowerment in agriculture index. World Dev. 2013;52:71–91.

113.	 Malapit, H., Quisumbing, A., Meinzen-Dick, R., Seymour, G., Martinez, E. M., 
Heckert,J., … Team, S. Development of the project-level Women’s Empower-
ment in Agriculture Index (pro-WEAI). World development, 122, 675–692. 
(2019).

114.	 Quisumbing A, Heckert J, Faas S, Ramani G, Raghunathan K, Malapit H. 
Women’s empowerment and gender equality in agricultural value chains: 
evidence from four countries in Asia and Africa. Food Secur. 2021;13:1101–24. 
& pro-WEAI for Market Inclusion Study Team Hazel Malapit Jessica Heckert 
Sarah Eissler Simone Faas Elena Martinez Emily Myers Audrey Pereira Agnes 
Quisumbing Catherine Ragasa Kalyani Raghunathan Deborah Rubin Greg 
Seymour

115.	 Seekell D, Carr J, Dell’Angelo J, D’Odorico P, Fader M, Gephart J, et al. Resil-
ience in the global food system. Environ Res Lett. 2017;12(2):025010.

116.	 Donini LM, Dernini S, Lairon D, Serra-Majem L, Amiot MJ, Del Balzo V, et al. A 
consensus proposal for nutritional indicators to assess the sustainability of a 
healthy diet: the Mediterranean diet as a case study. Front Nutr. 2016;3:37.

117.	 Gustafson D, Gutman A, Leet W, Drewnowski A, Fanzo J, Ingram J. Seven food 
system metrics of sustainable nutrition security. Sustainability. 2016;8(3):196.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.3390/su14073918

	﻿Deconstructing the complexity of measuring food security in South Africa: a systematic review and meta-analysis (2000–2024)
	﻿Abstract
	﻿Introduction
	﻿Background
	﻿The concept of food security
	﻿Food security measurement

	﻿Methods and procedures
	﻿Research approach and design
	﻿Search strategy
	﻿Inclusion and exclusion criteria
	﻿Data extraction from the documents
	﻿Quality assessment and assurance of the review
	﻿Statement on the use of artificial intelligence (AI) tools
	﻿Statistical analysis

	﻿Results
	﻿Spatial distribution of food security measurement studies
	﻿Types of studies and data sources used
	﻿Temporal variation of food security measurement studies
	﻿Meta-analysis of HFIAS and HDDS food security metrics

	﻿Discussion
	﻿The frequency of use of food security indicators in South Africa
	﻿Temporal and spatial distribution of food security measurement studies in South Africa

	﻿Conclusions
	﻿Proposed approaches for measuring agency and sustainability dimensions of food security
	﻿Emerging gaps and scope for further studies
	﻿Limitations of the study

	﻿References


