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ABSTRACT 

Stunting, a condition characterised by hindered physical and cognitive development, results from 

inadequate nutrition, recurrent infections, and limited psychosocial stimulation during early 

childhood. It has long-term health, cognitive, and economic consequences such as affected individuals 

earning over 20% less than average in adulthood, reinforcing cycles of poverty. Global efforts have 

prioritized reducing stunting, particularly during the first 1,000 days of life. However, adolescence – 

another critical developmental window – receives little to no policy and investment attention in South 

Africa. While stunting prevalence is well documented, limited research explores how household socio-

economic conditions influence growth outcomes beyond infancy, into adolescence. This study aims 

to address this critical knowledge gap by investigating how household socio-economic conditions 

influence stunting status beyond infancy and early adolescence. Using longitudinal data from the 

National Income Dynamics Study (NIDS) in South Africa, the analysis explores associations between 

household socio-economic status (HHSES) and child stunting trajectories. HHSES was measured 

through a composite index derived from principal component analysis (PCA) based on household 

assets and access to basic services. Height-for-age Z-scores (HAZ) were analysed across five waves, 

tracking a total of 485 children from age 2 to early adolescence at age 11. Children identified as stunted 

at age two showed marked improvements in linear growth over time. Longitudinal analysis (transition 

matrix) revealed that about half of the children initially classified as severely stunted (HAZ < -3) had 

recovered by the final wave, while between 60–80% of those moderately stunted at baseline (-

2<HAZ<-3) achieved non-stunted status by ages 7, 9, and 11, across the cohorts. Multinomial logistic 

regression showed a strong association between household socio-economic status (HHSES) and 

recovery from stunting. Improvements in HHSES were linked to a significantly lower risk and decline 

of stunting (RRR = 0.289, p = 0.030; RRR = 0.304, p = 0.038), while children in low-HHSES 

households remained at a significantly greater risk (RRR = 3.96, p = 0.041). These findings challenge 

the notion that stunting is irreversible beyond infancy and highlight the importance of ongoing 

childhood interventions, particularly addressing household socioeconomic conditions, and 

targeting adolescence as the second window of opportunity.  

 

Keywords: child malnutrition, food insecurity, early-adolescent, household socio-economic status, 

stunting, stunted-growth recovery, South Africa 
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GLOSSARY OF KEY TERMS  

The following terms are fundamental to understanding the background and context of this 

dissertation. A short definition or description given below may be repeated or elaborated upon in 

the document.  

Food insecurity It is sometimes used interchangeably with the term ‘hunger’ and 

defined as a short-term physical discomfort or severe life-

threatening lack of food energy consumption resulting in nutrient 

deficiencies and affects over 2 billion people worldwide (Hendriks, 

2015).  

 

Malnutrition The term denotes deficiencies, excesses, or imbalances in an 

individual’s nutrient intake. In addition, it encompasses three main 

categories of conditions: undernutrition, overnutrition, and 

micronutrient deficiencies (Maleta, 2006).  

 

Undernutrition Manifested as stunting, wasting, or underweight, undernutrition 

results from a combination of insufficient dietary intake and 

repeated infections due to unsanitary environments. These 

infections compromise the absorption and utilization of essential 

nutrients, leading to the observed outcomes (Hendriks, 2015). 

 

 

Overnutrition It results from micronutrient deficiencies and excessive food 

consumption, manifesting as overweight and obesity. This condition 

is commonly assessed using Body Mass Index (BMI) and is 

associated with non-communicable diseases (NCDs) (Sinha et al., 

2018). 

Micronutrient deficiency Occurs due to inadequate consumption of essential micronutrients, 

leading to deficiencies such as iron and Vitamin A deficiencies 

(UNICEF, 2020).  
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Stunting (focus of this study) 

(see Figure 1) 

It is a form of malnutrition defined by low height-for-age, as 

measured through the height-for-age Z-score (HAZ) and is 

primarily the outcome of chronic and recurrent undernutrition. It is 

closely linked to poor socio-economic circumstances, inadequate 

maternal health and nutrition, chronic illnesses, and suboptimal 

infant and childcare practices. Stunting constrains children’s 

physical and cognitive development and serves as a long-term 

indicator of undernutrition (Hendriks, 2015). 

 

Wasting A form of malnutrition characterised by acute episodes of 

undernutrition, marked by low weight-for-height (measured by 

weight-for-height Z-score (WHZ)) and indicated by recent/short-

term severe weight loss, as a result of insufficient food to eat and/or 

infectious disease such as diarrhoea (Maleta, 2006).  

 

Underweight A form of undernutrition marked by low weight-for-age, (measured 

by weight-for-age Z-score (WAZ)). Underweight children may be 

stunted, wasted, or both (Maleta, 2006).  
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Figure 1: Forms of malnutrition 

 
Source: http://theicph.com/en_US/   
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CHAPTER 1: INTRODUCTION  

1.1 Overview and Rationale 

Childhood stunting, resulting from chronic undernutrition and defined as low height-for-age 

(HAZ), remains one of the most persistent indicators of child deprivation globally (de Onis & 

Branca, 2016; Leroy & Frongillo, 2019). The World Health Organization (WHO) defines a child 

as stunted when their height-for-age Z-score (HAZ) is more than two standard deviations below 

the median of the WHO child growth standards (WHO, 2006). The condition reflects long-term 

nutritional deprivation and exposure to adverse socio-economic and environmental conditions, and 

has far-reaching consequences for cognitive development, educational attainment, and future 

economic productivity (Akseer et al., 2022; Boyden et al., 2019). Stunting is widely recognised as 

a key indicator of chronic undernutrition and forms part of the broader phenomenon of 

malnutrition (de Onis & Branca, 2016). While malnutrition includes multiple forms of nutritional 

imbalance (see Figure 1), this study focuses specifically on childhood stunting as the primary 

indicator of long-term nutritional and socio-economic disadvantage. Given the significant 

implications of stunting for human development, addressing child undernutrition has become one 

of the key priorities in global development agendas (UNICEF, WHO, & World Bank, 2018).  

The United Nations 2030 Agenda for Sustainable Development prioritises the eradication of 

poverty and malnutrition, with target 1.2 expressly mentioning children (0–17 years) (UNICEF, 

WHO, & World Bank, 2018). A malnutrition-free society is essential for optimal child 

development, their learning, and fostering human capital development, economic growth, and 

long-term future productivity and societal stability. Beyond affecting physical survival and 

growth, malnutrition has far-reaching consequences for efforts to break the cycle of poverty, 

particularly in developing countries, which often manifests as stunting in children. By weakening 

human capital development, it undermines long-term health, social stability, and economic 

prosperity (Akseer et al., 2022). Globally, stunting continues to pose a major public health 

challenge, impacting an estimated 150.2 million children under five, which constitutes 23.2% of 

this age group. Africa carries a disproportionate burden, contributing to 43% of the global 

prevalence (UNICEF, WHO, & World Bank, 2025). Despite the global community’s concerted 

efforts to reduce stunting by 50% by 2030, as outlined in the 2012 World Health Assembly 

https://uwcscholar.uwc.ac.za/home
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(WHA), progress has been insufficient. Current data (152 million stunted children) and 

projections (see Table 1.1) suggest that the target of 89 million by 2030 is unlikely to be met. 

Table 1.1 illustrates global progress towards the World Health Assembly (WHA) target of 

achieving a 55% reduction in the number of stunted children by 2030. The baseline estimate of 

162 million stunted children in 2012 serves as the reference point for measuring progress.  

In order to reach the 2030 target of approximately 88.9 million children (13.5% prevalence), a global Average Annual Rate of 

Reduction (AARR) of 6.08% is required. However, the current rate of decline remains below this threshold, indicating that the 

world is not on track to meet the agreed target. With the current pace, the number of stunted children is projected to decline to 

about 128.5 million by 2030, which is a 20% reduction. The AARR is an important indicator as it reflects the rate at which stunting 

is being reduced over time and provides a basis for assessing whether current interventions are sufficient. Therefore, the shortfall 

between the required and the current rate of reduction highlights the continued burden of stunting and the need for strengthened 

and context-specific strategies to increase progress. While this is a global outlook, it provides a benchmark for understanding the 

persistence of stunting within national and local contexts and underscores the urgency of addressing the factors associated with 

stunting. Over the past several years, global rates have plateaued and have further drifted away from the trajectory needed to halve 

stunting rates by 2030, highlighting the need for a critical re-evaluation of existing interventions and strategies (UNICEF, WHO, 

& World Bank, 2025).  

 
Table 1.1: Progress towards the World Health Assembly global targets  

 
 
 
 
WHA 
target 

 
 
 
 
Baseline 
year(s) 

 
 
 
 
Baseline 
status 

 
 
 
 
Target for 
2030 

 
Required 
global 
average 
rate of 
change 

 
 
 
Globally 
on 
course? 

 
 
 
 
 
Comments 

Countries 
Above 
and 
Below 
Global 
Target 
Rate 

 
˜55% 
reduction 

 
2012 

 
162 
million 

 
˜ 88.9 
million 
(13.5% 
prevalence) 

 
6.08% 
AARR 

 
No 

 
Current 
pace 
projects 
128.5 
million by 
2030 
(20% 
reduction) 
 

 
AARR is 
below 
required 
rate 

Source: 1,000 Days (2023), Unpacking the Joint Child Malnutrition Estimates 2023 Edition. Retrieved 
from https://thousanddays.org/updates/unpacking-the-joint-child-malnutrition-estimates-2023-edition/ 
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Existing research on stunting has focused predominantly on early childhood (the first 1,000 days 

of life) and agricultural interventions, neglecting the complex interplay between socio-economic 

factors and child growth over the life course. Wells (2016) emphasises the need for a dynamic 

perspective that considers the evolving socioecological context of child development. While the 

criticality of nutrition in the first two years is acknowledged, recent evidence suggests the 

existence of an additional window of opportunity for addressing stunting and multi-factorial 

policy approaches to address its dynamic nature (Bommer et al., 2019; Kofi, 2018; Subramanian 

et al., 2016). Adolescence presents a critical window of opportunity for child development, 

characterised by rapid biological changes (puberty) and their increased interactions with the 

environment or socioecological surroundings (Bonnie & Backes, 2019; Boyden et al., 2019). 

While early childhood malnutrition remains a significant concern, this evidence suggests that 

adolescence may offer a second chance for catch-up growth and recovery. This period should be 

considered as essential for reversing the negative impacts of early-life adversity and optimising 

long-term outcomes. It presents an opportunity to build on previously missed early investments 

and provides a second chance for children who did not fare well during the first two years of life 

(Georgiadis, Benny, Duc et al., 2017; UNICEF, 2017).  

 

Stunting often becomes more evident as children grow older, emphasising the importance of 

exploring potential recovery strategies beyond the first two years of life. This is particularly 

relevant in relation to their socioecological contexts, including household socio-economic status 

(HHSES) (Bommer et al., 2019). Childhood growth and development are shaped by a complex 

interplay of factors, such as income, adequate housing, safety, land, education, and access to 

essential services like clean water, sanitation, and electricity. These factors, collectively, 

contribute significantly to an individual’s overall well-being (Allen & Kelly, 2015). It is essential 

to consider all stages of a child’s development to fully understand the influence of socioecological 

and household factors. Both prenatal and postnatal factors play crucial roles in shaping a child’s 

biological, emotional, social, and physical development, with heightened sensitivity during early 

childhood and adolescence (Bonnie & Backes, 2019). 
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1.2 Background and Contextualisation 

This section provides an overview of the broader context within which the study is situated, with 

a particular attention to undernutrition, as a consequence of food (in)security. Within this context, 

childhood stunting, the primary focus of the study, is understood as a key manifestation of chronic 

undernutrition. The discussion in this chapter therefore engages with malnutrition only to the 

extent that it provides necessary context, while maintaining an emphasis on stunting as the main 

outcome.  

 

1.2.1 Stunting and food (in)security 

As the most prevalent of undernutrition, stunting remains one of the most significant and persistent 

global challenge that is closely linked to food insecurity and broader socio-economic deprivations. 

When households lack reliable access to sufficient and nutritious food, children are at greater risk 

of experiencing long-term deficits. Although food insecurity and undernutrition are conceptually 

distinct, they are interconnected. Persistent food insecurity constrains households’ ability to meet 

children nutritional dietary needs for healthy growth. As a result, children living in food-insecure 

households are more vulnerable to chronic undernutrition, which frequently manifests as stunting. 

Food insecurity is shaped a range of socio-economic conditions including poverty, land access, 

unemployment, education, and housing, to mention a few, which collectively shape a household’s 

socio-economic status (SES) (Nagata et al., 2015; Siddiqui et al., 2020). These structural 

constraints influence households’ ability to maintain healthy living conditions for children. 

Consequently, childhood stunting cannot be understood solely as a nutritional outcome but must 

also be examined within the broader socioeconomic context in which children grow and develop. 

A detailed discussion of the dimensions and definitions of food security, which provide the 

broader context for understanding childhood stunting, is presented in Chapter 2. This section 

therefore introduces food insecurity only briefly as a contextual factor influencing child outcomes 

and the broader determinants of childhood stunting examined in this study.  
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1.2.2 Introducing the case-study area: South African malnutrition, trends, and policy context  

South Africa presents a complex epidemiological profile characterised by the coexistence of 

undernutrition and overnutrition. Despite its upper-middle-income status, the country grapples 

with socio-economic disparities that mirror those found in lower-middle-income countries, as 

evidenced by indicators such as infant mortality and life expectancy (Modjadji & Madiba, 2019). 

The nation’s substantial child population, comprising approximately 34% of the total South 

African population, is particularly vulnerable to these dual burdens of malnutrition, with about 

27% of children under five still stunted. The situation has not improved much since 1994, from 

29,7% (UNICEF, 2020). Despite government interventions, such as the child support grant (CSG), 

South Africa continues to grapple with alarmingly high rates of stunting (Devereux & Waidler, 

2017), highlighting the need for a comprehensive understanding of the underlying factors 

contributing to stunting.  

According to the Global Nutrition Report (2018), about two-thirds of countries of the Southern 

African Development Community (SADC) region have their levels of stunting above 30%, and 

South Africa ranks among the top countries with the highest burden, where approximately one in 

four children is stunted (UNICEF, 2020). Over half of South African children remain below the 

poverty line, with 62% experiencing multidimensional forms of poverty. Additionally, 30% of 

these children reside in households where no adult is employed. These households often have low 

educational attainment, inadequate or non-existent access to a daily energy diet, and generally live 

under poor household socio-economic conditions (Stats SA, 2020). According to the UNICEF 

Nutrition Reports (2017, 2020), South Africa needs to intensify its efforts to achieve the World 

Health Assembly (WHA) targets for reducing child stunting. If the current rate of progress 

continues, projections show that South Africa will have approximately 1.7 million stunted 

children by 2025. This figure significantly exceeds the WHA target, which aims to reduce the 

number of stunted children to 900,000 by 2025, indicating that the country would have nearly 

double the target. This suggests a need for more intensive and effective interventions to address 

the underlying causes of stunting and improve child nutrition outcomes in the country, 

underscoring the necessity for a comprehensive understanding of the contributing factors to this 

persistent challenge. 
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1.3 Research Problem  

While extensive research has documented stunting in early childhood, there is limited insight into 

how socio-economic conditions at the household level influence growth outcomes as children 

grow and age. This section outlines the research problem, highlighting the gaps in current 

knowledge and investigating stunting beyond infancy. It also presents the study’s aims, objectives, 

and key research questions that guide the research study.  

 
1.3.1 Research statement  

The prevalence of child stunting in South Africa is well documented (UNICEF, WHO & World 

Bank, 2023). However, there is still a notable gap in the scientific understanding, particularly 

concerning the complex interactions of socio-economic factors at the household level. The impact 

of these factors on a child’s growth outcomes, especially beyond infancy, is insufficiently 

explored. As children grow older, stunting becomes more evident and is increasingly influenced 

by the socio-economic conditions they are exposed to, as children interact more actively with their 

household environment, making their growth outcomes more susceptible to their socioecological 

context (Bommer et al., 2019). Stunting is not only an indicator of chronic undernutrition but is 

also associated with long-term consequences, such as the intergenerational transmission of 

poverty. These outcomes have significant implications for human capital formation and broader 

economic development. Despite these far-reaching consequences research and policy interventions 

have historically focused primarily on the first two years of life, with a strong emphasis on 

nutrition-specific interventions in conception and infancy (Bhutta et al., 2008). However, recent 

studies suggest that adolescence presents a second critical period for addressing child stunting and 

implementing recovery interventions (Georgiadis & Penny, 2017). While this focus is critical for 

prevention, it has resulted in limited scientific attention to the potential for recovery among 

children who remain stunted beyond this period (Campisi et al., 2018). Failure to explore 

opportunities for catch-up growth beyond the first 1 000 days risks narrowing the scope of 

intervention strategies and excluding older children from targeted support. Adolescence offers a 

valuable opportunity for developmental improvements, underscoring the need for a broader 

approach that extends beyond early childhood to include later developmental phases. There is 

therefore a need for research that moves beyond the exclusive focus on early childhood and 
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examines child stunting within a broader socio-ecological framework, with specific attention to 

the role of household socio-economic dynamics in shaping growth outcomes and the potential for 

recovery beyond the first 1 000 days.  

1.3.2 Research aims and objectives 

This study, therefore, aims to examine if there is an existing relationship between household socio-

economic status (HHSES) and stunted-growth recovery among post-infant and early-adolescent 

children in South Africa. 

Specifically, the study will:  

Ø Examine the association between household socio-economic status (HHSES) and stunted 

growth outcomes among South African children during infancy (age 2 at Time 1 (t1)), 

beyond infancy (ages 4–9 at Time 2 (t2)), T2), and early adolescence (age 11 at Time Time-

final (tf)).  

Ø Explore whether changes in the households’ SES and living conditions have an impact on 

stunting status among children in South Africa.  

Ø Investigate whether adolescence may present a second window of opportunity for stunted-

growth recovery.  

1.3.3 Research questions  

To investigate the hypothesis, the following questions were posed: 

Ø Question 1: What is the relationship between HHSES and stunting among children in 

South Africa?  

Ø Question 2: Does a change in households’ SES have an impact on the stunting status of 

children in South Africa?  

Ø Question 3: Does early adolescence present a second window of opportunity for stunted-

growth recovery?  
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 1.3.4 Justification of the study 

This study is justified on academic, empirical, and policy grounds. Academically, it contributes 

to the scientific understanding of how household socio-economic status (HHSES), shapes 

stunting outcomes across early, middle childhood, and adolescence, and addresses a gap in 

existing literature that often only focuses on the first 1,000 days for stunting reduction 

interventions. Empirically, the study provides robust evidence using nationally representative 

data (NIDS) on how household socioeconomic status influences child growth outcomes. From 

a policy perspective, the findings offer practical insights for designing interventions that target 

households, and implementing strategies to reduce stunting beyond infancy and early 

childhood.  

 

1.4 Thesis Outline  

 

The study consists of four sections: Parts I, II, III, and IV as outlined in the table above. The first 

section presents the theoretical basis of the study, grouping several components of the literature 

analysed as part of the theoretical framework. The second part entails the empirical work and 

details research design, and the general methodology adopted for the study. The third part outlines 

the findings, discussions, and concluding remarks of the study and presents future perspectives. 

Finally, the appendix provides additional supporting information, in this case the DO file. Within 

 BREAKDOWN 

Part I: Theoretical Basis  
Ø Chapter 1: Introduction  

Ø Chapter 2: Literature Review  

Part II: Empirical Section  Chapter 3: Research Design and Methods  

Part III: Findings  
Ø Chapter 4: Findings and Discussion  

Ø Chapter 5: Conclusion  

Part IV: Appendix  Ø Stata DO File for Data Cleaning and Analysis 
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these sections, there are five chapters. The first chapter is a snap-shot introduction, presenting the 

overview, rationale, and the context of the study. Moreover, the chapter briefly introduces the 

concept of malnutrition wrapped around the multidimensionality of food security and highlights 

global and local trends and targets. As a synopsis, the chapter provides an overview of 

malnutrition in South Africa and highlights national-level social-protection strategies and policies 

fashioned as a response. In addition, the study’s research problem, research questions, aims, and 

objectives are stated. The second chapter unpacks the literature relevant to the study and 

subsequently breaks down the conceptual and theoretical perspectives of the study. The chapter 

includes the definition and explanation of key concepts and provides current statistics, trends, 

causes, and effects of malnutrition. Drawing from current and recent trends, the chapter also 

captures historical perspectives and the situation both globally and in the South African context. 

Subsequently, the United Nations Children’s Fund (UNICEF) conceptual framework of 

undernutrition forms the theoretical/conceptual basis of the study.  

The third chapter describes the research design, and the methodological approach followed in 

conducting the study. The chapter highlights key information on data-collection methods, 

sampling, measurements and indicators, and key variables of analysis, interpreting the conceptual 

framework through the empirical lens. The chapter explains how various assessments of the 

literature is used in defining key variables of analysis and identifying relevant data to answer the 

research questions. Chapters 4 outline the findings and discussion section of the study. The 

findings are presented and discussed through descriptive and inferential statistics. Chapter 5 

concludes the research and assesses the relevant literature reviewed in Chapter 2 for a comparative 

analysis and provides a backdrop for results validation. Additionally, the chapter synthesizes the 

key findings and learnings from the study. It also highlights relevant policy implications and 

recommendations that emanate from examining the study’s research problem. Furthermore, new 

research trajectories and future perspectives are highlighted. Finally, the appendix provides 

supplementary material in the form of the DO file, accompanying the thesis, which documents the 

data preparation and analysis procedures.   
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CHAPTER 2: FOOD SECURITY DIMENSIONS, CHILD 
MALNUTRITION, AND POLICY INTERVENTIONS  

2.1 Introduction 

An accurate understanding of food security and its multidimensional nature is essential for the 

development of inclusive and sustainable child malnutrition policies (FAO et al., 2024; Stats SA, 

2020). Over the last decades, different authors from different geographical contexts have put 

forward varying definitions and developed several conceptual frameworks to define food security 

and nutrition phenomena and their nexus (Righettini & Bordin, 2023). By 1999, about 200 

definitions and 450 indicators had already been documented (Hoddinott, 1999). Traced back to as 

early as 1789, the food security concept evolved with challenges in political acceptability and 

commitment, due to its complex and dynamic nature (Burchi & De Muro, 2016a). However, a 

large and much broader and advanced global definition, inclusive of the fundamental dimensions, 

was finally accepted at the 1996 World Food Summit (WFS), defining food and nutrition security 

as: 

The state where all people at all times have physical, social and economic access to 

sufficient, safe, and nutritious food to meet their dietary needs and preferences for an active 

and healthy life, supported by an environment of adequate sanitation, health services and 

good care practices (FAO, 1996).  

2.1.1 Food insecurity 

A household experiences food insecurity or is classified as food insecure when it cannot 

consistently secure safe, nutritious, and sufficient food needed for all members to maintain healthy 

and active life (FAO, 2006). The Food and Agriculture Organization (FAO) defines food 

insecurity as ‘a situation that exists when people lack secure access to sufficient amounts of safe 

and nutritious food for normal growth and development and an active and healthy life.’ Napoli et 

al. (2011) caution against conflating food insecurity with famine and hunger. The latter refer to 

‘food scarcity’ and ‘physical discomfort’, which are direct outcomes of food insecurity. The 

widely accepted 1996 WFS comprehensive definition highlights several factors contained in the 

key words: ‘physical, social, and economic access’, ‘safe’, ‘sufficient’, ‘quality’, ‘growth’, 

‘development’, and ‘active healthy life’. With these factors, the definition has moved beyond food 
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availability. Food insecurity can be the result of climate extremes, as well as the lack of education, 

shelter, healthy environments, basic services – such as drinkable clean water, sanitation, 

electricity, healthcare, and other basic entitlements that constitute people’s well-being 

(Pangaribowo et al., 2013; Subramanian et al., 2016). It is through the above-mentioned factors 

that food insecurity lends itself to measurement and analysis. 

 

A comprehensive assessment of food security requires a dynamic perspective that considers 

changes in household food security status over time, including the likelihood of transitions into or 

out of food insecurity (Napoli et al., 2011). Incorporating the concept of stability, as defined by 

the fourth dimension of food security, is crucial for understanding the resilience of households to 

shocks and stresses (Ansah et al., 2019). This necessitates a long-term perspective that accounts 

for the potential impacts of shocks such as health and economic crises (like the recent global 

COVID-19 pandemic) and is essential for effective and sustainable interventions.  

2.1.2 Multidimensionality of food (in)security: Current and historical perspectives  

The recent COVID-19 pandemic highlighted the critical importance of food security and public 

health, massively revealing the vulnerabilities and weaknesses of food, health, and economic 

systems of developing countries (Fore et al., 2020). According to FAO estimates, in 2022, close 

to 800 million individuals globally were food insecure, representing roughly one in nine people, 

with two billion people experiencing moderate to severe food insecurity (FAO, 2023; FAO et al., 

2024). As depicted in Figure 2.1, the global trend of food insecurity steadily declined between 

2002 and 2015. However, this trend began to reverse after 2015, with the number of 

undernourished people globally rising once again (Statista, 2025). This reversal has been linked 

to a combination of structural and environmental pressures affecting global food systems. In 

particular, increasing conflict, climate-related shocks such as droughts, and economic slowdowns 

in several regions have disrupted food production, supply chains, and household purchasing 

power. More recently, the COVID-19 pandemic further intensified these challenges by weakening 

food systems and increasing vulnerability among already food-insecure populations (FAO et al., 

2021). It is also important to note that figure 2.1 shows estimates expressed as three-year averages.  
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Figure 2.1: Number of undernourished people globally – expressed as three-year averages  

Source: Statista (2025)  
  

Food security has been a global priority since the 1970s, with the 1996 WFS providing a 

comprehensive framework and broader definition. While progress has been made, the challenge 

of hunger and malnutrition persists. The evolution of the concept from a limited focus on food 

availability to a multidimensional perspective – including access, utilisation, and stability – 

demonstrates an increasing recognition of the complex factors shaping food security. However, 

despite this broader perspective, the concept of food security remains widely misunderstood 

(Hwalla et al., 2016). While the broader definition was established, the concept’s origin can be 

traced back to the 16th-century Venetian thinker, Giovanni Botero and was further popularised 

by Thomas Malthus in 1789 (Burchi & De Muro, 2016b). The term ‘food security’ was officially 

adopted during the 1974 World Food Conference, influenced by the early 1970s’ food scarcity 

events. Initially, the focus was on addressing hunger and famine through food aid, especially in 
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the aftermath of World War II. Rising international food prices and insufficient food production 

in many low-income Asian and African countries highlighted the need to enhance food availability 

to prevent mass starvation (FAO, 2006).  

 

The eradication of hunger became a shared objective among all countries in the international 

community, particularly for developed nations positioned to support those with fewer resources. 

The then food security proposals, however, paid little attention to other issues such as the 

‘resources’ needed to ensure nutrition availability and access of all members of the society (Napoli 

et al., 2011). Food security became a very complex concept, making it one of the highly 

questionable and debatable strands of development, both in theory and practice (Burchi & De 

Muro, 2012). Due to this complexity, the concept evolved, developed, multiplied, and diversified 

since the 1974 World Food Conference. At this stage, food security was understood as the reliable, 

adequate, and appropriate supply of food. Consequently, the concept emphasized ‘food 

availability,’ with measurements primarily at the macro level (global or national) rather than the 

micro level (household or individual). The primary focus was on ensuring increased food 

production or achieving a surplus. These developments culminated in the 1974 definition, which 

characterized food security as: 

Availability of adequate world food supplies of basic foodstuffs to sustain a steady 

expansion of food consumption and to offset fluctuations in production and prices (UN, 

1975).  

 

With this definition and perspective, food security meant the ability of countries to ensure 

sufficient food supplies to feed their populations and achieve a food security status (Young et al., 

2001). Additionally, ‘agricultural production’ became central to the concept of food security. By 

the 1980s, the levels of food production had increased. However, over time it became apparent 

that certain groups still experienced inadequate access to food despite an overall adequate food 

supply. As a result, the concept of food security began to be applied at community, household, 

and individual levels, shifting the unit of analysis from the macro to the micro scale (Hamblin, 

2012). Over time, its scope broadened beyond food supply and availability to encompass ‘access’. 

The definition was widened by Amartya Sen (1981), who challenged the prevailing notion that 

food shortages were the primary cause of hunger. He emphasised the importance of entitlements, 
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or the ability to access food through various means, and this perspective highlighted the role of 

economic and social structures in determining food security outcomes. The idea behind Sen’s 

‘food entitlement’ was introduced and defined as:  

… a set of possible bundles of goods and services from which an individual has the 

freedom to choose (Sen, 1981: 45).  

 

This implied that food availability does not guarantee food access to all people. Through Sen’s 

entitlement approach, an expanded perspective was delivered to the food security debate – that 

between food availability and accessibility lie possible combinations of ‘resources’ required to 

access the food. From this perspective, it was shown that people’s existence relied not only on 

food availability but also on a set of entitlements and endowments, i.e., resources and commodities 

that individuals have at their disposal to obtain food (Sen, 1981). Moreover, Sen’s entitlement 

approach suggests that when an individual’s or household’s set of endowments diminishes, it 

restricts their ability to access food commodities. Therefore, people may require certain assets 

(physical, human, natural, and financial capital) to access available food. Furthermore, the 

perspective broadened with the understanding that individuals are socially embedded within 

households, communities, and states (Devereux & Maxwell, 2001: 259). Therefore, a fifth asset, 

social capital – was equally important and added the idea of citizens having ‘social’ access, in 

addition to physical and economic access.  

 

Building on this, in 1983 the Food and Agriculture Organization (FAO) redefined the concept as 

‘having the ultimate objective to ensure that “all people” have both physical and economic access 

to the basic food they need’. With Sen’s (1981) entitlement approach, the focus of food security 

shifted from solely agricultural production to encompass the broader socio-economic context. 

This expanded framework emphasised the importance of individual resources and capabilities in 

accessing and using food, transcending the traditional emphasis on food availability (FAO, 1983a, 

1983b). In 1986, the World Bank (1986) introduced a time element component after food 

insecurity was categorised as either chronic or transitory. Chronic situations represented a 

permanent lack of food, while transitory food insecurity described a temporary shortage. Through 

this element, the idea of ‘access of all people at “all times”’ was established (Napoli et al., 2011). 
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Another critical aspect related to the ‘quality’ and ‘type’ of food provided was introduced, 

reflecting people’s preferences, safety, and nutritional balance. In addition to meeting ‘protein-

energy’ nutritional requirements, the ability of the human body to absorb safe and nutritious food 

was deemed equally important. This consideration added a third dimension to food security: 

‘biological utilisation’. This dimension emphasises that the body must be capable of effectively 

using the nutrients from food, a capacity that depends on the individual’s health status and can be 

influenced by hygienic or unhygienic households or environments (Caswell & Yaktine, 2013). 

While access to and availability of food are essential, they alone cannot prevent malnutrition 

without a strong state of health, which is further supported by WASH (water, sanitation, and 

hygiene) practices. 

 

The ‘utilisation’ dimension highlights the need for people to have access to safe food and 

environments. This includes factors such as safe drinking water and adequate sanitary facilities to 

prevent infections. Additionally, this dimension emphasises the importance of being aware of 

proper food preparation and storage practices (FAO, 2001). It also encompasses various aspects 

related to consumers’ knowledge about selecting, preparing, and storing food. The 1996 WFS 

final definition incorporated these elements, stating that food security involves: 

“… access to sufficient, ‘safe’, and nutritious food that meets dietary needs and food 

preferences for an active and healthy life …” (FAO, 1996).  

Over time, the concept has evolved and been reaffirmed through four dimensions, also known as 

key pillars: (a) availability, (b) accessibility, (c) biological utilisation, and (d) stability – which 

contribute to a child’s nutritional status.  

 
2.2 Understanding Undernutrition: Prevalence, Trends, Levels, Causes, and Effects 

Influenced by persistent poverty and food insecurity, child undernutrition remains as one of the 

most critical global challenges. Although it manifests in multiple forms, stunting remains the 

primary indicator of a child’s long-term nutritional status and overall well-being. To contextualize 

this issue, the following section examines the prevalence and estimates of child stunting, with a 

particular mention of the first critical window of opportunity – the first 1,000 days of life. 
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2.2.1 Prevalence and estimates of child undernutrition 

Food insecurity is wrapped up in the ever-increasing challenge of malnutrition (Hwalla et al., 

2016). Malnutrition, in all its forms – undernutrition, micronutrient deficiencies, and overnutrition 

– poses significant risks of morbidity and mortality. Despite global efforts, malnutrition rates 

remain alarmingly high and continue to be a major obstacle to human development and the 

progress of developing nations (Sinha et al., 2018). Currently, about 700 million people globally 

live in extreme poverty, surviving on less than 2.15 USD per day. According to recent estimates, 

the impact of poverty is acutely felt by the most vulnerable – children. Poverty research has shown 

that impoverished children are more than twice as likely to experience extreme poverty as adults, 

making up more than half of those living in such conditions, despite representing only 31% of the 

global population (World Bank & UNICEF, 2023). Furthermore, around 45% of deaths among 

children under 5 years of age are linked to undernutrition. These mostly occur in low- and middle-

income countries (UNICEF, WHO, & World Bank, 2025).  

 

By 2024, an estimated 150.2 million children under five worldwide were affected by stunting, 

corresponding to 23.2% of this age group. Of these children, 51% resided in Asia and 43% in 

Africa, with over 90% of the global stunted population concentrated in these two regions 

(UNICEF, WHO, & World Bank, 2025). However, while the absolute numbers of stunted children 

are higher in Asia, Africa has the highest prevalence in terms of percentages (see Figure 2.2). 

Unlike other regions where stunting rates have declined, Africa is the only region where these 

numbers continue to rise (UNICEF, WHO, & World Bank, 2018).  
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Figure 2.2: Number of stunted children under 5: between 2000 and 2018 – Africa, Asia, 
Latin America and Caribbean 

 
Source: UNICEF, WHO, & World Bank (2018) 

 
 
2.2.2 Stunting, maternal nutrition, and the first 1,000 days 

Stunting is defined as having a height-for-age that is significantly below the reference standard, 

specifically when the height-for-age Z-score (HAZ) is ≤ –2 standard deviations (SD) from the 

World Health Organization (WHO) median (Leroy & Frongillo, 2019). A child under the age of 

five with a HAZ below -2SD is considered chronically stunted. Stunting is not only a physical 

manifestation of growth deficits but also serves as a critical indicator of overall well-being and a 

marker of inequality in human development (de Onis & Branca, 2016). While stunting reflects 

linear growth deficit, a condition of the physique and stature – it is also widely associated with 

adverse ‘functional’ consequences that include poor cognition, language development, and 

sensory-motor capabilities. However, Leroy and Frongillo (2019) caution that stunting itself 

should not be interpreted as a direct cause of these outcomes, but rather serves as a marker of 

exposure to adverse early-life environments. Stunted children are more likely to perform poorly 

in school, which contributes to lower levels of educational attainment, reduced economic 
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productivity, and decreased adult earnings (Akseer et al., 2022). These associations, however, 

reflect underlying structural disadvantages that influence both linear growth and developmental 

outcomes, rather than a simple causal pathway (Leroy & Frongillo, 2019).   

 

Stunting serves as a critical child health indicator with the potential to reinforce cycles of 

intergenerational poverty. It reflects long-term nutritional status and offers insight into historical 

nutritional conditions, particularly maternal nutrition. The onset of stunting often occurs early in 

life, including during gestation, as the developing fetus depends heavily on maternal metabolic 

resources. Fetal development is a neurologically intensive and metabolically demanding process, 

requiring around 60% energy derived from the mother to support brain development (Sinha et al., 

2018). When maternal nutrition is inadequate, these demands create nutritional stress on the fetus, 

setting the foundation for growth faltering early in life, laying the foundation for early growth 

restrictions, and ultimately, stunting. The child’s high nutritional dependence continues during the 

first two years of life, known as the first 1,000 days, which is identified as a critical period for 

development. Poor maternal nutrition and poor complementary feeding practices during this 

period are significant risk factors for stunting. Thus, the first 1,000 days are considered a ‘critical 

period’, while adolescence presents a second ‘window of opportunity’ for preventing stunting and 

promoting optimal growth and development (Cusick & Georgieff, 2016; UNICEF, 2017). The 

second window opportunity is further important from an intergenerational standpoint, as 

improvements during adolescence are not only crucial for the individual’s health but may shape 

growth trajectories of the next generation (Leroy & Frongillo, 2019).  

 

2.3 Social Determinants of Stunting and the Second Window of Opportunity 

While the first 1,000 days are widely recognized as a critical period for linear growth, emerging 

evidence suggests that biological growth persists beyond infancy (Campisi et al., 2018; Crookston 

et al., 2013; Georgiadis & Penny, 2017). This extent, to which children experience catch-up 

growth in later childhood and adolescence, however, is not determined by biological factors only. 

It is rather also shaped by social determinants that include HHSES, maternal education, 

environmental conditions, access to basic services, to mention some. This implies that the second 

window of opportunity, beyond infancy, requires to be understood not merely as a biological 

phase, but as a socially mediated process that is also greatly influenced by household and living 
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conditions (Bommer et al., 2019). Bommer et al. (2019) maintain that differences in stunting 

between children from wealthy and impoverished households are relatively minor during the first 

five months of life. However, as children grow older, socio-demographic factors and HHSES 

become increasingly significant determinants of stunting. While HHSES is recognised as a critical 

determinant of stunting, the study highlights that there is limited understanding of how it 

moderates the stunting-age relationship. The authors further suggest that differences in stunting 

status between rich and poor children are influenced by the changes in HHSES, as children age.  

 

Furthermore, a growing body of evidence (see, for example, Crookston et al., 2010, 2013, 2014; 

Dornan & Georgiadis, 2015; Georgiadis & Penny, 2017; Georgiadis, Benny, Crookston, et al., 

2017; Georgiadis, Benny, Duc, et al., 2017; Lundeen et al., 2014) indicates that while the first 

1,000 days of life constitute a critical window of opportunity, recovery from stunting remains 

possible beyond this period, with adolescence representing a second window of opportunity. In 

this regard, Campisi et al. (2018) highlight that accelerated linear growth, or growth spurts, occur 

twice before reaching adult height: first from conception to age two, and again during adolescence. 

This evidence is reinforced by a South African study that demonstrates the potential for improved 

academic achievement associated with recovery from stunting (Casale & Desmond, 2016). 

Potential being that children who recover do better on cognitive tests than those who remain 

stunted, although still worse off than those never stunted (Casale 2020; Casale et al., 2020).  

 

In this study, stunting recovery is defined as a movement from a more to a less severe HAZ 

category over time. However, it is also important to acknowledge the ongoing debate about the 

interpretation of improvements in HAZ, and that it can be conceptualized in multiple ways. As 

highlighted in the study by Casale et al.(2020), recovery may not only be reported as crossing the 

-2 HAZ threshold, but also as improvements in HAZ scores (relative to baseline status). Binary 

classifications (a stunted vs a non-stunted, status) may obscure meaningful improvements on 

children that remain below the stunting threshold, but experienced positive growth. Furthermore 

Leroy et al. (2014, 2020) argues that HAZ may improve with age even in the absence of gains in 

absolute height because the standard deviation of the reference population increases as children 

grow older. As a result, a reduction in the height deficit expressed in standard deviation units does 

not necessarily imply biological catch-up in centimetres. In this sense, transitions out of stunting 
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may reflect relative improvement in relation to the reference population rather than full recovery. 

Nevertheless, HAZ remains the internationally accepted metric for assessing stunting and 

monitoring population-level changes in child growth. For this reason, movement to a higher HAZ 

category represents an improvement in growth status and a reduced risk. Therefore, it is crucial 

to acknowledge that findings of this study are therefore interpreted as evidence of recovery in 

relative growth status than complete catch-up in height.  

 

Furthermore, the notion that adolescence is a second critical window for recovery from stunting 

remains debated in literature. In their study, Prentice et al. (2013) mention that the pubertal growth 

spurt offers substantial biological potential for linear growth, suggesting that investments beyond 

the first 1,000 days can still influence final adult stature and body composition. In contrast, Leroy, 

Ruel and Habicht (2013) caution that observed improvements in HAZ during later childhood and 

adolescence may partly reflect the statistical properties of the HAZ indicator and differences in 

pubertal timing rather than the reductions in absolute height deficits. Moreover, delayed puberty 

in many LMIC contexts may create the appearance of catch-up relative to the WHO reference. In 

their reply study, Prentice et al. (2013) acknowledge these methodological concerns but maintains 

that adolescence remains a period of meaningful growth potential, although its magnitude is 

smaller than that of early childhood. This debate highlights the need for caution when interpreting 

HAZ-based recovery beyond early childhood. It is also crucial to note that ‘recovery from 

stunting’, in this study, is defined as improvements in HAZ scores, rather than a total catch-up. 

This study, therefore primarily focuses on stunted-growth recovery, which may not fully translate 

reversal on stunted-related outcomes (Leroy & Frongillo, 2019).  

 

2.4 Demographic, Environmental, and Socio-Economic Factors 

At birth, children assume a socio-economic status (SES) that reflects their family’s social position 

within the society (Allen & Kelly, 2015). From infancy through adolescence, a child’s SES is 

largely determined by their parents’ socio-economic standing, as parents provide the financial and 

emotional resources that shape developmental outcomes and influence later life opportunities 

(Bommer et al., 2019; Crookston et al., 2014; Mazur et al., 2014). The SES is largely determined 

by a combination of factors, including parental education, household income, household assets, 

marital status, access to clean water and sanitation, electricity, security, housing quality, and other 
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aspects of family living conditions and caregiving practices (Mazur et al., 2014). In a longitudinal 

study in Nepal, Devakumar et al. (2018) examined the association between household SES 

(HHSES) and child growth, focusing on three distinct SES components: household material 

assets, maternal education, and land ownership. Their findings indicated that maternal education 

and household asset scores were most strongly and positively associated with conditional growth, 

whereas land ownership showed no significant association. 

 

Evidence from South Africa similarly highlights the critical role of maternal education in child 

growth outcomes. Modjadji and Mashishi (2019) found that children whose mothers had attained 

secondary education (grades 8–12) or higher (post-grade 12) exhibited a lower likelihood of 

stunting compared to those whose mothers had limited or no formal education. The study further 

indicated that optimal complementary feeding practices were more prevalent among households 

with greater wealth, which was closely associated with higher maternal education and parental 

occupation. Consistent with these findings, Makunga et al. (2017) reported that children of parents 

with little or no formal education, particularly in rural areas, faced compounded disadvantages, 

including higher rates of unemployment, inadequate housing, and broader social deprivations. 

These findings align with evidence suggesting that maternal education exerts a substantial 

influence on child growth, with more than 50% of its effect mediated through HHSES (Benny et 

al., 2018; Tette et al., 2016). Collectively, these studies reinforce the observation from the 

Nepalese longitudinal study by Devakumar et al. (2018), which identified maternal education and 

household asset scores as key SES components positively associated with child growth, 

highlighting the universal importance of parental education and household resources in shaping 

developmental outcomes.  

 

Building from the above-mentioned findings, Frost et al. (2005) identified the SES pathway as the 

most crucial link between maternal education and child growth, with ‘knowledge’ being the 

second significant pathway. They emphasised that formal education’s primary goal is knowledge 

transmission, which equips mothers with awareness regarding disease causation, prevention, 

recognition, and treatment, as well as nutritional deficits (Frost et al., 2005; see also Benny et al., 

2018). The impact of HHSES extends beyond knowledge to encompass parental health 

behaviours, hygiene practices, and the broader home environment. Research by Stewart et al. 
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(2013), Ngure et al. (2013), and Voth-Gaeddert et al. (2020) emphasizes that home environments 

that are clean, safe, and stimulating are essential for nurturing both mothers and children. Ngure 

and colleagues further reported that food consumed by infants and young children in resource-

poor settings was often contaminated with indicator bacteria. However, contamination levels 

significantly decreased after mothers received behavioural training aimed at reducing microbial 

exposure in feeding and play environments (Ngure et al., 2013).  

 

Similarly, Voth-Gaeddert et al. (2020) found a significant correlation between environmental 

factors, such as water source, sanitation, and refuse management - and child stunting in the Eastern 

Cape, one of South Africa’s most disadvantaged provinces. Complementing these findings, 

Momberg et al. (2020) assessed the impact of WASH factors on stunted growth in Soweto, a South 

African township, and highlighted the role of behavioural characteristics within a hygiene index 

composite variable. These studies collectively indicate that illiterate mothers from poor and 

disadvantaged settings often lack the knowledge on behaviours necessary for effective 

complementary caregiving practices. Mazur et al. (2014) further found that family affluence, 

shaped by women’s literacy and maternal education, plays a critical role in fostering self-

sufficiency among adolescent children. Similarly, Frost et al. (2005) demonstrated that higher 

maternal education is associated with increased female autonomy, which shifts household power 

dynamics in favour of women and grants them greater control over resource allocation. Given that 

women are typically the primary caregivers and are more attuned to household needs and 

constraints, maternal education and female empowerment are essential for improving child health 

and growth outcomes through more effective management of household resources. Consequently, 

educated and empowered women are better positioned to acquire and own household assets. 

Enhancing women’s control over assets and household resources can significantly enhance 

HHSES and increase the household’s capacity to invest in children’s wellbeing and development 

(Bommer et al., 2019; Rodgers & Kassens, 2018).  

 

In wealthier households, asset ownership may include more expensive items such as motor 

vehicles, bicycles, computers, cameras, and agricultural equipment, while poorer households 

often struggle to afford even basic items like refrigerators, stoves, kettles, cell phones, TVs, or 

radios. In their study, Rodgers and Kassens (2018) further assert that asset ownership can enhance 
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a household’s income-generating capacity and bargaining power, ultimately leading to increased 

investments in children’s health. While income is typically needed to acquire assets, having assets 

can also generate income, thus improving the HHSES.  However, it is also important to note that 

HHSES is not only shaped by material assets but also by maternal characteristics, such as age and 

education, which strongly influence caregiving capacity and child health outcomes. For instance, 

Tette et al. (2016) found that malnutrition and low birth weight were more commonly associated 

with young mothers.  

 

While well-informed and educated mothers often take personal responsibility for their children’s 

well-being, young or adolescent mothers may face challenges in providing adequate care, 

financial support, and emotional stability, as they themselves are still developing (Schott et al., 

2017). Such limitations in parental support can negatively influence child development and may 

perpetuate intergenerational cycles of disadvantage, as children born to young mothers are more 

likely to experience developmental challenges that mirror those of their parents. More educated, 

well-informed, and autonomous mothers have greater control over their reproductive behaviours. 

They are more deliberate in decisions concerning the timing of births and birth-spacing intervals, 

which reduces the likelihood of unintended pregnancies (Frost et al., 2005). By contrast, 

adolescent or less empowered mothers often face limitations in exercising such control, which can 

negatively affect a child’s development. In a study examining socio-demographic shifts 

influencing maternal and child health in Brazil, Victora et al. (2011) demonstrate that maternal 

education and female autonomy play a critical role in reducing fertility rates. As women gained 

access to education, entered the labour market, and benefitted from empowerment programmes, 

average fertility declined substantially – from more than six children per woman to two or fewer 

(Victora et al., 2011; Rocha et al., 2023). This evidence further reinforces the link between 

women’s education, reproductive autonomy, and improved maternal and child outcomes.  

 

2.5 Interventions and Policy Practice  

Following examining social determinants of stunting and the framing of its trajectories, it is crucial 

to look at how these dynamics are addressed within policy and intervention frameworks. The 

following sections shows how stunting reduction has been targeted through a range of nutrition-
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specific strategies implemented across multiple sectors, and further identifies their effectiveness 

and limitations.  

 
2.5.1 Policy Practice in South Africa  

 
Reducing stunting and managing its prevalence requires comprehensive intervention strategies, 

many of which are operationalised through policy frameworks. Policy can be understood as a 

deliberate plan of action and institutional mechanism designed to protect specific interests and 

guide priorities, developed by policymakers within government and, at times, in collaboration 

with other stakeholders (Hall, 1993). Although formulated within political institutions, policies 

extend their impact beyond the political sphere into the broader social context. Since 1994, the 

South African government has introduced a range of policies aimed at addressing stunting, 

implemented across multiple departments, including the Department of Health (DoH), the 

Department of Social Development (DSD), and the Department of Agriculture, Forestry, and 

Fisheries (DAFF) (Müller, 2015). 

 

One of the key policies introduced by the DoH was the Roadmap for Nutrition (DoH, 2013), a 

five-year plan that focused on nutrition-specific interventions. Established in 2013 as a 5-year 

plan, the policy prioritised the first 1,000 days of life by providing calcium, zinc, iron, and vitamin 

A supplementation to pregnant women. It further promoted optimal maternal dietary practices 

during pregnancy and the postpartum period, encouraged breastfeeding, and outlined strategies 

for managing acute malnutrition among mothers and infants affected by tuberculosis (TB) and 

HIV/AIDS. Given its focus on women and children, implementation was carried out through 

healthcare facilities and schools (Delport, 2019).  

 

In the same year, the National Directorate of Nutrition also developed the Infant and Young Child 

Feeding Policy (DoH, 2013), which reinforced these priorities. The policy sought to enhance child 

nutritional status in order to support optimal growth, development, and overall health. These aims 

were pursued through eight key components: (1) promoting the early initiation of breastfeeding, 

(2) encouraging six months of exclusive breastfeeding, (3) promoting continued breastfeeding 

until the child’s second birthday, (4) providing nutrient-dense food for infants and young children 

affected by HIV/AIDS, (5) promoting safe and appropriate commercial formula feeding practices, 
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(6) encouraging complementary feeding-care practices, (7) offering contextual guidelines and 

strategies, and (8) supporting healthcare responsibilities towards maternal, neonatal, and child 

health (Müller, 2015).  

 

In line with its emphasis on the first 1,000 days of life, the DoH also introduced the Maternal, 

Newborn, Child and Women’s Health and Nutrition (MNCWHN) policy. This initiative was 

formulated in response to the high rates of mortality and morbidity among mothers and children 

under the age of five. The MNCWHN policy established an annual stunting-reduction target for 

the period 2009–2014, prioritising maternal and child health, antenatal and postnatal care, and, to 

some extent, contraceptive access and interventions addressing gender-based violence. These 

interventions were implemented at the ward level, promoting primarily universal access to 

reproductive health services (DoH, 2012). While the DoH focused on nutrition through 

supplementation programs, agricultural policies also underwent substantial reforms during South 

Africa’s democratic transition. These reforms aimed to enhance food and nutrition security by 

creating systems more inclusive than the previous agricultural framework, which primarily served 

white farmers (DAFF, 2014). The Department of Agriculture, Forestry and Fisheries (DAFF) was 

tasked with ensuring sufficient national food production and envisioned a transformed 

agricultural, forestry, and fisheries sector that guaranteed food and nutrition security for all 

citizens. Moreover, the policy sought to contribute to national economic prosperity by providing 

support and funding to small-scale farmers (Müller, 2015). 

 

Building on these sectoral strategies, the 2014 National Policy on Food and Nutrition Security 

(NPFNS) was introduced as the key national framework to achieve the objectives of the 2030 

National Development Plan (NDP), particularly the eradication of poverty and reduction of 

inequalities (DAFF, 2014). Co-developed by the National Department of Social Development 

(DSD) and DAFF, the NPFNS represents the country’s most recent comprehensive food and 

nutrition security strategy. It drew on NDP outputs to establish targets and indicators and aimed 

to improve coordination across sectors by serving as a common reference for all stakeholders 

addressing food and nutrition security (Delport, 2019). The policy emphasises increasing food 

production, availability, and distribution; market and trade interventions; leveraging government 

food procurement for social programmes; and supporting community-based food production 
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initiatives. It also provides a foundation for improved nutritional safety nets, nutrition education, 

and agricultural investments (Delport, 2019:20). While the NPFNS is notable for promoting 

interdepartmental coordination, it does not explicitly address malnutrition characterised by 

stunting, as it refers only to anthropometric indicators and does not assign responsibilities for data 

collection, which may limit its effectiveness in tackling stunting (Müller, 2015). 

 

A ‘National Integrated Early Childhood Development Policy’ (NIECDP) expressly focusing on 

childhood development was approved in 2015 (RSA, 2015), with a short-term goal (2017), 

medium-term goal (2024), and long-term goal of 2030. Developed by the National DSD in 

conjunction with UNICEF, the policy’s purpose is to provide an overarching multi-sectoral 

enabling framework by establishing an integrated early childhood development (ECD) leadership 

and coordinating structure. The policy was formed to grant universal availability and access to 

ECD services from birth to formal schooling, that is, addressing the critical early years 0–5 years. 

With the timeline of inception (2015) connected to the commencement of the United Nations’ 

Sustainable Development Goals (SDGs), the NIECDP policy’s bold future description goal is to 

eradicate stunting completely by 2030. The sectors mentioned to be involved to fulfil the policy’s 

mandate include the health sector, infrastructure, agriculture, education, and social security, to 

mention a few (NIECDP, 2015). 

 

One of the poverty alleviation programmes of the NIECDP is in the form of social security. The 

social assistance sector run by the South African Social Security Agency (SASSA) in conjunction 

with the DSD, issues out a number of cash transfers to caregivers, which include child support 

grants (CSGs) and Care Dependency Grants (CDGs), aimed to tackle child poverty and support 

vulnerable children (affected with disabilities), respectively. The cash transfers have been 

regulated to be non-contributory/unconditioned and target eligible children living in poverty 

(NIECDP, 2015). While cash transfers play an important role in alleviating poverty, evidence 

suggests that their impact on child nutrition is limited. Devereux and Waidler (2017) highlight 

that CSGs often fall short in meeting the specific nutritional needs of children, as households may 

allocate funds to broader family expenses rather than exclusively targeting children’s nutritional 

needs. Consequently, the effectiveness of these cash transfers in promoting a child’s food and 

nutrition security is constrained (Delport, 2019). This limitation highlights a broader need for 

https://uwcscholar.uwc.ac.za/home



28 

interventions that explicitly target household socioeconomic status, as the resources provided by 

grants such as the CSG are often redistributed across the household to meet general needs rather 

than being used solely for children. By designing family-specific or targeted interventions that 

strengthen HHSES, policymakers can increase the effectiveness of cash transfers, ensuring that 

programs such as the Child Support Grant (CSG) more directly contribute to the overall well-

being and nutritional security of children.  

 

2.5.2 Effectiveness, Coordination Gaps, and Structural Limitations 

Despite the breadth of policy programmes introduced in South Africa post 1994, stunting rates in 

South Africa are persistently high (UNICEF, 2020; Stats SA, 2020). This poses some critical 

questions around the effectiveness and long-term impact of these existing interventions. Nutrition-

specific strategies such as supplementation and breastfeeding promotion have shown benefits at 

individual level (Bhutta et al., 2008; DoH, 2013). However, national stunting targets have limited 

progress (UNICEF, WHO, & World Bank, 2025). This may suggest that such interventions are 

insufficiently addressing the structural and the socioeconomic determinants of stunting linked to 

household poverty (Müller, 2015; Delport, 2019). Furthermore, while policies such as the 

Roadmap for Nutrition and the Infant and Young Child Feeding Policy prioritize the first 1000 

days as a crucial opportunity window (DoH, 2013), interventions remain heavily focused maternal 

supplementation and infancy. Although these strategies are essential, the focus is relatively narrow 

and does not sufficiently engage with broader structural determinants of stunting linked to 

household socio-economic status (Bommer et al., 2019; Müller, 2015). In addition, within child 

development-oriented policy frameworks, the strong emphasis on the first 1,000 days means that 

interventions predominantly target women during pregnancy or the immediate postnatal period. 

While this focus is as crucial, preventive strategies directed to addressing adolescent pregnancies 

and women’s socioeconomic empowerment in households and community contexts, receive 

comparatively less attention (Frost et al., 2005; Delport, 2019). 

From the perspective that policy presents a researched and evidence-based action plan (Hall, 

1993), one limitation in South Africa’s approach appears to be a lack of long-term, sustainable 

interventions and fully integrated planning and implementation. This limitation concerns 

fragmentation and potential duplication across departments. Nutrition-sensitive and nutrition-

specific interventions are distributed across the DoH, DSD, and DAFF, however While the 
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mentioned national policies demonstrate a multi-sectoral orientation in theory, practical 

coordination between the different sectors involved remains limited (Müller, 2015). Delport (2019) 

further argues that interdepartmental collaboration often lacks clearly defined accountability 

mechanisms, reducing implementation effectiveness. Although South African policies are aligned 

with global frameworks such as the Sustainable Development Goals (SDGs) and World Health 

Assembly (WHA) targets (UNICEF, 2017; UNICEF, WHO, & World Bank, 2025), they often 

overlook the household as a critical micro-level unit of intervention (Müller, 2015). As a result, 

structural determinants of malnutrition, including; poverty, unemployment, maternal education, 

housing quality, and access to services, are not always systematically integrated into 

implementation strategies (Stats SA, 2020; Delport, 2019).  

Building on the identified coordination gaps, there is a pressing need for strengthened policy 

frameworks that move beyond maternal supplementation alone and accelerate the adoption of 

household-targeted and community-based strategies. Evidence suggests that improvements in 

HHSES are strongly associated with improved child growth outcomes and recovery trajectories 

(Bommer et al., 2019; Devakumar et al., 2018). Therefore, interventions that explicitly incorporate 

household socio-economic strengthening, women’s empowerment, and adolescent-focused 

strategies may yield more sustainable reductions in stunting. Taken together, this review indicates 

that while South Africa has an extensive policy landscape addressing child nutrition, persistent 

socioeconomic determinants and policy coordination gaps limit its effectiveness. Strengthening 

cross-sectoral collaboration and explicitly integrating HHSES into intervention design may 

enhance the impact of stunting reduction strategies beyond infancy. This highlights the importance 

of examining HHSES as a critical determinant of child growth trajectories and stunted-growth 

recovery beyond the first 1,000 days.  

2.6 Conceptual Framework  

Literature on maternal and child nutrition builds on a framework that recognises household socio-

economic factors (see Black et al., 2013; Shekar et al., 2017). These studies situate child health 

and development within broader socio-economic contexts, showing that children raised in poverty 

are exposed to multiple, overlapping household-level determinants that influence growth and 

well-being (Bommer et al., 2019). Human growth and development are therefore best understood 

as the outcome of complex interactions between individuals and their socio-ecological 

environment. To illustrate these connections, this study draws on the UNICEF conceptual 
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framework, presented in Figure 2.3, which links child growth outcomes to both immediate and 

underlying determinants within the household and community.  

 
Figure 2.3: UNICEF conceptual framework of undernutrition 

 
The UNICEF conceptual framework, widely referenced in the literature on child poverty and 

malnutrition, illustrates the relationships between poverty, food insecurity, and the basic, 

underlying, and immediate causes of child malnutrition, along with its short- and long-term 

consequences (Black et al., 2013). Developed in 1990, the framework was innovative in that it 

moved beyond inadequate dietary intake to adopt a multi-sectoral approach encompassing both 

human and economic resources. Over the years, it has been instrumental in guiding policy 

research, formulation, and practice (Black et al., 2013). Importantly, the framework shifted the 

focus of childhood growth and development from mere survival to thriving. For children to thrive, 

they require safe and secure environments that provide responsive caregiving, learning 
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opportunities, and spaces for exploration (Sanders & Reynolds, 2017). According to Sanders and 

Reynolds (2017), thriving begins within the most immediate setting: the family. Thus, beyond 

infancy and in adolescence, children rely heavily on their HHSES, which plays a decisive role in 

shaping their growth and developmental trajectories. Thus, the framework provides a multi-

layered definition of child undernutrition by showing immediate, underlying, and basic causes. 

Within these the HHSES is embedded, where the underlying level is shaped by household access 

to food, caregiving practices, health services, water and sanitation, to mention some. The basic 

level of the framework determines the broader structural factors and resources available to 

households such as income, education, employment, and socioeconomic and cultural contexts. In 

this study, HHSES is the measured proxy representing these underlying and basic determinants. 

By constructing a composite index representing household or family affluence, from these, the 

study operationalizes these dimensions of the framework within the empirical model. The 

framework, therefore, provides a conceptual foundation to examine how these household 

conditions influence child growth trajectories and stunted growth outcomes.  

Although the framework is organised differently from other developmental models, its distinctive 

contribution lies in highlighting feedback loops in which undernutrition perpetuates 

intergenerational poverty, transmitted from mother or household to child. It demonstrates that 

when the immediate, underlying, and basic causes of undernutrition remain unaddressed, the 

problem is reproduced across generations, resulting in long-term and widespread developmental 

consequences (UNICEF, 2020). As illustrated in Figure 2.3, the framework distinguishes between 

nutrition-specific factors (such as dietary intake) and nutrition-sensitive factors that are equally 

critical to addressing stunting. The latter are organised into two dimensions – basic causes and 

underlying causes – and encompass household environments, access to resources, and the broader 

human, natural, financial, physical, and social capitals that constitute household assets. Despite 

the centrality of these nutrition-sensitive determinants, most existing interventions remain 

narrowly nutrition-specific, focusing primarily on the first 1,000 days of life. This emphasis, while 

important, limits opportunities for intervention and neglects the potential for catch-up growth 

during adolescence, which presents an additional window for reducing stunting. 

 

By focusing almost exclusively on infancy while neglecting adolescence and broader nutrition-

sensitive interventions, existing approaches risk perpetuating cycles of poverty and malnutrition. 
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This is particularly concerning given that adolescence represents a critical developmental stage, 

closely associated with vulnerabilities such as school dropout and teenage pregnancy among girls 

(Schott et al., 2017). According to the Global Nutrition Report (2018), adolescent girls are key 

contributors to the intergenerational transmission of malnutrition and poverty, as many in 

developing countries enter motherhood during this period. Nutrition-sensitive factors, broadly 

captured under HHSES, are essential to consider, since stunting often becomes more pronounced 

as children age. As highlighted in Section 2, household assets can provide protective effects 

against stunting not only in early life but also in later childhood beyond the age of eight 

(Devakumar et al., 2018). Children’s capacity to recover from undernutrition beyond infancy thus 

depends heavily on their HHSES and the extent to which they are embedded in supportive and 

enabling household environments (Campisi et al., 2018). Building on these insights, the present 

study seeks to examine SES-related differences in stunting patterns by applying multinomial 

regression models, drawing on the UNICEF framework to capture nutrition-sensitive household 

determinants. 

 

2.7 Conclusion 

This chapter has highlighted the evolving and multidimensional nature of food security and its 

implications for child nutrition. The shift from a narrow focus on food availability to the broader 

dimensions of accessibility, utilisation, and stability has demonstrated that food security is not 

only about ensuring adequate food supply but also about the capacity of households to secure, 

retain, and sustain nutritious diets over time. Within this context, stunting has emerged as a critical 

indicator of child malnutrition, reflecting both biological and socio-economic deprivations. 

Evidence emphasises the significance of the first 1,000 days of life as a decisive period for 

intervention, while also recognising adolescence as a second window of opportunity to mitigate 

the long-term consequences of growth faltering. The chapter has further shown that child 

malnutrition, particularly stunting, is deeply embedded in HHSES. Factors such as maternal 

education, household assets, caregiving practices, and WASH conditions strongly influence child 

growth trajectories. In turn, these determinants highlight the intergenerational nature of poverty 

and malnutrition, as household deprivation limits maternal capacity to provide adequate care and 

perpetuates cycles of disadvantage.  
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Finally, the review of South African policies demonstrates the extent of government commitment 

to improving maternal and child nutrition through multi-sectoral interventions. While notable 

progress has been made, most existing policies remain heavily weighted toward maternal 

supplementation during pregnancy and the early years of childhood, with limited integration 

across sectors and insufficient attention to households as critical sites of intervention. This gap 

underscores the need for more comprehensive, household- and community-focused approaches 

that strengthen HHSES and empower women to play a central role in breaking intergenerational 

cycles of malnutrition. In conclusion, food security, child nutrition, and household socio-

economic conditions are inseparable and mutually connecting. Understanding these interlinkages 

is essential for designing effective and sustainable policies that not only address immediate 

nutritional deficits but also tackle the structural determinants of stunting. Having established this 

theoretical groundwork, the following chapter will build on these concepts to empirically examine 

the drivers of child growth trajectories and the potential for recovery from stunting, thus providing 

a data-driven perspective on the phenomena discussed. 
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 CHAPTER 3: RESEARCH DESIGN AND METHODOLOGY  

3.1 Introduction 

This chapter outlines the methodological approach adopted for this study. A review of existing 

literature revealed a critical gap: despite extensive documentation of childhood stunting and policy 

interventions, particularly targeting infancy, progress in achieving stunting reduction goals 

remains limited. Emerging evidence suggests adolescence as a potential ‘second window of 

opportunity’ for growth recovery, with HHSES identified as a key factor influencing a child’s 

growth trajectory beyond infancy. To address this gap, this study employed a quantitative research 

design using publicly available secondary data from the National Income Dynamics Study 

(NIDS). The specific aims were to investigate: 

• the relationship between HHSES and stunted-growth recovery. 

• if change in HHSES has an impact on stunting status. 

• if early adolescence presents a second window of opportunity for stunted-growth recovery. 

Furthermore, the chapter is structured into the following sections: where 3.2 describes the data 

collection process and sampling methods, beginning with an overview of the NIDS dataset, the 

sampling strategy employed, and the criteria used to define the study sample. Section 3.3 

acknowledges the study’s limitations, with particular emphasis on age criteria, sample attrition, 

and the use of panel weights to strengthen validity. Section 3.4 presents the analytical approach, 

detailing how child growth was measured, the descriptive statistics used to summarise stunting 

transitions, and the advanced statistical techniques – principal component analysis (PCA) and 

multinomial logistic regression – used to examine associations between HHSES and child stunting 

outcomes. Section 3.5 outlines the statistical software used in the analysis, while Section 3.6 

discusses ethical considerations. Finally, Section 3.7 provides a conclusion, highlighting how the 

methods collectively enable an empirical investigation into the role of HHSES in shaping child 

growth trajectories and the potential for recovery beyond early childhood. Having outlined the 

structure, the next section turns to data collection and sampling methods, beginning with an 

overview of the data source, sampling approach, and criteria used to define the study sample.  
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3.2 Data Collection and Sampling Method  

This section outlines the process through which data were obtained and how the sample was 

derived for the study. It starts by describing the data source, followed by an explanation of the 

sampling approach. Lastly, the procedure of data collection is detailed, and the criteria used to 

define the study sample are presented. 

3.2.1 Data source 

This study draws on data from the National Income Dynamics Study (NIDS), a nationally 

representative household panel survey initiated by the South African government in partnership 

with the Southern Africa Labour and Development Research Unit (SALDRU) at the University 

of Cape Town. NIDS has followed the same individuals every two years from 2008 (Wave 1) 

through 2017 (Wave 5) (see Table 3.1). The dataset is publicly accessible and provides 

comprehensive information on household living conditions, socioeconomic status, and individual 

and family characteristics across all nine provinces of South Africa. The primary aim of NIDS is 

to monitor and analyse the dynamics of poverty and inequality in the country.  

 
Table 3.1: Data collection periods for all waves 

NIDS datasets Start End 
Wave 1 February 2008 December 2008 
Wave 2 May 2010 September 2011 
Wave 3 May 2012 December 2012 
Wave 4 September 2014 August 2015 
Wave 5 February 2017 December 2017 

Source: Brophy et al. (2018)  
 
3.2.2 Sampling method 

The NIDS employed a two-stage stratified cluster sampling design to select households for its 

first wave. From Statistics South Africa’s (Stats SA) master sample of 3,000 primary sampling 

units (PSUs), 400 PSUs were selected. These units were distributed across all nine provinces and 

were randomly selected in proportion to the strata defined by the Stats SA master sample. 
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3.2.3 Data collection 

Data were collected by NIDS using structured interview questionnaires administered to household 

heads. Across the survey waves, over 28,000 individuals, including 9,604 children – residing in 

7,300 households nationwide were followed. Interviews were conducted with the same 

households’ ‘continuing sample members’ (CSMs), while any new member(s) joining a 

household were interviewed as ‘temporary sample members’ (TSMs) during the relevant wave. 

Children born to CSMs were included in the CSM sample and monitored longitudinally. The 

present study focuses specifically more on the data collected from the 9,604 children. However, 

the study used multiple questionaries from the NIDS; Child, Adult, Individual Derived, and 

Household Questionnaires. Child anthropometric measures, including HAZ scores, were extracted 

from the Child Questionnaire where trained fieldworkers collected height measurements using 

standardized procedures. The HHSES variables were constructed from the Household 

Questionnaire that contained self-reported household assets, housing characteristics, access to 

basic services, and living conditions. Parents information, such as maternal education was 

obtained from the Adult Questionnaire. The study therefore integrated data across these 

instruments.  

 

3.2.4 Description of Study Variables  

The study uses both dependent and independent variables obtained from the national NIDS 

dataset.  

Dependent Variable  

The main dependent variable is child stunting status, represented by the height-for-age Z-

scores (HAZ). The HAZ score values were calculated suing the WHO growth standards 

and were categorized into four groups; stunted (HAZ ≤ –3), moderately stunted (–3 < HAZ 

≤ –2), mildly stunted (–2 < HAZ ≤ –1), and not stunted (HAZ > –1).  

Independent Variable  

The main independent variable is household socio-economic status (HHSES), constructed 

through the principal component analysis (PCA), explained below. The index is based on 

household asset ownership, housing characteristics, and access to basic services.   
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Control Variables  

Additional control variables include child age, biological sex, birthweight, birth-space, 

parental height, access to healthcare, diet, geographic location (urban vs rural), province, 

and child support grant. 

 

3.2.5 Study sample  

Children with available height-for-age Z-scores (HAZ) in at least three of the five survey waves 

were included in the sample. This resulted in a cohort of 485 children who were aged 2 during 

waves 1, 2, and 3, and who were subsequently followed at ages 7, 9, and 11 in the later waves 

(see Figure 3.1, and Table 4.1 in Chapter 4). Figure 3.1 illustrates the sequential application of 

selection criteria used to derive the final study sample, starting from the total sample of 9,604 

children. Criteria including age, availability of anthropometric data, and participation in 

subsequent survey waves were applied to arrive at a final sample of 485 children. The diagram 

presents each step of the selection process alongside the corresponding sample size. While 

individuals with missing HAZ were excluded, missing data on some key SES data used to 

construct HHSES were minimal and did not significantly affect sample. Panel weights were 

applied to adjust for differential attrition and preserve representativeness, and observations with 

missing values on independent variables in a regression model were excluded through listwise 

deletion. 
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Figure 3.1: Schematic representation of the study sample 

 
 
 
 
 
 
 
 
 
 
 
 
 

   
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
  

Initial population: (N = 9,604) 

Cohort 1 Cohort 2 Cohort 3 

Apply age criterion 

Retain 2-year-olds in wave 1, 4-5 
years old in wave 2, and 11 years 

old in wave 5 

(N = 2,628) 
observato) 

(N = 3,298) (N = 3,048) 

Apply tracking criterion Retain successfully tracked children across three waves 

Remaining (N = 1,027) 

Exclude individuals with missing HAZ in any of the three waves, in 
order follow the same individual throughout the waves 

Tracked in waves: 
1, 2, and 5 

Tracked in waves: 
2, 3, and 5 

Tracked in waves: 
3, 4, and 5 

Final sample  

N = 158 N = 199 N = 128 

Retain 2-year-olds in wave 2, 3-4 
years old in wave 3, and 8-9 years 

old in wave 5 

Retain 2-year-olds in wave 3, 4-5 
years old in wave 4, and 7 years 

old in wave 5 

- 6,976 

- 1,601 

- 553 

474/ 3 
waves 

- 6,306 

599/ 3 
waves 

(N = 989) 

- 390 

- 6,556 

384/ 3 
waves 

(N = 914) 

- 530 

- 2,309 - 2,134 

Total: N = 485  
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3.3 Study Limitation  

The age criterion (2-year-olds) is a significant limitation of the study. The specific age range under 

examination results in a relatively smaller sample size, in addition due to the attrition factor. The 

analysed sample was as a result of restriction to children with valid HAZ scores recorded in all 

three points in order to have a balanced panel. To maximize the number of observations, the 

analysis included waves 1, 2, and 3 as initial points, with follow-ups in subsequent waves. 

Furthermore, the analysis applied panel weights, which adjusted to account for both individual and 

household characteristics that are predictive of attrition (Brophy et al., 2018). Although panel 

weights were applied to account for differential probabilities of attrition, the weights do not adjust 

for potentially systematic differences such as valid or non-valid anthropometric measures. It is 

also important to note that the sample size may represent a more stable subset of the original cohort, 

and findings are to be interpreted with this consideration. 

3.4 Analysis  

This section outlines the analytical approaches employed to examine child growth outcomes and 

their relationship with household socio-economic status. It first describes how child growth was 

measured using anthropometric indicators, followed by descriptive statistics summarising 

stunting patterns and transitions across survey waves. Advanced statistical methods are then 

presented: (1) principal component analysis (PCA), used to construct socio-economic indices, and 

(2) multinomial logistic regression, employed to assess associations with stunting outcomes. 

Collectively, these techniques provide both descriptive and inferential insights into child growth 

trajectories. 

3.4.1 Child-growth measurement (anthropometry) – Height-for-age Z-score 

NIDS collected detailed anthropometric data from children aged 0 to 14 years to enable the 

analysis of child health implications at a national level over time. Fieldworkers measured weight 

and height twice for children aged six months and older during the first wave, with a third 

measurement taken only if the second differed significantly from the first. Z-scores were 

calculated using the average of the first two measurements, with the third used when necessary. 

WHO international child-growth standards were applied for children up to age five, and the same 
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standards were employed for older children and adolescents up to age 19. Stata macros ‘ígrowup’ 

and ‘who2007’ were used to derive these scores, providing age- and sex-specific estimates to 

ensure accuracy. 

 

3.4.2 Descriptive statistics 

3.4.2.1 Summary statistics and frequencies  

This study used descriptive statistics to summarise child-growth outcomes and stunting 

prevalence across the waves. The HAZ variable serves as a key determinant of childhood growth 

outcomes. From the dataset’s continuous HAZ variable, a categorical variable was created to 

categorise the stunting levels, where: 

Ø -1£ HAZ    Normal growth category 

Ø -2 <HAZ< -1   Mild to none  

Ø - 3<HAZ £-2   Moderate stunting  

Ø HAZ ≤-3   Severe stunting  

 

The categorisation of height-for-age Z-scores (HAZ) into specific stunting levels is based on the 

widely recognised WHO growth standards (de Onis & Blössner, 2007). Children with HAZ ≥ -1 

are considered to have normal growth, indicating no growth faltering. The range -2 <HAZ< -1 

reflects mild deviations from normal growth, serving as an intermediate category that provides a 

more nuanced understanding of growth patterns between normal and moderate stunting. Moderate 

stunting (- 3<HAZ £-2) indicates significant growth faltering and identifies children at risk of 

adverse health and developmental outcomes, as per WHO standards. Severe stunting (HAZ ≤-3) 

represents the most extreme form of growth faltering and is the cut-off recommended by the WHO 

to identify children in dire need of intervention (de Onis et al., 2007). 

 

3.4.2.2 Transition probabilities  

In this study, the focus is on how children transition between different stunting statuses (severely 

stunted, moderately stunted, mildly stunted, and normal growth) across multiple survey waves. 

To capture these dynamics, the analysis employed Markov chain transition probabilities, a 

https://uwcscholar.uwc.ac.za/home



42 

mathematical tool for modelling changes between states over time. In this context, the method 

was used to examine how children’s stunting status evolved across survey waves. A key 

assumption of the Markov process is that the probability of transitioning from one state (e.g., not 

stunted) to another (e.g., moderately stunted) depends only on the current state, rather than on the 

sequence of prior states. Formally, this is expressed as: 

Pij(t) = P(Xt+1 = j ∣ Xt = i) 

P represents the probability of a child transitioning from one stunting category to another, that is, 

each element (Pij) denoting the likelihood of transitioning from one state (i) (e.g., severely 

stunted) to another (j) (moderately stunted), between periods t (denoting ‘time’, i.e., initial year) 

and t+1 (successive years), and n is the number of children who were in the initial state (i) (i.e., 

wave 1) and period t (i.e., wave 5).  

 

In this study, the states correspond to the stunting categories outlined in Section 3.4.2.1. 

Transitions were observed between 2008 (wave 1, baseline) and 2017 (wave 5, endpoint). Data 

from waves 1–5 were appended, retaining only two-year-old children from the NIDS child file. 

The dataset was structured as a panel (xtset), and a transition matrix was generated using the 

xttrans command. This matrix captures the probabilities of children moving between stunting 

states across the study period. 

 

3.4.2.3 Principal component analysis 

To investigate the influence of household socioeconomic status (SES) on child growth outcomes, 

a household wealth index was constructed from the NIDS household dataset using principal 

component analysis (PCA). PCA is a well-established statistical technique for dimensionality 

reduction that consolidates correlated variables into a single composite measure while preserving 

the most salient variation in the data. In this study, self-reported household assets and parental 

education were combined into a single SES indicator, thereby offering a more comprehensive 

measure of household wealth than would be obtained by examining each variable individually. 

Following DHS convention, an asset-based wealth index was constructed using PCA on 

household assets and dwelling characteristics, rather than combining these stock variables with 

self-reported income, which is a flow measure (Vyas & Kumaranayake, 2006) 
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The mathematical principle behind PCA involves computing the covariance matrix of the dataset, 

which captures the relationships between asset variables and quantifies the extent to which they 

vary together. For a dataset with n observations and p variables, the covariance matrix Σ is a p × 

p symmetric matrix defined as where X is the n × p data matrix, 

and X̅ is the mean vector. On the covariance matrix, PCA computes eigenvalue decomposition to 

find the matrix’s eigenvectors and values. Eigenvalue decomposition of Σ yields eigenvectors, 

which identify the directions the directions of maximum variation, and eigenvalues, which 

quantify the magnitude of variance explained. These principal components provide the basis for 

constructing the household SES index.  

 

To ensure meaningful variation, assets present in fewer than 5% or more than 95% of households 

were excluded. Sampling adequacy was evaluated using the Kaiser–Meyer–Olkin (KMO) 

measure, which yielded values between 0.7 and 0.8, confirming suitability for PCA. The resulting 

index was then used to classify households into SES quantiles; poor, middle, and richest - based 

on relative socioeconomic standing (see Table 4.9). 

 

3.4.3 Inferential statistics 

The study employed multinomial logistic regression to investigate the associations between 

changes in HHSES and the likelihood of experiencing different levels of stunting in children. 

Since the dependent variable comprised more than two categories (no stunting, mild stunting, 

moderate stunting, and severe stunting), and the HHSES index was also grouped into multiple 

categories (poor, middle, and wealthy), standard linear regression was not appropriate. Instead, 

multinomial logistic regression estimated the effects of HHSES on the odds of being in a specific 

stunting category relative to the reference outcome (no stunting). Model coefficients were 

exponentiated to yield relative risk ratios (RRRs), which represent the change in the probability 

of belonging to a given stunting category associated with a one-unit change in the predictor. It is 

also important to note that although height-for-age Z-score (HAZ) is a continuous variable, this 

study models child growth using categorical classifications aligned with WHO-defined 

thresholds, for mild, moderate, and severe stunting. These thresholds are wildly used in 
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epidemiology and policy research to denote levels of nutritional vulnerability and ensure 

comparability with national and international frameworks. Although categorising a continuous 

variable may reduce some statistical variation, the aim of this study is not to estimate marginal 

changes in mean HAZ but to analyze movement or transitions across severity levels over time, 

which is central to this study’s focus on recovery trajectories. A continuous specification would 

estimate average shifts in the growth distribution, and thus would not model children’s stunting 

status changes between stunting states. The approach therefore follows a long-standing tradition 

in child nutrition research that examines transitions across stunting categories to understand 

patterns of deterioration or recovery. However, the concern raised by Perumal et al. (2018) and 

De Onis and Branca (2016) regarding the potential loss of information associated with 

categorisation is acknowledged. As a robustness check, additional models are estimated using 

continuous HAZ to verify that the substantive conclusions remain consistent across model 

specifications.  

 

3.5 Statistical Analysis and Computing Growth  

All statistical analyses were conducted in Stata version 15 (StataCorp, College Station, TX), 

unless specified otherwise. 

3.6 Ethical considerations  

This study utilized open-access secondary data available to the public and was therefore exempt 

from ethical approval by the Higher Degrees Ethical Review Committee of the Faculty of 

Economic and Management Sciences, University of the Western Cape. 

 

3.7 Conclusion 

This chapter presented the research design and methods used to investigate the relationship 

between HHSES and stunted growth recovery beyond early life, with a particular emphasis on the 

possibility of growth recovery in adolescence as a “second window of opportunity”. The study 

used secondary longitudinal data from the National Income Dynamics Study (NIDS), focusing on 

a cohort of children tracked across five survey waves between 2008 and 2017. The selection and 

sampling criteria ensured that children with available and sufficient anthropometric and 
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household-level data were included, resulting to an overall sample of 485 children observed across 

different developmental stages. Despite limitations such as narrow age criteria and sample 

attrition, the use of panel weights and multiple cohort-based approach strengthened and ensured 

sample reliability. The analytical approach combined both descriptive and inferential statistics. 

Child growth outcomes were measured using height-for-age Z-scores, consistent with World 

Health Organization (WHO) standards. Summary statistics and transition probabilities (Markov 

models) were employed to explore stunting patterns, and principal component analysis (PCA) was 

used to construct household socio-economic index. Multinomial logistic regression was applied 

to assess association between HHSES and children’s stunting status. Collectively, the 

methodological approaches offered insights into how household conditions shape child growth 

trajectories over time. The subsequent chapter presents the results of these analyses, detailing both 

descriptive patterns and inferential findings that illuminate the dynamics of stunting and the 

potential for recovery during adolescence. 
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CHAPTER 4: FINDINGS AND DISCUSSION 

4.1 Introduction  

This chapter details and discusses the findings obtained from the study and is structured into two 

sections, where the first summarises the sample characteristics and descriptive statistics (see 

Tables 4.1–4.9), followed by a section on inferential statistics (Tables 4.10–4.12). The analysis 

under this section entails the main/independent variable, HAZ, and the outcome variables such as 

household assets, followed by a discussion of the overall findings.  

 

4.2 Descriptive Statistics 

This section presents the descriptive statistics that provide the foundation for subsequent analyses. 

It begins by outlining the sample composition, followed by a presentation of HAZ scores and the 

prevalence of stunting across cohorts. These descriptive patterns illustrate the distributional 

characteristics of child growth outcomes and offer insight into changes in stunting status over 

time, which contextualizes the detailed inferential analyses that follows.  

4.2.1 Summary statistics and frequencies  

Table 4.1: Children aged 2 at baseline with non-missing HAZ data in subsequent waves 

 Wave1 
2008 

Wave 2 
2010/11 

Wave 3 
2012 

Wave 4 
2014/15 

Wave 5 
2017 

N 

2 year- W1 
Cohort 1  

ti-2y ti+1- 4/5y   tf-11y 158 

2 year- W2 
Cohort 2  

 ti-2y ti+1- 3/4y  tf-8/9y 199 

2 year- W3 
Cohort 3  

  ti- 2y ti+1- 4/5y tf-7y 128 

Total  485 
Data: Unweighted, NIDS dataset 

 

Table 4.1 presents the measurement points used in the study, the initial point (ti), the follow-up 

point (ti+1), and the final point (tf). The initial point at age two represents the first 1,000 days of 

life. The follow-up point, determined by the spacing between survey waves, corresponds to ages 
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4–5 years. At the final point (Wave 5), children were aged 7, 9, or 11 years, with age 11 marking 

early adolescence. 

 

Table 4.2: Mean height-for-age Z-scores and prevalence of stunting across waves 

 Wave  Age Mean HAZ Freq 95% CI 

 

Cohort 1  

(N=158) 

1 2 -1.4198 158 (-1.5911; -1.2485) 

2 4/5 -1.1090 158 (-1.2803; -0.9377) 

5 11 -.7106 158 (-0.8819; -0.5393) 

 

Cohort 2  

(N=199) 

2 2 -1.5024 199 (-1.6553; -1.3495) 

3 3/4 -1.3440 199  (-1.4969; -1.1911) 

5 9 -.6833 199 (-0.8362; -0.5304) 

 

Cohort 3  

(N=138) 

3 2 -.8978 128 (-1.0884; -0.7072) 

4 4/5 -1.0430 128 (-1.2336; -0.8524) 

5 7 -.6572 128 (-0.8478; -0.4666) 

Source: Author’s calculations based on data from the NIDS, Waves 1 to 5 (SALDRU, 2017)   

Table 4.2 shows average or mean height-for-age Z-scores among children between the ages 2 to 

11 years. Waves 1, 2, and 5 are presented as cohort 1; waves 2, 3, and 5 are presented as cohort 

2; and waves 3, 4, and 5 are presented as cohort 3. A noticeable trend emerges and shows a 

reduction in stunting prevalence across the waves. All three cohorts show a progressive decline 

in stunting prevalence across the study period. The findings show that cohort 1 exhibited a 

substantial reduction in mean HAZ scores, from -1.4 to -0.71 standard deviations below the 

reference median, indicating a near doubling of improvement, from when children were 2 years 

old in wave 1 to when they were 11 years in wave 5. Cohort 2 similarly demonstrated a substantial 

reduction indicating a more than doubling improvement from a -1.5 HAZ score to -0.65 for 

children aged 2 in wave 2 and when they were 9 years old in wave 5, respectively. Although 

cohort 3 does not assume a notable increase between waves 3 and 5, it is crucial to also note that 

in this panel, the average HAZ score between wave 3 (when children were aged 2) and wave 4 (at 
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age 4), unlike the other panels, decreased from -0.89 to -1.0 HAZ score. This suggests potential 

catch-up growth across the waves and beyond infancy (age 2). To further illustrate this trend and 

substantiate these findings, more detailed descriptive statistics (see Tables 4.3 to 4.8) were 

generated. Tables 4.3 to 4.5 detail frequencies, while Tables 4.6 to 4.8 detail the transition 

matrices.   

Table 4.3: Stunting status across waves 1, 2, and 5 among children aged 2 (wave 1) to age 11 
(wave 5) 

Cohort 1 Wave 1 
N=158 

Wave 2 
N=158 

Wave 5 
N=158 

Stunting status Freq.  % Freq.  % Freq.  % 
Severely stunted (SD ≤ -3)  19 12 12 8 4 3 

Moderately stunted ( -3>SD≥-2) 35 22 40 25 21 13 

Mildly stunted ( -2>SD≥ -1) 39 25 49 31 35 22 

Not stunted (SD> -1)  65 41 57 36 97 62 

Total 158 100 158 100 158 100 
Source: Author’s calculations from the NIDS dataset; Waves 1, 2, and 5 (SALDRU, 2017)   

The first cohort of 158 children tracked from Wave 1 to Wave 5 shows a high burden of stunting 

at age 2 (Wave 1), with approximately 59% of children affected: 12% severely, 22% moderately, 

and 25% mildly. The remaining 41% were not stunted. By age 4 (Wave 2), the prevalence of 

stunting remained substantial, affecting 64% of children. Although severe stunting declined 

slightly to 8%, moderate and mild stunting increased to 25% and 31%, respectively. 

Consequently, the proportion of non-stunted children fell to 36%, suggesting that growth faltering 

persisted beyond the first 1,000 days for many children. By age 11 (Wave 5), however, marked 

improvements were observed. Nearly two-thirds (62%) of children were no longer stunted, 

reflecting a 21 percentage-point increase from Wave 2. Severe stunting fell sharply from 12% at 

baseline to just 3% by age 11, while moderate stunting declined from 25% to 13%, and mild 

stunting decreased from 25% in early childhood to 22% in adolescence. These shifts indicate 

meaningful recovery over time, with the most pronounced improvement occurring among children 

who were initially severely stunted.  
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Table 4.4: Stunting status across waves 2, 3, and 5 among children aged 2 (wave 2) to age 9 (wave 

5) 

Cohort 2 Wave 2 
N=199 

Wave 3 
N=199 

Wave 5 
N=199 

Stunting status Freq.  % Freq.  % Freq.  % 

Severely stunted (SD ≤ -3)  39 20 29 15 7 4 

Moderately stunted ( -3>SD≥-2) 41 21 19 9 8 4 

Mildly stunted ( -2>SD≥ -1) 54 26 58 29 59 29 

Not stunted (SD> -1)  65 33 93 47 125 63 

Total 199 100 199 100 199 100 
Source: Author’s calculations from the NIDS dataset; Waves 2, 3, and 5 (SALDRU, 2017)  

The second cohort of 199 children, observed from Wave 2 (age 2) to Wave 5 (age 9), shows a 

marked decline in stunting over time. At baseline (Wave 2), two-thirds of children (67%) were 

stunted to some degree: 20% severely, 21% moderately, and 26% mildly, while only 33% were 

not stunted. By Wave 3 (age 4), the proportion of non-stunted children increased to 47%, while 

the prevalence of severe and moderate stunting decreased to 15% and 9%, respectively; mild 

stunting increased slightly to 29%. By Wave 5 (age 9), nearly two-thirds (63%) of children were 

not stunted, reflecting a near doubling compared to baseline. Severe stunting notably declined 

from 20% at age 2 (Wave 2) to just 4% by age 9 (at Wave 5), representing an 80% relative 

reduction or a fivefold decrease. Moderate stunting also declined substantially, from 21% to 4%, 

while mild stunting remained relatively stable (from 26% at baseline versus a 29% at Wave 5). 

These improvements contributed to the near doubling of the proportion of non-stunted children, 

rising from 33% at baseline to 63% by age 9. 
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Table 4.5: Stunting status across waves 3, 4, and 5 among children aged age 2 (wave 3) to age 7 

(wave 5) 

Cohort 3 Wave 3 
N=128 

Wave 4 
N=128 

Wave 5 
N=128 

Stunting status Freq.  % Freq.  % Freq.  % 

Severely stunted (SD ≤ -3)  10 8 5 4 2 2 

Moderately stunted ( -3>SD≥-2) 16 13 13 10 5 4 

Mildly stunted ( -2>SD≥ -1) 42 33 33 26 36 29 

Not stunted (SD> -1)  60 47 77 60 84 65 

Total 128 100 128 100 128 100 
Source: Author’s calculations from the NIDS dataset; Waves 3,4, and 5 (SALDRU, 2017)   

Similarly to the first and second cohorts, the third cohort of 128 children, observed from Wave 3 

(age 2) to Wave 5 (age 7), shows consistent improvements in stunting outcomes over time. At 

baseline, just over half of the children (53%) were stunted: 8% severely, 13% moderately, and 

33% mildly, while 47% were not stunted. By Wave 4 (age 4), the proportion of non-stunted 

children increased to 60%, with severe stunting halved to 4% and moderate stunting reduced to 

10%; and mild stunting also slightly declined to 26%. By Wave 5 (age 7), nearly two-thirds (65%) 

of children were not stunted, reflecting a notable 18%-point increase from baseline. Severe 

stunting showed the most substantial improvement, declining fivefold from 8% to 2%, while 

moderate stunting decreased from 13% to 4%. Mild stunting remained relatively stable, at 29%. 

Overall, these results suggest meaningful catch-up growth between ages 2 and 7, driven 

particularly by reductions in severe and moderate stunting, though a persistent share of children 

continued to experience mild growth deficits.  

 

4.2.2 Transition matrix 

Tables 4.6, 4.7, and 4.8 present transition probability matrices that track how children moved 

across stunting categories between successive survey waves. These matrices provide a structured 

representation of changes in children’s nutritional status over time, quantifying the probability of 
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transitioning from one category in the baseline period (Wave 1) to another category in the final 

period (Wave 5). The matrices are read from left (rows) to right (columns). Rows denote the initial 

stunting status at baseline, while columns indicate the nutritional status in the subsequent wave. 

The categories include severe, moderate, mild, and not stunted. The diagonal elements of each 

matrix capture persistence in the same stunting category, while the off-diagonal elements reflect 

mobility, either improvement or deterioration, across categories. For example, in Cohort 1, the 

row labels correspond to children’s initial stunting status at age 2, while the column labels record 

their status in adolescence (age 11) at Wave 5. 

Table 4.6: Transition matrix of stunting status among children aged 2 (wave 1) and aged 11 (wave 

5) 

 Time final (tf) – Wave 5 – Cohort 1 [N = 158] 

Ti
m

e I
ni

tia
l (

t i) 
– W

av
e 1

 

 Total 
(Freq) 

Severe 
(%) 

Moderate 
(%) 

Mild 
(%) 

None 
(%) 

Total  
(%) 

Severe 
(SD ≤ -3) 

19 21 36 7 36 100 

      

Moderate 
(-3>SD≥-2) 

35 5 32 37 26 100 

      

Mild 
( -2>SD≥ -1)  

39 5 8 37 50 100 

      

None  
(SD> -1) 

65 1 7 16 76 100 

      

Total 158 5 15 26 54 100 
Source: Author’s calculations from the NIDS dataset, Waves 1 to 5 (SALDRU, 2017)   

It is important to note that the first row and first column in Table 4.6 represent the transition of 

children who were classified as ‘severely stunted’ in Wave 1 and how they transitioned to different 

states in Wave 5. Among the 19 children identified as severely stunted at age 2, 21% remained in 

this category by age 11, 36% transitioned to moderate stunting, 7% to mild stunting, while 36% 

fully recovered to a non-stunted state. The second row presents children initially classified as 

moderately stunted. Out of the 35 children in this group, about 5% deteriorated to severe stunting, 
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32% remained moderately stunted, while a substantial 63% achieved improvement. Within this 

recovery group, 26% became fully non-stunted, highlighting a considerable upward transition to 

healthier growth trajectories. Turning to children who were mildly stunted at baseline (row 3), 

about 13% experienced worsening outcomes: 5% fell into severe stunting and 8% into moderate 

stunting. Approximately 37% showed persistence in mild stunting across waves, while half (50%) 

recovered completely. This group thus exhibited both the risk of decline and a significant potential 

for catch-up growth.  

 

Finally, among the 65 children who were not stunted in Wave 1, nearly a quarter (24%) 

experienced deterioration: 1% to severe stunting, 7% to moderate stunting, and 16% to mild 

stunting. However, the majority (76%) maintained their non-stunted status, demonstrating overall 

stability and resilience. While the majority maintained their non-stunted status, the observed 

deterioration suggests that growth trajectories are not uniformly increasing or maintained beyond 

infancy, but may reflect changes in household or living conditions. Taken together, these results 

highlight meaningful longitudinal patterns in stunting transitions. A key finding is the substantial 

recovery potential, particularly among those initially severely or moderately stunted: 36% and 

26%, respectively, achieved full recovery. By age 11, approximately 62% of all stunted children 

had transitioned to a healthy status, underscoring strong potential for catch-up growth in 

adolescence. Importantly, deterioration was relatively uncommon, although notable, about 10% 

of children progressed into severe stunting, primarily from the moderate (5%) and mild (5%) 

categories. Similar patterns of both improvement and limited deterioration are also observed in 

the subsequent cohort-specific matrices (presented below in Tables 4.7 and 4.8), suggesting that 

while most children maintain or improve their nutritional status over time, a smaller proportion 

experience setbacks, reinforcing the dynamic nature of child growth trajectories across cohorts. 
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Table 4.7: Transition matrix of stunting status among children aged 2 (wave 2) and aged 9 
(wave 5)  

 Time final (tf) – Wave 5 – Cohort 2  [N = 199] 

Ti
m

e I
ni

tia
l (

t i) 
– W

av
e 2

 

 Total 
(Freq) 

Severe 
(%) 

Moderate 
(%) 

Mild (%) None 
(%) 

Total 
(%) 

Severe 
(SD ≤ -3) 

39 20 27 25 28 100 

      

Moderate 
(-3>SD≥-2) 

41 6 14 67 13 100 

      

Mild  
( -2>SD≥ -1) 

54 3 6 47 44 100 

      

None 
(SD> -1) 

65 4 4 12 80 100 

      

 Total 199 7 9 34 50 100 
Source: Author’s calculations from the NIDS dataset, Waves 2 to 5 (SALDRU, 2017)   

 

Table 4.7 presents the transition probabilities for the second cohort, reflecting changes in 

children’s nutritional status between ages 2 and 9. Among the 39 children classified as severely 

stunted at baseline, 20% remained in this category by Wave 5, while 27% transitioned to moderate 

stunting. Notably, more than half (53%) improved to healthier states, including 28% who fully 

recovered to a non-stunted status. For the 41 children initially moderately stunted, 6% experienced 

deterioration into severe stunting, while 14% remained moderately stunted. However, the majority 

(80%) transitioned to healthier categories: 67% moved into mild stunting and 13% achieved full 

recovery. This highlights a strong upward mobility within this group, with relatively few cases of 

worsening. 

 

Among the 54 children classified as mildly stunted at age 2, almost half (47%) persisted in this 

category by age 9, while 44% fully recovered. A smaller proportion (9%) experienced 

deterioration, with 3% progressing to severe stunting and 6% to moderate stunting, underscoring 

that while mild stunting carries risk, recovery is a frequent outcome. Finally, of the 65 children 

https://uwcscholar.uwc.ac.za/home



55 

who were not stunted at baseline, one-fifth (20%) showed some deterioration by the final wave: 

4% became severely stunted, 4% moderately stunted, and 12% mildly stunted. Nevertheless, the 

majority (80%) retained their non-stunted status, reflecting relative stability among initially 

healthy children.  

 

Taken together, the second cohort demonstrates patterns broadly consistent with Cohort 1: 

recovery potential is high, particularly among children starting in severe or moderate stunting, 

while the likelihood of deterioration remains comparatively low. Importantly, the probability of 

transitioning from a non-stunted state into more severe forms of malnutrition is limited, 

reinforcing that once healthy, most children tend to maintain their growth advantage. These 

findings underscore both the persistence of early stunting and the substantial scope for catch-up 

growth by middle childhood. 

 

Table 4.8: Transition matrix of stunting status among children aged 2 (wave 2), and aged 7 
(wave 5)  

 Time final (tf) – Wave 5 – Cohort 3  [N = 128] 

Ti
m

e I
ni

tia
l (

t i) 
– W

av
e 3

 

 Total 
(Freq) 

Severe 
(%) 

Moderate 
(%) 

Mild 
(%) 

None 
(%) 

Total 
(%) 

Severe 
(SD ≤ -3) 

10 21 32 32 15 100 

      

Moderate 
(-3>SD≥-2) 

16 3 36 44 17 100 

      

Mild  
( -2>SD≥ -
1) 

42 1 7 57 35 100 

      

None 
(SD> -1) 

60 - 4 12 84 100 

      

 Total 128 2 11 33 54 100 

        
Source: Author’s calculations from the NIDS dataset, Waves 3 to 5 (SALDRU, 2017)   
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In cohort 3, among the 10 children classified as severely stunted in wave 3 (at age 2), 21% 

remained severely stunted by wave 5 (at age 7). A further 32% transitioned to moderate stunting, 

while 47% improved to healthier categories, including 15% who fully recovered to a non-stunted 

status. Of the 16 children initially categorised as moderately stunted, 3% deteriorated to severe 

stunting, while 36% remained moderately stunted. About 61% progressed to healthier categories 

(HAZ > –2), with 17% fully recovering. Among the 42 children identified as mildly stunted at 

baseline, the majority (57%) remained in this category by follow-up. A small amount (8%) 

deteriorated; with 7% transitioning to moderate stunting and 1% to severe stunting. Nevertheless, 

35% recovered fully, advancing to a non-stunted status. Lastly, of the 60 children who were not 

stunted at age 2, the majority (84%) retained their non-stunted status by age 7. However, 12% 

transitioned to mild stunting and 4% to moderate stunting. Importantly, none progressed to severe 

stunting. Taken together, these findings suggest a moderate potential for recovery, especially 

among children who were stunted at baseline. At the same time, the persistence of mild stunting 

among more than half of those initially affected underscores the risk of lingering growth deficits 

despite improvements overall.  

 

Across all three cohorts, the transition matrices indicate consistent patterns of both recovery and 

persistence in stunting categories between early childhood and later waves. Children initially 

classified as severely stunted demonstrated the highest potential for improvement: in Cohorts 1, 

2, and 3, 36%, 28%, and 15% fully recovered to a non-stunted status, respectively, while a 

substantial proportion shifted to moderate stunting. Similarly, children initially moderately 

stunted showed notable upward mobility, with 26%, 13%, and 17% achieving full recovery in 

Cohorts 1, 2, and 3, respectively, and the majority moving to milder stunting categories. Mildly 

stunted children exhibited mixed outcomes. Across cohorts, a substantial share remained mildly 

stunted at follow-up (37%, 47%, and 57%), although a meaningful proportion recovered 

completely (50%, 44%, and 35%), highlighting both the persistence of mild deficits and the 

potential for catch-up growth. Children classified as non-stunted at baseline generally maintained 

their healthy status, with only a minority experiencing deterioration, underscoring the relative 

stability of optimal growth once achieved. Overall, these patterns illustrate the dual nature of 

stunting dynamics: while early stunting carries risk for continued growth deficits, there is 

considerable potential for recovery, particularly among severely and moderately affected children. 
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The probability of deterioration remains comparatively low, and transitions toward healthier 

growth states are evident in all cohorts, emphasizing the capacity for meaningful catch-up growth 

through early, later childhood, and adolescence.  

 

4.2.3 Principal component analysis (PCA)  

As previously stated, the study examines the relationship between household socio-economic 

status (HHSES) and stunting outcomes beyond infancy and into adolescence. Socio-economic 

status is a multidimensional construct, commonly measured using indicators such as income, 

parental education, occupation, and access to or ownership of household resources. In this study, 

principal component analysis (PCA) was employed to construct a household wealth index from 

self-reported household assets collected across the five waves. Table 4.9 presents all assets 

included in the analysis, which fell within the 5% to 95% frequency range to ensure 

representativeness and exclude outliers. This approach prevents the inclusion of assets that are 

either too rare or too common across households, thus strengthening the validity of the index. The 

resulting indicator provides a more comprehensive measure of household affluence than analyzing 

individual variables independently. Additionally, Table 4.9 reports the Kaiser-Meyer-Olkin 

(KMO) measures for the variables used in PCA to assess sampling adequacy. KMO values for the 

cohorts ranged between 0.75 to 0.8, indicating that the data were suitable for PCA. KMO values 

ranging from 0.70 to 1.00 are typically considered suitable for PCA, with values exceeding 0.80 

providing strong justification for constructing a composite index through this approach.  
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Table 4.9: Variables used to compute the HHSES index and the overall KMO score for each panel  

Component Variables included Cohort 

1 

KMO 

Cohort 

2 

KMO 

Cohort 

3 

KMO 

Self-

reported 

household 

assets 

Wheelbarrow, vehicle, washing 

machine, refrigerator, paraffin 

stove, electric stove, cellphone, 

computer, video-cassette, satellite 

dish, television, hi-fi 

 

 

0.7626 

 

 

0.8316 

 

 

0.7928 

Basic 

services 

Dwelling type, flushing toilet, 

electricity, refuse disposal, water 

source, wall material 
Source: Self-reporting assets from the NIDS dataset, (SALDRU, 2017)   

 
Prior to conducting PCA, the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy was 

assessed for each cohort. As presented in Table 4.9, the KMO values for all cohorts exceeded the 

widely accepted threshold of 0.6, confirming sufficient sample adequacy and indicating that the 

data were appropriate for PCA. To maintain comparability across waves, the HHSES index was 

constructed from a consistent set of self-reported household assets and access-to-services 

variables. The asset variables included a range of household goods and appliances, while the 

service-related variables reflected infrastructure dimensions such as dwelling type, electricity 

access, and sanitation facilities. Together, these indicators provide a comprehensive measure of 

household living standards and resource accessibility, constructed as a wealth index. 

 

4.3 Inferential Statistics  

This section presents the inferential statistical analysis conducted to examine the relationship 

between HHSES and children’s stunting outcomes over time. Multinomial logistic regression was 

employed to assess how households’ SES index quantiles (low, middle, high) shaped the likelihood 
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of children experiencing different stunting levels (severe, moderate, mild, or not stunted) from 

infancy (wave 1, age 2) to adolescence (wave 5, age 11).  

 

4.3.1 Multinomial logistic regression  

The researcher conducted a multinomial logistic regression (MLR) analysis using panel data to 

investigate the association between the HHSES index quantiles (independent variable) and the 

likelihood of experiencing different stunting outcomes (dependent variable) in wave 5 (age 11), 

relative to wave 1 (age 2). The independent variable was categorised into three quantiles: low, 

middle, and high SES index, while the dependent variable included four categories: severe 

stunting, moderate stunting, mild stunting, and not stunted (as reference category). However, 

due to small case numbers within certain stunting categories, some groups were merged to 

ensure adequate sample sizes for reliable estimation and to avoid unstable coefficients in the 

regression model.  

 

Furthermore, a range of key controls were considered to account for potential confounders 

influencing the relationship between HHSES and the stunting status outcome, as children aged 

across the waves. Among others, these included diet, biological sex, access to healthcare, 

geographic location (urban vs rural), and inherent biological factors such as birthweight, birth-

space, and parental height. Owing to the limited sample size, household heterogeneity could 

not be addressed through a fixed-effects specification. Nevertheless, multinomial regression 

was chosen as an appropriate approach to quantitatively assess the influence of HHSES on 

changes in stunting outcomes over time. Specifically, the model allowed for the evaluation of 

children’s stunting outcomes at the final wave, conditional on their household’s SES, while 

accounting for the child’s initial stunting status at wave 1. By comparing groups within the 

three SES quantiles and estimating their relative likelihood of being classified into different 

stunting categories, multinomial regression provides a nuanced perspective on the extent to 

which SES influences both persistence in, and recovery from, stunting. Given the categorical 

nature of the dependent variable – comprising more than two distinct categories – multinomial 

regression was the appropriate choice. Unlike binary logistic regression, which is restricted to 

two outcomes, or ordinal regression, which assumes a natural ranking of outcomes, multinomial 

regression treats each outcome as a separate category. This allows the probability of each 
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stunting level to be modelled as a function of HHSES without imposing an artificial order. The 

method therefore identifies how shifts in predictors, such as SES, influence the probability of 

children being classified into one stunting category relative to another. 

 

Accordingly, the model estimates the probability that children from different SES categories 

(low, middle, or high) fall into one of the four stunting levels, relative to the base category (not 

stunted). This provides insight into whether children from lower SES households are 

disproportionately more likely to experience moderate or mild stunting compared to their 

counterparts from higher SES households, as they progress beyond infancy into later childhood. 

Results are interpreted using relative risk ratios (RRRs), which indicate the (less/more) 

likelihood of each predictor being associated with the stunting outcomes. While HHSES is a 

predictor, with high potential of multicollinearity due to it being constructed from multiple 

highly interrelated indicators, a number of controls mentioned above, were carefully considered 

to mitigate confounding effects and ensure a reliable estimation of the relationship under 

investigation. The following regression tables (4.10–4.15) present the results, illustrating the 

associations and the strength of identified relationships.  

 

4.3.2 Model fit and regression coefficients 

The model yielded a statistically significant chi-square statistic (LR χ²(4) = 913385.68, p < 

0.0001), demonstrating a strong association between the household asset index and stunting 

outcomes. The very low p-value confirms that the overall model is statistically significant, 

indicating that the independent variables, considered collectively, significantly predict variation 

in the dependent variable. The main regression tables (see Tables 4.10 – 4.15) present the relative 

risk ratios (RRRs) alongside their corresponding p-values and 95% confidence intervals for each 

stunting category (severe, moderate, and mild) relative to the reference category (not stunted).  
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Table 4.10: Multinomial logistic regression analysis of the association between age and stunting 

among children at ages 2 (Wave 1) and 11 (final wave) 

Variables  Moderate stunting Severe stunting 

 RRR (95% CI) p-value RRR (95% CI) p-value 

Age (5 years) 0.506 (0.158; 1.61) 0.252 0.754 (0.113; 5.02) 0.771 

Age (11 years) 0.312 (0.132; 0.738) 0.008** 0.179 (0.035; 0.907) 0.038* 

_Cons 0.860 (0.394; 0.875) 0.704 0.188 (0.049; 0.712) 0.014 

Source: Author’s calculations from the NIDS dataset, Waves 1 to 5 (SALDRU, 2017) 
Notes: Relative Risk Ratios (RRR) reported with 95% confidence intervals in parentheses. Reference outcome 
category: Not stunted. Reference age group: 2 years. Significance: *p < 0.05, **p < 0.01, ***p < 0.001. For 
brevity, controls were not included, only key/significant coefficients are displayed. Full regression outputs are 
available in Appendix B. 
   

Table 4.11: Multinomial logistic regression analysis of the association between HHSES index 
and stunting in children aged 2 (wave 1) and 11 (final wave).  

Variables  Mild stunting Moderate stunting 

 RRR (95% CI) p-value RRR (95% CI) p-value 

Low SES 0.489 (0.294;2.391) 0.177 0.839 (0.294;2.390) 0.743 

High SES 0.193 (0.174;1.37) 0.003** 0.289 (0.094;0.887) 0.030* 

_Cons 1.493 (0.712;3.130) 0.289 1.089 (0.488;2.394) 0.847 

Source: Author’s calculations from the NIDS dataset, Waves 1 to 5 (SALDRU, 2017) 
Notes: Relative Risk Ratios (RRR) reported with 95% confidence intervals in parentheses. Reference outcome 
category: Not stunted. Reference socio-economic status (SES) category: Lowest SES quintile. Significance levels: 
*p < 0.05, **p < 0.01, ***p < 0.001. For brevity, controls were not included, only key/significant coefficients are 
displayed. Full regression outputs are available in Appendix B. 
   

As presented in Tables 4.10 – 4.15, multinomial logistic regression (MLR) was employed to assess 

whether a statistically significant proportion of children transitioned from stunted to non-stunted 

categories beyond infancy (age 2). The key predictor variables included the household wealth 

index, constructed across all survey waves using PCA, as well as the children’s ages. This 

modelling strategy was designed to address the central research questions of the study: (a) whether 

a significant association exists between household socio-economic status (HHSES) and stunting 

recovery, (b) whether changes in HHSES influence stunting status trajectories over time, and (c) 

whether early adolescence represents a second window of opportunity for recovery from early 

childhood stunting. 
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Age and stunting outcomes 

Table 4.10 presents the results of the MLR analysis assessing the likelihood of children remaining 

stunted or transitioning to a non-stunted category beyond infancy for Cohort 1. The reported 

relative risk ratios (RRRs), together with the 95% confidence intervals (CIs) and p-values, provide 

estimates of the probability of remaining stunted or recovering from stunting at Wave 5 (age 11). 

At age 5, the analysis showed no statistically significant evidence that children who were 

classified as severely or moderately stunted at age 2 remained in those categories when compared 

with the non-stunted reference group. Specifically, severely stunted children had an RRR of 0.754 

(95% CI: 0.113–5.02, p = 0.771), while moderately stunted children had an RRR of 0.506 (95% 

CI: 0.158–1.61, p = 0.252). Since both results were greater than the 0.05 level of significance, no 

meaningful statistical differences were observed in relation to the non-stunted group at this age. 

By age 11, however, a significant decline in the persistence of both severe and moderate stunting 

was observed. Severely stunted children had an RRR of 0.179 (95% CI: 0.035 – 0.907, p = 0.038), 

while moderately stunted children had an RRR of 0.312 (95% CI: 0.132 – 0.738, p = 0.008). Both 

results indicate a substantially lower risk of remaining stunted at early adolescence compared with 

the non-stunted category. These findings suggest that early stunting does not inevitably persist 

into later childhood and adolescence, as both severe and moderate stunting notably diminished as 

children aged – providing evidence of recovery trajectories. Furthermore, the results underscore 

the importance of long-term interventions that support children’s growth recovery beyond 

infancy. 

 

HHSES and stunting outcomes 

Table 4.11 presents the results of the MLR analysis evaluating the likelihood of children 

remaining stunted or transitioning to a non-stunted category beyond infancy for Cohort 1. 

Specifically, the analysis examines the association between household socio-economic status 

(HHSES) index quantiles and children’s stunting outcomes, observed between ages 2 (Wave 1) 

and 11 (Wave 5). Drawing on the panel structure of the data, the model captures how household 

changes across survey waves influenced the persistence or recovery from stunting, illustrating the 

role of household socio-economic change in influencing child growth trajectories throughout their 

life course. The children whose HHSES changed to index quantile 3 (high SES), at adolescence, 
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were significantly less likely to remain moderately or mildly stunted relative to the non-stunted 

reference group (with p = 0.030 and p = 0.003, respectively). These findings indicate that 

improvements in household socio-economic status across survey waves were significantly 

associated with recovery from early childhood stunting. In contrast, children within the low 

household SES quantile did not demonstrate statistically significant differences, suggesting the 

ameliorative impact of enhanced SES, and that the low SES did not strongly influence stunting 

persistence or recovery by age 11. This supports the notion that a higher SES is associated with 

improved child growth and a greater likelihood of stunted-growth recovery, particularly as 

children transition into adolescence. 

 

Overall, these findings highlight that recovery from stunting is possible beyond the first 1,000 

days of life, particularly during adolescence, and that shifts in household socio-economic status 

(HHSES) play a critical role in reducing the likelihood of persistent stunting. These results 

underscore the importance of household socio-economic resources in shaping child growth 

trajectories and affirm adolescence as a secondary window of opportunity for stunting recovery. 

 

Table 4.12: Multinomial logistic regression analysis of the association between age and stunting 
in children aged 2 (wave 2) and 9 (final wave)  

Variables  Mild stunting Moderate stunting 

 RRR (95% CI) p-value RRR (95% CI) p-value 

Age 4 0.567 (0.244;1.314) 0.996 0.542 (0.171;1.71) 0.299 

Age 9 0.605 (0.270;1.356) 0.222 0.165 (0.042;0.649) 0.010* 

_Cons 0.901 (0.445;1.824) 0.773 0.360 (0.140;0.924) 0.034 

Source: Author’s calculations from the NIDS dataset, Waves 2 to 5 (SALDRU, 2017) 
Notes: Relative Risk Ratios (RRR) reported with 95% confidence intervals in parentheses. Reference outcome 
category: Not stunted. Reference age group: 2 years. Significance: *p < 0.05, **p < 0.01, ***p < 0.001. For 
brevity, controls were not included, but only key/significant coefficients are displayed. Full regression outputs are 
available in Appendix B. 
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Table 4.13: Multinomial logistic regression analysis of the association between HHSES index 
and stunting in children aged 2 (wave 2) and 9 (final wave)  

Variables  Mild stunting Moderate stunting 

 RRR (95% CI) p-value RRR (95% CI) p-value 

Low SES 3.96 (1.05;14.80) 0.041* 0.857 (0.141;5.196) 0.867 

High SES 0.507 (0.114;2.25) 0.373 0.561 (0.141;2.756) 0.477 

_Cons 0.457(0.171;1.223) 0.119 0.365 (0.126;1.059) 0.064 

Source: Author’s calculations from the NIDS dataset, Waves 2 to 5 (SALDRU, 2017) 
Notes: Relative Risk Ratios (RRR) reported with 95% confidence intervals in parentheses. Reference outcome 
category: Not stunted. Reference socio-economic status (SES) category: Lowest SES quintile. Significance levels: 
*p < 0.05, **p < 0.01, ***p < 0.001. For brevity, controls were not included, only key/significant coefficients are 
displayed. Full regression outputs are available in Appendix B.  
   

Age and stunting outcomes 

Tables 4.12 and 4.13 present the results of the MLR analysis assessing the persistence of stunting 

beyond infancy in Cohort 2 and the moderating influence of HHSES. In reference to Table 4.12, 

at age 4, children who had been moderately stunted at age 2 had a relative risk ratio (RRR) of 

0.542 (95% CI: 0.171–1.71, p=0.299) compared with their non-stunted counterparts. The non-

significant p-value (>0.05) indicates that there was no statistical evidence of a difference in the 

likelihood of remaining stunted at this age. By contrast, at age 9, the probability of remaining 

moderately stunted notably declined. Children had an RRR of 0.165 (95% CI: 0.042–0.649, 

p=0.010), which was statistically significant at the 5% level (p<0.05). This suggests that children 

who were moderately stunted at age 2 had a significantly less likely to remain moderately stunted 

by the age of 9, implying a substantial degree of stunting recovery over time. These findings 

reinforce the importance of long-term interventions for stunted-growth recovery, as these stunted 

children showed some catch-up growth beyond the first 1,000 days critical window and age 4. 

 

HHSES and stunting outcomes 

Table 4.13 presents the results of the MLR analysis assessing the association between HHSES 

and stunting outcomes for Cohort 2, observed when children were 2 years (in Wave 2) and 

progressed to 9 years (in Wave 5). The model examined how changes in household SES 

influenced the likelihood of children remaining stunted relative to the non-stunted reference 

group. The results indicate that children from households that changed to low SES by wave 5 
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(when 9 years in age), who were mildly stunted at age 2 (in wave 2), were significantly more 

likely to remain mildly stunted at age 9, showing an RRR of 3.96 (95% CI: 1.05–14.8, p=0.041). 

Furthermore in this cohort, children in higher SES households (index quantile 3) did not exhibit 

statistically significant differences in the probability of remaining stunted relative to the reference 

group (RRR=0.507, 95% CI: 0.114–2.25, p=0.373). These findings highlight the differential 

impact of household socio-economic resources in shaping stunting trajectories: while higher SES 

in this cohort was not significantly associated with improved stunting outcomes at age 9, children 

whose HHSES shifted to the low-SES category by that age 9 faced a significantly higher risk of 

persistent mild stunting from age 2. This underscores the importance of interventions that address 

household socio-economic disadvantages as a key determinant of child growth outcomes beyond 

infancy.  
 
Table 4.14: Multinomial logistic regression analysis of the association between age and stunting 
in children aged 2 (wave 3) and 7 (final wave)   

Variables  Moderate stunting Severe stunting 

 RRR (95% CI) p-value RRR (95% CI) p-value 

Age 4 0.645 (0.219;1.902) 0.427 0.516 (0.156;1.70) 0.278 

Age 7 0.449 (0.067;3.013) 0.410 0.071 (0.009;0.561) 0.012* 

_Cons 0.359 (0.140;0.924) 0.034 0.401 (0.162;0.994) 0.048 

Source: Author’s calculations from the NIDS dataset, Waves 2 to 5 (SALDRU, 2017) 
Notes: Relative Risk Ratios (RRR) reported with 95% confidence intervals in parentheses. Reference outcome 
category: Not stunted. Reference age group: 2 years. Significance: *p < 0.05, **p < 0.01, ***p < 0.001. For 
brevity, controls were not included, only key/significant coefficients are displayed. Full regression outputs are 
available in Appendix B. 
  
 
Table 4.15: Multinomial logistic regression analysis of the association between HHSES index 
and stunting in children aged 2 (wave 3) and 7 (final wave) 

Variables  Mild stunting Moderate stunting 

 RRR (95% CI) p-value RRR (95% CI) p-value 

Low SES 0.677 (0.268;1.707) 0.409 0.294 (0.037;2.321) 0.246 

High SES 0.304 (0.099;0.934) 0.038* 4.02-8. (0;0) 0.994 

_Cons 0.607 (0.325;1.131) 0.116 0.152 (0.053;0.437) 0.00 

Source: Author’s calculations from the NIDS dataset, Waves 3 to 5 (SALDRU, 2017) 
Notes: Relative Risk Ratios (RRR) reported with 95% confidence intervals in parentheses. Reference outcome 
category: Not stunted. Reference socio-economic status (SES) category: Lowest SES quintile. Significance levels: 
*p < 0.05, **p < 0.01, ***p < 0.001 For brevity, controls were not included, only key/significant coefficients are 
displayed. Full regression outputs are available in Appendix B.  
   

https://uwcscholar.uwc.ac.za/home



66 

Tables 4.14 and 4.15 present the results of the MLR analysis examining the persistence of stunting 

beyond infancy for Cohort 3, as well as the influence of HHSES. Table 4.14 tracks the stunting 

trajectories of children initially classified as severely stunted at age 2 (Wave 3) and followed up 

at ages 4 and 7. At age 4, the results show an RRR of 0.516 (95% CI: 0.156–1.70, p=0.278), 

suggesting no statistically significant difference in the likelihood of remaining severely stunted 

relative to the non-stunted reference group. However, by age 7, a marked reduction was observed, 

with an RRR of 0.071 (95% CI: 0.009–0.561, p=0.012), which was statistically significant at the 

5% level. This finding indicates that by mid-childhood, children who had been severely stunted 

at age 2 were significantly less likely to remain in this category, pointing to the possibility of 

recovery from severe stunting. Overall, these results demonstrate that while no notable changes 

were evident by age 4, a substantial reduction in severe stunting was apparent by age 7. This 

trajectory suggests that severely stunted children may achieve catch-up growth beyond early 

childhood, reinforcing the potential for recovery after the first 1,000 days and early life, and 

challenging the notion that stunting at age 2 is irreversible.  

 

Table 4.15 presents the results of the MLR analysis investigating the relationship between HHSES 

changes and stunting outcomes for children aged 2 (Wave 3) and 7 (Wave 5). The children mildly 

stunted at age 2, whose stunting status changed to low-SES households (quantile 2) when followed 

up at age 7 in wave 5, had an RRR of 0.677 (95% CI: 0.268–1.71, p=0.409), indicating no 

statistical significant association with stunting status compared to the non-stunted reference group. 

In contrast, children whose stunting status changed to high-SES households (quantile 3) had an 

RRR of 0.304 (95% CI: 0.099–0.934, p=0.038), which was statistically significant at the 5% level. 

This finding suggests that children who were mildly stunted at age 2 were significantly less likely 

to remain mildly stunted at age 7, relative to their non-stunted peers. Taken together, these results 

emphasize the protective role of higher household socio-economic status in reducing the 

persistence of mild stunting, thereby highlighting the importance of socio-economic resources in 

shaping child growth trajectories beyond infancy. 

 

Recognizing child growth as an ongoing process that extends beyond early childhood, these 

findings reaffirm that recovery from stunting can extend beyond the first 1,000 days, with mid-

childhood and adolescence serving as critical secondary windows of opportunity. They further 
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highlight the role of household socio-economic improvements as key determinants on whether 

children persist in stunted trajectories or demonstrate recovery over time. 

 

4.4 Discussion  

Although the determinants of stunting have been widely studied, the impact of household socio-

economic status changes beyond infancy has received comparatively limited attention (Bommer 

et al., 2019). This study seeks to fill this gap by exploring the moderating role of HHSES on the 

progression of stunting from infancy (age 2) through early childhood (ages 4–9) to adolescence 

(age 11). In doing so, the study challenges the prevailing assumption that stunting becomes 

irreversible by age two, instead demonstrating the dynamic interplay between household socio-

economic conditions and child growth outcomes across multiple developmental stages. The 

findings suggest that changes in household socio-economic status influence the likelihood of 

stunting recovery beyond infancy. Children in high-SES households were significantly less likely 

to experience persistent stunting, whereas children in low-SES households exhibited no 

improvements, underscoring the protective effect of socio-economic advantage. These results 

highlight the protective effect of household socio-economic resources in shaping recovery 

trajectories and reinforce the importance of targeting interventions toward socio-economically 

disadvantaged households of lower SES.  

 

Evidence from Cohort 1 MLR aligns with previous studies (e.g., Benny et al., 2017; Benny et al., 

2018; Bommer et al., 2019; Georgiadis et al., 2017; Mazur et al., 2014), which argue that early 

adolescence represents a second window of opportunity for catch-up growth. Findings from the 

broader set of regressions also further indicate that meaningful catch-up growth may occur beyond 

the age of two, challenging the long-standing assumption that growth faltering is irreversible after 

early childhood. This is particularly evident in the observation that children classified as severely 

stunted at age two exhibited significantly reduced odds of persistent stunting by age eleven. Such 

evidence underscores the importance of recognising adolescence as a second critical period for 

targeted interventions aimed at ameliorating stunting. In addition, the results highlight a robust 

association between HHSES and stunting outcomes. In this regard, the present findings of this 

study converge with a growing body of literature documenting the influence of socio-economic 

conditions on child growth trajectories (see, for example, Boyden et al., 2019; Campisi et al., 
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2018; Devakumar et al., 2018; Momberg et al., 2020; Rocha et al., 2023; Rodgers and Kassens, 

2018; Subramanian et al., 2016; Tette et al., 2016).  

 

Devakumar et al. (2018) explored the potential association between HHSES and child growth in 

a longitudinal study conducted in Nepal. Their findings, which focused on three distinct SES 

components – household material assets, maternal education, and land ownership – revealed that 

the strongest positive association with conditional growth was linked to household asset score. 

Similarly, evidence from the Young Lives Study, a large-scale longitudinal investigation of child 

development in low- and middle-income countries, further reinforces this perspective. 

Specifically, while interventions during the first 1,000 days remain essential, findings from Benny 

et al. (2018) highlight that recovery from stunting is possible beyond age two, thereby challenging 

the conventional view of irreversible growth faltering after early childhood. The analysis also 

addressed the third research question, which examined whether changes in HHSES influence 

stunting trajectories. Results from Table 4.13 indicate that children in the low SES category faced 

significantly higher odds of stunting compared to the reference group. The regression model 

yielded a relative risk ratio (RRR) of 3.96 (p = 0.04), underscoring the elevated vulnerability of 

children from disadvantaged households. These results confirm that changes in HHSES exert a 

measurable effect on stunting status, with additional models demonstrating that children from 

higher SES backgrounds are comparatively less likely to become stunted. Such findings are 

consistent with evidence from Mazur et al. (2014), who reported similar associations between 

shifts in family SES and adolescent development in their study on Polish children’s self-efficacy.  

 

Beyond early childhood, research also suggests that adolescence constitutes a critical window for 

catch-up growth. For instance, Benny et al. (2017) found that adolescents who fell below the 

WHO height standard at age 12 had recovered approximately 40% of their height deficit by age 

19. As most of this catch-up occurred during early adolescence (ages 12–15), these findings point 

to the potential of both early and late adolescence as periods of opportunity for interventions 

designed to disrupt the intergenerational transmission of stunting. Similarly, Georgiadis, Benny, 

Duc, et al. (2017) emphasize that growth beyond early childhood remains responsive to 

household-level changes, underscoring the importance of sustained socio-economic investments 

to promote improvements in child growth outcomes. The findings provide empirical support of 
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the existence the second window of opportunity for stunted-growth recovery beyond infancy, 

particularly in adolescence. This second window recovery should not be interpreted as purely 

biological, but suggests an association in HHSES. Within the UNICEF conceptual framework of 

undernutrition, adolescence may represent a time in which changes in the underlying and basic 

determinants (household assets, maternal education, access to basic services) influence stunted 

growth recovery or deterioration.  

In overall, the observed improvements in children’s HAZ scores across waves provide empirical 

support for the argument that recovery from stunting may occur beyond the first 1,000 days of life. 

While the first two years of life remains a crucial period for preventing growth faltering, the 

findings suggest that children’s growth trajectories are not entirely fixed beyond infancy. Rather 

they remain responsive to changes in their socio-economic environment. Particularly, the 

association observed between HHSES and improved growth outcomes indicates that better 

household living conditions may enable children to experience partial recovery from earlier growth 

deficits. Thus improvements in HHSES may enhance access to food, better housing conditions, 

and other resources that contribute to child growth and development. While these findings align 

with literature suggesting adolescence as a second window (Georgiadis & Penny, 2017; Campisi 

et al., 2018), consistent with the debate by (Prentice et al., 2013; Leroy, Ruel & Habicht, 2013; 

Leroy et al., 2014, 2020), improvements observed in HAZ are interpreted as relative improvements 

in growth status rather than complete biological catch-up in height. Therefore, a movement from 

a more severe to less severe stunting categories show a meaningful improvement and may reduce 

the long-term risks as children grow.  

4.5 Conclusion 

In conclusion, this section underscores that while stunting is profoundly shaped by conditions in 

early life, it should not be regarded as an entirely irreversible outcome beyond the first 1,000 days. 

The analysis demonstrates that improvements in household socio-economic status (HHSES) are 

associated with reduced risks of persistent stunting and increased likelihoods of recovery, 

particularly during the critical period of early adolescence. Conversely, children who remained in 

or transitioned into lower SES households were substantially more vulnerable to sustained 

stunting, underscoring the constraining effects of socio-economic disadvantage on growth 
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trajectories. These findings align with emerging evidence that adolescence constitutes a second 

window of opportunity for catch-up growth, thereby challenging the long-standing assumption 

that stunting becomes a permanent condition after infancy. Importantly, the results highlight that 

recovery potential is not only biologically possible but also socially contingent, with household 

resources, parental education, and access to basic services playing central roles.  

 

Furthermore, the findings reinforce the broader argument that child growth should be 

conceptualised as a continuous, dynamic process rather than a static outcome fixed in early life. 

By acknowledging that household environments exert influence well beyond infancy, this study 

points to the critical need for policies and interventions that extend into middle childhood and 

adolescence. Specifically, integrated strategies that combine nutritional support, healthcare 

access, and educational opportunities with structural measures to reduce poverty hold 

considerable promise in mitigating the long-term effects of early stunting. Taken together, the 

evidence presented in this chapter advances the understanding of stunting as a reversible condition 

under certain circumstances and emphasises the importance of addressing socio-economic 

inequalities across the life course. By doing so, such interventions may not only enhance 

individual child outcomes but also contribute to breaking the cycle of intergenerational 

disadvantage and poverty at a population level.  
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CHAPTER 5: CONCLUSION 

5.1 Overview  

This study longitudinally investigated the persistence and stunted-growth recovery among South 

African children using data from the National Income Dynamic Study. Three cohorts were 

followed through five waves, first observed at age 2, into middle childhood (ages 7–9) and early 

adolescence (age 11). Through descriptive analyses, transition probability matrices, and 

multinomial logistic regression (MLR), the research explored whether: (i) stunting persisted 

beyond infancy, (ii) how shifts in household socio-economic status (HHSES) influenced recovery, 

and (iii) whether later childhood and early adolescence offered additional windows for growth. By 

taking a developmental perspective and longitudinal approach, the study adds to a growing body 

of research that challenges the belief that stunting beyond the first 1000 days is irreversible. It also 

offers context-specific evidence to inform South African policy on the timing, reach, and focus of 

child stunting and household socio-economic interventions.  

5.2 Summary of Key Findings  

The subsequent section presents the concluding remarks and summarises the principal findings 

from the longitudinal analysis, within South Africa’s socio-economic and developmental context. 

These insights contribute to the national and global understanding of stunting trajectories and 

recovery beyond early-life, and while rooted in the South African context, they offer broader 

relevance to other low- and middle-income countries. 

Finding 1: Stunting is not a fixed outcome - recovery beyond infancy is possible.  

Across all three cohorts, children showed meaningful improvements in height-for-age. By the final 

wave, nearly two-thirds were no longer stunted (Cohort 1: 62%, Cohort 2: 63%, Cohort3: 65%, 

from 41%, 33%, and 47%, respectively). Transition matrices showed clear upward shifts from 

severe and moderate stunting to healthier categories. MLR results confirmed a significant decline 

in the odds of remaining stunted as children aged. In Cohort 1, by age 11 the risk of persistent 

severe (RRR = 0.179, p = 0.038) and moderate stunting (RRR = 0.312, p = 0.008) dropped 

significantly compared to age 2. Similar patterns emerged in Cohort 2 (age 9) and Cohort 3 (age 

7), reinforcing that recovery is possible.  

These therefore, demonstrate;  
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o That stunting persistence can decline and diminish as South African children grow 

older, particularly beyond infancy.  

o While children classified as stunted at age 2 could not exhibit significant 

differences in stunting persistence by ages 4-5, significant reductions were 

observed in ages above 5 (middle childhood (ages 7-9) and adolescence (age 11)).  

o That a child stunted by age 2, does not necessarily inevitably persist into later 

stages, confirming recovery is possible within these SA children.  

These findings dispute the rigid view of early nutrition outcomes and affirm that children can 

still experience growth after infancy. 

 

Finding 2: HHSES influences stunted-growth persistence or recovery  

Changes in household socio-economic status strongly influenced recovery from stunting. Across 

all cohorts, children whose families moved into higher SES status, were significantly more likely 

to transition from stunted categories, particularly moderate and mild stunting, to a healthy status. 

In contrast, children from households that fell into lower SES status were more likely to remain 

stunted. With cohort 1, children who entered into an upward socio-economic mobility by 

adolescence had a substantially lower relative risk of remaining moderately (p=0.030) or mildly 

p=0.003) stunted. In contrast, in cohort 2 a downward socio-economic shift heightened 

vulnerability to persistent stunting as children who shifted into lower SES faced a markedly 

increased likelihood of remaining mildly stunted (p=0.041).  

These therefore, demonstrate;  

o Beyond infancy, HHSES plays a crucial role in stunting persistence and recovery. 

o South African children who were stunted at age 2, whose HHSES improved, 

showed a significant reduction and had a significantly lower likelihood of 

remaining stunted by 7, 8,9, and 11.  

o That an improved HHSES provides children with potential to recover from 

stunting, thereby mitigating long-term effects of early stunting.  

o The protective effects of socio-economic advantage in shaping child growth and 

health, indicating that household resources not only enhance living conditions but 

further fosters a supportive environment that promotes stunted-growth recovery, 

over time.  
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These results suggest that stunting recovery is not a solely nutrition specific process limited to the 

first 1000 days of life, but is notably influenced by improvements in the HHSES beyond infancy. 

Therefore, household targeting interventions to improve HHSES are crucial in enabling South 

African children to overcome early nutritional-deficits. 

 

Finding 3: Adolescence is a second window of opportunity for stunted-growth recovery 
Across cohorts, notable increases and improvements in HAZ occurred between ages 7 and 11, with 

a number of children transitioning out of stunting, particularly from severe and moderate stunting-

status. Multinomial regression results reinforce this, as: in Cohort 1, by age 11 (early adolescence), 

the relative risk of remaining severely stunted declined significantly (p=0.038), and the likelihood 

of remaining moderately stunted was also notably reduced (p=0.008). Similar patterns were 

observed in Cohort 2 by age 9 (p=0.010) and in Cohort 3 by age 7 (p=0.012 for severe stunting), 

indicating that stunting recovery is not limited to infancy or early childhood but extend across 

middle childhood into early adolescence.  

These therefore, demonstrate;  

o The significant influence of household factors on child-growth outcomes in South 

Africa, and the need for interventions targeted child-growth outcomes beyond early 

life into adolescence as a second critical period of opportunity.  

o Interventions directed at adolescence could assist mitigate long-term stunting 

effects and produce effective strategies to achieve South Africa’s stunting targets.  

Providing a South African context and evidence, these findings provide a compelling evidence that 

adolescence provide a second-window of opportunity, and also substantiate a growing body of 

global evidence, from the Young Lives cohort and studies by Benny, Georgiadis, Crookston, 

Dornan and colleagues – that stunted growth trajectories remain responsive beyond early 

childhood.  

In overall, these findings confirm that while the first thousand days of life remain a foundational 

window of opportunity for directed interventions, they are not the sole determinant of lifelong 

growth outcomes. In the South African context, where child malnutrition coexists with persistent 

socio-economic inequality, these findings demonstrate that interventions for child stunting and 

growth should extend beyond infancy. This also underscores that adolescence – a phase marked 

by rapid intense growth spurts, hormonal reorganization, and onset reproductive maturation, 
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remains an under-leveraged and under-used opportunity for targeted child-growth, development, 

and human-capital investments. Expanding interventions into adolescence, particularly those that 

strengthen household socioeconomic conditions alongside nutrition efforts, could yield significant 

and meaningful gains for long-term human development, schooling outcomes, and future labour-

market productivity. In essence, investing in adolescents is not remedial but strategic, offering a 

second chance to correct early-life disadvantages and break intergenerational cycles of 

malnutrition and poverty.  

5.3 Policy and Programmatic Implications (South Africa) 

This study’s evidence hold important implications for the design, targeting, and timing of child-

growth targeted and socio-economic interventions in South Africa. The evidence that stunting 

trajectories remain responsive beyond infancy, suggests that policy should extend beyond the 

narrow focus of early childhood and adopt a more integrated household-centred approach. Thus 

South African policy, should;  

1. Extend interventions beyond early childhood 

While the first 1000 days of life remain foundational, the observed recovery during middle 

childhood and early adolescence highlights the need to ensure continuity of child growth 

support into later developmental stages, with key actions including: 

o Strengthening and aligning the national school nutrition programme with the 

National Integrated ECD Policy and the Roadmap for Nutrition to ensure 

continuous nutritional support from early childhood through adolescence, 

safeguarding early gains and leveraging adolescent growth potential.  

o Acknowledging adolescence as a second window for catch-up growth and human-

capital development, and thus integrating school- and community-based adolescent 

health and nutrition programmes, and recognising growth for children beyond 

infancy is influenced by their socioecological surrounding and living conditions. 

This therefore includes providing safe, supportive, and stimulating environments 

where adolescents can access meals, routine growth monitoring, physical activity 

and sports programmes, psychosocial support, and comprehensive sexual health 

and reproductive education. Such integrated interventions reinforce healthy 

biological, cognitive, and socio-emotional development, while also protecting 
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against early pregnancy and school dropout. Furthermore, these programmes may 

contribute to reducing teenage fertility rates and interrupt intergenerational cycles 

of poverty and malnutrition.  

2. Target household socio-economic disadvantage as a pathway to stunting reduction 
Given that improved household socio-economic status was strongly associated with 

stunting recovery, policy responses must: 

o Prioritise strengthening household economic resilience. This requires approaches 

that go beyond current income transfers alone (such as CSG), and support families 

to build sustainable livelihoods, improve food security, and enhance the overall 

caregiving (household) environment. This study’s evidence supports cash-plus 

models that combine social protection with complementary interventions such as 

skills development, parenting education, financial literacy, and facilitated access to 

employment or entrepreneurial support. Such integrated strategies can empower 

caregivers to generate stable income, and create enabling environments for 

children's growth. Given that young and adolescent children remain financially and 

socially dependent on their parents’ economic and household conditions, socio-

economic strengthening at the household level is essential for breaking the cycles 

of malnutrition and poverty, and for sustaining the gains achieved through early-

childhood nutrition interventions.  

o Ensure reliable access to basic services, safe housing, and support livelihood and 

employment pathways for low-income households.  

3. Invest in women's or mothers' empowerment programmes.  

Maternal empowerment and education are foundational drivers of HHSES and children’s 

growth outcomes. As highlighted in the literature, an empowered woman with autonomy 

has a strengthened caregiving capacity, an informed reproductive decision-making, and 

stronger financial and household resource management. Empowered and literate mothers 

are also better positioned to secure assets, access services, and prioritize child-related 

expenditures. These capabilities collectively strengthen HHSES and living conditions, and 

contribute to improved child growth – supporting stunting recovery beyond infancy. 

Therefore, especially for low-income household, targeted policies should:  
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o Encourage, support, expand, and invest in women empowerment and educational 

programmes, such as secondary education completion programmes, vocational 

trainings, and employment pathways. 

o Invest in women’s economic empowerment through financial literacy, income-

generation support, and access to means of production – encouraging household 

economic resilience.  

o Enhance parental skill-building and comprehensive family support programmes to 

strengthen household ‘nature’ and ‘nurturing’ capacity. Such initiatives should 

integrate psychosocial support, community-based parenting groups, and linkages 

to social and health services. Thus creating environments conducive to healthy 

growth, improved educational readiness, and resilience across early childhood and 

adolescence.  

 
4. Institutionalise adolescence in national and human-capital strategies and targets 

This study’s findings support the recognition of adolescence as a second window of 

opportunity for intervention strategies. In current South African childhood development 

policies, interventions remains remain heavily focused maternal supplementation during 

pregnancy and the early years, and have limited focus on adolescents as a critical 

developmental group. Policy, therefore, should: 

o Formerly integrate adolescents within NDP implementation and national targets, 

incorporating adolescent-specific growth monitoring, physical development 

initiatives, and psychosocial support programmes. 

o Strengthen the prevention of adolescent and unintended pregnancies, while 

promoting school retention and transition pathways to higher education. 

Comprehensive strategies should include age-appropriate sexual and reproductive 

health education, social protection for vulnerable adolescent children, and family-

and-community-based support systems that retain adolescent girl children in 

schools to delay unintended pregnancies and early motherhood.  

o Adolescent health and nutrition should form part of South Africa’s long-term 

human capital investments agenda.  
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5. Adopt a multi-sector, household-centred and life-course delivery model 
South Africa’s policy landscape acknowledges the importance of a multisectoral approach, 

and national frameworks such as the NIECDP advocates for interdepartmental 

collaboration. However,  despite these commitments, implementation gaps persist, with 

coordination across the health, education, agriculture, and social development sectors 

remaining fragmented. These challenges are further compounded by the predominant focus 

on pregnancy and the first 1000 days, resulting  is also due to most of the interventions 

targeting pregnancy and the first 1000 days. This narrow focus also risks overlooking the 

household as a critical site of intervention. To improve effectiveness and sustainably reduce 

stunting levels and achieve stunting targets, this study points to the need for: 

o Joint delivery frameworks across the departments of health, education, agriculture, 

and social development, supported by shared accountability systems and  

o Household-focused intervention models that address nutrition, income, and basic 

services simultaneously. 

o Strengthened community social worker, health worker and school-community 

linkages, enabling connection between home, school, and community. 

o Integrating nutrition-specific and nutrition-sensitive interventions beyond 

healthcare facilities and school nutrition programmes to home-targeted 

interventions.  

o Positioning the household as the unit of change to ensure that interventions reflect 

social realities that shape the growth and development of young and adolescent 

children in South Africa.  

5.4 Limitations  

The analysis was based on cohorts of small sample size, and due to this some stunting categories 

had few cases. Thus, for statistical reliability, some groups had to be combined. It was not possible 

to fully control some potential confounders in the model, and unobserved household heterogeneity 

could not be captured via fixed effects due to sample constraints. Similar to all observational 

studies, estimates,  show which factors are associated with stunting and recovery and do not prove 

causal effects. However, despite these limitations, the study provides valuable longitudinal 

evidence on stunting recovery pathways in South Africa, an area where empirical research remains 
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limited. In addition, the possible measurement error in anthropometric data represent an important 

limitation. HAZ scores may be sensitive to inaccuracies in age reporting, enumerator measurement 

error, and random variation. While the WHO standard procedures were applied to exclude 

biologically implausible values, residual measurement error cannot be ruled out. The findings 

therefore, should be interpreted cautiously.  

5.5 Recommendations for Future Research 

Ø Use causal designs on larger panels to assess the change effects of SES on stunting 

recovery. 

Ø Track outcomes beyond age 11 to determine if improvements continue to later adolescence 

and early adulthood.  

Ø Explore heterogeneity by gender and location (urban or rural) to inform targeted policy. 

 

5.6 Conclusion  

In all, South African evidence from NIDS suggests that stunting, although rooted in early 

adversity, is not irreversible. Improvements in the household's socio-economic conditions are 

associated with lower risks of persistence and greater likelihood of recovery, with adolescence 

emerging as a second opportunity window for continued interventions. Nutrition-specific support 

combined with nutrition-sensitive policies that empower women to be self-sufficient, promote 

education, and access to basic services can shift growth trajectories beyond the first 1 000 days and 

help break intergenerational cycles of poverty.  
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PART IV 

APPENDIX A: Stata DO File for Data Cleaning and Analysis 

APPENDIX B: FULL REGRESSION OUTPUTS 

 
  

 
 

NB!!! All Stata commands used in the preparation, cleaning, and analysis of the data are 
documented in the DO file, submitted alongside this document.  
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APPENDIX B: REGRESSION OUTPUTS 
 
 
Table 6.1: Control Variables included in the Analysis and their respective NIDS Sources 

Variable Operational Definition / 
Measurement 

NIDS 
Questionnaire 

Source 

Wave(s) 
Used 

Child age Age in completed years at time of 
interview 

Child questionnaire All relevant 
waves 

Biological sex 1 = Male; 0 = Female Child questionnaire Baseline 
Birthweight Birthweight in kilograms 

(continuous) 
Child questionnaire Baseline 

Birth spacing Interval (in years) between child 
and previous sibling 

Derived from child 
roster  

Baseline 

Parental height Mother’s and/or father’s height 
(cm), continuous 

Adult questionnaire Baseline 

Access to 
healthcare 

Proxy measure (e.g., access to 
clinic/hospital or health service 

utilisation) 

Adult questionnaire Relevant 
waves 

Diet Proxy indicators (e.g., food 
consumption, dietary diversity, 

breastfeeding status) 

Child questionnaire Relevant 
waves 

Urban/Rural 
location 

1 = Urban; 0 = Rural Household 
questionnaire 

All waves 

Province Provincial location of household Household 
questionnaire 

All waves 

Child Support 
Grant (CSG) 

1 =child receives CSG; 0 = No Household / Adult 
questionnaire 

Relevant 
waves 
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Table 6.2: Table Multinomial Logistic Regression: Stunting and Household Socioeconomic Status 
(Cohort 1) 
(Base outcome: Not stunted) 

Outcome  Predictor RRR 95% CI p-value 

Severe stunting Quintile 2 0.293 (0.067 ; 1.291) 0.105 

Quintile 3 0.452 (0.134 ; 1.521) 0.200 

_Cons 0.657 (0.264 ; 1.631) 0.365 

Moderate stunting Quintile 2 0.840 (0.295 ; 2.392) 0.743 

Quintile 3 0.290 (0.095 ; 0.888) 0.030* 

_Cons 1.081 (0.488 ; 2.394) 0.847 

Mild stunting Quintile 2 0.490 (0.174 ; 1.379) 0.177 

Quintile 3 0.193 (0.064 ; 0.580) 0.003** 

_Cons 1.493 (0.712 ; 3.130) 0.289 

Note: Relative Risk Ratios (RRR) reported with 95% confidence intervals in parentheses. Reference outcome 
category: Not stunted. For this model, reference category for household SES is Quintile 1 (lowest quintile). Panel 
weights were applied using analytical weights. The number of observations differs from the original cohort size 
(N = 158) due to listwise deletion on cases of missing values on the independent variable. Only individuals with 
complete data across the variables specified in each regression were retained in the estimation sample. 
Significance levels: *p < 0.05, **p < 0.01, ***p < 0.001.  
 
Model fit statistics 
Number of observations: 148 
Log likelihood: −188.588 
LR χ²(6): 913,385.68 
Prob > χ²: 0.000 
Pseudo R²: 0.9996 
Weighted sample: panel weights applied  
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Table 6.3: Multinomial Logistic Regression: Stunting and Age (Cohort 1) 
(Base outcome: Not stunted) 

Outcome Predictor RRR 95% CI p-value 

Severe stunting Age 5 0.755 (0.113 ; 5.022) 0.771 

Age 11 0.179 (0.035 ; 0.907) 0.038* 

_Cons 0.188 (0.050 ; 0.712) 0.014* 

Moderate stunting Age 5 0.507 (0.159 ; 1.620) 0.252 

Age 11 0.313 (0.132 ; 0.739) 0.008** 

_Cons 0.860 (0.394 ; 1.875) 0.704 

Mild stunting Age 5 0.972 (0.338 ; 2.797) 0.958 

Age 11 0.486 (0.209 ; 1.129) 0.093 

_Cons 0.840 (0.383 ; 1.840) 0.663 

Note: Relative Risk Ratios (RRR) reported with 95% confidence intervals in parentheses. Reference outcome 
category: Not stunted. For this model, reference age category is 2 years. Panel weights were applied using 
analytical weights. Significance levels: *p < 0.05, **p < 0.01, ***p < 0.001. 
 
Model fit statistics 
Number of observations: 158 
Log likelihood: −340.621 
LR χ²(6): 1,140,677.88 
Prob > χ²: 0.000 
Pseudo R²: 0.9994 
Weighted sample: panel weights applied 
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Table 6.4: Table Multinomial Logistic Regression: Stunting and Household Socioeconomic Status 
(Cohort 2) 
(Base outcome: Not stunted) 

Outcome Predictor RRR 95% CI p-value 

Severe stunting Quintile 2 1.113 (0.243 ; 5.101) 0.890 

Quintile 3 0.654 (0.166 ; 2.571) 0.543 

_Cons 0.500 (0.193 ; 1.299) 0.155 

Moderate stunting Quintile 2 0.857 (0.141 ; 5.196) 0.867 

Quintile 3 0.561 (0.114 ; 2.756) 0.477 

_Cons 0.365 (0.126 ; 1.059) 0.064 

Mild stunting Quintile 2 3.962 (1.056 ; 14.864) 0.041* 

Quintile 3 0.508 (0.114 ; 2.258) 0.373 

_Cons 0.458 (0.171 ; 1.223) 0.119 

Note: Relative Risk Ratios (RRR) reported with 95% confidence intervals in parentheses. Reference outcome 
category: Not stunted. For this model, reference category for household SES is Quintile 1 (lowest quintile). Panel 
weights were applied using analytical weights. The number of observations differs from the original cohort size 
(N = 199) due to listwise deletion on cases of missing values on the independent variable. Only individuals with 
complete data across the variables specified in each regression were retained in the estimation sample. 
Significance levels: *p < 0.05, **p < 0.01, ***p < 0.001.  
 
Model fit statistics 
Number of observations: 172 
Log likelihood: −104.824 
LR χ²(6): 485,953.62 
Prob > χ²: 0.000 
Pseudo R²: 0.9996 
Weighted sample: Panel weights applied  
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Table 6.5: Table Multinomial Logistic Regression: Stunting and Age (Cohort 2) 
(Base outcome: Not stunted) 

Outcome Category Predictor RRR 95% CI p-value 

Severe stunting Age 4 0.645 (0.219 ; 1.902) 0.427 

Age 9 ~ 0 (0;0) 0.985 

_Cons 0.401 (0.162 ; 0.994) 0.048* 

Moderate stunting Age 4 0.543 (0.171 ; 1.718) 0.299 

Age 9 0.165 (0.042 ; 0.649) 0.010* 

_Cons 0.360 (0.140 ; 0.924) 0.034* 

Mild stunting Age 4 0.567 (0.244 ; 1.315) 0.186 

Age 9 0.605 (0.270 ; 1.356) 0.222 

_Cons 0.901 (0.445 ; 1.824) 0.773 

Note: Relative Risk Ratios (RRR) reported with 95% confidence intervals in parentheses. Reference outcome 
category: Not stunted. For this model, reference age category is 2 years. Panel weights were applied using 
analytical weights. Significance levels: *p < 0.05, **p < 0.01, ***p < 0.001.  
 
Model fit statistics 
Number of observations: 199 
Log likelihood: −281.469 
LR χ²(12): 1,106,136.47 
Prob > χ²: 0.000 
Pseudo R²: 0.9995 
Weighted sample: Panel weights applied 
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Table 6.6: Table Multinomial Logistic Regression: Stunting and Household Socioeconomic Status 
(Cohort 3) 
(Base outcome: Not stunted) 

Outcome Category Predictor RRR 95% CI p-value 

Moderate stunting Quintile 2 0.294 (0.037 ; 2.321) 0.246 

Quintile 3 ~0 (0;0) 0.994 

_Cons 0.152 (0.053 ; 0.437) 0.000*** 

Mild stunting Quintile 2 0.678 (0.269 ; 1.707) 0.409 

Quintile 3 0.305 (0.099 ; 0.934) 0.038* 

_Cons 0.607 (0.325 ; 1.131) 0.116 

Note: Relative Risk Ratios (RRR) reported with 95% confidence intervals in parentheses. Reference outcome 
category: Not stunted. For this model, reference category for household SES is Quintile 1 (lowest quintile). Panel 
weights were applied using analytical weights. The number of observations differs from the original cohort size 
(N = 128) due to listwise deletion on cases of missing values on the independent variable. Only individuals with 
complete data across the variables specified in each regression were retained in the estimation sample. 
Significance levels: *p < 0.05, **p < 0.01, ***p < 0.001.  
 
Model Fit Statistics 
Number of observations: 121 
Log likelihood: −85.852 
LR χ²(4): 181,764.54 
Prob > χ²: 0.000 
Pseudo R²: 0.9991 
Weighted sample: Panel weights applied 
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Table 6.7: Table Multinomial Logistic Regression: Stunting and Age (Cohort 3) 
(Base outcome: Not stunted) 

Outcome  Predictor RRR 95% CI p-value 

Moderate stunting Age 4 0.645 (0.219 ; 1.902) 0.427 

Age 7 0.449 (0.067 ; 3.013) 0.410 

_Cons 0.359 (0.140 ; 0.924) 0.034* 

Severe stunting Age 4 0.516 (0.156 ; 1.700) 0.278 

Age 7 0.071 (0.009 ; 0.561) 0.012* 

_Cons 0.401 (0.162 ; 0.994) 0.048* 

Note: Relative Risk Ratios (RRR) reported with 95% confidence intervals in parentheses. Reference outcome 
category: Not stunted. For this model, reference age category is 2 years. Panel weights were applied using 
analytical weights. The number of observations differs from the original cohort size (N = 128) due to listwise 
deletion on cases of missing values on the independent variable. Only individuals with complete data across the 
variables specified in each regression were retained in the estimation sample. Significance levels: *p < 0.05, **p 
< 0.01, ***p < 0.001.  
 
Model Fit Statistics 
Number of observations: 121 
Log likelihood: −85.852 
LR χ²(4): 181,764.54 
Prob > χ²: 0.000 
Pseudo R²: 0.9991 
Weighted sample: Panel weights applied  
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