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Abstract 

Background 

Maternal food insecurity is an important social determinant of health and has been associated 

with adverse birth and pregnancy outcomes as well as depressive symptoms. Pregnant 

women and new mothers are vulnerable to both food insecurity and depression. This thesis 

investigated the relationships between maternal food insecurity, depressive symptoms and 

low birthweight and stunting using nationally representative longitudinal data from the 

National Income Dynamics Study (NIDS). In addition, the thesis also examined the 

association between various food security indicators and adult and child anthropometry. 

Methods 

The NIDS data included three experiential indicators of food security (adult and child hunger 

in the household in the past twelve months and household food sufficiency in the past 12 

months) as well as household dietary diversity in the past thirty days and household food 

expenditure in the past thirty days. Three of the included studies utilised NIDS data. 

a) Chapter 4 was a scoping review that examined dietary diversity and maternal 

depression. 

b) Chapter 5 gives a broad overview by using cross-sectional data from wave 1 to examine 

food security indicators in relation to adult and child anthropometry. 

c) Chapter 6 used maternal data from Wave 1 of NIDS and child data from wave 3 of 

NIDS to longitudinally examine maternal depression and food insecurity during the 

periconceptional and antenatal period in relation to a continuous measure of 

birthweight and children’s height-for-age scores. In this vein, Chapter 6 employs 

different statistical measures to achieve longitudinal perspectives.  

d)  Chapter 7 used the same dataset as Chapter 6 to examine various maternal exposures in 

more depth including food security indicators, alcohol use and other maternal 

characteristics in relation to binary measures of low birthweight and stunting among 

children born during the reference period. 
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e) The final article used mobile survey data from the MomConnect database, a 

government database of pregnant and postnatal women. 

Results 

a) For the scoping review, a total of 813 records were screened and 11 articles from 13 

different studies met the inclusion criteria. The findings on maternal depression and 

maternal dietary diversity were mixed; The findings on maternal depression and 

children’s dietary diversity were also mixed.  In the studies that examined maternal 

depression and dietary diversity as predictor variables for child outcomes, the findings 

on depression were mixed but dietary diversity was consistently associated with both 

cognitive and linear growth outcomes among children. 

b) Among children, the prevalence of stunting was 18.4% and the prevalence of wasting 

and overweight was 6.8% and 10.4% respectively. Children <5 and adolescents with 

medium dietary diversity were significantly more likely to be stunted than children with 

high dietary diversity. None of the indicators were associated with stunting in children 

aged 5-9. Among stunted children, 70.2% lived with an overweight or obese adult, the 

double burden of malnutrition. Among adults, increased dietary diversity increased the 

risk of adult overweight and obesity. 

c) Maternal food insecurity significantly increased the risk of depression among 

periconceptional and pregnant women but there was no association between maternal 

depression, food insecurity and mean birthweight or height-for age scores among 

children. 

d) Women who reported a child going hungry in the household in the past 12 months were 

significantly more likely to give birth to a low birthweight infant during the reference 

period. Low dietary diversity among periconceptional and pregnant women was 

associated with stunting among children five years later. Low birthweight significantly 

increased the risk of stunting among children. 

e) The prevalence of depression in the sample was 16% and pregnant women and new 

mothers who reported hunger in the household were significantly more likely to be 

depressed. The qualitative component of the study revealed that women’s main worries 

could be broadly divided into three categories; worries about hunger and food 
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insecurity, fears that they or their children would be infected with Covid 19 and 

concerns about unemployment during the lockdown. 

Conclusion 

The studies included in this PhD study demonstrate that food insecurity is an important social 

determinant of both physical and mental health and a potentially modifiable risk factor for 

low birthweight and stunting.  In both studies that examined maternal depression, food 

insecurity significantly increased the risk of depression among periconceptional women as 

well as pregnant women and new mothers.  In addition, food insecurity is associated with 

adverse child health outcomes (low birthweight, stunting and wasting).  However, 

experiential measures of food insecurity are not associated with stunting among young 

children or adolescents while dietary diversity is. Dietary diversity consistently emerged as 

an important indicator for children’s linear growth as well as cognitive development in the 

scoping review.  Holistic interventions that focus on the social determinants of health such as 

food security may improve maternal depressive symptoms among women in resource poor 

settings. Dietary diversity tools could be refined to also include a category for processed 

foods given the nutrition transition occurring in many LMICS. More longitudinal research 

with repeated measurements is required to elucidate the relationship between maternal 

depression and child health outcomes. 
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 INTRODUCTION 

1.1 Defining Food Security 

The current broadly accepted definition of food security was adopted at the 1996 World Food 

Summit in Rome and states ‘Food Security exists when all people, at all times, have physical, 

social and economic access to sufficient, safe, and nutritious food that meets their food 

preferences and dietary needs for an active and healthy life’. 

Food insecurity exists on a spectrum, with food security as per the above definition at one 

end and severe hunger and famine as its most extreme manifestations at the opposite end. 

This definition of food insecurity can further be broken down into six separate measurable 

domains: availability (is the supply of food sufficient at a global and national scale?), access 

(can people purchase or produce the adequate food to meet their needs?), utilization (is 

nutrient intake sufficient?), and stability (is the food supply stable over time?). The increasing 

effects of climate change  have caused the concept of food security to evolve further and  

recognize the importance of both agency and sustainability along with the previous four 

pillars (1).   

These six dimensions of food security are reinforced in both our conceptual and legal 

understandings of the right to food. (1,2). Food insecurity also encompasses feelings of 

anxiety around food supply and various coping mechanisms to deal with insufficient food 

including foregoing meals, reducing portion sizes and purchasing cheaper and less desirable 

food.  Although not all food insecure people will experience hunger, hungry people are 

classified as food insecure because hunger is the most severe manifestation of food 

insecurity.  

However, it is important to bear in mind that the experience of food insecurity is a ‘managed 

process’. This has been reflected by qualitative research by Radimer that explored food 

insecurity among women in low-income households. She found that people are not passive 

actors when circumstances suddenly change but are instead active participants who respond 

and manage their daily risks in a variety of ways (3). When access to food is limited, most 

households first feel anxiety and worry about how to procure food, followed by various 

strategies to augment their food supply, including the consumption of cheaper lower quality 

food. In cases of severe food insecurity, adults (and women in particular) will often forego 
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food to ensure that the children in the household are adequately fed and in the final and most 

severe instances of food insecurity, children’s food supply is reduced. Although Radimer’s 

research was based in the United States, the Voices of the Hungry study by the FAO noted 

similar coping patterns globally in both high and low-and middle income countries (4). Food 

security is also often seasonal or cyclical in nature, as food access may vary depending on 

household circumstances i.e. households may experience more food insecurity at the end of 

the month. In rural areas where people rely on subsistence agriculture to supplement food 

intake, certain seasons may be more food insecure than others. The shifting nature of food 

insecurity, as well as the variation in how people experience and report feelings of hunger or 

deprivation contribute to the difficulties in accurately measuring and describing it (5).  

Accurate measurement is further complicated by the fact that nutrition insecurity is 

sometimes used interchangeably with food insecurity when the definition of nutrition security 

is broader than that of food security. Food security is necessary, but not sufficient for 

nutrition security (6). Nutrition security considers care, health, and hygiene practices in 

addition to food security. The FAO defines nutrition security as, ’A situation that exists when 

secure access to an appropriately nutritious diet is coupled with a sanitary environment, 

adequate health services and care, in order to ensure a healthy and active life for all 

household members’ (7). In a recent correspondence in Nature Food, titled Nutrition security 

is more than food security, John Ingram makes a compelling argument that the term food 

insecurity be replaced with nutrition security considering rising obesity rates and the over-

consumption of energy-dense foods and empty calories (8). Food is one factor (probably the 

most important) that contributes to nutrition security, as an enabling environment is also 

required for people to absorb and utilise nutrients appropriately. For example, a poor 

sanitation environment and intestinal parasites can reduce nutrient intake. Ingram goes on to 

note that while nutrition security pertains to individuals, there needs to be a recognition of the 

numerous factors that influence how this can be achieved at the national and global level and 

advocates for replacing the term ‘food security’ altogether with ‘nutrition security’ (8). 

However, for the purpose of this thesis, and in most of the chapters herein, I will still be using 

the term ‘food security’ as most of the literature that I cite has used this term and the 

measures are primarily focused on access to food and hunger and less on nutrition security. I 

have attempted to delineate between these two concepts where possible. 
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1.2 Towards estimating global prevalence and incidence of food insecurity 

To describe the global prevalence estimates of food insecurity, I will refer here to the report 

from the United Nations data on food security as they have consistently collected data from 

over 140 countries using the same measurement instrument (the Food Insecurity Experience 

Scale) or the FIES since 2014, using nationally representative samples. The 2021 report by 

the Food and Agriculture Organization of the United Nations (FAO) on the state of food 

security and nutrition in the world highlighted the drastic increase in the incidence of global 

hunger resulting from the Covid-19 Pandemic. The report noted that between 720 million and 

811 million people in the world faced hunger in 2020 – an estimated 161 million more than in 

2019. A further 2.37 billion people did not have access to adequate food in 2020 – an 

estimated increase of 320 million people in just one year. In addition to the risk of food 

insecurity, adult obesity is increasing sharply across all regions (9). These global increases in 

food and nutrition insecurity have particularly severe consequences for infants and young 

children who are at critical stages in their development and risk being affected by stunting, 

wasting and other forms of malnutrition, including overweight and obesity. However, it is 

important to note that the UN data were cross-sectional data collected on an annual basis as 

part of the Gallup World Poll (GWP). Longitudinal data on food insecurity at the household 

and individual level are costly and time consuming to collect (5).  

Despite increasingly sophisticated technology and a globalised world, food insecurity 

remains a global public health problem with adverse consequences for physical as well as 

mental health (10,11). While the majority of food insecure individuals reside in low- and 

middle-income (LMIC) countries, food insecurity persists among socioeconomically 

disadvantaged and marginalised groups (i.e. immigrants and refugees) in high income 

countries. Economic estimates of global prevalence are complicated by disparate 

measurement tools across different studies and regions as well as the episodic nature of food 

insecurity which may alter study findings depending upon the timing of data collection. Food 

insecurity is also profoundly impacted by economic downturns and is more common in 

countries with high levels of income and resource inequality (2). The Covid-19 pandemic, 

and subsequent poor economic growth around the world, has already had severe 

consequences for food insecurity in vulnerable regions, although the full effects of this 

remain to be seen and quantified. Thus far, increases in food insecurity have primarily 

occurred as a result of economic hardships and reduced purchasing capacity (the access 

dimension) as food supplies on global and national scales have remained relatively stable 
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(12). The FAO report also noted that the incidence of hunger is increasing in almost all 

African sub-regions, and that Africa has the highest prevalence of undernourishment in the 

world (almost 20%).  

1.3 Food insecurity and the social determinants of health in South Africa 

The Sheiham Fellowship that enabled this PhD study was focused on the social determinants 

of health inequity in South Africa. Ours is a country with   substantial inequities that persist 

to this day across racial lines are deeply rooted in South Africa’s segregationist apartheid 

policies. There is increased recognition that population health is largely determined by 

systemic social and environmental factors that are often beyond the control of individuals. 

Furthermore, the consequences of poor health are often intergenerational and improving 

health outcomes at the population level requires sustained commitment from government and 

civil society over long time periods (13–15) . The circumstances in which people live and 

work determine their health outcomes and are the root cause of much of the health-related 

inequalities around the world. These include lower life expectancy, a generally greater 

burden of disease and higher rates of maternal and child mortality among disadvantaged 

groups (16,17). In South African, stark inequalities persist between races in the social 

determinants of health, particularly in housing and sanitation for the poor (16). In 1997, the 

White Paper for the Transformation of the Health System in South Africa envisioned an 

equitable health system for all South Africans built on a primary health care approach (18). 

However, achieving and implementing the vision of the White Paper, and addressing the 

social determinants of health, have remained elusive. The growing burden of non-

communicable diseases (NCDs) in South Africa is a leading cause of premature mortality. 

For example, diabetes mellitus and hypertensive heart disease comprise 2.8 and 3.3% 

respectively of all-age premature mortality in South Africa. Both conditions are associated 

with rising rates of obesity and are intrinsically linked to food insecurity and poor quality 

diets (18,19). However, simply addressing individual behaviour change and choices around 

food and diets is unlikely to be effective to reduce the obesity burden in South Africa. For 

poorer households, food price is the major determinant of household food purchase patterns, 

and processed foods high in salt, fat and sugar are often more affordable than fresh ‘whole’ 

foods. Furthermore, processed foods are less likely to spoil and do not require refrigeration. 

Thus, there are firm economic realities underlying the food choices of many South Africans. 

The rapid expansion of supermarkets into both urban and rural areas in South Africa has 

facilitated increased access to food but this has come at a cost. The transnational corporations 
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(TNCs) that now dominate the food industry in South Africa and elsewhere are largely 

unregulated and have replaced smaller, local markets in many areas (18). In addition to the 

deleterious impacts on physical health across the life course, food insecurity is an important 

social determinant of mental health and is consistently associated with an increased risk of 

depression across geographical regions (10,17). Multisectoral interventions that can improve 

the social determinants of employment opportunities, housing conditions and access to 

healthy food may also improve poor mental health outcomes in disadvantaged populations. 

However, improving the broader social determinants of health is a huge challenge as it 

requires a more equitable distribution of wealth in addition to social and economic changes 

(13). Below, I have included an initial conceptual framework below.  (see Figure 1.1). 

Figure 9.1 is a draft of the conceptual framework from my PhD proposal in 2018.  I had listed 

the various factors associated with both maternal depression and food insecurity and how 

these might influence childhood health outcomes. During the course of my research, some of 

these factors were not found to be associated with the outcome of interest while others 

remained important across studies.  The final version of the conceptual framework that 

visually represents the empirical findings of this thesis can be found in the Discussion on p 

158.   

 

Figure 1.1: Draft Conceptual Framework from PhD Proposal (2018) 

 

Directed acyclic graph (DAG) of proposed relationship between food insecurity, maternal depression and childhood health outcomes 
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1.4 Correlates of food insecurity  

In addition to prevalence estimates, several studies have also examined correlates of these 

estimates (20–23). While poverty and reduced income may appear to be the first and most 

obvious factor associated with food insecurity, the association between income and food 

insecurity varies across different contexts and has been well described in the literature 

(9,24,25). Although poverty may result in changes in the quantity of food consumed or the 

overall quality of diets, other factors such as intra-household food allocation or adults 

shielding children from hunger in the household could lead to children being protected from, 

or at increased risk of experiencing food insecurity (24). A UNICEF analysis of the 

prevalence and correlates of food insecurity around the globe noted that  macro level factors 

including food supply chain disruptions and food price shocks can also affect the relationship 

between food insecurity and household income. In addition, the sensitivity of food insecurity 

to household income per capita was higher among households with children, and much more 

pronounced in LMIC following the global recession of 2008 (24). An analysis of food 

insecurity in Latin America and the Caribbean using 2014 data examined various 

determinants of food insecurity in the region found that low education levels, limited social 

capital and living in a country with low GDP per capita were associated with the largest 

increase in the likelihood of experiencing food insecurity (26). A seminal paper by Tomita 

and Burns published in 2013 defines social capital in relation to NIDS, with depression as the 

outcome. Social capital is defined as ‘the features of social structure such as norms, trusts, 

and networks that can facilitate collective action for mutual benefit’ (27). Thus, factors like 

social capital and other broader social determinants of wellbeing that are not routinely 

collected in national surveys are also important determinants of household and individual 

food security.  

Globally, conflicts, extremes in climate variability, and sustained economic slowdowns 

(increased by the COVID-19 pandemic) are among the primary drivers of food insecurity and 

malnutrition. These drivers are on the rise in both frequency and intensity and can also occur 

in combination. Rapid urbanisation has also led to more food insecure people in urban than 

rural areas. The vast amount of people moving to towns and cities have placed immense 

pressure on food supply chains to deliver foods in a sustainable and safe way to highly 

populated urban areas (9). Somewhat surprisingly, the majority of countries where food 

insecurity is on the rise are not low-income countries, but middle-income countries, 

particularly those who  are dependent on the international trade of primary commodities (9). 
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1.5 Gender and Food Insecurity  

There is mixed evidence on gender and food insecurity although at the global scale it appears 

that women are still more likely to be food insecure than men. Furthermore, the gender gap in 

the prevalence of food insecurity increased during the year of the COVID-19 pandemic, with 

women being 10%  more likely than men to experience moderate or severe food insecurity. 

By comparison, in 2019, women were 6% more likely than men to experience food insecurity 

(9). An analysis that focused on female food insecurity using GWP data found that the gender 

gap in food security could be largely explained by gender differences in educational 

attainment, social networks and household income (28). Thus, policies that seek to improve 

employment and educational opportunities for women may also improve food security at the 

household and individual level. An analysis of women’s empowerment in relation to 

nutritional outcomes found that women’s empowerment score was positively associated with 

an increase in child height. However, women’s empowerment accounted for a relatively 

small amount of the variance in nutritional outcomes. Ultimately country level factors and  

household wealth accounted for most of the variance in nutritional outcomes (29). Women 

produce up to 80% of the food in developing countries and their traditional roles generally 

mean that they purchase and prepare food for their families and manage feeding of infants 

and young children in most societies. Additionally, women struggle more to access resources 

for food production such as credit and agricultural land (29,30). These factors suggest that 

women warrant consideration as a separate group and studies that examine food security 

coping strategies as well as interventions should conduct separate analyses for men and 

women (30).  

Some studies have also indicated that economic access to food is dependent not only on 

household income but also on the earner (31–33). These studies have observed that women 

tend to spend a great share of income on food for the family. A study in Nicaragua found that 

odds of household food insecurity were 60% lower when mothers managed household money 

and 34% lower when mothers contributed substantially to household income (31). Women’s 

incomes are also a stronger predictor of the health and nutritional status of children than 

men’s incomes. This may be due to a variety of reasons, including societal and cultural norms 

and a maternal sense of responsibility to ensure that children receive adequate food. 

Additionally, women tend to receive smaller and more frequent amounts of income than men 

which may also result in increased spending on subsistence needs (34).  
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Past literature has highlighted an increased risk for food insecurity in female headed 

households in South Africa, Mexico, the US and Brazil (22,35,36). However this is in 

contrast to  research from some LMIC, including a study from Bangladesh that indicates that 

female-headed households are no more likely to be food insecure than male-headed 

households, and partly attributes this equality of outcome to a cultural willingness that 

enables women to seek employment outside the home and increase household income and 

food security (37).  

Another critical aspect of household food insecurity is the intra household allocation and 

distribution of food resources between various household members. There is evidence from 

South Asia of a pro-male bias, particularly when men are engaged in manual labour and 

women, girl children and infants are more likely to experience nutritional deficits (34). Data 

regarding individual food consumption and intra household allocation are complicated and 

costly to collect, and as a result most household surveys will be completed by a single person 

in the household (generally, this is the mother or else another person in charge of purchasing 

and cooking food). Thus, purchase and consumption data are generalised to the entire 

household when this may not be the case. For this reason, child anthropometry measures are a 

robust indicator of whether children in a household are adequately nourished.   

1.6 Prevalence of food insecurity in South Africa 

The estimates of food insecurity in South Africa vary widely as sub-national surveys have 

utilised different measurement instruments that limit comparisons between surveys (38–41).   

Somewhat encouraging are the indications that the experience of household hunger and food 

insecurity appears to have decreased over the past 20 years (42,43). However, some of these 

gains may have been reversed by Covid-19, with a number of national surveys that indicated 

many households ran out of money to purchase food in April of 2020, and adults as well as 

children went hungry during the national lockdown period between March and April 2020 

(12,44,45).  

Data from the 1999 National Food Consumption Survey (NFCS) noted that among South 

African children, one in two households (52%) experienced hunger, one in four (23%) were 

at risk of hunger and only one in four households (25%) appeared food secure (46). Food 

security appears to have improved in South Africa since the NFCS was conducted, but it is 

important to note that the survey focused on households with children, while Stats SA data 
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were not limited to households with children, which are more likely to be food insecure than 

households that only include adults (35).   

Statistics South Africa (StatsSA) uses the United States Department of Agriculture (USDA) 

Household Food Insecurity Access Scale (HFIAS) (35) and has measured food security at the 

national level between 2010 and 2017. The most recent Stats SA report on food security in 

South Africa recorded that 78.7% of the South African population was food secure in 2017 

and that the population has become steadily more food secure since 2010 (35). However, the 

use of an experiential measurement instrument may be a limitation and underestimate the true 

prevalence of food insecurity in South Africa (47). By contrast, the most recent data from the 

FAO found a much higher prevalence of food insecurity in South Africa. Using data collected 

from the GWP that used the FIES tool, the FAO report noted that 19.3% of the population 

were severely food insecure in 2020 and 44.9% of the population were either moderately or 

severely food insecure (9). The stunting prevalence of almost 30% among South African 

children, as well as the findings from the FAO and smaller sub-national surveys, appear to 

contradict the Stats SA finding that only 5.5% of the population are severely food insecure 

and 15.8% moderately food insecure (48–50). 

For example, a survey that explored urban food insecurity in Cape Town, South Africa using 

the Household Food Insecurity Access Prevalence (HFIAP) (40) indicator categorises 46% of 

households as food secure, while 36% are severely food insecure. The remaining 18% 

experience some degree of food insecurity (40). The SANHANES study used the Community 

Childhood Hunger Identification Project (CCHIP) measurement tool and noted far higher 

levels of food insecurity than the Stats SA data. SANHANES observed that only 45.6% of 

the population was food secure, 28.3% were at risk of hunger and 26.0% experienced hunger 

and were classified as food insecure (51). The Stats SA data, as well as the SANHANES 

data, suggest that the prevalence of food insecurity is greater in urban areas and this may 

partly explain the 36% prevalence of food insecurity observed in the Cape Town survey 

(35,40,51). In conclusion, although the data on food insecurity prevalence in South Africa 

varies and interpretation and comparisons are limited due to the use of different measurement 

instruments, food insecurity remains an intractable public health problem in South Africa, 

with national surveys estimating the prevalence of household food insecurity between 21% 

and 36%.  
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This thesis is particularly focused on dietary diversity for several reasons. Dietary diversity is 

consistently associated with child anthropometry and low dietary diversity has been found to 

be associated with stunting in the South African context (5,52,53). In addition, questions on 

childhood hunger in the household were answered by an adult, not by the children 

themselves.  A list experiment study in Ethiopia found that subjective questions on hunger 

are not always answered honestly, this may be due to social desirability bias or a sense of 

shame about respondents inability to provide adequate food for their children (47).   

My initial exploratory analyses also found that most stunted children lived in households who 

reported that a child ‘never’ went hungry during the past year, an indication that dietary 

quality and inadequate micronutrients may also be driving the stunting epidemic in South 

Africa. Thus, questions on the variety of food consumed by the household in the past month 

may be more applicable to everyone in the household and less subject to various forms of 

bias.  In addition, the number of variables in the dietary diversity score offered additional 

nuance and enabled me to examine the score continuously and categorically in relation to 

anthropometry outcomes.   

1.7 Global consequences of food insecurity 

1.7.1 Rising obesity rates among both adults and children 

The global prevalence of obesity has been rising steadily as countries experience a nutrition 

transition and shift from traditional diets to increasingly sedentary urban lifestyles in 

conjunction with poor quality processed foods. Thus, high rates of overweight and obesity are 

occurring concurrently with food insecurity (54,55). The 2021 FAO report noted that 

alongside the rise in global food insecurity prevalence, adult obesity and diet-related NCD 

continued to increase sharply across all regions (9,41). In contrast to the traditional view of 

food insecure or hungry people as being malnourished, a larger proportion of the world’s 

population is now overweight or obese than severely underweight, and overweight and 

obesity are linked to more deaths worldwide than underweight (54). In addition, no country 

has successfully been able to reverse its obesity epidemic and LMIC are experiencing the 

most severe manifestations of this phenomenon (57,58). An analysis of cohort data from 

Mexico found that women with mild or moderate food insecurity were at increased risk of 

obesity, as well as those in the poorest income quintile, highlighting the complex links 

between food insecurity and obesity (59). 
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However, the obesity epidemic is also driven by increased income among people in middle-

income countries as well as the affordability of nutrient-poor processed foods that are high in 

fat and sugar. A longitudinal analysis of obesity trends among NIDS participants found a 

strong positive trend in body mass index (BMI) and noted that obesity prevalence is likely to 

continue increasing. Risk factors for obesity in the South African context included female 

gender, younger age, larger waist circumference, white population group and higher 

household income per capita. The article also suggested an urgent need for interventions such 

as targeted campaigns that address the health problems caused by obesity (60). In the South 

African context, a preference for larger body shapes may also play an important role. The 

SANHANES study included a question on ideal body image and found that 87.9% of South 

Africans indicated that their ideal body image was fat, while only 12.0% indicated that they 

had a normal ideal body image (38). Obesity is a multi-faceted problem and the various 

drivers of obesity need to be carefully considered in the design and implementation of obesity 

interventions as well as public health messaging around obesity.  

1.7.2 Urbanization and food insecurity 

Closely linked to the obesity epidemic is the urbanisation that is occurring around the world. 

Every year, vast amounts of people move to urban areas and cities, primarily in search of 

employment and other opportunities (9). In LMIC, informal settlements and peri-urban 

communities have proliferated. These areas are generally characterised by poor service 

delivery and a lack of access to healthy and nutritious food. In many parts of Asia as well as 

Sub-Saharan Africa (SSA) these profound shifts in the food system have occurred as a result 

of the retail revolution and the monopoly of corporations over fresh markets and smaller 

retailers (57). For example, in Latin America and the Caribbean, the sales of packaged and 

processed foods comprised 10% of all food expenditures in 1990, but this figure had risen to 

60% by 2000. This rate of change has been replicated in other parts of the world including 

SSA, although most of the growth in the African market has occurred in the 21st century (57). 

1.8 Depression and psychosocial consequences of food insecurity  

In addition to adverse physiological consequences, the experience of food insecurity has 

negative implication for mental health. Food is non-negotiable and essential to sustain human 

life. Thus, anxiety about food supply or the experience of hunger are intrinsically linked to 

the human need for security and survival.  
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Food insecurity is an important risk factor for depression and a cross-sectional global analysis 

of 149 countries using GWP data that explored food insecurity and mental health noted a 

dose response relationship with food insecurity and lower scores for mental health 

independent of socioeconomic status (10). One of the strengths of this analysis is that it only 

analysed studies which used the same tool (the FIES scale) to measure food insecurity. There 

is no gold standard for measuring either food insecurity or depression and different studies 

use different tools. In addition, concepts like depression and food insecurity may vary relative 

to the geographical location, the population being surveyed and the level of inequality within 

the population (6). As a result, the true magnitude of the impact of food insecurity on mental 

health is difficult to ascertain. However, the link between food insecurity and poor mental 

health was observed across global regions, which suggests that this is a universally 

distressing experience. The same analysis also noted that the effects of food insecurity on 

mental health appear to be similar for men and women, although women tend to score worse 

on mental health indices than their male counterparts regardless of food security status (10).  

The increased risk of   depression associated with food insecurity may be both psychological 

as well as physiological; distress and anxiety around inadequate food may increase 

depressive symptoms and a poor-quality diet and micronutrient deficiencies may also 

contribute to depressive symptoms. Distinguishing to what extent poor quality diets 

contribute to depression is an important avenue for future research. A recent analysis of 

cohort data from Spain found that study participants who consumed high quantities of ultra-

processed foods were significantly more likely to develop depression even after adjusting for 

several confounders (60). This has important global mental health consequences given that 

processed foods are increasingly replacing ‘whole’ foods around the world. 

Two studies from the US that examined household food insecurity among low income adults 

and college students respectively also observed a dose response relationship, and noted 

that those with low food security were between four and five times more likely to be 

depressed than those who were food secure (62,63). Additionally, other factors associated 

with the experience of poverty may exacerbate mental distress and contribute to depression 

but numerous studies have found that food insecurity and depression are positively associated 

and share a dose response relationship, even when study designs adjust for household income 

and SES (64). This is an important distinction because, while food insecurity often occurs in 

poor households, there are multiple other factors that contribute to food insecurity, including 
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gender, social support, intra-household food allocation and local and regional access to food. 

As such, food insecurity is a complex phenomenon and should not simply be used as a proxy 

for poverty.    

The relationship between food insecurity and depression has important global consequences 

for health and productivity. In 2016, mental and addictive disorders affected more than one 

billion people globally and caused 7% of all global burden of disease as measured in DALY 

and 19% of all years lived with disability. Depression was associated with most DALY for 

both sexes, with higher rates in women (65). The review of food insecurity and mental health 

noted that there were more studies exploring mental health and food insecurity among 

women than men, but the focus on women is not necessarily unfounded (10). A systematic 

review and meta-analysis that explored food insecurity in relation to mental health across ten 

different countries found a positive relationship between food insecurity and risk of 

depression (OR= 1·40; 95 % CI: 1·30, 1·58) and stress (OR= 1·34; 95 % CI: 1·24, 1·44) but 

not anxiety. The same review also noted that men and people aged sixty five and over were at 

greater risk of depression than women (51). However, these finding have been contradicted 

by another systematic review which found that food insecurity was associated with anxiety 

across population groups (67) as well as smaller qualitative and quantitative studies 

(10,41,68).  

1.9 COVID 19 and food insecurity in South Africa 

Researchers conducted analysis of the National Income Dynamics Study – Coronavirus 

Rapid Mobile Survey (NIDS-CRAM) in response to the coronavirus and the subsequent 

social and economic crisis. Data were broadly nationally representative of adults from the 

2017 wave of NIDS and were collected via computer assisted telephonic interviewing 

(CATI). The first wave of NIDS-CRAM data successfully interviewed 7041 adults over the 

age of 18 between 7 May and 27 June 2020.  

Even at the height of the hard lockdown there was evidence that adults were shielding 

children in the household from hunger, as 22% of adults were likely to report going hungry 

versus only 15% of households reported children going hungry in the past week (69). 

Individuals who reported experiencing hunger (hunger ‘Every day’ or ‘Almost every day’) 

were significantly more likely to have depressive symptoms, highlighting the importance of 

food insecurity and hunger as a risk factor for depression and other CMD among adults  (69).   
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Data from 2020 indicate that adult and child hunger both declined by almost 30% between 

Between Wave 1 and 2 of NIDS-CRAM. While it is encouraging to see reduction in hunger 

levels since the hard lockdown in March of 2020, these new rates remain above pre-COVID 

levels (70). While 20% fewer households ran out of money to buy food in June compared to 

April 2020, this indicator of food insecurity is twice as high as it was in 2016. In June of 

2020, 37% of households still reported running out of money to purchase food. In addition, 

only a quarter of respondents indicated that their children had received a school meal in the 

past seven days, a steep decline from the pre-Covid survey where 80% of respondents 

reported their children receiving a school meal.   

The most recent NIDS CRAM, released in May 2021, noted that the proportion of 

households who reported running out of money for food was between 47% and 39% between 

May and August of 2020. The figures for household hunger were similar, with hunger levels 

varying between 23% and 16% across study waves. The survey also found that these high 

levels of food insecurity remained similar to those of June of 2020. These findings indicate 

that the situation is very similar to 2020 and that child hunger has not decreased significantly 

(70). This has disturbing implications for subsequent stunting and wasting among vulnerable 

children who were exposed to chronic hunger and food insecurity during the Covid lockdown 

and the economic hardship that followed. 

1.10 Conclusion 

This chapter has summarized the background for the study and some of the gaps in the 

literature that this study aimed to address.  The following chapter comprises the literature 

review and broadly describes the current evidence base on food security and maternal 

depression and their relationship with low birthweight and stunting. Gaps in the research as 

well as conceptual difficulties around food security measurement are also addressed. This is 

followed by Chapter 3 which is the methods chapter and five results chapters (Chapter 4 – 

Chapter 8), each of which is written in the format of a scientific article.  
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 LITERATURE REVIEW 

The previous chapter provided the background for the study and this chapter consists of the 

literature review. The following themes are presented: 

2.1 Measurement of food insecurity 

While the concept of food security is relatively recent, the measurement of food security 

began long before. In post-World War 1 and World War II, countries began to collect data on 

national food balance sheets to assist in food distribution and allocation to regions affected by 

conflict (1). Such balance sheet data are macro scale ‘supply side’ data that attempt to 

describe the total energy content available at a population level from food that imported and 

produced within a country. These types of measures emphasised the availability of food 

supplies at a national scale as the primary factor for measuring a country’s food security 

status. In 1981, Amartya Sen published his seminal essay, Poverty and Famines, that 

demonstrated how people could still experience famines and starve to death in regions that 

were food secure at the national level (2). Sen’s work highlighted that in many cases the 

availability of food in a macro sense was not the problem, but access to food at the individual 

and household level were the causes of food insecurity and famine. This work changed the 

course of food security measurement as the focus shifted from food supply at the regional and 

country level to access issues at the household and individual level.  

Food insecurity can be envisioned as a continuum, with the completely food secure existing 

on one end and the most severe manifestation of famine or starvation on the other end (1). 

The lack of a gold standard to measure food insecurity has resulted in difficulty in estimating 

prevalence, incidence, or outcomes (3–5). Thus, data on food insecurity from the same 

regions and time periods may provide disparate prevalence estimates because of differing 

measurement instruments (1,6). These disparities are also reflected in LMIC contexts (7,8). 

For example, a systematic review and meta-analysis of studies of household food insecurity 

in Iran examined differing measures of food insecurity. This meta-analysis presented studies 

that used dietary recall, household income or expenditure and experiential or perception-

based studies and noted substantial variance in prevalence estimates depending on the type of 

measure (8). An Ethiopian study demonstrated divergent findings using experiential measures 

in food security estimates when different measures were applied to the same data set (7). 
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2.1.1 Timing of food security measurement 

 
The timing of food security indicators is important given the cyclical and seasonal nature of 

household food insecurity. It may intuitively seem that more recent recall period (24 hours or 

7 days) may be more specific. However, a validation study that compared two food security 

measures in the United States with both a 12 month and a 30 day recall period found that for 

both tools, the 12-month recall version was more sensitive than and at least as specific as the 

30-day recall version (9). A study that examined various food insecurity indicators across two 

seasons in South Africa found that  only anthropometric indicators were sensitive enough to 

differentiate levels of food insecurity. The study authors further recommended that surveys 

use a combination of food consumption and experience of hunger measures backed up by 

anthropometric measures to obtain an accurate prevalence estimate of food insecurity (10). 

2.2 A shift to experiential indicators 

While there is some consensus about the definition, measurement has been inconsistent, 

partially due to a shift from indicators like anthropometry and dietary diversity to primarily 

experiential measures, i.e. individual perceptions regarding anxiety about food supply and the 

experience of hunger (11,12). Such measures primarily describe access to food and the 

stability of food security over time, but do not include indicators relating to food utilisation 

like dietary diversity or other nutrition indicators. In experiential measures, the least severe 

form of food insecurity is worrying about access to sufficient food while the most severe is 

characterised by skipping meals or losing weight due to lack of food. In commonly used 

measures including the FIES and the HFIAS (6,7),  households are classified into three 

separate categories of severity (food secure, moderately food insecure or severely food 

insecure) for monitoring the food security status at a population level. One advantage of these 

categories is that they enable easier interpretation of household food security for policy 

makers and the public than an abstract number (13).  

The severity levels of scales like HFIAS and FIES have been validated using Rasch 

modelling (14). This approach is based on item response theory and premised on the concept 

that hunger and food insecurity are universal experiences that exist along a spectrum of 

severity. Changes in severity are observed in the response patterns of surveyed households or 

individuals. While these typical response patterns are probabilistic, they generally hold true 

across populations and geographic regions (14). However, there is mixed evidence regarding 
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the associations between such scales and malnutrition indicators like stunting. Different 

indicators and measures capture different dimensions of food insecurity, resulting in 

difficulty estimating severity, incidence, or outcomes (1–5, 9). For example, food expenditure 

data may provide some indication of a household’s food security status but cannot account 

for intra household food allocation or the micronutrient adequacy of the household’s diet. 

National level prevalence estimates such as the FAO’s prevalence of undernourishment 

(POU) are calculated  through use of a series of indirect methods to estimate parameters in 

the absence of direct evidence, which may prove to be unreliable (11).  Hunger based 

measures may not capture households that subsist on poor quality monotonous diets and 

experience hidden hunger as a result of micronutrient deficiencies as these households may 

not report experiencing hunger.   

A study that examined self-reported food insecurity in Ethiopia using a list experiment 

approach found significant bias in self-reported food insecurity responses to direct interviews 

(15).  The authors hypothesized that this is particularly prevalent in areas where households 

are chronically food insecure and receive government support as respondents are incentivized  

to misreport to questions which are directly related to food shortage (15). Another study that 

examined household food insecurity in the Eastern Cape province of South Africa across two 

seasons found that only anthropometric indicators were sufficiently sensitive to differentiate 

levels of food insecurity and  recommended that surveys utilize a combination of food 

consumption and experiential measures as well as  anthropometric measures (10).   

Given the complexity of food security measurement and the various subjective and objective 

constructs that different indicators measure (ie. perceived hunger, dietary quality, nutrient 

adequacy, food preferences etc.) researchers must carefully consider their choice of 

measurement in light of their research question.  Ideally, surveys can include more than one 

measure of food insecurity (both subjective and objective) and more than one recall period to 

ensure that food security is captured as accurately as possible. This thesis examined 

household hunger in the past 12 months (access and stability dimension), dietary diversity in 

the past 30 days (access and utilization dimension), food expenditure in the past 30 days 

(access dimension) as well as anthropometry (access and utilization dimension). The 

indicators and their various limitations are discussed in further detail in the Methods Chapter.  



 
   

22 

2.3 Maternal food insecurity 

The experience of food insecurity is particularly harrowing for women with children, who 

often experience comorbid depression and anxiety (16–19). There is emerging evidence that 

maternal depression contributes to household food insecurity as depressed mothers may have 

less self-efficacy than those who are not depressed. A study that examined maternal food 

insecurity and depression among a group of low-income women in the US found that mothers 

with a high level of self-efficacy were less depressed by their food security status than those 

who had low self-efficacy (20). Thus, a mother’s self-confidence, perceived competence in 

infant care, perception of motherhood role and overall self-esteem may also reduce the risk of 

developing depression despite experiencing food insecurity (20,21).   

Many studies have noted that female headed households are at a greater risk for food 

insecurity. Qualitative studies from both low- and high-income countries have revealed the 

universal distress felt by women who are unable to care for their offspring (13). Women 

report feelings of frustration, anxiety and shame when they cannot feed their children, as well 

as a sense that they are failing to fulfil their primary role as caregivers and mothers 

(16,22,23). In many settings, hunger and food insecurity is stigmatising, and guilt and shame 

may prevent women from accessing their social network or other social safety nets, such as 

food banks that could mediate both food insecurity and alleviate the poor mental health 

outcomes arising from this. Thus, the cycle of food insecurity and maternal depression 

continues. The links between food insecurity and depression is a complex one that may be 

alleviated by protective factors such as a strong social support network, maternal self-

efficacy, or access to resources like food banks in high-income countries (24).  

One limitation of studies on maternal food insecurity in LMIC contexts is that the majority 

utilise cross-sectional study designs (19,25–27).  There is a paucity of longitudinal research 

that examines food insecurity over time and how this impacts maternal depression, and 

whether depression or food insecurity precede one another. The limited evidence base of 

longitudinal research suggests a bidirectional relationship and highlights the importance of 

food security as a potentially modifiable risk factor for maternal depression in both the 

antenatal and postpartum stages. Two longitudinal studies of maternal depression in low-

income families in the US observed a recursive and bidirectional relationship between food 

insecurity and maternal depression, whereby depression caused food insecurity to increase 

and vice versa (17,28). Another study from the US that examined how food insecurity 
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mediated maternal depressive symptoms over a five-year period found significant mediation 

pathways with household food insecurity mediating the link between family SES and 

maternal depression. A cross-lagged model showed that family SES was predictive of later 

household food insecurity, which was subsequently associated with maternal depression at a 

later date. These findings highlight the importance of household food insecurity as an 

important risk factor for maternal depression over time (29). 

2.4 Antenatal food insecurity and adverse pregnancy and birth outcomes 

There are several social and biological determinants of early childhood health, including that 

of maternal nutritional status and dietary intake during the pregnancy period. Global research 

of such deprivation, including studies of the Dutch and Chinese famine, suggests that critical 

environmental exposures during the antenatal period may influence the health of the child 

well into adulthood (30,31). The effects of famine on the unborn foetus depend on timing, but 

the period of early gestation is particularly important when organs and tissues are undergoing 

critical periods of development (30). While most food insecurity is not severe enough to be 

classified as famine, even moderate food insecurity may have adverse consequences for 

maternal and child health alike.  

The evidence regarding pregnancy and birth outcomes is mixed, with some studies finding an 

association between food insecurity and adverse birth and pregnancy outcomes, while others 

do not. For example, a case control study from the US that controlled for various confounders 

has noted a link between food insecurity during the antenatal period and an increased risk for 

certain birth defects, such as cleft palate, d-transposition of the great arteries, tetralogy of 

Fallot, spina bifida, and anencephaly (32). Other studies that examined food insecurity during 

pregnancy (also in the US) found that it was  associated with disordered eating, stress and an 

increased risk of gestational diabetes (33,34).  

2.5 Maternal food insecurity and low birthweight 

A study that used data from the Bangladesh Health and Demographic survey and examined 

birth size among 8753 babies noted that women from food insecure households were 38% 

more likely to give birth to a small infant. However, this study did have several limitations 

including the subjective nature of measuring babies’ size (babies described as small, average, 

large) as accurate birthweight data were not available (35). A prospective cohort study that 

explored low birthweight (LBW) in Pakistan and assessed maternal food insecurity using the 
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US Household Food Security Survey found that food insecure women were more than five 

times as likely to deliver a LBW baby (36). A longitudinal cohort study from South Africa 

noted an increase in babies born small for gestational age (SGA) among food insecure 

women (37). A study in a rural province of Indonesia also found that food insecure women 

were more than five times as likely to deliver a LBW baby (38). A prospective facility-based 

cohort study in rural Haiti also observed an increased risk of preterm birth among food 

insecure women (39). We found that women who reported a child in the household going 

hungry in the past year were significantly more likely to give birth to a LBW infant during 

the reference period. These findings are presented in Chapter 7 which examines 

periconceptional and antenatal maternal food insecurity in relation to LBW and stunting. 

Other studies, including the analysis for Chapter 6 of this thesis as well as work from cohorts 

in South Africa and the US, did not find an association with maternal food insecurity and 

LBW (40). Possible explanations for these observed differences may be that food insecurity 

in Southeast Asia is severe enough to cause maternal underweight BMI, which is a risk factor 

for LBW, while food insecurity in countries like the US and South Africa is not as severe. 

For example, in the study from Bangladesh, 27% of mothers were classified as underweight 

(BMI<18.5), while in the data for our article, less than 10% of mothers were underweight 

while almost 50% were either overweight or obese (35). However, this is not corroborated by 

the study from Pakistan which found a mean BMI of 29.4 among participants and still noted 

an association with LBW and food insecurity, as well as the study from Haiti which also had 

a high prevalence of obesity (36,39).  

Hypertension also lies on the causal pathway between food insecurity and LBW. 

Hypertension is steadily increasing throughout the world and much of this can be attributed 

to poor quality diets, sedentary lifestyles, and a burgeoning obesity epidemic (41,42). While 

obesity and a poor-quality diet do not necessarily imply that a woman is food insecure, the 

high prevalence of both conditions in LMIC, as well as among women of lower SES in high-

income countries, warrants consideration (43). This indirect link between food insecurity and 

birth outcomes is particularly important among women of childbearing age as both mother 

and baby can experience adverse pregnancy and birth outcomes, including preeclampsia, 

SGA, LBW and increased risk of c-section and neonatal unit admission (44).  

.  
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2.6 Global prevalence estimates of antenatal depression 

Pregnancy is a time of major physiological as well as psychological change for women. As 

such, pregnant women are more vulnerable to developing CMD such as anxiety and 

depression. Antenatal depression is one of the most common psychiatric disorders and can 

have adverse health and developmental consequences for both mothers and their infants 

(45,46).   

A systematic review and meta-analysis by Grote et al. observed a prevalence of antenatal 

depression from 7% to 15% in high-income countries and 19–25% in low-income and 

middle-income countries (37). A recent systematic review and meta-analyses by Yin and 

colleagues that examined antenatal depression in both high- and low-income countries 

observed a pooled prevalence of any antenatal depression across 173 studies of 20.7% (47). 

A systematic review and meta-analysis by Dadi et al., that examined the prevalence of 

antenatal depression in Africa across 28 studies and over 17 000 women, observed a pooled 

prevalence of antenatal depression of 26.3% (95%CI: 22.2, 30.4%) (48).   

All three meta-analyses noted a higher prevalence of depression among women in LMIC. 

The Yin study observed that self-report tools to measure depression, as well as tools that 

were specifically designed for pregnant or postpartum women such as the Edinburgh 

Postnatal Depression Scale (EPDS), were associated with a higher prevalence of depression 

than women who were asked about their depression status by someone else or women who 

completed questionnaires that were intended for the general population and not specific to 

women in the perinatal period (47). The Grote study also observed that categorically defined 

depression was more strongly associated with adverse birth outcomes than studies that used 

continuous measures of depression (37).   

2.7 Correlates of antenatal depression 

Risk factors for antenatal depression in Africa included economic difficulties, marital 

problems, a lack of support from relatives as well as previous mental health problems (48). 

The systematic review by Yin et al. found that a previous CMD, single/separated/divorced 

status, unplanned pregnancy, unemployment, IPV, smoking before or during pregnancy and 

low social support were significantly associated with antenatal depression (47). Social and 

relational upheaval as well as the experience of violence, poverty and food insecurity 

associated with unemployment are all more common in LMIC and among low-income 
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women in developed countries. These social determinants of health and mental health 

significantly increase the risk for developing depression and other mental disorders.  

The adverse implications for women, as well as their children, highlight the importance of 

screening and treatment for antenatal depression during this vulnerable period. Observational 

studies have observed that depressed women are at a greater risk for substance abuse and less 

likely to seek antenatal care and more likely to experience postpartum depression 

(25,26,49,50). With regards to poor birth outcomes, two systematic reviews and meta-

analyses observed an association between maternal depression and preeclampsia, intrauterine 

growth restriction, preterm birth, and LBW (45,46). Although the magnitude of effect varies 

by depression measurement instrument and geographical location, two systematic reviews 

and meta-analyses have noted that women living in LMIC are at greater risk of depression in 

the antenatal period, and subsequently at greater risk for adverse birth outcomes (45,47).  

2.8 Antenatal depression in South Africa 

A study conducted in urban KwaZulu-Natal measured depression using the EPDS and 

observed a depression prevalence of 38.5% among pregnant women. Risk factors for 

depression included unplanned pregnancy, Human Immunodeficiency Virus (HIV) positive 

status as well as single marital status (51). Another study used the Mini International 

Neuropsychiatric Interview (MINI) measure to examine depression among 376 women 

attending their first antenatal visit at a primary-level, community-based clinic and observed a 

depression prevalence of major depressive episode (MDE) among 22% of women and that 

food insecure women were at greater risk of depression (25). Another study in urban Cape 

Town used the EPDS to measure depression in two groups of pregnant women and observed 

a prevalence between 42% and 46% (52).  

A study that examined first trimester depression among urban women living in Soweto and 

used the EPDS measure observed a depression prevalence of 27% (53). A facility-based 

study that examined intimate partner violence (IPV) among pregnant women in South Africa 

and used the MINI tool to measure depression found a prevalence of 22%. The prevalence 

estimates described above vary between 20% and 46%, this may be partially due to 

measurement differences, but these figures are notably higher than those from high-income 

countries which vary between 9% and 15% (45). These studies shed light on the large 

proportion of South African women who suffer with depression during their pregnancies and 
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highlight the importance of maternal mental health as an urgent public health problem as well 

as an area for intervention.  

2.9 Antenatal depression trajectories 

Longitudinal research of depression trajectories in two cohorts of South African women 

presents a more nuanced picture of what proportion of women experience depression, how 

likely it is to resolve and how many women experience severe and chronic depression 

throughout their pregnancies and postnatally (54,55). Chronicity of depression is of particular 

importance as the children of mothers who experience severe depression during the first 

thousand days of life are more likely to have adverse consequences than the children of 

mothers with brief episodic depression.  

A study by Garman et al. among 342 low-income South African women used the Hamilton 

Depression Rating Scale (HDRS) and the HFIAS to measure depression and food insecurity. 

Participants were less than 29 weeks pregnant at baseline and participants were followed up 

at 8 months gestation and 3 and 12 months postpartum. The study followed the observed two 

trajectories: antenatal only (91.4%), with moderate to severe symptoms which later subside; 

and antenatal and postnatal (8.6%), with severe depressive symptoms during pregnancy and 

postpartum, which subsided temporarily to moderate levels at three months postpartum (54). 

Notably, the predictors for the antenatal and postnatal trajectory included severe food 

insecurity, IPV and lower social support (54).   

Another study by Pellowski among 831 low-income South African women used the EPDS to 

examine perinatal depressive trajectories with at least three depression measures from 

pregnancy through 18 months postpartum. The study observed five distinct trajectory 

patterns: moderate levels of depressive symptoms during pregnancy but minimal postpartum 

(3.5%), minimal levels during pregnancy and increasing postpartum (3.7%), unstable levels 

peaking at 12 months postpartum (6.6%), mild levels with slight decrease postpartum 

(82.9%), and severe levels during pregnancy and postpartum (3.1%). Membership in the 

chronic severe symptom group was associated with stressful life events, sexual IPV and 

tobacco use (55). These findings highlight the pernicious realities of living in poverty on the 

mental health of pregnant women in low-income countries.   

Although the NIDS data did not measure experiences of IPV, the syndemic relationship 

between food insecurity and IPV is an emerging field of study and it has been suggested that 
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the two have a bidirectional relationship. In addition both are risk factors of depression 

during the perinatal period (19,56). The Garman study also observed that women who were 

only depressed during pregnancy experienced a natural remission without intervention and 

that this finding was consistent with other longitudinal studies (54). Both studies found that 

the prevalence of depression peaked during pregnancy in the second trimester and 

subsequently decreased postpartum (54,55). In the Pellowski study, 24.2% of the sample met 

criteria for probable depression in the second trimester, decreasing to 10.2% of the sample at 

18 months postpartum (49). Although the natural remission of depressive symptoms for most 

women postpartum are somewhat encouraging, the small proportion of women who are 

chronically depressed may not be appropriately identified if healthcare workers do not screen 

them at several timepoints during their pregnancy and postpartum.  

2.10 Food insecurity and depression during pregnancy 

Pregnancy is a vulnerable period for women and a time of increased physiological as well as 

psychological need (57). Thus, women who are already food insecure may find themselves 

increasingly distressed when they become pregnant and subsequently develop depression or 

other mental disorders. Laraia and colleagues have suggested three reasons why food 

insecurity is particularly important during the pregnancy period: women have greater nutrient 

demands,  preparing meals may be more challenging and pregnant women without stable 

employment may need to leave the workforce and experience financial stress and increased 

food insecurity as a result (58). The association between food insecurity and depression has 

been observed in both high- and low-income countries, and the distress caused by food 

insecurity for pregnant women as well as new mothers appears to be a universal experience 

(19,26,27,59) 

A study by Abrahams and colleagues that examined factors associated with depression 

among a group of low-income South African women attending antenatal care observed that 

the odds of depression were greater in women who were food insecure (5.30; 1.63–17.30) 

and that 42% of households were classified as food insecure and 21% of pregnant women had 

depressive symptoms (26). These figures highlight the negative implications of food 

insecurity for mental health and wellbeing among vulnerable pregnant women in developing 

countries. Although women in LMIC are more likely to experience daily diversities like food 

insecurity, marginalised groups in high-income countries (i.e. recent immigrants) are also 

likely to suffer from food insecurity and adverse mental health (16,57,60,61). Food insecurity 
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is directly linked to lower SES and inequality; an important public health issue in a country 

like South Africa with wide disparities along racial lines and a Gini index of 0.65. In addition 

to measurement disparities regarding food insecurity in South Africa, there is also a paucity 

of longitudinal studies examining food insecurity in relation to depression; although 

depression and food insecurity are associated in several cross-sectional studies, evidence 

regarding the direction and causality of associations is unclear (24,26).  

While the screening tools for antenatal depression have been well validated in LMIC, the 

appropriate treatment and referral for mental health services remain a challenge in low 

resource settings. Although the evidence regarding birthweight and linear growth in relation 

to maternal depression is mixed, there are well documented detrimental psychosocial 

consequences for children who grow up with chronically depressed mothers (62). In addition, 

systematic reviews have suggested that children growing up in LMIC are more adversely 

affected by a depressed mother than those in high-income countries. Numerous large 

observational studies suggest a relationship between maternal depression and various child 

health outcomes, although more research is needed to elucidate the causal pathways between 

maternal mental health and child outcomes (37,58,59).  

2.11 Global prevalence estimates of stunting  

The World Health Organization (WHO) growth standards are the most widely used standards 

across studies and geographical regions (60). In a healthy population, ∼2.5% of all children 

have a height-for-age Z score (HAZ) HAZ <–2SD and a higher proportion of stunted children 

in a population is indicative of a deficient growth environment (58). LBW, a lack of 

stimulation, low dietary diversity, poor breastfeeding practices as well as infectious diseases 

in early childhood are all associated with an increased risk of stunting.   

The most recent FAO report on the state of food and nutrition security in the world estimated 

that in 2020, one in five children (22%) under five years of age were affected by stunting. A 

further 6.7 % (45.4 million) were suffering from wasting and 5.7 % (38.9 million) were 

overweight. The true numbers, particularly for stunting and wasting, may be higher as a result 

of the Covid-19 pandemic and its adverse health and economic consequences (61). 

Furthermore, the majority of malnourished children live in Africa and Asia, which account 

for over  90% of all children with stunting and wasting, and over 70% of overweight children 

worldwide. In the past several decades there has been some progress in stunting reduction, 
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with a decrease from 33.1% in 2000 to 26.2 % in 2012 and further to 22.0 % in 2020 (61). 

Stunting, defined as having a height-for-age z score (HAZ) <–2SD. HAZ is calculated by 

subtracting an age- and sex-appropriate median value from a standard population and 

dividing by the SD of the standard population.  

When discussing stunting, it is important to note that linear growth restriction is associated 

with (but does not actually cause) delayed child development, chronic diseases in adulthood, 

and reduced earning potential as children age (62). While LBW may be more amenable to 

preventative interventions, many longitudinal and cross-sectional studies have found that 

stunting is genetically-mediated, whereby short maternal stature and adverse foetal conditions 

predispose children to restricted growth in later life and continue the cycle of poor growth 

outcomes (62–64).  

Differentiating the primary drivers of stunting is a complex endeavour given the numerous 

factors that are associated with restricted growth among children. A path analysis of four 

different cohorts in SSA, using 42 different indicators, found that the factors with the 

strongest associations with 18-month length-for-age Z score (LAZ) were length for 

gestational age z-score (LGAZ) at birth, maternal height and gestational age at birth (63). 

This is corroborated by an analysis of SGA births in LMIC which found that short maternal 

stature is associated with an estimated 6 million SGA births annually (64). The path analyses 

found other factors that showed significant associations with 18-month LAZ were child 

dietary diversity,  improved household water source, child dietary diversity, the incidence of 

diarrhoea infection and 6-month or 9-month haemoglobin concentration (63). The study 

further noted much of the variance in linear growth status remained unaccounted for by 

individual level factors and a more holistic approach that improves living standards at the 

household and community level may be required to achieve meaningful progress (63).   

Recent intervention studies in India that were able to successfully reduce stunting found 

improvements in healthcare, household wealth and parental education were important 

predictors of success (65). These social determinants of health and nutrition may be more 

effective for stunting reduction than purely nutrition focused programmes. Nutrition and 

agriculture focused interventions aimed at improving linear growth have had limited success 

and in many cases an improvement in linear growth will not necessarily translate into 

improved outcomes for children if their other needs (i.e. education and stimulation) are not 

met (62,65). Thus, it is important to view stunting holistically and focus on interventions that 
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can improve the broader social determinants of health in addition to improving nutrition and 

complementary feeding practices in early childhood. 

2.12 Stunting prevalence in South Africa 

The most recent South African child gauge (2020) found that an estimated 27% of children 

under five years are stunted as a result of chronic malnutrition and a generally deficient 

growth environment (66). The high proportion of stunting among South African children has 

persisted for the past twenty years, despite one of the largest social grant systems in the 

world, with monthly disbursements to caregivers of over 12 million children as well as a 

decrease in hunger (66,67). Although the child grant system may have improved access to 

food and reduced hunger this doesn’t necessarily mean that children are consuming better 

quality diets or experiencing subsequent improvements in their nutritional status (68). It may 

appear contradictory that children living in households that have sufficient access to food are 

stunted or severely stunted, but hunger and access-based measures are not focused on the 

dietary quality or nutrition content of foods that a household consumes, an important risk 

factor for stunting in early childhood and overweight and obesity in later life (66). Table 2-1 

includes stunting prevalence from several South African surveys beginning with the National 

Food Consumption Survey (NFCS) in 1999 (74) as well as the Health and Demographic 

Surveys (DHS) (75–77) and the South African National Health and Nutrition Examination 

Survey (SANHANES) (78). All surveys find a stubbornly high prevalence of stunting that 

has remained virtually unchanged since the 90’s.  

Table 2-1: Prevalence of Stunting Across South African National Surveys  

Study NFCS DHS  DHS DHS SANHANES 
Year  1999 2003 2008 2016 2012 
Stunting % 21.6% of children 

aged 1-9 were 
stunted and 6.9% 
were severely 
stunted 

27% of children 
aged 5 and under 
were stunted 

18% of children 
aged 5 and were 
stunted and 10% 
were severely 
stunted 

18% of children 
aged 5 and under 
were stunted and 
9.4% were 
severely stunted 

 26.5% of children 
aged 1-9 were 
stunted 

Numerous studies in LMIC have found that increased maternal education is associated with a 

reduction in stunting and improved nutritional outcomes among children. An analysis of 

South African children who received the child support grant (CSG) found no overall 

improvements in stunting but did observe a significant improvement among children with 

educated mothers. For children with mothers who had more than eight years of schooling, 
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early receipt of the CSG had a positive impact, and increased children’s HAZ by 0.19 

standard deviations (SDs) (69). Thus, grants may be more effective at improving stunting 

rates when combined with maternal education as improving children’s dietary diversity 

requires both money as well as knowledge about nutrition These findings indicate that 

interventions like the CSG or other improvements in household income alone are insufficient 

to improve household nutritional outcomes. When combined with factors like maternal 

education and improved dietary diversity, such interventions may be more effective.  

2.13 Global prevalence of low birthweight 

LBW is defined as birthweight less than 2500 grams. Globally, one in seven babies, or 20.5 

million (14.6 %) babies were born at LBW in 2015. It is estimated that 91% of babies born 

with LBW in 2015 were from LMIC (80). Newborns with LBW have a higher risk of dying 

in the first 28 days after birth; and those who do survive are at risk of stunting, cognitive 

deficits and are more likely to become overweight or obese and experience adult-onset 

conditions, including cardiovascular diseases and diabetes (71–73). An analysis of the risk of 

childhood undernutrition related to babies born SGA as well as preterm birth (the leading 

causes of LBW) noted that LBW was associated with 2.5–3.5-fold higher odds of wasting, 

stunting and underweight, and the population attributable risk for overall SGA for outcomes 

of childhood stunting and wasting was 20% and 30%, respectively (82). 

However, birthweight data were not available for almost a third of children globally, and the 

true number of babies born at LBW in these regions may be higher than these estimates (80). 

The risks of LBW for early childhood mortality and morbidity as well as subsequent health 

problems into adulthood highlight a reduction in LBW rates as an important area for public 

health interventions. Unfortunately, the most recent data indicate that little progress has been 

made to reduce LBW since 2012. New data will become available in early 2022 and will also 

provide researchers and practitioners with insight into potential impacts of the pandemic on 

global birthweight figures.. 

2.14 Prevalence of low birthweight in South Africa 

LMIC have the highest burden of LBW. For example, in more developed countries like 

Sweden and the US, the prevalence of LBW is between 2% and 8% of all live births. By 

contrast, the prevalence of LBW in South Africa is 15% (66). These huge disparities are 

primarily related to social and economic inequalities, inadequate nutrition and infections 
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during pregnancy as well as poor quality antenatal care. These figures are corroborated by 

three recent studies that examined LBW in South Africa and observed prevalence estimates 

of 15%, 13.5% and 14.8% respectively (84–86). In addition to an increased risk of mortality 

and morbidity in the first year of life, LBW is also associated with stunted linear growth 

among older children. The links between stunting and LBW are particularly important as 

stunting is an iterative process and women who are themselves stunted are more likely to give 

birth to LBW children. Thus, LBW and stunting continue the intergenerational transfer of 

poor birth and health outcomes across the life course (71). 

2.15 Problem Statement  

Food insecurity is a global public health problem, but pregnant women and mothers are a 

particularly vulnerable group for a variety of reasons. Pregnancy and childbirth place 

additional physiological strain on the body and increase nutritional needs (57). In addition, 

many women in LMIC have precarious informal work arrangements and may lose work and 

income as a result of pregnancy and childbirth (59). Maternal food insecurity has adverse 

consequences for both mothers and their children. Among mothers, food insecurity is 

associated with disordered eating behaviour in pregnancy, anaemia, depression and anxiety 

(60–63). Qualitative studies have suggested that mothers will first go hungry themselves to 

shield their children from food insecurity, and child hunger is generally the final 

manifestation of severe food insecurity in a household. As food insecurity is a managed 

process, mothers will also implement other coping strategies such as feeding children 

monotonous diets primarily consisting of starchy staples to ward off hunger (89).  Nutrient 

poor diets are associated with stunting among children as well as overweight and obesity 

among children and adults, the double burden of malnutrition (DBM).    

While the links between depression and food insecurity are well established in cross-sectional 

studies, more longitudinal research is needed to elucidate to what extent depression is caused 

by distress around food supply and actual hunger and to what extent a poor-quality diet 

causes depression. The broader social and structural determinants of depression are of 

increasing interest to researchers. This includes an emerging field of research that is focused 

on nutrition and depression outcomes. To this end, I conducted a scoping review on the 

existing evidence base around dietary diversity and maternal depression. I further examined 

food insecurity indicators and depression among periconceptional and pregnant women and 

aimed to better elucidate these relationships. Most of the evidence on food insecurity and 
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birth and early childhood outcomes is cross-sectional. In addition, few studies in LMIC 

contexts have examined if periconceptional maternal food insecurity has an impact on 

birthweight or linear growth outcomes. 

2.16 Justification  

South Africa has a high rate of early childhood stunting as well as a concurrent high 

prevalence of overweight and obesity among adults, indicating that the quality of food 

consumed is a problem (DBM) (45,64). However, the general household survey (GHS) 

conducted annually by StatsSA records most households as being food secure. This is 

primarily due to the use of hunger and access-based measures for food insecurity. More 

accurate measurement of food insecurity (that includes indicators of dietary quality) are 

needed to monitor and evaluate the nutritional status of South Africans, particularly 

vulnerable children. 

The purpose of this study is to utilise longitudinal data to examine if food insecurity in the 

periconceptional and antenatal period is associated with birthweight and linear growth in the 

first five years of children’s lives. 

2.17 Conclusion 

While this chapter has summarized the recent empirical evidence on food insecurity, maternal 

depression, and child health outcomes the following chapter will outline the methods used for 

this PhD study. This includes in depth descriptions of the two primary data sources, the 

measures used and the outcomes of interest. The analytical approaches for each chapter are 

described as well as the limitations of these approaches. 
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 RESEARCH APPROACH  

3.1 Methods 

To pursue the specific objectives for this doctoral research, secondary analysis was conducted 

on data from the  NIDS) Wave 1 conducted in 2008 and Wave 3 conducted in 2012. NIDS 

data were used for Chapter 2–4 while data from MomsConnect was used for the Chapter 5. 

Chapter 1 consists of a scoping review of existing literature on maternal depression and 

dietary diversity. This chapter illustrates the methods used for the study objectives and their 

subsequent research outputs and provides details of methodological and analytical 

approaches. The analyses employed in each of the study papers will be described in detail in 

this chapter as well as within the five articles that have been the result of this work, two of 

which have been accepted for publication. This chapter describes the primary data, the 

measures and indicators used in the various results chapters and then goes on to discuss the 

analytical approach of each chapter. The limitations of measures and indicators, as well as the 

limitations of analytical approaches for each results chapter are also discussed.  

This study generated three articles arising from NIDS data wave 1 (2008) and Wave 3 

(2012). The measure article (Chapter 5) utilised cross-sectional data from Wave 1 (2008) to 

examine various food insecurity indicators and two different measures in relation to adult and 

child anthropometry. The two articles on maternal depression and food insecurity in relation 

to early childhood outcomes, as well as the article that examined periconceptional and 

antenatal food insecurity in relation to stunting and LBW used data from both wave 1 and 

wave 3. Data on household hunger (both child and adult hunger in the past year) were only 

collected in wave 1 of NIDS (2008). In addition, although dietary diversity appeared in 

subsequent waves of NIDS, only Wave 1 of NIDS had sufficient data on dietary diversity to 

enable analysis of dietary diversity in relation to adult and child anthropometry. These data 

limitations only became apparent during the course of the PhD analysis. I had initially 

intended to work with Wave 1 and Wave 2 of the NIDS study and use the child data collected 

in Wave 2. However, I ended up working with Wave 1 and Wave 3 for several reasons; the 

data quality in Wave 2 was quite poor and many of the children born to mothers between 

Wave 1 and Wave 2 were missing data on birthweight and height-for-age. In addition, many 

of the children who did not have data missing in Wave 2 were very young at the time of data 

collection (infants of less than a year). Given that stunting was one of the primary outcomes 
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of the study, and this usually peaks at around 24 months, I decided to work with maternal 

data from Wave 1 (2008) and child data from Wave 3, which was collected in 2012.  

3.2 The Primary Study  

The NIDS is the first national panel study to document a sample of representative households 

and household members in South Africa. The aims of the study are to document changes in 

income, expenditures, assets, access to services, education, health and other factors. NIDS is 

unique in its ability to continue to follow study participants as they move out of their original 

households. This enables study investigators to track the movement of household members as 

they leave and/or return to the household or begin their own households. This information is 

recorded in subsequent waves of the study. The first ‘baseline’ wave of NIDS was conducted 

by the Southern Africa Labour and Development Research Unit (SALDRU) based at the 

University of Cape Town’s School of Economics in 2008 (1). The most recent wave of data 

collection (wave 5) took place in 2017. In 2020, a sub-sample of wave 5 households were 

interviewed telephonically to explore the impact of the Coronavirus pandemic on livelihoods, 

household food security and unemployment and these data form the basis of the NIDS-

CRAM reports. 

Sampling Frame 

Households included in the first wave (2008) were selected using a stratified, two-stage 

cluster sample design. In the first stage, 400 Primary Sampling Units (PSUs)2 were selected 

from Stats SA’s 2003 Master Sample of 3000 PSUs. This was the same sample that Stats SA 

employed for its Labour Force Surveys and GHSs between 2004 and 2007. However, to 

ensure that households did not have to take part in two surveys, NIDS drew a non-

overlapping sample from each PSU. The target population for NIDS was private households 

across the nine provinces of South Africa and residents in workers’ hostels, convents and 

monasteries. Those residing in other collective living quarters, such as students’ hostels, old 

age homes, hospitals, prisons and military barracks were excluded from participation (1). 
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Representativeness and Generalisability 

The original NIDS survey aimed to be as representative as possible of the South African 

population. However, the fieldworkers in Wave 1 struggled to recruit White and Asian 

households in formal urban areas. Non response rates were particularly low among white 

households (64% non-response rates for for Whites versus 24% non-response rates for Black 

Africans). As such, the NIDS team initiated a second phase of fieldwork (Phase 2) with the 

explicit aim of recruiting additional White, Asian and Coloured households. This was in line 

with representativeness. This phase managed to recruit an additional 807 households (43% 

response rate) for the survey.  Given that the focus of this PhD study was food insecurity and 

the majority of  South African Indian and Whites tend to be more affluent and less likely to 

experience food insecurity (compared to Black African or Coloured Households) this may 

have underestimated the true prevalence of food insecurity and related health outcomes 

among the sample, particularly when comparing rates of stunting across racial categories.  

3.3 Secondary analysis  

3.3.1 Generating the cross-sectional dataset for measure article (Chapter 5) 

Anonymised response data for individual questionnaires (both adult and child) as well as 

anonymised household data were downloaded from the NIDS website. All files were in Stata 

format and were merged by household ID (HID) or, when combining responses to 

questionnaires, by personal ID (PID). The responses to household questionnaires were 

merged by HID with the household derived file and the household roster to generate a dataset 

that contained all of the household information as well as information and participating ID 

numbers (PIDs) for all the individuals who resided in the household. The anonymised 

responses of adults aged 18 and over were then merged by PID with the individual derived 

file (which included anthropometry information). The questionnaires for children aged 17 

and under were answered on behalf of the child by their mother or another head of household 

who was able to answer on their behalf. These questionnaires were then merged with the 

individual derived file to obtain anthropometry information. Adult and child files were 

subsequently merged to the completed household questionnaire file by merging 1:1 on HID 

to capture individual as well as household information in a single dataset. 
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3.3.2 Generating the longitudinal dataset for articles focused on maternal exposures and child 
outcomes (Chapter 6 & Chapter 7) 

The household questionnaire and household derived file from Wave 1 were merged with the 

household roster to generate a cross-sectional dataset of household characteristics. The 

questionnaires of women who became pregnant between Wave 1 and wave 2 (infants born 

between 2008 and 2011) were merged 1:1 to their household by HID. Infants who were 

already born during data collection in wave 1 (2008) were excluded from the analysis as we 

were interested in periconceptional and antenatal exposures. Child questionnaires from wave 

3 (2012) were merged with child derived files to obtain anthropometry and birthweight 

information. These files were merged 1:1 by maternal ID number (PID). Mother infant pairs 

that were missing both birthweight and HAZ information were excluded from the analysis 

but mother infant pairs that included one of the outcomes of interest (either birthweight or 

HAZ) remained in the analyses. Analyses of children’s outcomes (HAZ scores and 

birthweight) were clustered at the level of maternal ID number (PID) to account for multiple 

births and mothers who gave birth more than once during the reference period (2008–2011).  

3.4 Outcomes 

Stunting 

Height-for-age information was included in the child derived file of the NIDS metadata and 

this data was merged to the child questionnaire. Children were classified as stunted (height-

for-age ≤2SD) and severely stunted (height-for-age ≤3SD) using the WHO child growth 

standards (16). Chapter 5 (measure article), Chapter 6 (depression and growth article) and 

Chapter 7 (food insecurity and growth article) all examined stunting as an outcome, but there 

were differences in how the outcome was classified. Chapter 5 combined stunted and 

severely stunted children into a single category, with children of normal height as the 

reference category, Chapter 7 kept stunted and severely stunted children separate, with 

children of normal height as the reference category. Chapter 6 was focused on depression and 

child growth and examined the mean differences in children’s height across different 

maternal categories, and thus examined this outcome as a continuous variable. 

Child weight-for height-scores 

Chapter 4 also included children’s weight-for-height information. Children’s weight-for-

length (WHZFA) information was included in the child derived file of the NIDS metadata 

and these data were merged to the child questionnaire. Children were classified as normal 
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weight (weight-for-length >-1 & weight-for length<2) and overweight or obese (weight-for-

length >2) or wasted (weight-for-length ≤ -2SD) using the WHO child growth standards (2). 

Adult BMI 

Adult BMI information for both males and females was used in Chapter 2 while maternal 

BMI information was included in Chapter 3 and Chapter 4. Adult BMI information was 

included in the adult derived file of the NIDS metadata and these data were merged to the 

adult questionnaire. Adult BMI measurements were also classified according to the WHO 

growth standards and categorised as underweight (BMI<18.5), normal weight (BMI>18.5 & 

BMI<24.9), overweight (BMI>25) and obese (BMI>29.9), with normal weight used as the 

reference standard (2). 

Low Birthweight 

Birthweight information was obtained from the child’s Road to Health Card (RTHC), this is a 

free booklet provided to all women who give birth at a health facility in South Africa. The 

RTHC records birthweight, children’s length at birth and also keeps track of children’s linear 

growth and vaccination status. LBW was the primary outcome of Article 4 and we used a 

binary measure of LBW (£2500g). It is common practice for birth attendants to record 

birthweight at 2500 grams and thus avoid extra interventions required if the baby is classified 

as LBW. We therefore included babies that were classified as 2500 grams on the RTHC. 

Chapter 3 also examined birthweight but we examined the mean differences in birthweight 

across different maternal categories and thus examined this outcome as a continuous variable. 

3.5 Measures 

Household dietary diversity 

The head of the household or the woman in charge of purchasing and preparing food was 

questioned about household dietary diversity in the past 30 days. Food was divided into 12 

separate groups using the FAO tables. Foods were grouped into the following 12 categories: 

1. Cereals and Grain Products; 2. Starchy Roots, Tubers, and Fruits; 3. Grain Legumes and 

Legume products; 4. Vegetables and Vegetable Products; 5. Fruits and Nuts; 6. Sugars and 

Syrups; 7. Meats, Poultry, and Insects; 8. Eggs; 9. Fish and Shellfish; 10. Milk and Milk 

Products; 11. Oils and Fats; 12. Miscellaneous (including beverages).  
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Although there is no pre-defined cut-off to define low dietary diversity, one method that has 

been used in food security literature is to define the mean score as food secure and 

households who consume fewer food groups than the mean as food insecure (3). For wave 1, 

the mean household dietary diversity in the past 30 days was nine out of 12 food groups. 

Thus, households that consumed eight or less food groups out of the 12 possible food groups 

were classified as having low dietary diversity. We analysed household dietary diversity as 

both a binary and continuous measure depending on the outcome in question.  

In Chapter 4 we divided household dietary diversity into three categories (low, medium and 

high) per the comments of a reviewer on the first draft of the paper. The following scores 

were used for the various categories: Dietary diversity scores (DDS) was summed up by 

counting each of the 12 food groups, and classified as low (≤4), medium (5–8) and high (9–

12) with high dietary diversity being the reference standard. 

Household food expenditure 

Household food expenditure was generated as a proportion of total household expenditure 

using the food expenditure and total household expenditure variable, which were pre-imputed 

by the NIDS team. We used the FAO recommended cut-off for food security of household 

food expenditure, >60% of total monthly expenditure, to classify households as food insecure 

(2). Households were asked generally what they spent each month on various items including 

food. The cut-off of 60% is per the FAO recommendation. Every section of the questionnaire 

was piloted by the end of July 2007. Subject area experts participated in some of these pilots 

(3). 

Household hunger 

Adult and child hunger in the past 12 month were reported by the respondent with the 

question, ‘In the past twelve months did an adult in the household go hungry? (never, seldom, 

sometimes, often or always). These questions were adapted from the Household Food 

Insecurity Access Scale (HFIAS) (1). To create a binary indicator for both adult and child 

hunger we classified respondents who reported ‘never or seldom’ as having a score of 0, 

while households who reported hunger sometimes, often or always received a score of 1. We 

examined hunger as a binary indicator in Chapter 4 and Chapter 6. However, in Chapter 7 we 

kept both adult and child hunger as a categorical variable to examine if a higher frequency of 

hunger was associated with LBW or stunting. 
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Household food sufficiency 

Household food sufficiency in the past 12 months was reported by the respondents with the 

question, ‘In the past twelve months was the food in your household sufficient to meet your 

needs? (more than enough or just enough versus not sufficient for household needs). To 

create a binary indicator for food sufficiency we classified respondents who reported ‘more 

than enough or just enough’ as having a score of 0, while households who reported that the 

food was not sufficient received a score of 1. We examined food sufficiency as a binary 

indicator in Chapter 4 and Chapter 6. Food sufficiency was also kept as a categorical variable 

in Chapter 7. 

Statistics South Africa food poverty line 

Chapter 7 also examined household food poverty line in relation to birthweight and stunting 

among children. This variable was generated by dividing total monthly household food 

expenditure by the number of household members. The monthly per capita food poverty line 

at the time of data collection in 2008 was equivalent to R274 (USD 36.24). 

Maternal Depression 

The NIDS study collected depression data on adult respondents using the Center for 

Epidemiologic Studies Depression Scale Revised (CESD-10) (4). Study participants were 

asked how often they had experienced symptoms associated with depression over the past 

week: ‘0’ being ‘rarely or none of the time (\1 day)’ and ‘3’ being ‘almost or all of the time 

(5–7 days)’. Previous studies that examined depression in South Africa used a total of 10 as a 

cut-off for a positive screen for significant depressive symptoms. However, the CESD-10 had 

not been previously validated in South Africa and a validation study by Baron et al. 

recommended cut-offs between 11 and 13 depending on the first language of study 

respondents (5). We used a cut-off of 12 in the articles that examined depression as most of 

our respondents were Xhosa speaking women. This reduced the prevalence of depression by 

about 10% in our respondents than a cut-off of 10 and explains why our studies had a lower 

depression prevalence than a previous article by Tomita and colleagues (6). 

The multidimensional food security measure 
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Chapter 6 used this measure to examine food insecurity and maternal depression. A 

composite food security measure with a score between 0 and 6 was constructed to describe 

the severity of food insecurity utilising a methodology of multidimensional poverty 

measurement. This adapted composite measure of food security includes three separate 

domains (anxiety about food supply, food quality and food utilisation). Individual indicators 

included binary variables for adult and child hunger, household food sufficiency, dietary 

diversity, proportion of household expenditure on food and maternal underweight BMI (7). 

Each indicator was assigned a value of 0 or 1, with the final score being a minimum of 0 

(food secure) and a maximum of 6 (severely food insecure). The final score was examined as 

a continuous and binary (domain insecure) variable.  

3.6 Limitations of the measures and indicators 

Household dietary diversity had a recall period of 30 days and this may have caused 

household to appear to have more diverse diets as the dietary diversity tool does not ask 

about the frequency of food consumption but simply whether a food was consumed at all by 

the household in the past 30 days. Thus, a household that had eaten red meat once in the past 

month would have scored the same as a household that had eaten red meat daily.  

Household food expenditure can be difficult to collect and may be subject to recall bias. In 

addition, the expenditure data did not include data on the amount spent on specific food 

groups which would have enabled more detailed analyses of food group consumption in 

relation to stunting and other outcomes.  

The Centre for Epidemiological Studies Depression Scale – Revised (CESD-R) is intended 

for use in the general population among both men and women and is not specifically aimed at 

mothers or pregnant women. Tools like the EPDS that are specifically focused on the mental 

states of pregnant or postpartum women tend to report a higher prevalence of depression than 

more general use scales (8). Chapter 3 and 4 include both pregnant and postnatal women but 

the causes and consequences of maternal depression may differ across stages. In addition, 

depression trajectories can vary considerably across the antenatal period, and research of 

depression trajectories among pregnant and postnatal women in South Africa has found that 

maternal depression during pregnancy often resolves naturally by the third trimester without 

intervention, but Chapter 3 and 4 only included a single measure of depression as this data is 

only collected once at each study wave (9).  
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BMI and stunting categories are somewhat arbitrary as nothing changes immediately above 

or below the cut-off thresholds. In addition, countries like South Africa, with a high rate of 

stunting among children, are likely to underestimate the true magnitude of stunting given that 

the entire distribution is shifted to the left. However, these categories are useful in that they 

are more easily understood in the context of policy and public health messaging. 

I had initially intended to use the weighted data throughout my chapters and I did use the 

panel weights in initial chapters but as the study progressed I did not use weights in later 

chapters.  The purpose of the weighting was to make the NIDS sample more representative of 

the South African population (ie. there were very few White or Indian respondents). Given 

that these groups are more affluent in South Africa and less likely to experience food 

insecurity I opted not to use the panel weights in later chapters as these underestimated both 

the prevalence of food insecurity and low birthweight.   

Table 3-1 Synthesis table of analytical approach for Chapters 4-8 

Chapter Title Sample & Primary 
Data 

Analytical Approach Limitations 

 
Chapter 4: Maternal 
Depression and Dietary 
Diversity:  A Scoping 
Review 

 
We screened a total of 
813 records for studies 
that met our inclusion 
criteria. A total of 11 
articles from 13 different 
studies met our inclusion 
criteria:  

This was a scoping review using the 
Johanna Briggs Institute (JBI) 
Methodology. A search of the 
following databases was conducted: 
Pubmed, Psychinfo, Scopus and a 
database on nutrition and mental 
health produced by the Agriculture, 
Nutrition and Health (ANH) 
Academy, a global community of 
interdisciplinary researchers, 
practitioners, and policymakers 
working on agriculture and food 
systems. Our keywords were 
‘maternal’ ‘dietary diversity’ and 
‘depression’ and ‘depressive 
symptoms’. The first and second 
author (AH and SM) reviewed 
abstracts together to ensure that they 
met the inclusion criteria.  

The heterogeneity of studies 
did not enable a more 
systematic review or a meta-
analysis of the outcome of 
interest. Given the diverse 
studies and findings, I was 
unable to draw any firm 
conclusions about the 
relationship between dietary 
diversity and maternal 
depression, but the 
relationship between dietary 
diversity and child growth and 
developmental outcomes was 
more consistent across studies. 
 

Chapter 5: Dietary 
diversity, food insecurity 
and the double burden of 
malnutrition among 
children, adolescents and 
adults in South Africa: 
Findings from a national 
survey 
 

This study used cross-
section data from Wave 
1 of NIDS (2008) to 
examine anthropometry 
outcomes in relation to 
various food security 
indicators. Height for age 
scores were available for 
8 777 children across 3 
831 household clusters. 
BMI scores were 
available for 7 385 

Logistic regression models were used 
to examine child anthropometry in 
relation to food security measures 
and indicators. Multinomial 
regression models were used to 
examine adult BMI in relation to food 
security measures and indicators. 
Analyses were clustered at the 
household level on the assumption 
that children in the same household 
had similar access to food. The study 
also examined the prevalence of 

While the analysis approach 
was appropriate for the 
objectives described here, 
more nuanced analyses are 
required of the food security 
dynamics in double burden 
households. This is because, 
while low dietary diversity is 
associated with stunting 
among children, higher dietary 
diversity is associated with 
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Chapter Title Sample & Primary 
Data 

Analytical Approach Limitations 

children across 3 559 
household clusters. 
Anthropometry 
measurements were 
available for 12 199 
adults aged 18 and above 
across 6 483 household 
clusters. 
 

double burden households whereby 
stunted children live in the same 
household as overweight or obese 
adults. 

overweight and obesity among 
adults. Thus, these two 
different associations can exist 
within the same household 
and this limits analyses 
approaches for double burden 
households. 
 

 
Chapter 6: Examining 
maternal depression, 
birthweight and linear 
growth: Findings from the 
South African National 
Income Dynamics Study 
 

 
The study examined 1 
431  children  in relation 
to maternal exposures of 
food insecurity and 
depression among 1 208 
women who gave birth 
between Wave 1 and 
Wave 2 of NIDS (2008-
2011). During data 
collection in Wave 1, 
most women (78%) were 
pre-conception and 22% 
were pregnant. 
 
 

A  retrospective  cohort  methodology  
was  used. Generalized Linear Mixed 
(GLM) effects models were used to 
account for clustering due to multiple 
births or mothers who gave birth 
more than once during the reference 
period. GLM effects model with a 
logit link function was used to 
explore food security indicators, 
household stressors and maternal 
characteristics associated with 
depression.  

In the second part of the analyses that 
focused on child health outcomes, 
Generalized Linear Mixed Effects 
Model with a Gaussian link function 
was used to compare differences in 
mean birthweight and height-for-age 
scores (HAZ) among children. 
 

 
There was a very low number 
of women who were both 
depressed and food insecure 
(N=69) and this low sample 
size may have limited 
inferences about the extent to 
which depression and food 
insecurity impact birth 
outcomes. The analysis 
approach was suitable for the 
outcomes in questions 
(birthweight and height-for-
age scores) and the 
examination of means instead 
of categorical variables may 
have presented a more 
nuanced picture of the 
outcomes in relation to the 
exposure. 

 
Chapter 7: Household 
Food Insecurity 
and Demographic Factors, 
Low Birth Weight 
and Stunting in Early 
Childhood: Findings 
from a Longitudinal Study 
in South Africa 
 

 
The study examined 
birthweight data for 1173 
children and height for 
age data for 1216 
children among 1 232 
women who gave birth 
between Wave 1 and 
Wave 2 of NIDS (2008-
2011).  

A retrospective cohort methodology 
was used. Logistic regression 
modelling was used to examine the 
relationship between LBW or 
stunting and maternal risk factors. 
The standard errors in the logistic 
regression models were estimated 
using the clustered robust method to 
account for the clustering due to 
multiple births. Initial bivariate 
analyses were conducted to explore 
covariates associated with LBW, 
stunting and severe stunting. 
Exposures with a strength of 
association of p<=0.05 were then 
selected. These variables were added 
to the model one at a time, with those 
showing the strongest association 
added first.  We used multiple 
logistic regression for the final LBW 
model as the outcome was binary, 
and multivariable regression for the 
final stunting model in children aged 
0–60 months as there were three 
outcomes (normal height, stunted and 

 
The primary limitation is the 
time that elapsed between the 
exposures recorded in Wave 1 
and the child health outcomes 
from Wave 3. Another 
limitation of multivariable 
regression models for child 
health outcomes, such as 
LBW or stunting is potential 
collinearity and distinguishing 
the associations between 
maternal characteristics and 
outcomes. For example, 
overweight and obese women 
are more likely to give birth to 
a baby with very high 
birthweight (macrosomia) 
over 4500 g, but overweight 
and obese women are also 
more likely to have 
hypertension, a risk factor for 
LBW in this study. Data on 
gestational age were also not 
available in the dataset and 
this would have been an 
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Chapter Title Sample & Primary 
Data 

Analytical Approach Limitations 

severely stunted). Post-stratification 
weights adjusted for age, sex and race 
were used for cross-sectional data. 
All analyses were conducted using 
Stata (version 15). BMI data were 
missing for 14% of women. Multiple 
imputation was used to impute these 
scores based on the available BMI 
data. 

important risk factor for LBW 
in the case of preterm birth 

Chapter 8: “Giving My 
Baby The Life She 
Deserves”: Hunger and 
Maternal Depressive 
Symptoms Amongst South 
African Women 

 

The primary data came 
from a mobile survey 
conducted among 
MomConnect 
participants. This SMS 
survey recruited pregnant 
women and mothers with 
babies younger than 12 
months using the 
MomConnect platform, a 
South African National 
Department of Health. 
The final sample 
included 3140 women 
for the first batch of 
questions. The same 
sample of 3140 women 
received an invitation to 
a follow-up survey two 
weeks later. The second 
survey had 2287 
respondents. The attrition 
rate between the two 
surveys was thus 27%. 
 

We used univariate and bivariate 
analysis (logistic regressions), 
employing a 5% significance level as 
a cut-off for statistical significance. 
We applied a mixed effects logistic 
regression model to examine factors 
associated with child hunger 
clustered at maternal ID level. 

 

 

 

The SMS format of the study 
limited the depth of questions 
and responses for the survey. 
There were significantly fewer 
women from the Eastern Cape 
who participated in the study 
as well as fewer women with 
babies in the 0–3 month 
category. The low number of 
women from the Eastern Cape 
who participated in the study 
may have meant that the 
poorest women (and those 
from rural and underserved 
areas) were not sufficiently 
represented in the study 
findings. There is also the 
possibility of selection bias, 
whereby the most depressed 
women may have been too 
distressed or apathetic to 
participate in the survey, or 
that survey respondents were 
biased by characteristics that 
were not observable in the 
data available. 

3.7 Conclusion 

This chapter has summarized the primary study data and presented an overview of the 

various analytical approaches employed for each results chapter. The results chapters provide 

additional detail regarding the methods for each study. The following chapter is a scoping 

review that broadly examines the evidence base around dietary diversity and maternal 

depression. 
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 MATERNAL DEPRESSION AND DIETARY DIVERSITY; A SCOPING 
REVIEW 

4.1 Abstract 

Background 

There is an emerging interest in the relationship between nutrition and maternal mental 

health, including during the antenatal period. Several studies have examined dietary patterns 

in relation to depression, but the majority are restricted to high-income regions. Dietary 

diversity is a nutrition indicator that has been examined in relation to maternal depression 

yielding inconsistent results. The objective of this scoping review was to synthesize the 

evidence on maternal depression and dietary diversity. 

Methods 

We searched Pubmed, Psychinfo, Scopus and the ANH database in July 2021 – December 

2021. Our keywords were ‘maternal’, ‘dietary diversity’ and ‘depression’ and ‘depressive 

symptoms’ for studies of mothers or pregnant women using observational epidemiological 

methods, cross-sectional, baseline studies or quasi experimental studies. Maternal depression 

as well as dietary diversity needed to be measured using a validated tool. Dietary diversity 

could be an outcome or an exposure and could be measured among mothers or children or 

both. We limited our search to studies conducted in 2010 or later. 

Results 

We screened a total of 813 records. A total of 11 articles from 13 different studies met our 

inclusion criteria. Included articles used six different measures for depression and five 

different measures for dietary diversity. Four studies examined maternal dietary diversity in 

relation to depressive symptoms among mothers, four studies examined maternal depression 

as an exposure and child dietary diversity as an outcome, three studies examined maternal 

depression and dietary diversity as predictor variables for child outcomes but did not explore 

the direct relationship between dietary diversity and depression. All articles originated in 

LMIC except for one study from China. The findings on maternal depression and maternal 

dietary diversity were mixed, with two studies finding an association and the remaining 

studies finding no association or an inverse association. The findings on maternal depression 
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and children’s dietary diversity were also mixed with two studies finding an association and 

the remaining studies finding no association or an inverse association. In the studies that 

examined maternal depression and dietary diversity as predictor variables for child outcomes, 

the findings on depression were mixed but dietary diversity was consistently associated with 

both cognitive and linear growth outcomes among children.  

Conclusion 

Comparisons of findings was limited by the number of tools used to measure both depression 

and dietary diversity across articles as well as a relatively low number of articles on this 

topic. Dietary diversity emerged as an important predictor of children’s health and 

developmental outcomes. The evidence on dietary diversity and maternal depression was 

inconclusive, as well as the evidence on maternal depression and children’s dietary diversity. 

The relationship between nutritional indicators and depression has important implications for 

maternal and child health, particularly in LMIC. More rigorous longitudinal research is 

required to elucidate these relationships. Dietary diversity tools could be refined to also 

include a category for processed foods given the nutrition transition occurring in many 

LMICS.  

4.2 Background 

Pregnancy and the postpartum period can be a physically and emotionally vulnerable time for 

women. Research suggests an increased risk of physical health conditions and CMD 

(including depression) during this period with a heightened risk in LMIC (1,2). There are 

several potential reasons for this, including the fact that women in LMIC are more likely to 

live in poverty, to be food insecure and to be exposed to IPV and other daily stressors that 

increase the risk of depression (3,4). Among other adverse consequences, antenatal and 

postpartum depression has been found to be associated with preterm birth and LBW as well 

as reduced caregiving behaviour, poor complementary feeding practices and compromised 

linear growth in older children (5–7). While the links between food insecurity and maternal 

depression are well established, there is an emerging interest in the association between 

maternal depression and nutrition in both mothers and children (8,9). The causal pathway 

between nutrition and depression may be twofold; anxiety and distress regarding insufficient 

food supply may cause depressive symptoms, and a diet with insufficient nutrient and energy 

content may contribute to depressive symptoms.   



 

 55 

 

There have been several systematic reviews and meta-analyses that examined the 

Mediterranean diet and other dietary patterns in relation to depression among adults (10–13). 

While these have yielded useful findings about the potential benefits of certain diets and 

depression risk, the studies were primarily conducted in high-income countries and results are 

not applicable to SSA and many other LMIC where some of the foods that form the basis of 

the Mediterranean diet (i.e. olive oil and seafood) are unavailable or unaffordable to many. In 

examining the relationship between nutrition and depression, one indicator which may allow 

for some comparison across regions is dietary diversity. These data, defined as  the number of 

different foods or food groups consumed over a given reference period, are relatively simple 

to collect and measurement instruments tend to be quite similar (14). Dietary diversity is 

consistently associated with child anthropometry, captures the consumption of both micro- 

and macro-nutrients and are relatively valid across households and between different 

countries (15). Given the variety of different dietary patterns in SSA and other LMIC, a 

scoping review on the relationship between dietary diversity and maternal depression is 

warranted.  

Both mental health as well as diet quality are intrinsically linked to the social determinants of 

health, the broader structural determinants and conditions of daily life that are a primary 

cause of health inequity globally (16,17). Nutrition may be of particular importance during 

the peripartum period when pregnancy and lactation place additional demands on women’s 

bodies and may cause them to become nutrient deficient. A systematic review that examined 

diets and nutritional supplementation in relation to perinatal depression reported mixed 

findings and found that the evidence for a causal link between nutritional biomarkers and 

perinatal depression remains inconclusive (18). These findings highlight the importance of 

evidence synthesis and further examination of how depression and nutrition are related, 

particularly in LMIC contexts. Thus, the objective of this scoping review was to review 

existing research on maternal depression and dietary diversity, to summarise the measures 

used for both, the general relationships between depression and dietary diversity, to examine 

what other social determinants of health were included in analyses and to make 

recommendations for future research.  
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4.3 Methods 

A scoping review was conducted to present an overview of the literature examining dietary 

diversity and maternal depression. 

Inclusion criteria: Study participants must be mothers or pregnant women and study designs 

can be observational epidemiological studies or cross-sectional baseline studies or quasi 

experimental studies nested within randomised controlled trials (RCTs). Maternal depression 

as well as dietary diversity need to be measured using a validated tool. Dietary diversity can 

be an outcome or an exposure and can be measured among mothers or children or both (19–

21). We limited our search to studies conducted in 2010 or later. 

Exclusion criteria: Studies that did not include pregnant women or mothers as participants. 

RCTs or intervention studies that were focused on improving dietary diversity. Studies 

conducted prior to 2010. 

We searched Pubmed, Psychinfo, Scopus and a database on nutrition and mental health 

produced by the Agriculture, Nutrition and Health (ANH) Academy, a global community of 

interdisciplinary researchers, practitioners, and policymakers working on agriculture and food 

systems. Our keywords were ‘maternal’, ‘dietary diversity’ and ‘depression’ and ‘depressive 

symptoms’. The first and second author (AH and SM) reviewed abstracts together to ensure 

that they met the inclusion criteria.  

4.4 Results 

We screened a total of 813 records for studies that met our inclusion criteria. Of the full text 

records that we screened, two were excluded as they examined distress and did not measure 

depression. A total of 11 articles from 13 different studies met our inclusion criteria: four 

studies examined maternal dietary diversity in relation to depressive symptoms among 

mothers (20,22–24), four studies examined maternal depression as an exposure and child 

dietary diversity as an outcome (7,19,21,25). Three studies examined maternal depression 

and dietary diversity as predictor variables for child outcomes (linear growth, cognitive 

development and birthweight) but did not explore the direct relationship between dietary 

diversity and depression (26–28). Apart from the Chinese study, all studies originated in 

LMIC including Ghana, the Democratic Republic of Congo (DRC), Ethiopia, Nepal, Malawi, 

Burkina Faso and Bangladesh. Two of the included studies were sub-studies of a quasi-
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experimental food assistance programme in the DRC, with one focused on depression in 

relation to maternal nutrition indicators and the other focused on maternal depression in 

relation to child nutrition indicators and outcomes. Three of the studies, one from China and 

two that conducted path analysis using data from SSA utilised longitudinal data while the 

remaining studies had cross-sectional designs. Maternal education was the social determinant 

of health that was most included across studies. 

4.4.1 Maternal Depression and Maternal Dietary Diversity 

A total of four studies examined maternal depression in relation to maternal dietary diversity 

using three different measures for dietary diversity and four different measures for depression 

(20,22–24). The studies had conflicting results, with two studies observing that increased 

dietary diversity decreased depression risk, one study finding no relationship and one study 

observing a positive relationship between increased dietary diversity and depression risk.  

A longitudinal study by Jiang and colleagues examined data from pregnant and postpartum 

Chinese women across four time periods beginning in the first trimester of pregnancy (23). 

This study used the self-rating depression scale (SDS) (32) and the FAO DD (33) measure 

and found higher dietary diversity to be negatively associated with depression (>6) in both 

cross-sectional and longitudinal analysis in which high dietary diversity status (>6) was 

related to decreased risk of depression [OR (95% CI) = 0.52 (0.44, 0.63)]. The study also 

examined individual food groups in relation to depression scores but found no obvious 

consistency of the association between food group and SDS scores.  

A cross-sectional study of 2599 mothers in Bangladesh measuring depression using the 

EPDS (34) and DD using the FAO measure (33)  also observed low dietary diversity (<5 

food groups) was associated with approximately double the odds of depression in mothers 

with older children (OR= 1·80) and peripartum women (OR= 1·99).  Of the individual food 

groups consumed in the previous day, eggs, fish, vitamin A-rich foods and vitamin C-rich 

foods, were associated with reduced odds of depression in mothers with older children. 

Among peripartum women, eating dairy, eggs (borderline), fish and vitamin C-rich foods on 

the previous day was associated with lower odds of depression (20,23). The Bangladesh 

study had conducted a rigorous analysis and noted that the relationship between dietary 

diversity and depression remained significant after adjusting for other measures of food and 

nutrition security and a variety of potential confounders (20). Although both the Chinese 

study and the Bangladesh study used a variation of the FAO measure for dietary diversity, 
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they had different cut-offs, with the Chinese study using a cut-off of 6 and the Bangladesh 

study using a cut-off of 5 (20,23). Both these studies also measured dietary diversity as a 

binary variable and not a continuous score.  

The study that found increased dietary diversity increased the risk of depression was 

conducted by Emerson et al. focused on 828 mothers of young children in the DRC and 

measured depression using the Hopkins Symptom Checklist (HSCL-25) (35) and dietary 

diversity using the MDD-W (36) tool from the FAO. Study authors found that depression was 

positively and statistically significantly associated with higher DDSs in adjusted analyses 

(HSCL-25: ß= 0.18, p = 0.002). This result is difficult to explain but may be highly 

contextual and not necessarily generalisable to other regions. Notably, regardless of their 

depression status, the women in this sample all had low dietary diversity, consuming on 

average less than three food groups the previous day. In addition, many of the participants 

also had symptoms of post-traumatic stress disorder and anxiety, highlighting generally poor 

mental health in this sample. The authors suggest that the extremely resource-limited context 

as well as other underlying or modifying factors, such as social support and work burden 

might have contributed to the contrary findings (22).  

A cross-sectional study from Nepal that measured maternal depression among 3158 mothers 

using the PHQ-9 (37) and dietary diversity using the WHO DD (38) measure found no 

association between maternal depression and dietary diversity or other indicators of 

anthropometric status but also noted a very low prevalence of depression with only 5% of 

mothers classified as depressed (24).  

The prevalence of maternal depression varied considerably (between 5% and 60% across 

studies) which limits comparisons across groups. The extent to which disparities in 

depression prevalence are related to measurement instruments, geography or social and 

cultural norms is an important avenue for future research. The prevalence of depression was 

somewhat comparable in China and Bangladesh, with between 18–35% of participants 

reporting depressive symptoms across the four study periods in the Chinese study and a 

prevalence of 20% among the mothers in Bangladesh (20,23). In the study from the DRC 

however, 60% of surveyed women were classified as depressed (22). This is not surprising as 

the region has been characterised by decades of armed conflict, population displacement and 

extreme poverty (22). This review includes two studies that used the same dataset from the 

DRC and they are notably the only studies in the review that found that increased dietary 
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diversity among both women and children was associated with increased depression among 

mothers (21,22). This limits inferences and comparisons of the findings from the DRC to 

other developing countries included in this review. In the study from Nepal, only 5% of 

women screened positive for depression which is surprisingly low given that other studies 

among postpartum women in Nepal have observed a prevalence of over 30%, and another 

study included in this review observed a prevalence of 20% among Nepali mothers in rural 

areas (19,29,30). Although the prevalence of depression was similar in the Bangladesh and 

Chinese studies, China is not classified as a LMIC and daily living conditions, as well as 

economic adversities of the pregnant women, in the Chinese study would differ considerably 

from those of mothers in Bangladesh, Nepal and the DRC.  

The studies from Bangladesh and China that found increased dietary diversity to be 

associated with a decrease in depressive symptoms among mothers conducted rigorous 

analyses that controlled for multiple sociodemographic factors and potential confounding 

variables (20,23). In addition, the Chinese study conducted both cross-sectional and 

longitudinal analyses on the relationship between dietary diversity and depression and found 

the association to be consistent (23). These findings are somewhat intuitive as women with 

access to a wider variety of foods tend to be wealthier, may experience fewer socioeconomic 

stressors and may also have greater social support, an important protective factor for 

depression in the perinatal period.  

4.4.2 Maternal Depression and Children’s Dietary Diversity 

There were a total of four cross-sectional studies that examined maternal depression in 

relation to children’s dietary diversity, and these included data from Ghana, Nepal, Ethiopia 

and the DRC (7,19,21,25). The ages of children in the included studies varied between 0 and 

5.6 years, with only one study from Ethiopia that focused strictly on infants between 5 and 10 

months of age (7). The DRC study examined mother-child pairs with children aged between 

2.6 to 5.6 years of age, while the study from Northern Ghana focused on children from 6 

months to 2 years of age (21,25). The study from Nepal was focused on children aged two to 

5.5 years (19). The ages of children may be an important factor in children’s dietary diversity 

outcomes in relation to maternal depression as younger infants are more dependent on their 

mothers for nourishment and may still be breastfed. Slightly older children may be more able 

to procure food for themselves through other means. However, the findings of the four 
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studies included here were mixed with regards to maternal depression and children’s dietary 

diversity, as well as children’s ages.  

Two studies from Nepal and Ethiopia observed that maternal depression was associated with 

decreased dietary diversity among children. The Ethiopian study focused on infants aged 5–

10 months, while the Nepal study focused on older children between 23 and 66 months 

(7,19). Another study from Northern Ghana found no association between maternal 

depression and complementary feeding factors (25). The study with contrarian findings was 

also conducted by Emerson et al. and used the same data from the DRC as the study 

previously cited on maternal depression and nutrition indicators. This study found that 

increased severity of maternal depression was associated with an increase in child dietary 

diversity (21). The reasons for this are likely to be similar to the factors discussed earlier, 

such as social support or other factors that might influence nutrition but were not measured in 

the study. 

The study of Nepali children by Miller et al. measured depression using the EPDS (34 with a 

cut-off of ≥ 13 and children’s dietary diversity using the FAO/FANTA 12 item measure. This 

study observed that maternal depression was associated with 11% lower likelihood that the 

child consumed one additional food group p = 0.024] and 13% lower likelihood that the child 

consumed one additional animal source food (ASF) p = 0.061] compared with children of 

non-depressed mothers (19). However, maternal depression was not associated with either 

child anthropometry or development (19). This study conducted robust multivariate analyses 

that included several social determinants of health and adjusted for mother’s age and 

education, child age and gender, and household characteristics, wealth, livestock and land 

ownership, and home child-rearing quality. After adjusting for confounding factors, the 

relationship between maternal depression and child stunting was attenuated, but the 

association between maternal depression and children's diet remained significant (19).  

In the Ethiopian study by Anato et al., depression was measured using the EPDS (34with a 

cut-off of ≥ 13. Complementary feeding practices were assessed using the WHO IYCF (38) 

indicators, including breastfeeding, minimum meal frequency (MMF) and minimum dietary 

diversity (MDD) (WHO, 2008). The infant who did not meet the WHO composed indicators 

(timely introduction of semi-solid or solid complementary feeding, MDD and MMF) was 

considered inappropriately fed. Although this study did not individually examine the 

relationship between dietary diversity and depression, it did observe, in adjusted multivariate 
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logistic regression, maternal depression symptoms and lack of maternal education were the 

only factors significantly associated with complementary feeding practices (7). The AOR for 

inappropriate complementary feeding among mothers with depression was 3.67 (95% CI: 

1.09–12.32) which suggests that maternal depression may influence complementary feeding 

practices in some settings. The children in the Ethiopian study also had very low dietary 

diversity with only 9.1% of children meeting MDD requirements. The study from Northern 

Ghana measured maternal depression using the CES-D (44) tool with a cut-off of ≥ 20 and 

noted a prevalence of depression at 33.5%. The proportion of children meeting MDD 

requirements was 56.5% but there was no association between maternal depression and 

children’s dietary diversity (25).  

The DRC study by Emerson measured maternal depression using the HSCL-25 (35)  and 

children’s dietary diversity was measured using the WHO IYCF (38) with possible scores 

between 1 and 7. In  the adjusted analysis higher mean HSCL-25 (35) score was associated 

with an increase of 0·18 in DDS (P< 0·05). While this finding was statistically significant the 

magnitude of effect is also relatively low (less than a single food group) and insufficient to 

impact growth or developmental outcomes among young children. Indeed, the same study 

found that while maternal depression was significantly associated with child feeding 

indicators, small negative but non-statistically significant associations were found between 

maternal mental health variables and HAZ, WAZ and WHZ (21). Thus, the effect of maternal 

depression on feeding indicators was not sufficiently large to impact growth outcomes. This 

finding highlights the difficulty of interpreting results when analysing dietary diversity data 

as a continuous variable and is why many studies use pre-defined cut-offs for ease of 

interpretation. 

Both studies that measured maternal depression using the EPDS (34) observed that the 

children of depressed mothers consumed less diverse diets (7,19). Across studies, the 

prevalence of maternal depression was comparable between Ethiopia (22.8%), Nepal (20%) 

and Ghana (33.5%), but not comparable to that of the mothers in the DRC study, which was 

60%. 

4.4.3 Studies that included both depression and dietary diversity as predictor variables 

There were three studies that examined both maternal depression and children’s dietary 

diversity in relation to child health outcomes, including linear growth, cognitive and motor 

skills as well as language milestones. A study by Ahun and colleagues conducted secondary 
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analysis of data from two separate studies among mother-child pairs in Ghana to examine 

cognitive and language milestones in relation to nutritional and psychosocial indicators, and 

measured depression and DD using SRQ-20 (46) with a cut-off of 11 and DD using the WHO 

7 item measure (30). This study found that children’s dietary diversity was negatively 

associated with maternal depressive symptoms (r = −0.19 to −0.12, p < 0.0001), in keeping 

with the findings of the studies from Nepal and Ethiopia that found the children of depressed 

mothers were at greater risk for low dietary diversity (7,19). In this study, maternal education 

was significantly correlated with several child variables, including WAZ scores, dietary 

diversity, and preventive health practices and less educated mothers had more depressive 

symptoms. The study also pointed out that independent of the child’s age, the best predictor 

of children’s length-for-age or stimulation remained the child’s diet (28).  

Two studies by Prado and colleagues used structural equation modelling and path analysis to 

examine various maternal and environmental characteristics associated with linear growth 

and language and motor development respectively, using data from longitudinal cohorts in 

Ghana, Malawi and Burkina Faso (26,27). The first study used path analyses to examine the 

association of 42 indicators of environmental, maternal, caregiving and child factors with 18-

month LAZ. The study examined how the impact of maternal adult height on child linear 

growth may be mediated by socioeconomic conditions, maternal adult factors (nutritional 

status, stress, depression, cognition), caregiving practices and child characteristics, or may 

directly affect linear growth. Of the various indicators, dietary diversity was associated with 

18 month LAZ in two of the four included cohorts (26). However, the authors found no 

associations with maternal stress and depression and children’s linear growth (26).  

The second study by Prado, using the same dataset, examined predictors and pathways of 

language and motor development among children and noted that dietary diversity was 

associated with language and motor development at 18 months, but maternal depression was 

not (27). In both of these studies using data from three different African countries and 

adjusted for multiple household and maternal characteristics, dietary diversity emerged as an 

important predictor of children’s growth and development while maternal depression was not 

associated with any of these outcomes (26,27).   
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4.5 Discussion 

We found a total of 11 studies that met our inclusion criteria. Four of these studies examined 

dietary diversity in relation to maternal depression, while the remaining seven studies 

examined maternal depression in relation to children’s dietary diversity or examined maternal 

depression and dietary diversity separately in relation to stunting, cognition and other child 

health and developmental outcomes. Across studies, six different measures were used for 

depression and five different measures were used for dietary diversity. The most commonly 

used measure for depression was the EPDS (34) which was used in four studies, while 

measures for dietary diversity varied depending upon the population of interest (children 

versus adults). Three of the included studies utilised longitudinal study designs (23,26,27), 

while the remaining studies used cross-sectional data (7,20–22,24,25,31). All included 

studies were published between 2017 and 2020, with the majority published in 2020, 

highlighting the importance of nutrition and mental health as an emerging field of study.  

The study from China by Jiang et al. was the only study included in this review that 

examined the direct association between DD and maternal depression across four time 

periods, this study finding a consistent association between low DD and increased risk of 

depression (23). The lack of longitudinal data that examines maternal depression in relation 

to dietary diversity limits inferences about causation between the two factors, but several 

potential causal pathways exist. Depressed women may lack social support and other forms 

of agency that could allow them to procure a more diverse diet for themselves and their 

children. However, women who experience long periods characterised by poor quality diets 

are at greater risk of becoming malnourished and nutrient deficient, which may in turn 

contribute to the development of depressive disorders (32). A recent systematic literature 

review on maternal depression and nutritional deficiencies in LMIC observed that  95% of 

included studies reported positive associations between nutrition deficiencies, poor diet, and 

maternal depression and suggested that nutritional interventions may reduce the risk of 

maternal depression (33). Lastly, longitudinal research on food insecurity and depression 

among low-income women in the US has suggested that depression and food insecurity share 

a simultaneous bidirectional (causal) relationship, and dietary diversity, often used as a proxy 

for food insecurity, may operate in a similar way (34,35).   

Of the studies in this review that found a positive association between maternal depression 

and low dietary diversity, the longitudinal study from China and the study from Bangladesh 
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individually examined the various food groups in relation to depression outcomes. The cross-

sectional study from Bangladesh did find that some food groups were associated with a 

reduced risk of depression, while the Chinese study did not find any consistent associations 

between individual food groups and depression (20,23). It may simply be that a generally 

more diverse diet is sufficient to reduce depression risk, but this may also be highly 

contextual and examining different food groups in relation to depression outcomes is still a 

useful endeavour. This is an important distinction from an intervention perspective 

as  programmes need to ascertain how to improve dietary quality in the antenatal period and 

what to improve regarding nutritional status at household and individual level (14). Two 

studies that used the same data from the DRC found that increased dietary diversity was 

associated with increased depression among mothers and that maternal depression was 

associated with increased dietary diversity among children. These findings are highly 

contextual and may be related to confounding factors that were not measured in the study 

(21,22).  

While the studies of maternal depression, dietary diversity, and child outcomes have mixed 

findings, dietary diversity consistently emerges as an important factor for both linear and 

cognitive growth among children, regardless of whether maternal depression is present or not 

(26,27,28). However, it is also plausible that dietary diversity is an effective proxy for SES 

and that children with higher dietary diversity also tend to come from wealthier households, 

and their better growth and developmental outcomes are also due to improved healthcare, 

maternal education and other factors that enable them to thrive (14). Given the relationship 

between wealth and increased dietary diversity and quality, it is important that studies adjust 

appropriately for socioeconomic factors when examining DD in relation to other outcomes 

(14). Of the 11 studies included in this review, eight of them adjusted for household wealth, 

either using monthly household income, quintiles, or constructing asset indexes as a proxy for 

household wealth. Of the included studies, only one study from Ghana that examined 

maternal depression in relation to complementary feeding indicators failed to adjust for any 

socioeconomic factors in the analysis (25). The two studies from the DRC did record mean 

household income but did not include this variable in the final analysis as a potential 

confounding factor (21,22). 

In recent years, there has been a growing interest in the relationship between maternal 

depression and child growth (44). Again, there are several causal pathways that may elucidate 
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this relationship. Depressed mothers may be more apathetic, less likely to engage in 

caregiving behaviour and their children may receive less stimulation (36,37). This is 

particularly important in LMIC, where the children of depressed mothers may be more likely 

to experience poor health as a result of recurrent infections, a finding that was observed in 

one of our included studies from Ghana (28,38). In addition, the pathway between maternal 

depression and stunted linear and cognitive growth among children may be moderated by the 

association with dietary diversity and other nutritional indicators, whereby the children of 

depressed mothers consume a poorer quality diet and become malnourished as a result 

(7,19,37).   

A longitudinal study in the United Kingdom (UK) observed that  higher prenatal depressive 

symptoms were associated with lower levels of healthy nutrition and higher levels of 

unhealthy nutrition, each of which was prospectively associated with reduced cognitive 

function among infants. Thus, maternal depression symptoms were indirectly associated with 

infant outcomes via an unhealthy nutritional environment (37). The interactions between 

maternal depression and nutritional environment are likely to be more severe in LMIC where 

more women are food insecure and there is less access to social protection and other 

government funded interventions to alleviate food insecurity and malnutrition. As noted in 

the path analysis by Prado, mothers who provide a more diverse diet (associated with 

improved linear growth) also appear to offer a broader variety of play materials (associated 

with improved cognitive development) (37). However, five of the studies included in this 

review from Nepal, the DRC, Ghana and the path analysis studies by Prado found no 

association between maternal depression and children’s nutritional and developmental 

outcomes (21,24–27). Distinguishing the effects of maternal characteristics like depression 

status and nutrition indicators like dietary diversity on child growth are further complicated 

by the fact that the same risk factor might act as a moderator of depression risk, as a potential 

confounder, and may also be on the causal pathway between depression and child outcomes 

(38).  

Qualitative research among low-income mothers in South Africa observed that mothers felt 

both sadness, hopelessness and guilt about their failure to fulfil their maternal role and 

provide appropriately for their children in the context of hunger and food insecurity. This 

reinforced a vicious cycle of hunger, sadness, aggression and withdrawal among some 

mothers (39). Maternal depression is thus of particular concern in settings of poverty, where 
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the physical and emotional distress of hunger is amplified among the mothers of young 

children. In combination with a lack of access to healthcare, poor hygiene and sanitation and 

other poverty associated risks, maternal depression is emerging as another risk for adverse 

outcomes among children, particularly in the crucial first 1000 days of life (38) 

Previous studies that have found associations with child health outcomes and maternal 

depression noted that the magnitude of the effect can vary as a function of depression 

measurement and geographical location, although children growing up in LMIC were at 

greater risk of adverse outcomes related to maternal depression (36,40,41). Notably, a 

systematic review and meta-analysis on child growth and depression observed that less than 

half of the studies on underweight and stunting found a statistically significant relationship 

between maternal depression and these outcomes (36). The use of multiple different measures 

for depression across the studies included in this review limit inferences about the meaning of 

findings and may partially explain why some studies observe associations and others do not, 

as well as the substantial differences in prevalence estimates of maternal depression across 

and within different regions. It is also important to note that of the studies that examined 

maternal dietary diversity and maternal depression, as well as the studies that examined 

maternal depression and children’s dietary diversity, conclusions were limited by the 

contrarian findings of both articles from the DRC which found that increased dietary 

diversity among mothers and children increased maternal depression.  

4.5.1 Implications for future research 

One of the primary limitations of dietary diversity is the lack of standardised measurement as 

well as its failure to capture the amount of food groups consumed (42). There is now a valid 

measure of DD in women, (the WHO MDD-W). However, there is not a universal one for 

children. It is therefore recommended that countries consider validating their own based on 

the main foods of nutritional importance and availability in their countries. Among the 

studies included in this review, five different measures were used to capture DD, and in some 

cases different cut-offs were used for the same measure. With both depression and DDSs, 

some studies also examined these as a continuous variable while others converted the scores 

to binary variables using various cut-offs. This may partially explain the divergent results, 

and while continuous data may be more sensitive, they are also more difficult to interpret 

when it comes to outcomes such as food groups. A recent study of DHS data from Bangalore, 

by Purushotham et al., using quantile regression to examine six different measures of dietary 
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diversity in relation to anthropometry outcomes between women, young children and school 

aged children, found that certain measures of DD were associated with anthropometry 

outcomes while others were not, highlighting different measures as a potential reason for null 

findings between and within studies (62). In this study, the DD measures varied considerably 

and measured between seven and 16 food groups across studies.  

The nutrition transition is of particular importance when examining dietary diversity, as 

numerous studies have observed that increased dietary diversity simultaneously reduces 

malnutrition and stunting but increases obesity and overweight (62,63). Globally, increased 

urbanisation and greater access to processed foods have adverse implications for dietary 

quality, but current dietary diversity measures fail to capture this complexity and are better 

suited to regions without access to processed food (62). In LMIC, like the majority of those 

included in this review, there is a need to devise and validate new DD measures that can 

account for the negative effects of excess sugar, fats and cholesterol consumption (62). Given 

that the global burden of overweight and obesity has overtaken that of undernutrition among 

both mothers and children in much of the world, a DD measure designed to reflect this can 

improve the monitoring and evaluation of dietary quality and food consumption in relation to 

anthropometry and other health outcomes (64,65). 

Although the measures used for depression in our included studies had all been validated in 

LMIC settings, and validation research of different depression tools has found good cross-

cultural applicability of depression symptoms, the use of six different depression tools to 

measure depression across the 11 studies included in this review does limit comparisons 

between regions and findings in relation to DD. The most commonly used measures across 

studies was the EPDS , which was used across four studies and has been well validated in 

LMIC countries (66). 

4.5.2 Social Determinants of Health 

Of the 11 studies included in this review, 10 adjusted for several social determinants of health 

at both the individual and the household level, including maternal education, family size, 

women’s empowerment indicators, household income, access to healthcare, marital status 

and land and livestock ownership in rural areas. Only one study from Ghana (that found no 

association between maternal depressive symptoms and complementary feeding indicators) 

did not appear to adjust for any of the social determinants of health or other 

sociodemographic variables but simply compared complementary feeding indicators between 
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depressed and non-depressed women (25). However, most of the studies conducted robust 

analyses with multiple covariates, including social determinants of health, and several of 

these still found dietary diversity to be significantly associated with both maternal and child 

health outcomes. The most commonly included social determinant of health across studies 

was maternal education, which was adjusted for in the ten remaining studies described here. 

Globally, gender is an important determinant of both food security and nutritional outcomes 

and women are 10% more likely to be food insecure than men (67). Although some of the 

associations between maternal education and improved nutrition among children are 

attributable to maternal employment and improved SES, there is also evidence that maternal 

education is associated with improved care behaviours and child outcomes, regardless of 

maternal income. This provision of ‘care’ describes ‘the time and attention devoted to 

meeting the physical, mental, and social needs of growing children and has an important 

nutritional component via complementary feeding and hygiene and sanitation practices’ 

(68,69). 

4.6 Conclusion 

This scoping review found 11 studies that examined dietary diversity and maternal 

depression, either in relation to maternal dietary diversity, child dietary diversity or growth 

and developmental outcomes, or examined the two factors separately as predictor variables of 

child health and developmental outcomes. The majority of the studies were published in the 

last two years and highlight the emerging interest in mental health and nutrition, particularly 

in LMIC. Although the findings of maternal depression and nutritional status were mixed, 

dietary diversity was consistently associated with children’s linear and cognitive growth and 

remains an important nutritional indicator in these settings. Only three studies used 

longitudinal data and this limits causal inferences about the relationship between depression 

and dietary diversity. Generalisability of the findings is further complicated by a lack of 

consistent measurement of both depression and dietary diversity across geographical regions 

and studies. Most studies adjusted for SES as well as multiple social determinants of health, 

with maternal education being the most commonly included covariate. More observational 

longitudinal studies with robust analysis of maternal and socioeconomic factors can further 

elucidate the relationship between maternal mental health and dietary diversity. In addition, 

modifications of existing dietary diversity tools to include processed foods and an effort to 

quantify excess consumption of unhealthy foods may improve the use of these measures in 

the context of the global nutrition transition.  
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Table 4-1: Characteristics of Included Studies 

Title and Year of 
publication 

Study Type Population Result and social determinants of 
health included in analysis 

Measurement tool for 
dietary diversity and 
depression 

1.Mental health 
symptoms and 
their relations 
with dietary 
diversity and 
nutritional status 
among mothers of 
young children in 
eastern 
Democratic 
Republic of the 
Congo 
 
Published in 2020 

Cross-sectional  sub-study 
of a larger, quasi- 
experimental evaluation 
of a United States Agency 
for International 
Development (USAID) 
food assistance pro- gram 
called Jenga Jamaa II 

828 
mothers of 
young 
children  
 

Maternal mental health measures 
were positively and statistically 
significantly associated with higher 
dietary diversity scores in adjusted 
analyses (HSCL-25: ß= 0.18, p = 
0.002, HTQ: ß= 0.12, p = 0.029, 
High Distress: ß= 0.47, p < 0.001). 
 
background and demographic 
characteristics: age, years of 
education obtained, ethnic group, 
living in territory of origin, currently 
pregnant, number of children, and 
marital status. Education was 
recoded as a categorical variable 
with three categories: no education, 
completing at least some primary 
school, and completing at least some 
secondary school or higher 
education. Participants were also 
asked if they had a child that died, 
and to rate their physical health 
status, using a scale that ranged from 
excellent to poor. Household-level 
data, including household size, in- 
come in the past month, and food 
insecurity, were collected as part of 
the parent study survey 
questionnaire. Food insecurity was 
measured using the Household Food 
Insecurity Access Scale (HFIAS) 

Minimum Dietary Diversity 
for Women (MDD-W) tool 
[45]. 
 
Hopkins Symptom Checklist-
25 (HSCL- 25) and post-
traumatic stress disorder 
(PTSD) with the Harvard 
Trauma Questionnaire 
(HTQ), using a four-point 
Likert scale. Mean scale 
scores were calculated 
ranging from one to four. A 
variable was created for high 
distress (participants scoring 
in the upper quartile of both 
measures). Independent 
variables for maternal mental 
health were mean item 
HSCL-25 score (measuring 
depression and anxiety 
symptoms), mean item HTQ 
score (measuring PTSD 
symptoms), and a binary 
variable for high 
psychological distress (upper 
quartile of both mea- sures). 
Separate analyses were 
conducted for each of the 
three independent variables 
due to multicollinearity. 

2.The relationship 
of dietary 
diversity score 
with depression 
and anxiety 
among prenatal 
and post-partum 
women. 
 
Published in 2018 

Longitudinal cohort of 
Chinese women 

T1 was 
3698, 2343 
at T2, 2162 
at T3 
and 924 at 
T4 
 

In the cross-sectional analysis, high 
dietary status (>6) was 
negatively associated with 
depression status [T1: OR (95% CI) 
= 0.56 (0.46, 0.69);  
and anxiety status [T1: OR (95% CI) 
= 0.70 (0.56, 0.88);  
In the longitudinal analysis, it was 
demonstrated that the DDS level 
was negatively associated with 
SDS [β(se) = −0.99 (0.09), P = 
<0.0001] and SAS scores [β(se) = 
−0.37 (0.08), P = <0.0001] 
throughout pregnancy. Social 
determinants of health included  
 
The frequency of physical exercise, 
sleep quality, level of family care, 
morning sickness and medical 
problems in pregnancy were 
collected at baseline and each 
follow-up through our self-designed 
questionnaire. Maternal age (years), 
education level (years of schooling), 
marital status (married including 
first marriage and remarriage; single 
including spinster- hood, the 
separated, the divorced and widow.), 
per capita income (<10 000, 10 000–
30 000, >30 000 rmb) and 

FAO DDS 
 
Self-Rating Anxiety Scale 
(SAS), Self-Rating 
Depression Scale (SDS) and 
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Title and Year of 
publication 

Study Type Population Result and social determinants of 
health included in analysis 

Measurement tool for 
dietary diversity and 
depression 

occupation (manual workers, mental 
workers and others) and smoking or 
drinking of the past 3 months before 
pregnancy 
 

3.Depression 
among women of 
reproductive age 
in rural 
Bangladesh is 
linked to food 
security, diets and 
nutrition. 
10.1017/S136898
0019003495 
 
Published in 2020 

Cross-sectional baseline 
sample of FAARM trial.  
 
 

2599 
women 40 
% were 
pregnant or 
up to 1 year 
postpartum, 
while 60 % 
were not 
peripartum. 
Overall, 

Low dietary diversity (<5 food 
groups) was associated with 
approximately double the odds of 
depression in NPW (OR= 1·80) and 
PW (OR= 1·99). Consumption 
 
Age in years, age at first marriage, 
years of completed education and a 
detailed birth history as self-reported 
by the index woman. Literacy was 
determined by asking the index 
woman to read a simple sentence. 
Religion of the household head, the 
size of the household, and if anyone 
in the household owned a set list of 
assets in order to construct a wealth 
index(31).  

 Dichotomous cut-off used in 
the thirteen-group Women’s 
Dietary Diversity Score 
(WDDS), including the 15 g 
restriction.  
 
Depression The Edinburgh 
Postpartum Depression Scale 
(EPDS) is a ten-item 
psychometric screening tool 
used to identify prob- able 
minor and major depression. 
The cutoff was 12 or greater. 

4.Maternal 
depression does 
not affect 
complementary 
feeding indicators 
or stunting status 
of young children 
(6-23 months) in 
Northern Ghana. 
 
Published in 2018 

Population based cross-
sectional survey  
 

200 mother 
child pairs  

Outcome was child dietary diversity 
and exposure was maternal 
depression.  
 
The prevalence of MDD, MMF, and 
MAD were 56.5, 65.0, and 44.0% 
respectively and 41.0% of the 
children sampled were stunted. A 
third of the mothers (33.5%) 
screened positive for depression. 
Maternal depression did not 
influence significantly MDD (p = 
0.245), MMF (p = 0.442), and MAD 
(p = 0.885) or children’s risk of 
stunting (p = 0.872). In conclusion 
maternal depression and child 
stunting are prevalent in Northern 
Ghana but there is a lack of evidence 
of an association between maternal 
depression and child feeding 
practices or nutritional status in this 
study population.  Study did not 
appear to explore other social 
determinants of health or to adjust 
for these in the analysis. 
 
 
 

WHO indicators for assessing 
young child feeding 
 
Maternal depression status 
was determined using Centre 
for Epidemiologic Studies-
Depression (CES-D) scale 
[20]. CES-D scale comprised 
of 20 items and asks 
caregivers to rate how often 
over the past week they 
experienced depression-
associated symptoms 

5. Child 
development in 
rural Ghana: 
Associations 
between 
cognitive/languag
e milestones and 
indicators of 
nutrition and 
stimulation of 
children under 
two years of age 
 

Two studies:  A secondary 
analyses on health and 
nutrition data from 1081 
mother–child pairs (the 
children aged 0–12 
months) Ghana’s Eastern 
Region. Second Study: the 
Ghana Milestones 
Measure, consisting of 
items assessing cognitive 
and language 
development, was used to 
assess child development 
in a subsample (N = 330) 

1081 
mother-
child pairs 
(first study)  
 
330 
children 
(sub-
sample of 
study 1) 

Outcome is child development and 
study examines dietary diversity and 
maternal depression in relation to 
child development.  
 
Family assets and maternal 
education were identified as key 
factors of the family context. Both 
variables were positively associated 
with preventive health practices (r = 
0.08 to 0.13, p < 0.0001 to 0.01), 
and dietary diversity (r = 0.15, p = 
0.0001 to 0.0006), and negatively 
associated with maternal depressive 

DD measured out of 7 food 
groups consumed in the past 
24 hours and converted to a 
dietary diversity score defined 
as the number (0–7) of food 
groups (grains/ tubers, 
legumes, meat/fish, eggs, 
vitamin A rich fruits and 
vegetables, non-vitamin A 
rich fruits and vegetables, and 
dairy) eaten by the child and 
the number (0–3) of animal-
source food groups (meat, 
eggs and dairy) eaten.1 
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Title and Year of 
publication 

Study Type Population Result and social determinants of 
health included in analysis 

Measurement tool for 
dietary diversity and 
depression 

doi: 
10.17269/CJPH.1
08.5875 
M 
 
Published in 2017 

of Study 1 participants 
one year later (children 
10–24 months of age). 
 

symptoms (r = −0.19 to −0.12, p < 
0.0001). Recent child illness did not 
correlate with preventive health 
practices but was related to mother’s 
depressive symptoms, more 
stimulation and lower 
hemoglobin. Mother’s education 
was significantly correlated with 
several child variables, including 
weight-for-age (WAZ) scores, 
dietary diversity, and preventive 
health practices. Less educated 
mothers had more depressive 
symptoms. Although family assets 
and maternal education were 
correlated with child’s diet and 
health and maternal depression, they 
were not the main predictors of 
children’s length-for-age or 
stimulation. Independent of the 
child’s age, the best predictor was 
the child’s diet.   

 
The Self-Reporting 
Questionnaire (SRQ-20),18 a 
measure of maternal 
depressive symptoms, was 
used to assess the mother’s 
emotional availability to 
provide support for the child. 
Mothers responded yes or no 
to each of the 20 symptoms 
based on their experiences 
over the last 30 days. The 
total score was the number of 
symptoms to which the 
mother responded 
affirmatively. A cut-off score 
of 11 or more was used to 
identify high levels of 
depressive symptoms. 

6. Maternal 
depression is 
associated with 
child 
undernutrition: A 
cross-sectional 
study in Ethiopia. 
10.1111/mcn.129
34 
 
Published in 2020 

The study was nested in a 
larger quasi-experimental 
study evaluating Jenga 
Jamaa II, a food and 
nutrition assistance 
project in Uvira and Fizi 
territories 
 

812 mother 
child pairs  

HSCL-25 (ß: 0·18, P < 0·05) and 
HTQ (ß: 0·19, P < 0·05) were 
statistically significantly associated 
with higher dietary diversity scores, 
and all maternal mental health 
measures were associated with 
higher meal frequency (HSCL-25: ß: 
0·13, P = 0·001; HTQ: ß: 0·12, P = 
0·001; high distress: ß: 0·15, P < 
0·05) and consumption of at least 
three meals/snacks per day (HSCL-
25: OR: 2·06, HTQ: OR: 1·93, high 
distress: OR: 2·68, P < 0·001 for 
all). No significant associations were 
found with HAZ, WAZ, WHZ, 
stunting or underweight indicators. 
 
Social determinants included in the 
model: Data on maternal 
background characteristics included 
maternal age, years of education, 
ethnic group, marital status, 
currently living in territory of origin, 
currently pregnant, maternal self- 
reported health status (poor, average, 
good, very good/ excellent), number 
of children, and having had a child 
who died. Maternal education was 
recoded as a categorical variable 
with three categories: no education, 
completed at least some primary 
school and completed at least some 
sec- ondary school. Multivariate 
analyses adjusted for maternal age, 
education, intervention group, 
livelihoods zone and number of 
children 
 
 

Childrens DD measured using 
the WHO ICYF indicators. A 
dietary diversity score (range 
0–7) was calculated from the 
sum of food groups 
consumed. The seven food 
groups were starchy staples 
(grains, roots and tubers), 
legumes and nuts, dairy 
products, flesh foods, eggs, 
Vitamin A-rich fruits and 
vegetables, and other fruits 
and vegetables. 
 
Maternal depression and 
anxiety symptoms were 
measured by the Hopkins 
Symptom Checklist-25 
(HSCL-25), and post-
traumatic stress was measured 
by the Harvard Trauma 
Questionnaire (HTQ). 
Participants were classified as 
having high psychological 
distress if their mean item 
score was in the upper 
quartile of both measures 
 

7. Maternal 
mental health 
symptoms are 

The study was nested in a 
larger quasi-experimental 
study evaluating Jenga 

812 mother 
child pairs  

HSCL-25 (ß: 0·18, P < 0·05) and 
HTQ (ß: 0·19, P < 0·05) were 
statistically significantly associated 

Childrens DD measured using 
the WHO ICYF indicators. A 
dietary diversity score (range 
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Title and Year of 
publication 

Study Type Population Result and social determinants of 
health included in analysis 

Measurement tool for 
dietary diversity and 
depression 

positively 
associated with 
child dietary 
diversity and meal 
frequency but not 
nutritional status 
in Eastern 
Democratic 
Republic of 
Congo. 
 
10.1017/S136898
0019004087 
 
Published in 2020 
 

Jamaa II, a food and 
nutrition assistance 
project in Uvira and Fizi 
territories 
 

with higher dietary diversity scores, 
and all maternal mental health 
measures were associated with 
higher meal frequency (HSCL-25: ß: 
0·13, P = 0·001; HTQ: ß: 0·12, P = 
0·001; high distress: ß: 0·15, P < 
0·05) and consumption of at least 
three meals/snacks per day (HSCL-
25: OR: 2·06, HTQ: OR: 1·93, high 
distress: OR: 2·68, P < 0·001 for 
all). No significant associations were 
found with HAZ, WAZ, WHZ, 
stunting or underweight indicators. 
 
Social determinants included in the 
model: Data on maternal 
background characteristics included 
maternal age, years of education, 
ethnic group, marital status, 
currently living in territory of origin, 
currently pregnant, maternal self- 
reported health status (poor, average, 
good, very good/ excellent), number 
of children, and having had a child 
who died. Maternal education was 
recoded as a categorical variable 
with three categories: no education, 
completed at least some primary 
school and completed at least some 
sec- ondary school. Multivariate 
analyses adjusted for maternal age, 
education, intervention group, 
livelihoods zone and num- ber of 
children 
 
 

0–7) was calculated from the 
sum of food groups 
consumed. The seven food 
groups were starchy staples 
(grains, roots and tubers), 
legumes and nuts, dairy 
products, flesh foods, eggs, 
Vitamin A-rich fruits and 
vegetables, and other fruits 
and vegetables. 
 
Maternal depression and 
anxiety symptoms were 
measured by the Hopkins 
Symptom Checklist-25 
(HSCL-25). Participants were 
classified as having high 
psychological distress if their 
mean item score was in the 
upper quartile of both 
measures 
 

8. Maternal 
depression is 
associated with 
less dietary 
diversity among 
rural Nepali 
children. 
 
Published in 2020 

a cross-sectional study 
embedded at endline of a 
longitudinal community 
development intervention 

mothers of 
629 
children 
(age 23–66 
months) in 
rural Nepal 
 

Maternal depression was associated 
with 11% lower likelihood that the 
child consumed one additional food 
group [Poisson regression, adjusted 
relative risk (aRR) 0.89, 95% 
confidence intervals (95% CI 0.81, 
0.99), p = 0.024] and 13% lower 
likelihood that the child consumed 
one additional animal source food 
(ASF) [aRR 0.87, (95% CI 0.76, 
1.01), p = 0.061] compared with 
children of nondepressed mothers. 
However, maternal depression was 
not associated with either child 
anthropometry or development.   
 
Social determinants: . In an attempt 
to control for confounding of the 
relationship between maternal 
depression, children's diet and 
development, we performed 
adjustment using a set of covariates 
that were chosen a priori, including 
child gender and age, maternal age 
and education, and household wealth 
quintile, intervention group 
assignment, land and livestock 
ownership, and home child-rearing 

 
Child's consumption in the 
past 24 h of 12 specific 
foods/food groups (Kennedy 
et al., 2013). The 24-h diet 
recall information was 
aggregated into eight 
categories based on the 
(FAO/FANTA) dietary 
diversity scores. 
 
The Edinburgh Post-Partum 
Depression Scale (EPDS) was 
administered by field 
enumerators to the mothers of 
the 629 enrolled children. 
This 10-item measure has 
been validated in LMICs 
(Shrestha et al., 2016) 
including Nepal (Bhusal et 
al., 2016; Gibson et al., 2009; 
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Title and Year of 
publication 

Study Type Population Result and social determinants of 
health included in analysis 

Measurement tool for 
dietary diversity and 
depression 

quality. These were included in the 
adjusted model if they were 
associated (p ≤ 0.10) with the 
anthropometric, developmental and 
dietary outcomes.  
 
 
 

9. Path analyses 
of risk factors for 
linear growth 
faltering in four 
prospective 
cohorts of young 
children in Ghana, 
Malawi and 
Burkina Faso 
 
Published in 2019 

Longitudinal cohort - four 
prospective cohorts of 
children who participated 
in trials conducted as part 
of the International Lipid-
Based Nutrient 
Supplements Project four 
African countries. In two 
cohorts, women were 
enrolled during 
pregnancy. In two other 
cohorts, infants were 
enrolled at 6 or 9 months.  

Mother 
infant pairs 
in Ghana 
(n=1039), 
Malawi 
(n=684 and 
1504) and 
Burkina 
Faso 
(n=2619). 

Study did not examine correlates 
between DD and depression but 
examined both DD and maternal 
depression in relation to child health 
outcomes using SEM.  
 
Out of 42 indicators, 2 were 
associated with 18-month LAZ in 
three or four cohorts: maternal 
height and body mass index (BMI). 
Six factors were associated with 18-
month LAZ in two cohorts: length 
for gestational age z-score (LGAZ) 
at birth, pregnancy duration, 
improved household water, child 
dietary diversity, diarrhoea 
incidence and 6-month or 9-month 
haemoglobin concentration. 
 
Factors that were not associated with 
LAZ were maternal iron status, 
illness and inflammation during 
pregnancy, maternal stress and 
depression, exclusive breast feeding 
during 6 months post partum, 
feeding frequency and child fever, 
malaria and acute respiratory 
infections. These 

A dietary diversity score 
(DDS) was created using data 
from 24-hour recall of food 
types/groups available in 
Ghana DHS data set. The 
DDS is a count of the number 
of food groups consumed by 
the child over the past 24 
hours preceding the DHS 
interview of the mother, who 
reported the child’s food 
consumption. The DDS has a 
range from 0 to 16, summed 
using these food groups: 1) 
tinned/powder or fresh milk; 
2) baby formula; 3) baby 
cereal; 4) bread, rice, noodles, 
other made from grains; 5) 
potatoes, cassava, or other 
tubers; 6) eggs; 7) meat (beef, 
pork, lamb, goat, chicken 
etc.); 8) dark green leafy 
vegetables; 9) mangoes, 
papayas, other vitamin A 
fruits; 10) other fruits; 11) 
pumpkin, carrots, squash 
(yellow or orange inside); 12) 
liver, kidney, heart, other 
organs; 13) fish or 
shellfish(fresh or dried); 14) 
food made from beans, peas, 
lentils, nuts; 15) oils, fats, 
butter, products made from 
them; 16) cheese, yogurt, 
other milk products. A value 
of 1 was assigned for each of 
the nutritionally important 
types of food the child might 
have eaten.  
 
Mothers were interviewed 
regarding depressive 
symptoms at 6 months post 
partum in DYAD-M using a 
locally validated adaptation of 
the Self-Re- porting 
Questionnaire and in DYAD-
G with the Edin- burgh Post-
natal Depression Scale. 
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10. Predictors and 
pathways of 
language and 
motor 
development in 
four prospective 
cohorts of young 
children in Ghana, 
Malawi, and 
Burkina Faso. 
10.1111/jcpp.127
51 
Published in 2017 

Longitudinal cohort : path 
analyses of factors 
associated with 18‐month 
language and motor 
development in four 
prospective cohorts of 
children who participated 
in trials conducted as part 
of the International Lipid‐
Based Nutrient 
Supplements (iLiNS) 
Project in four African 
countries  

Mother 
infant pairs 
Ghana 
(n = 1,023), 
Malawi 
(n = 675 
and 1,385), 
and 
Burkina 
Faso 
(n = 1,122). 
 

Out of 42 indicators of the 34 factors 
examined, 6 were associated with 
18‐month language and/or motor 
development in 3 or 4 cohorts: child 
linear and ponderal growth, variety 
of play materials, activities with 
caregivers, dietary diversity, and 
child hemoglobin/iron status. 
Factors that were not associated with 
child development were indicators 
of maternal Hb/iron status, maternal 
illness and inflammation during 
pregnancy, maternal perceived stress 
and depression, exclusive 
breastfeeding during 6 months 
postpartum, and child diarrhea, 
fever, malaria, and acute respiratory 
infections. 
 
Study adjusted for both maternal and 
paternal education and found that 
paternal education was associated 
with language and motor 
development while maternal 
education was not.  
 

A dietary diversity score 
(DDS) was created using data 
from 24-hour recall of food 
types/groups available in 
Ghana DHS data set. 
Individual food groups are 
described in the column 
above. 
 
Mothers were interviewed 
regarding depressive 
symptoms at 6 months post 
partum in DYAD-M using a 
locally validated adaptation of 
the Self-Re- porting 
Questionnaire and in DYAD-
G with the Edin- burgh Post-
natal Depression Scale. 
 
 

11. Parental 
depression and 
nutrition: findings 
from a cross-
sectional 
household survey 
in Nepal 
 
Published in 2020 
 

Cross-sectional 
community based survey 
nested within a nutrition 
intervention district 
spanning mountains, hills 
and plains in Nepal.  

Study 
examined 
parents 
with child 
age 6-59 
moths and 
included 
fathers as 
well as 
3158 
mothers 

 
 
 

WHO DD indicators for 
adults and children with 24 
hour recall. The possible 
scores, thus, ranged from 0 to 
10 for adults and 0 to 7 for 
children. 
 
Depression measured using 
(Patient Health 
Questionnaire-9 score ≥ 10). 
 

The following chapter uses cross-sectional data from Wave 1 of NIDS to examine various 

food insecurity indicators in relation to adult and child anthropometry measures. 
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 DIETARY DIVERSITY AND THE DOUBLE BURDEN OF MALNUTRITION 

5.1 Abstract  

Childhood stunting remains a global public health problem. Many stunted children live in the 

same household as overweight or obese adults (the so-called double burden of malnutrition), 

evidence that quality as well as quantity of food is important. In recent years, food security 

measurement has shifted away from anthropometry (e.g., stunting) to experiential measures 

(e.g., self-reported hunger).  However, given the continued problem of stunting, it is 

important that national surveys identify malnutrition.  

Objectives 

To examine the associations between a variety of food security indicators, including dietary 

diversity, with adult, child (0-4 years) (5-9 years) and adolescent (10-17 years) 

anthropometry. To estimate the prevalence of double burden households. 

Methods 

The study utilized cross-sectional data from the South African National Income Dynamics 

Survey NIDS (2008). We examined the associations between five food security indicators 

and anthropometry outcomes. The indicators were adult and child hunger in the household, 

self-reported household food sufficiency, food expenditure>60% of monthly expenditure and 

household dietary diversity.  Multinomial and logistic regression models were employed to 

examine the associations with adult BMI categories and children’s stunting and BMI. 

Results 

The prevalence of stunting was 18.4% and the prevalence of wasting and overweight was 

6.8% and 10.4% respectively. Children <5 and adolescents with medium dietary diversity 

were significantly more likely to be stunted than children with high dietary diversity. Among 

children <5, child hunger and medium dietary diversity were significantly associated with 

wasting. None of the food security indicators were associated with stunting in children aged 

5-9. Among stunted children, 70.2% lived with an overweight or obese adult. Among adults, 

increased dietary diversity increased the risk of overweight and obesity.  
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Conclusion 

Dietary diversity can be used as a proxy for poor nutritional status among children<5 years 

and adolescents but the relationship between dietary diversity and adult obesity is more 

complex. Given the double burden of malnutrition in many low- and middle-income 

countries, indicators of dietary quality remain important. These tools can be further refined to 

include an extra category for processed foods. Given the relative simplicity to collect this 

data, national surveys would be improved by its inclusion.  

5.2 Introduction 

Stunting in children remains an urgent public health problem in low- and middle-income 

countries (LMIC). Research suggests that  stunting is consistently associated with poorer 

cognitive function, schooling outcomes and reduced earning potential (1–3). However, 

stunting is a multifaceted problem associated with a variety of factors including chronic 

malnutrition, infectious diseases in early childhood and adverse birth and pregnancy 

outcomes like low birthweight and intrauterine growth restriction (3–6).  

In many LMIC, there is an obesity epidemic occurring alongside high rates of stunting. This 

is primarily driven by fundamental changes in the food system including the ease and 

availability of cheap processed foods, reduced physical activity and the high cost of healthy 

varied diets (7,8).  Childhood stunting and adult overweight and obesity often occur in the 

same household, the so called double burden of malnutrition (DBM) (3,7,9–11)(12).  

In recent years, food security measurement has shifted away from the measurement of 

anthropometry to self-reported experiential measures. These measures, focused on individual 

perceptions of hunger and anxiety around access to food (13,14), are premised on the concept 

that hunger and food insecurity are universal experiences that exist along a spectrum of 

severity (15).  However, such measures do not capture the nutritional quality of food 

consumed.  One indicator that has potential as an effective proxy for malnutrition are dietary 

diversity indicators. These have been found to be an effective proxy for overall dietary 

quality in some studies and are often associated with child anthropometry outcomes (16,17).   

A systematic review of household food insecurity and dietary diversity in relation to stunting 

in Sub-Saharan Africa (SSA) noted that two thirds of the included studies found that 

household food insecurity and low dietary diversity were linked to stunting (6). Another 
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systematic review that examined dietary diversity and undernutrition across 32 demographic 

and health surveys in SSA  found that children with adequate dietary diversity had a 12% 

lower likelihood of being stunted than those with inadequate dietary diversity (18).  A study 

from Nigeria found that children’s age, maternal age, and food expenditure were among the 

significant determinants of children’s dietary diversity (19). Although the prevalence of food 

insecurity, low dietary diversity and stunting are subject to geographical variations, the 

linkages between them are often observed across regions. These findings suggest that both 

food insecurity and low dietary diversity are common in Sub-Saharan Africa and have 

adverse implications for growth and development, particularly among young children. 

In South Africa, an estimated 27% of children under five years are stunted as a result of 

chronic malnutrition and a generally deficient growth environment (2,3).  The prevalence of 

stunting has remained virtually unchanged in the past two decades, despite a decrease in 

reported hunger in national statistics and one of the largest social protection systems in the 

world  (2,3,20,21). National surveys in South Africa currently rely primarily on experiential 

measures of food security that measure hunger, skipping meals and running out of money to 

purchase food (the most severe forms of food insecurity). However,  such measures may miss 

households that don’t necessarily experience hunger but where child growth is faltering due 

to poor quality diets 

The findings from two recent national surveys suggest that food insecurity remains a serious 

problem in South Africa.  Results from the 2017 general household survey (GHS) noted that 

about 13.4 million households had inadequate or severely inadequate access to food and 

about 1,6 million households experienced hunger (22). The NIDS coronavirus rapid mobile 

survey found that a lack of money to buy food remained high in 2020, due to the protracted 

nature of the Covid 19 pandemic and the subsequent economic and social impact (23,24).   

In this paper we estimate the prevalence of malnutrition among children, adolescents and 

adults and describe the proportion of double burden of malnutrition (DBM) households. 

Then, we examine whether different food security indicators are associated with adult BMI 

categories (normal weight, underweight, overweight or obese) and child height (normal 

height or stunted/severely stunted) and child BMI (normal weight, wasted/severely wasted 

and overweight/obese) and whether dietary diversity is an effective proxy for nutritional 

status. 
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5.3 Methods 

5.3.1 Primary study  

The National Income Dynamics Study 

The South African National Income Dynamics Study (SA-NIDS) is a nationally 

representative panel survey of over 28000 individuals in 7300 households across South 

Africa.  A stratified, two-stage cluster sample design was used in sampling the households to 

be included in the first wave (2008). In the first stage, 400 primary sampling units (PSUs) 

were selected from Stats SA’s 2003 master sample of 3000 PSUs. This master sample was 

the sample used by Stats SA for its Labour Force Surveys and General Household Surveys 

between 2004 and 2007. The surveys were conducted on non-overlapping samples drawn 

within each PSU to ensure that households did not have to participate in both surveys (25).  

NIDS is a government funded survey to track inequality over time and examines several 

exposures (e.g. social capital, labour market participation, household composition and 

structure) in relation to poverty and inequality. Data on health outcomes, fertility and 

mortality were also collected. The survey is conducted by the Southern Africa Labour and 

Development Research Unit based at the University of Cape Town. Food security indicators 

were dropped in subsequent waves of the NIDS study and in this paper, we therefore use data 

from the baseline wave, conducted in 2008Food Security Indicators 

Household hunger 

Data on adult and child hunger were collected separately using the following question: In the 

past year did an adult/child go hungry? never, seldom, sometimes, often, always. These are 

questions from the Household Food Insecurity Access Scale (HFIAS). We created a binary 

hunger indicator for adult and child hunger with households that reported never or seldom 

experiencing hunger scoring a 0 and households that reported sometimes, often or always 

experiencing hunger scoring a 1, using the same methodology as Statistics South Africa (26). 

Food Sufficiency 

Respondents were also asked a question about household food consumption in relation to the 

household’s needs in the past 12 months.  Respondents reported if food consumption was less 

than adequate, just adequate or more than adequate for household needs. The data was 
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converted into a binary indicator, with households who reported more than adequate or just 

adequate scored a 0 and households that reported less than adequate scored a 1. 

Dietary diversity  

We calculated household dietary diversity score (HDDS) from the NIDS data using the Food 

and Agriculture Organization (FAO) guidelines (27). The HDDS is comprised of 32 

individual food types and 12 different food groups with a minimum score of 1 and a 

maximum score of 12. The twelve food groups are; (i) cereals and grain produces (ii) starchy 

roots and tubers (iii) Legumes (iv) vegetables (v) Fruits and nuts (vi) Sugars (vii) Meat and 

poultry (viii) Eggs (ix) Fish and shellfish (x) Milk and dairy products (xi) Oils and fats (xii) 

Miscellaneous (including beverages). Dietary diversity scores (DDS) was summed up by 

counting each of the 12-food groups, and classified as low (≤4), medium (5–8) and high (9–

12) with high dietary diversity being the reference standard. There is no gold standard for 

dietary diversity cut-offs and we used these cut-offs based on a recent study that examined 

stunting and dietary diversity in South Africa (28).  We also included dietary diversity as a 

continuous variable (ascending order from 1-12).  

Food expenditure 

Food expenditure was calculated by dividing the amount spent on food each month by total 

household expenditure. A cut-off of total monthly expenditure above 60% was used to define 

a household as food insecure, as recommended by the FAO (29,30).   

There were a total of  7 271 households in wave 1. Information on household food security 

indicators was relatively complete in this Wave with dietary diversity scores for 7 263 

households (99%) food expenditure information for 100% of the household sample, data on 

adult hunger was 7 271 100(%) of the sample. Data on childhood hunger was available for 

5 361 households (73.7% of the sample) but it is important to bear in mind that not all 

households had children present. As such, we do not feel that the level of missingness of the 

various food security indicators would have substantially altered our results. 

5.3.2 Child and adult anthropometry 

Child anthropometry for children up to the age of 5 years was classified according to the 

WHO child growth standards, weight for age, weight for height, BMI for age, and height-for-

age (HAZ) scores. A HAZ score of -2SD of the mean is classified as stunted and a HAZ 
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score of -3SD is classified as severely stunted. Child wasting and overweight/obesity was 

also classified according to the WHO growth standards with BMI for age below -2SD 

classified as wasted and BMI above 2SD classified as overweight (31). For children older 

than 5 years the WHO growth standards for school aged children and adolescents were used 

as a reference in the calculation of z-scores for height for age, BMI for age and weight for 

age (32). Due to the low proportion of children who were severely stunted, we grouped 

stunted and severely stunted children together in the regression model. We also grouped 

wasted and severely wasted children together, and overweight and obese children together for 

the multinomial model.  Child anthropometry data were calculated by the NIDS team (25). 

Children were grouped according to the following age categories: <5 years, 5-9 years and 10-

17 years.  Children were aged between 0 and 17 at the time of data collection with a mean 

age of 9.5 years.  People aged 18 and older were classified as adults and their BMI 

measurements were categorized according to the WHO growth standards and considered 

underweight (BMI<18.5), normal weight, (BMI 18.5-24.9) overweight (BMI 25-29.9) and 

obese (BMI >29.9) with normal weight used as the reference standard (33).   

5.4 Data Analysis 

Logistic and multinomial regression models were used to examine child stunting and BMI 

status   in relation to food indicators. The explanatory variables were dietary diversity both as 

a continuous score and as a categorical indicator, food expenditure greater than 60% of total 

monthly expenditure, child hunger in the past year and household food sufficiency in the past 

year.   For the stunting model, the response variable was children’s stunting status (normal 

height or stunted/severely stunted). For children’s BMI the response variables were normal 

weight, wasted or overweight. We examined each explanatory variable individually for both 

the stunting and BMI models (Table 4 & 5). Analyses were clustered at the household level 

on the assumption that children in the same household had similar access to food. 

Multinomial regression models were used to examine adult BMI (underweight, normal 

weight, overweight and obese) in relation to food indicators. The explanatory variables for 

both models were identical to the child variables except for hunger. The adult model used 

adult hunger as an explanatory variable in place of child hunger.  For adult BMI, the response 

variable was adult BMI status (underweight, normal weight, overweight or obese). These 

results are presented in Table 6.  
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There were a total of  7 271 households in wave 1. Information on household food security 

indicators was relatively complete in this Wave with dietary diversity scores for 7 263 

households (99%) food expenditure information for 100% of the household sample, data on 

adult hunger was 7 271 100(%) of the sample. Data on childhood hunger was available for 

5 361 households (73.7% of the sample) but it is important to bear in mind that not all 

households had children present. As such, we do not feel that the level of missingness of the 

various food security indicators would have substantially altered our results.     

Food indicators and outcome categories were generated from datasets with imputation values 

created by the NIDS data team (18). All analyses were conducted using Stata 15.1 (Stata 

Corporation, College Station, TX). 

5.5 Results 

Insufficient food over the past 12 months was the most frequently reported food insecurity 

indicator (38.1%) followed by medium household dietary diversity scores (30.7 %). Low 

dietary diversity scores were the least common indicator (4.1%) followed by child hunger in 

the past 12 months (14.9%) (see Table 5-1) 

Table 5-1: Prevalence of household food insecurity by each item 

Indicator (n households) 
 

Percentage who reported food insecurity  
 % (n) (95% CI) 

High dietary diversity (9-12) 65.2 (4 724)    (64-66%) 
Medium dietary diversity (5-8)  30.7 (2 219)    (30-32%) 
Low dietary diversity (1-4)  4.1   (297)      (3-4%) 
Food expenditure   17.3 (7 291)   (16-18%) 
Adult hunger   23    (7 266)   (22-24%) 
Child hunger   14.5 (5 359)   (13%-15%) 
Food Insufficiency   38.1 (7 291)   (37-39%) 

Height for age scores were available for 8 777 children across 3 831 household clusters as 

shown in Table 5.2.  Children of normal height (n=7 139) were the reference category. A 

total of 18.66% of children (n=1 638) were classified as stunted as seen in Table 5-2.  

Children aged less than 5 years had the highest proportion of stunting (28.2%) followed by 

adolescents (17.9%). Children in the 5–9-year age category had the lowest prevalence of 

stunting (13.5%).   

Table 5-2: Prevalence of childhood stunting by age category 
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Category  >5 years 5-9 yrs 10-17 yrs Total 
% (n) % (n) % (n) % (n) 

Normal height  
(HAZ³-2SD) 

73.8 (1 526) 86.5  (2 156) 82.1  (3 457) 81.3 (7 139) 

Stunted/severely stunted 
(HAZ<-2SD) 

28.2 (543) 13.5    (338) 17.9  (757) 18.7 (1 638) 

Total 100  (2 069) 100   (2 494) 100    (4 214) 100  (8 777) 

BMI scores were available for 7 385 children across 3 559 household clusters as shown in 

Table 5.3. Children of normal weight (n=6 118) were the reference category. A total of 6.8% 

of children were classified as wasted or severely wasted (n=500) and 10.4% of children were 

classified as overweight or obese (n=767). The prevalence of wasting was highest among 

adolescents (7.7%) while the prevalence of overweight and obesity was highest among 

children aged less than 5 years (17.5%) (see Table 5-3) 

Table 5-3: Prevalence of childhood wasting and overweight by age category 

Category  <5 years 5-9 yrs 10-17 yrs Total) 
% (n) % (n) % (n) % (n) 

Normal weight 
(BMI ³-1) 

77.2 (1 373) 85.7  (1 756) 84 (2 989) 82.8 (6 118) 

Wasted/severely wasted 
(BMI <-2) 

5.3   (95) 6.5    (133) 7.7 (272) 6.8    (500) 

Overweight/obese 
(BMI ³2) 

17.5 (311) 7.8    (160) 8.3 (296) 10.4 (767) 

Total 100  (1 779) 100   (2 049) 100 (3 557) 100  (7 385) 

Anthropometry measures were available for 8 777 children and adolescents aged 0-17 across 

3 831 household clusters. There were a total of 1 638 stunted or severely stunted children.  

Children of normal height (n=7 608) were the reference category. For the full sample, each 

unit increase of dietary diversity offered a protective effect against stunting and reduced the 

risk by 5%  and children and adolescents in the medium dietary diversity were  significantly 

more likely to be stunted than children with high dietary diversity (OR 1.35). When we 

stratified the children by age group, medium dietary diversity was significantly associated 

with stunting for children aged <5 years and adolescents. Low dietary diversity scores were 

not associated with stunting among any of the age groups but the prevalence of low dietary 

diversity was only 3.9% in this sample which likely contributed to the null finding.  Medium 

dietary diversity and food expenditure >60% of monthly expenditure were associated with 

stunting among the adolescent group. None of the experiential indicators (child hunger and 

household food insufficiency) were associated with stunting for any age group in the sample 

(see   
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Table.5-4).   
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Table.5-4: Logistic regression model of food security in relation to childhood stunting 

Indicators Odds ratio of being stunted (p value)  
Bivariate regressions 

 <5 years  
n=2069 

5-9 years 
n=2494 

10-17 years 
n=4214 

Full sample 
n=8777 

Dietary diversity (continuous) 0.97 (0.195) 0.96 (0.153) 0.91 (P<0.000) 0.94 (P<0.000) 
Medium dietary diversity (5-8) 1.27 (0.028) 1.12 (0.386) 1.53 (P<0.000) 1.35 P<0.000) 
Low dietary diversity 1-4 0.86 (0.628) 0.87 (0.667) 1.88 (0.002) 1.29 (0.115) 
Food expenditure (>0.6) 1.26 (0.056) 1.09 (0.576) 1.24 (P<0.000) 1.24 (P<0.000) 
Child hunger 0.97 (0.774) 0.99 (0.926) 0.97 (0.713) 0.97 (0.642) 
Food insufficiency 1.08 (0.453) 0.89 (0.380) 1.14 (0.100) 1.07 (0.276) 

BMI scores were available for 7 385 children across 3 559 household clusters. Children of 

normal weight (n=6 118) were the reference category. Medium dietary diversity and child 

hunger was associated with wasting in children <5 as shown in Table 5-5. 

Child hunger represents the most severe form of food insecurity and households that reported 

children going hungry in the past year likely represent the most poor and deprived 

households. Each unit increase of dietary diversity decreased the risk of wasting in 

adolescents. Child hunger and food insufficiency decreased the risk of obesity among 

children in the 5–9-year age group and adolescents.  

Table 5-5:  Multinomial regression model of food security in relation to childhood wasting and 
overweight 

Indicators  
 Relative risk ratio of being wasted or severely wasted (n =500) 
 <5 years  

n=1 779 
5-9 years 
n=2 049 

10-19 years 
N=3 557 

*Full sample 
n= 7 385 

Dietary diversity (continuous) 0.93 (0.145) 0.96 (0.387) 0.93 (0.017) 0.94 (0.008) 
Medium dietary diversity (5-8) 1.76 (0.014) 0.88 (0.541) 1.23 (0.160) 1.22 (0.086) 
Low dietary diversity (1-4) 2.28 (0.071) 1.05 (0.802) 1.37 (0.389) 1.88 (0.011) 
Food expenditure>0.6 1.51 (0.087) 0.81 (0.387) 0.81 (0.244) 0.92 (0.594) 

Child hunger 2.0 (0.003) 1.11 (0.651) 0.97 (0.842) 1.17 (0.216) 
Food insufficiency 1.0 (0.984) 1.16 (0.444) 0.95 (0.690) 1.01 (0.945) 
 Relative risk ratio of being overweight or obese (n =767) 
Dietary diversity (continuous) 0.98 (0.496) 1.06 (0.147) 1.05 (0.088) 1.03 (0.143) 
Medium dietary diversity (5-8) 0.96 (0.782) 0.83(0.329) 0.87 (0.330) 0.89 (0.183) 
Low dietary diversity (1-4) 1.35 (0.352) 0.84 (0.335) 0.93 (0.841) 1.04 (0.883) 
Food expenditure>0.6 1.21 (0.189) 0.89 (0.607) 0.75 (0.098) 0.98 (0.841) 
Child hunger 0.87 (0.392) 0.50 (0.005) 0.56 (0.002) 0.66 (P<0.000) 
Food insufficiency 0.92 (0.541) 0.63 (0.011) 0.62 (0.001) 0.74 (P<0.000) 
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Anthropometry measurements were available for 12 199 adults aged 18 and above across 

6 483 household clusters. The prevalence of underweight, overweight and obesity was 7.6%, 

23.4% and 26.3% (respectively) (see Table 5-6).   

Adult hunger and household food insufficiency were the indicators most strongly associated 

with an increased risk of underweight (RR 1.25 & 1.34).  Other food security indicators 

followed a similar pattern with an increased risk for underweight among adults and a 

decreased risk for overweight and obesity.  However, each unit increase of dietary diversity 

increased the risk of overweight and obesity, but a reduction in dietary diversity was not 

associated with being underweight. 

Table 5-6: Multinomial regression model of food security in relation to adult anthropometry  

Indicators Relative risk ratios (95% CI) 
Bivariate regressions  

p value 

Relative risk ratio of being underweight (n=927) 

Dietary diversity (continuous) 0.98 (0.96-1.01) 0.214 

Medium dietary diversity (5-8) 1.09  0.321 

Low dietary diversity (1-4) 0.94 (0.89-1.17) 0.730 

Food expenditure>0.6 0.99 (0.85-1.19) 0.942 

Adult hunger 1.25 (1.10-1.45) 0.007 

Food insufficiency 1.34 (1.10-1.43) P<0.000 

Relative risk ratio of being overweight (n=2 857) 

Dietary diversity (continuous) 1.05 (1.03-1.07) P<0.000 

Medium dietary diversity (5-8) 0.86  0.003 

Low dietary diversity (1-4) 0.70 (0.76-0.92) 0.004 

Food expenditure>0.6 0.90 (0.81-1.01) 0.087 

Adult hunger 0.67 (0.61-0.75) P<0.000 

Food insufficiency 0.81 (0.74-0.90) P<0.000 

Relative risk ratio of being obese (n=3 219) 

Dietary diversity (continuous) 1.11 (1.07-1.14) P<0.000 

Medium dietary diversity (5-8) 0.69 P<0.000 

Low dietary diversity (1-4) 0.57 (0.52-0.65) P<0.000 

Food expenditure>0.6 0.81 (0.71-0.91) 0.001 

Adult hunger 0.71 (0.64-0.78) P<0.000 

Food insufficiency 0.90 (0.80-0.96) 0.022 
The reference category was adults of normal weight N=5 229 
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There was a total of 3720 households that had anthropometry measurements for both adults 

and children in the household and 850 (22.8%) of these households included stunted children 

as well as obese adults (Table 5-7). The DBM describes the coexistence of overnutrition 

(overweight and obesity) with undernutrition (stunting). In this sample, among households 

with stunted children, 70.2% of stunted children lived with overweight or obese adults. For 

ease of interpretation, we have grouped overweight and obese adults together as well as 

stunted and severely stunted children.  

When examining the double burden of malnutrition, households with one or more stunted 

child and one or more overweight or obese adults were classified as double burden 

households while households with stunted children and normal weight adults were classified 

as single burden households. 

Table 5-7: Prevalence of the double burden of malnutrition by household 

Category Normal/underweight 
BMI 

Overweight/Obese 
adult 

Total  

 % (n)   
Normal height child/ren  24% (602) 76% (1 908)  100 (2 510) 
Stunted or severely stunted 
child/ren  29.8% (360) 70.2% (850)  100 (1 210) 

Total   25.9% (962)  74.1 (2 758)  100 (3 720) 

5.6 Discussion 

Our results show that 18.43% of children are stunted, and that the double burden of 

malnutrition is evident in our sample with over 70% of stunted children living in the same 

household as an overweight or obese adult.  Among children aged <5 years, children with 

medium dietary diversity are significantly more likely to be stunted than children with high 

dietary diversity. Among adolescents, medium dietary diversity, low dietary diversity and  

food expenditure are associated with stunting. Child hunger in the household and medium 

dietary diversity are significantly associated with wasting among children aged <5 years.  

We did not find any of the food security indicators to be associated with stunting in children 

aged 5-9 years. There are several potential reasons for this. Children aged 5-9 had the lowest 

prevalence of stunting (13.5%) across age groups, with 28.2% of children <5yrs and 18.6% 

of adolescents classified as stunted. The primary drivers of stunting among <5yrs may be 

different (ie. diarrhea and other infectious diseases or babies born small for gestational age) 

to those among older children. Moreover, stunting is a cumulative process and the 

consequence of chronic malnutrition and a deficient growth environment over time (3), hence 
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the greater prevalence among adolescents. Thus, stunting in adolescence is a continuation 

from stunting in early childhood for most stunted adolescents. Adolescence is a critical 

period of development as 15-20% of total height is achieved during this phase. This may 

present the final opportunity to increase adult height but there is a lack of high-quality 

longitudinal evidence on whether catch up growth during adolescence is even possible (34).  

A South African cohort study found that found that less than 2% of children experienced late 

incident stunting between the  ages of 2 and 5 (35). In other words, most of the linear growth 

deficit had already occurred by the age of 2 years. In addition, only a quarter of children who 

were stunted at age 2 experienced enough catch up growth to no longer be stunted by age 5 

(35).   Interventions to increase dietary diversity among vulnerable groups can still improve 

nutritional outcomes and wellbeing but this may not necessarily translate into a meaningful 

reduction in stunting (36).  

Neither hunger nor food insufficiency were associated with stunting for any age group, 

highlighting the limitations of experiential indicators in relation to stunting.  The South 

African General Household Survey (GHS) uses the Household Food Insecurity Access Scale 

( HFIAS), an experiential scale which classifies households into three separate categories of 

severity (food secure, moderately food insecure or severely food insecure) for monitoring 

food security at a population level (37,38). The HFIAS was originally developed for food 

security surveys in the US population, where child stunting is very low and not considered a 

public health problem, unlike South Africa. Furthermore, responses to experiential scales like 

the HFIAS may vary dependent upon cultural and social contexts and this limits comparison 

of food insecurity prevalence across countries  (16,39).  However, there is substantial 

evidence for the protective effect of household dietary diversity against childhood stunting  

and this has been observed in numerous studies from LMIC (6,17,40,41). We found that 

medium dietary diversity was moderately associated with stunting among children <5 years 

and strongly associated with stunting among adolescents (OR 1.27 and 1.53).  This suggests  

that children in the low to medium dietary diversity  category are more likely to be 

malnourished and dietary diversity is an effective proxy for malnutrition.  

While we did find that high proportion of food expenditure was associated with stunting 

among adolescents and reduced the risk of obesity among adults, expenditure data has several 

limitations as an indicator. These include that it is challenging to collect, and may be subject 

to recall bias and lacks generalizability across different regions and currency systems (16).  
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However, food expenditure is associated with both children’s linear growth and dietary 

diversity in a number of studies (19,42).  Furthermore, such data are routinely included in 

national surveys in many LMIC and so the association between longitudinal household food 

expenditure patterns, dietary diversity and children’s linear growth could be the subject of 

more detailed research.  

Although South Africa does not have public policies designed specifically to address 

childhood stunting, South Africa has an extensive Child Support Grant (CSG) program with 

over 12 million monthly disbursements to the caregivers of children aged 18 and under.  The 

CSG is an unconditional cash transfer of R 400 (25 USD) per month to the primary caregiver.  

The CSG is intended to purchase food, school supplies and other essentials for low-income 

children.  However, the CSG has not been effective in reducing the burden of stunting in 

South Africa. One potential reason for this is that the funds are insufficient to purchase even a 

basic food basket or that the funds are not used to purchase food (43,44).  However, some 

studies have found that when coupled with maternal education (grade 8 or higher) the CSG 

has a small but significant impact on increasing children’s HAZ scores (45). These findings 

suggest that the CSG may be more effective over time if maternal education level improve. A 

study from Mexico also found that maternal education mitigated the effects of child stunting 

and maternal overweight in a rural area (46).  

However, the existing evidence suggests that even if they do experience catch up growth, 

children who were stunted at age two years perform almost as poorly in cognitive tests as 

children who remained stunted (35).  This suggests that the first two years of life are critical 

for both linear growth and cognitive development and reinforces the need for interventions 

that can mitigate stunting in the first 1000 days of life (35).  Thus, improvements in 

household dietary diversity may mitigate stunting during this critical period of development. 

However, dietary diversity needs to be consistently measured at the population level if 

policymakers are to identify vulnerable groups and develop effective interventions. 

The double burden of malnutrition (DBM) is particularly common in LMIC countries like 

South Africa that have undergone a nutrition transition characterized by rapid changes in the 

food system and the availability of cheap and highly processed foods (7,47).  Of the stunted 

children in this study, over 70% lived in households with overweight or obese adults  (Table 

7). Many stunted children may not experience hunger but will still be malnourished by a 

nutrient poor diet that consists primarily of starchy staples. This ‘hidden hunger’ may also 
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extend to many of their overweight or obese parents. The double burden of malnutrition is 

also visible among stunted children who are also overweight or obese. Although this study 

found that low dietary diversity was associated with stunting, we also found an inverse 

relationship with adult BMI whereby increased dietary diversity was associated with being 

overweight or obese.  However, increased dietary diversity did not increase the risk of 

overweight/obesity among children or adolescents. As the direction of the associations go in 

opposite directions for stunting and obesity, further research is also needed to elucidate the 

relationship between dietary diversity and anthropometry across the full income range. 

A longitudinal analysis of NIDS data that examined  changes in BMI found that higher 

household income per capita was associated with a higher rate of change in weight gain (48). 

Thus, an improvement in living standards and economic progress is also a driver of the 

obesity epidemic in South Africa.  Cultural preferences around different body types, 

sedentary lifestyles as well as a lack of knowledge and education around healthy foods and 

nutrition also play a role (49–52).  However, the inclusion of three energy dense categories in 

the measure of dietary diversity as well as the 30 day recall period may also have contributed 

to this finding.  Discerning to what extent rising obesity rates are driven by higher income 

and broader choices of food, or food insecurity coping strategies such as increased 

consumption of cheap processed foods requires rigorous longitudinal research (7,47).  

Limitations  

While dietary diversity is a good proxy for dietary quality and micronutrient adequacy, it also 

has limitations, as most dietary diversity measures do not include a separate category for 

processed foods, an important risk factor for overweight and  obesity (16,53,54).  In addition, 

dietary diversity does not capture the quantities of the diverse foods consumed and there is a 

lack of formal cut-offs or theory that links a number of food groups consumed to nutrient 

adequacy or overall sufficient quantity of food (13). Currently, there is no gold standard 

dietary diversity measure and the most widely used scales  vary  from between 7 and 15 food 

different food groups (16). The dietary diversity measure in this study had a 30 day recall 

period which may have falsely inflated the household scores. In addition, the measure also 

included sweets and syrups, oils and fats and beverages. These are energy dense but nutrient 

poor foods.  
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5.7 Conclusion  

Stunting is a cumulative process and interventions to mitigate stunting at the beginning of the 

life course may be most effective for long term growth and developmental outcomes.  

Accurate monitoring of food and nutritional security at a population level is essential if 

LMIC hope to improve nutritional outcomes, particularly among vulnerable children. 

However, measures that are focused on hunger fail to capture important dimensions of 

dietary quality. Given the time and budget constraints of conducting large surveys, household 

dietary diversity data are relatively simple to collect and national surveys would be improved 

by their inclusion in addition to existing measures of food security. 

This chapter has highlighted the importance of dietary diversity as an indicator for overall 

nutritional quality as well as its association with both adult and anthropometry. The 

association between various nutritional indicators and mental health is an emerging research 

interest and in recent years studies that examine mental health and nutrition have proliferated. 

The following chapter utilizes longitudinal data from NIDS and uses a composite measure of 

food insecurity to examine if maternal depression and food insecurity (both separately and in 

combination) are associated with continuous measures of birthweight and linear growth. 
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 MATERNAL DEPRESSION, BIRTHWEIGHT AND LINEAR GROWTH 

6.1 Abstract  

Background 

Literature is inconclusive regarding an association with maternal depression, low birthweight 

(LBW) and stunting in early childhood. While some studies have found an association, others 

have not. Maternal food insecurity is a risk factor for both maternal depression and reduced 

linear growth in early childhood.   

Objectives 

This study examined the relationship between maternal depression, food insecurity, LBW and 

stunting in the first five years of life. The study employed longitudinal data of South African 

women and children from the National Income Dynamics Study (NIDS). 

Methods 

The primary outcomes were a comparison of means for birthweight and height-for-age 

(HAZ) scores. Mothers were classified into four groups (food insecure and depressed, food 

insecure only, depressed only, and neither food insecure nor depressed). During data 

collection, 22% of women were pre-conception and the remaining 78% were pre-pregnancy. 

Generalised Linear Mixed (GLM) Effects models were used to account for women having 

more than one child. GLM with a Gaussian link function was used to compare mean 

differences in birthweight and height-for-age scores. Multiple regression models were used to 

examine factors associated with depression. 

Results 

Food insecurity was significantly associated with depression in the pre-pregnancy and pre-

conception period.  There was no statistically significant difference in birthweight or linear 

growth across groups, but this may be influenced by proximity of depression measurement in 

relation to outcomes. 
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Conclusions 

Food insecurity is a potentially modifiable risk factor for depression and may be a 

confounding factor in studies that have found associations between depression and child 

health outcomes. 

6.2 Background 

There is mixed evidence regarding an association between maternal depression in the pre-

pregnancy and pre-conception periods with both maternal and child health outcomes.  Some 

studies find associations with outcomes that include pregnancy complications and reduced 

birthweight while other studies fail to do so (1–5).  Potential biological causal pathways for 

these associations include the release of stress hormones that may reduce placental blood 

flow and lead to subsequent restricted foetal growth and possible preterm birth (3). 

The evidence on maternal depression and stunting is also mixed with some  studies observing 

an association with maternal depression in the postnatal period and stunting in early 

childhood  while other studies find no association (6–8). A review of the evidence base that 

examined the relationship between maternal depression and stunting in studies from Africa, 

South America and Asia,  suggested a moderate statistically significant relationship between 

maternal depression and linear growth in children (7). Although the causal pathways for this 

relationship remain unclear it has been suggested that depressed mothers are less likely to 

breastfeed and that the children of depressed mothers experience more frequent episodes of 

childhood illnesses that may compromise linear growth (7).  

 Numerous studies have noted an association between food insecurity and maternal 

depression in the pre-conception period  (9–11). Other risk factors for maternal depression 

include intimate partner violence, low educational attainment, and a lack of social support 

(9).  In addition to individual exposures, observational epidemiological studies suggest that 

household level traumatic events could be associated with maternal depression. These include 

food insecurity or the illness of  a household member that can be related to the onset of 

depressive symptoms, suggesting a complex causal pathway (10,12).There has been little 

research that has explored the role of these factors in relation to both maternal depression and 

child health outcomes in LMIC countries.  This study sought to fill a gap in the literature by 

utilizing cohort data of South African women and their offspring to address two aims. These 

are: 1. To examine household stressors and other factors associated with maternal depression 
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in the pre-pregnancy and pre-conception period and 2. To examine the relationship between 

pre-pregnancy and pre-conception maternal depression and food security in relation to 

birthweight and linear growth in early childhood. 

6.3 Methods 

Study Design and Sample 

This study analysed publicly available data from Wave 1 (2008) and Wave 3 (2012) of the 

South African National Income Dynamics Study (SA-NIDS), a nationally representative 

panel survey of households in South Africa (13).  The study used a retrospective cohort 

method and focused on early childhood health outcomes among 1431 children in relation to 

maternal exposures of food insecurity and depression among 1208 women who gave birth 

between Wave 1 and Wave 2 of NIDS (2008-2011).  During data collection in Wave 1, most 

women were pre-pregnancy (78%) and 22% were pre-conception. 

Data collection 

Food insecurity information was only available in Wave 1 of NIDS (2008). Depression data 

and individual maternal characteristics were also collected in Wave 1. Maternal data from 

Wave 1 were matched with child data from Wave 3 (2012).   

Ethics Approval 

The SA-NIDS was approved by the Ethics Committee of the Commerce Faculty, University 

of Cape Town, and the de-identified datasets are publicly available. Ethics approval for this 

secondary analysis, which is part of a doctoral thesis of the first author was obtained from the 

University of the Witwatersrand Research Ethics Committee (protocol number M1909101, 

see Appendix 1).  

The components of the secondary analysis on which this paper is based are described below:  

Inclusion and exclusion criteria 

We limited our analysis to women aged between 15 and 44 as younger adolescents and older 

mothers are both at increased risk of obstetric complications and LBW and may differ 

systematically from the average woman in the pre-conception period (14). We excluded 

women who had recently given birth as the aetiology and consequences of postnatal 
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depression may differ from that in the pre-pregnancy or pre-conception period.  Children 

were aged between one and five years at the time of data collection in Wave 3 with a mean 

age of 30.7 months. 

Measures 

Depression 

Depression was both an outcome and an exposure in this study. Maternal depressive 

symptoms were measured using the CES-D scale. This 10-item Likert scale questionnaire 

measures depressive symptoms in the past week (13). The instrument includes three items on 

depressed affect, five items on somatic symptoms, and two on positive affect. Total scores 

can range from 0 to 30 with increased scores indicative of more severe symptoms. A recent 

validation study recommended a cut-off between 11 and 13 for a  South African population 

depending on the language of the CES-D translation used in the survey (Afrikaans, Zulu or 

Xhosa) (15). This study sample consisted of predominantly Zulu and Xhosa speakers and we 

therefore used a cut-off of 12 to define maternal depression. 

Food Insecurity  

The severity of food insecurity was described using a continuous score between 0 and 6, 

utilizing a methodology of multidimensional poverty measurement.  This adapted composite 

measure of food insecurity includes three separate domains (anxiety about food supply, food 

quality and food utilization). Individual indicators include adult and child hunger, household 

food sufficiency, dietary diversity, proportion of household expenditure on food and maternal 

underweight BMI (16). Each indicator is assigned a value of 0 or 1, with the final score being 

a minimum of 0 (food secure) and a maximum of 6 (severely food insecure).  The final score 

was examined as a continuous and binary (domain insecure) variable.  

Maternal and household characteristics associated with depression 

The NIDS questionnaire includes self-reported household stressors such as a household 

member becoming ill, crop failure or a social grant ending in the past 24 months and the 

authors examined these as well as maternal socio-demographic characteristics for 

associations with depression.  Demographic characteristics include maternal age categories 

pre-defined by the NIDS investigators, years of education, employment status, marital status, 

having ever given birth before and social grant status.  
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Outcomes 

The primary outcomes are a comparison of means of infant birthweight in grams and a 

comparison of means of childhood height-for-age scores (HAZ) in the first five years of life.  

Children’s Z scores were calculated using the WHO child growth standards (17) .   

Data Analysis  

Descriptive Analysis 

Generalized Linear Mixed (GLM) effects models were used to account for clustering due to 

multiple births or mothers who gave birth more than once during the reference period. 

Generalized Linear Mixed effects model with a logit link function was used to explore food 

security indicators, household stressors and maternal characteristics associated with 

depression.  Significant variables were included in the final multivariate regression model. To 

avoid collinearity in the final model, the authors included only the composite food security 

score and excluded individual indicators. 

In the second part of analyses that focused on child health outcomes, children were classified 

according to the following four maternal categories: mother depressed only, mother food 

insecure only, mother both food insecure and depressed, and mother neither depressed nor 

food insecure (reference category) in Wave 1. Generalized Linear  Mixed Effects Model with 

a Gaussian link function was used to compare differences in mean birthweight and height-

for-age scores among children. Analyses were conducted using post stratification weights to 

adjust for the panel design of the study.  
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Figure 6.1: Consort Diagram of Study Participants 

Wave 1 (2008)   Reference period    Wave 3 (2012) 
   
     Child data for 1 431 children matched by maternal data by PID 

 

  
1, 208 women 
 
(22% pregnant) 
(78% preconception) 

Birthweight data 
available for 
1 211 children  

• 248 women gave 
birth twice 
during reference 
period 

• 12 women gave 
birth three times 
during reference 
period 

Height for age 
data available for 
1, 431 children 2008: 428 births 

2009: 361 births 
2010: 377 births 
2011: 334 births 

Total: 1 500 births 
 

Maternal data collected 

Child data 
collected 
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6.4 Results 

Table 6.1 and Table 6.2 present results of bivariate and multivariate characteristics associated 

with depression. We matched data from 1208 mothers with 1431 children. Birthweight data 

were available for 1211 children and height-for-age scores were available for 1254 children. 

Depression data as well as food security scores were available for the full sample of women 

in the study.  There were a total of 1500 births during the reference period. Height for age 

scores were available for 1 431 children  (95% of the total sample) and birthweight was 

available for 1 211 children (81% of the total sample). The large percentage of children 

missing birthweight data (almost 20%) may have caused an under or overestimation of the 

true prevalence of low birthweight in the sample.  However, the prevalence of low 

birthweight in the study was 14.67% which is closely aligned with other large cohorts that 

have examined birthweight in South Africa. 

Table 6-3 presents the mean birthweight in grams and Table 6-4 presents height-for-age 

scores with maternal depression and food insecurity as exposures. For both birthweight and 

height-for-age scores, the reference category (neither food insecure or depressed) had the 

most children followed by children of mothers who were food insecure only and then 

children whose mothers were depressed only. The smallest group was comprised of children 

whose mothers were both food insecure and depressed. 

Table 6-1: Logistic regression model of food security indicators and maternal characteristics associated 
with depression during the pre-pregnancy and pre-conception period 

Household Characteristics associated with depression Unadjusted OR (95% Confidence Intervals) p value 

Food security score (N=1208) 1.25 (1.13 – 1.37)   P<0.001 

Hungry child in household (N=1115) 1.70 (1.20 – 2.40) 0.003 

Hungry adult in household (N=1204) 1.62 (1.18 – 2.24) 0.003 

Domain insecure (N=1208) 1.44 (1.05 -1.98) 0.022 

Dietary diversity (continuous) (N=1205) 0.90 (0.85 – 0.96) 0.002 

Maternal Characteristics associated with depression Unadjusted OR (95% Confidence Intervals) p value 

Maternal age 35-39 (N=1205) 1.82 (1.01-3.28) 0.046 

Previously given birth (N=1148) 1.64 (1.19-2.26) 0.003 

Maternal education in years (continuous) (N=1207) 0.91 (0.86 – 0.96) P<0.001 

The results of initial bivariate logistic regression analyses find that most of the food 

insecurity indicators as well as the composite score were significantly associated with 
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maternal depression. The food security indicators most strongly associated with depression 

were self-reported adult and child hunger in the household in the past 12 months.  The 

maternal characteristics most strongly associated with depression were maternal age between 

35 and 39 and having previously given birth. Increased years of maternal education had a 

protective effect. The household stressors were significant in unadjusted analyses but lost 

significance when the panel design of the study was adjusted for.   

Table 6-2: Multivariable model of factors associated with depression during the pre-pregnancy and pre-
conception period 

Depression (N=223) 18.46% prevalence Adjusted Coefficient (95% Confidence Intervals) p value 

Composite food security score 1.28 (1.14-1.45) P<0.001 

Maternal education 0.90 (0.84-0.97) 0.008 

In the final multivariable model, the food insecurity score and years of maternal education 

were the only factors significantly associated with depression, with each additional year of 

education reducing the risk of depression.  

Table 6-3  Mean birthweight by exposures to maternal depression and food insecurity 

Maternal Status  Mean Birthweight (grams), 
(95% CI) 

Coefficient and SE  p-value 

Depressed only (N=147) 3051g., (2962-3141) -7.33 (52.71)  0.889 

Domain Food insecure only (N=259) 3045 g., (2945-3146) 22.69 (38.75) 0.558 

Food insecure and depressed (N=69) 3117 g., (3002-3233) 83.76 (71.35) 0.240 

Not depressed or food insecure (N=736) 3115 g., (3045-3182) Reference group  

There was no statistically or clinically significant difference in birthweight between groups. 

Of the four categories, the lowest mean birthweight was found among women who were food 

insecure only, followed by women who were depressed only.  

Table 6-4: Mean and height-for-age scores (HAZ) by exposures to maternal depression and food 
insecurity 

Maternal Status  Mean HAZ, (95% CI) Coefficient and SE p-value 

Depressed only (N=148) -1.03 (-1.52 - -0.64)  0.058 (0.18) 0.747 
Domain Food insecure only N=261 -1.27 (.-1.55- -1.00) 0.032 (0.132) 0.807 
Food insecure and depressed N=76 -1.46 (-2.04- -0.89) -0.138 (0.226) 0.542 

Not depressed or food insecure N=769 -1.03 (-2.04- -0.89) Reference Group  
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The highest mean birthweight was found among women who were both depressed and food 

insecure but this group was very small (5.7% of the total sample). Notably, mean birthweight 

in depressed and/or food insecure groups were all above 3000g, well above the cut-off for 

LBW. 

There was no statistically or clinically significant difference in height-for-age-scores between 

the groups. The lowest height-for-age scores were found among the children of women who 

were both depressed and food insecure, on average, their height differed by 0.43 SD from 

that of children in the reference category. The children in the reference category had the 

highest height-for-age scores.  

6.5 Discussion 

This study has yielded several important findings, both significant and non-significant. 

Significant findings include; prevalence estimates of food insecurity and depression of 27% 

and 18.46% respectively.  Most of the food security indicators were significantly associated 

with an increased risk of depression while each additional year of maternal education offered 

a protective effect as presented in Table 1 and 2. The study found no significant differences 

in birthweight or height-for-age scores across groups in relation to maternal depression. 

These data are presented in in Table 6-3 and Table 6-4. 

The prevalence estimates of food insecurity and depression are not unsurprising when 

compared to previous studies albeit use of different measures. Depression prevalence was 

18.46%, a similar finding to other studies that have examined antenatal depression in South 

African women (2,10). In our final multivariable analysis model, each unit increase of the 

food insecurity score was associated with a 28% increased likelihood of depression.  This 

association has been well described in several studies from LMIC and high-income settings 

and remains across studies despite the use of different measures for both food insecurity and 

depression (10,18,19). Notably, each unit increase of dietary diversity reduced the risk of 

depression by 10% in this sample, highlighting that the causal pathway between food 

insecurity and depression may be twofold.  The stress and anxiety of insufficient food as well 

as the adverse physiological outcomes of a poor-quality diet and insufficient micronutrients 

may both contribute to low mood. In the final model, each additional year of maternal 

education offered a protective effect against depression, an effect that has been observed in 
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studies of the pre-conception and postnatal period and reinforces the value of investing in 

education for girls (20). 

The finding that maternal depression was not associated with a statistically significant 

decrease in birthweight as presented  in Table 3 has been observed in several studies from 

South Africa, Pakistan, the US and Korea  (2,21–23).  However,  some  studies have 

suggested  an association between depression and gestational age, a factor not measured in 

this study (23,24). In contrast to our findings, another study using NIDS data did find an 

association with LBW in mothers who were depressed prior to their pregnancies but some 

differences may be attributable to methodological differences. For example, the study was 

conducted prior to the validation study cited earlier and used a cutoff of 10 to define 

depressive symptoms as well as examining birthweight as a binary outcome (1,15). Two  

studies that found associations with LBW and maternal depression noted that the size of the 

effect varied depending upon the instrument used to measure depression as well as 

geographical location, with women in developing countries at greater risk for LBW and 

preterm birth , a risk factor for LBW (3,25). Notably, the children of women in the food 

insecure group had the lowest mean birthweight but depression did not appear to play an 

additional role. In the case of HAZ scores, the combination of depression and food insecurity 

had the greatest deviations from the norm, partly due to the small sample size of this group. 

The authors of the study examined the outcomes of interest across four different groups and 

dividing the food insecure into two separate categories may have reduced sample size to the 

degree that differences were no longer statistically significant.   

The impact of maternal depression on birthweight and child growth outcomes is complex as 

the severity, time of assessment and length of depressive symptoms must be considered 

through consistent repeated measurement and longitudinal designs. Our study did not include 

repeated assessments of depression and may therefore have missed women with chronic 

depression.  In addition, the use of a cutoff limits information on the severity of depression 

between women. Research in a low income community in South Africa found that depressive 

symptoms in the pre-conception phase subsided during the postpartum phase for over 90% of 

women, suggesting that pre-conception depression tends to be episodic for the majority of 

women (11).  The finding of the CES-D validation study in South Africa that different cut-

offs across language groups maximize sensitivity and specificity highlights the complexity of 
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interpreting depression prevalence estimates in ethnically and culturally diverse populations 

like South Africa (15).  

We found no significant association between maternal depression and linear growth in early 

childhood, as presented in Table 4. This may be partially due to the proximity of depression 

measurement in relation to the outcome as our study did not examine postnatal depression. 

However,  these findings are consistent with  another study that  explored post-partum 

depression at 2 and 18 months in relation to early childhood growth in an informal settlement 

in South Africa and did not find an association (8). In contrast to our findings, some studies 

from South Asia and Africa have found a significant association with early childhood 

stunting and maternal depression (7,26).  The LMIC where associations between maternal 

depression and reduced linear growth have been found include Ethiopia, Pakistan, India and 

Zambia, all countries where food and diet, household food security, socioeconomic status and 

breastfeeding practices may vary considerably from those in South Africa.  Food insecurity in 

particular may be an important confounding factor that can contribute to maternal depression 

as well as birthweight and linear  growth but is not sufficiently explored or adjusted for in 

systematic reviews on stunting or birthweight  (3,7,25).  

In the final model, each additional year of maternal education offered a protective effect 

against depression, an effect that has been observed in studies of the pre-conception and 

postnatal period and reinforces the value of investing in education for girls (20).   The finding 

that parity as well as the presence of a hungry child in the household increases the risk of 

depression among women in the pre-conception period has been observed in two other South 

African studies (11,14).  Initial bivariate analyses noted that women who had previously 

given birth were more likely to be depressed than first time mothers. Thus, the addition of 

more children in the household puts a greater strain on scarce resources and increases the risk 

of household food insecurity and depression among women in LMIC settings.  

6.6 Limitations 

Longitudinal information was not available on food security and the authors assumed that 

food security and/or depression status would continue pre-conception and postnatally for 

some women in the sample. Depression data for most of this sample were collected 

preconception and this may limit inferences about depression and child outcomes. The CES-

D is a general screening tool, not specifically related to pre-conception or postnatal 
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depression and does not constitute a clinical diagnosis of depression. The data does not 

include information on preterm birth, an important risk factor for LBW. 

6.7 Conclusion 

This study highlighted the profound impact of food insecurity on maternal depression but 

found no statistically significant difference in relation to birthweight or linear growth across 

groups. We suggest rigorous longitudinal research to examine both the relationships between 

food insecurity and antenatal depression and to clarify the effect of the latter on child growth. 

Furthermore, intervention research designs should be used to examine the effects of strategies 

that alleviate maternal food insecurity during the pre-conception period such as a proposed 

extension of the child support grant (CSG) into pregnancy. Such interventions may reduce 

the incidence of depression and improve maternal mental health outcomes in the South 

African context.   

Using baseline maternal data from the Recession in 2008, the following chapter examines 

categorical measures of birthweight (the primary outcome) and stunting and severe stunting 

(the secondary outcome) in relation to individual food security indicators as well as other 

maternal and demographic characteristics associated with low birthweight and stunting in the 

literature.  
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 HOUSEHOLD FOOD INSECURITY & BIRTH AND GROWTH OUTCOMES  

7.1 Abstract 

Background 

Low birthweight (LBW) as well as early childhood stunting are risk factors for increased 

childhood morbidity in low-and middle-income countries (LMIC).  The Covid 19 pandemic 

has exacerbated food insecurity and unemployment globally, prompting concerns for 

maternal and child health.  

Objectives 

We used data from the great recession of 2008 to examine the relationship between 

household food security and other risk factors with LBW and stunting using a longitudinal 

sample of South African women and their offspring. 

Methods 

Food security indicators, alcohol use, blood pressure and other characteristics were examined 

in relation to LBW (≤2500g), stunting (height for age £2SD) and severe stunting (height for 

age £3SD). Regression modelling with clustering at maternal ID level were employed to 

adjust for maternal characteristics and women who gave birth more than once during the 

reference period. 

Results  

Birthweight data were available for 1 173 children and height for age 1 216 children. The 

prevalence of LBW was 14.7 % while stunting and severe stunting was 17.8% and 14.5%. 

Child hunger in the household, maternal hypertension and alcohol use were associated with 

low birthweight.  Food expenditure below the Stats SA poverty line and low dietary diversity 

was associated with stunting and severe stunting respectively. Maternal height and low 

birthweight were associated with both stunting and severe stunting. 
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Conclusion 

Interventions that can improve periconceptional and antenatal food security and nutritional 

status may reduce the prevalence of low birthweight and subsequent stunting in low- and 

middle-income countries. Further research is needed to elucidate these relationships. 

Significance  

What is already known on this subject? 

Household food insecurity is associated with stunting in cross-sectional studies but less is 

known about the impact of periconceptional and antenatal food insecurity in relation to low 

birthweight. 

What this study adds? 

Utilizing longitudinal data, this study found that women who reported a child in the 

household going hungry were significantly more likely to deliver a low birthweight infant. 

Low food expenditure and low dietary diversity in the periconceptional period were also 

associated with stunting and severe stunting among children five years later. Interventions to 

improve periconceptional food security may reduce LBW and subsequent stunting. 

Key words: dietary diversity, food insecurity, linear growth, low birthweight, food 

expenditure, LMIC  

7.2 Introduction 

Pregnancy and the postpartum period are vulnerable times for women in both high and low 

and middle income (LMIC) countries.  In LMIC  many pregnant women live in poverty and 

may experience  a number of stressors including intimate partner violence, economic 

hardship and food insecurity (1,2). The Covid 19 pandemic and the subsequent economic 

fallout has increased rates of food insecurity and unemployment globally but the long-term 

implications for maternal and child health are still unfolding. A recent study of pregnancy 

and birth outcomes in LMIC during the pandemic noted a decrease in antenatal care but no 

increase in low birthweight (3) Data from the recession in 2008 may provide some insights 

into how social and economic shocks impact maternal and child health.  Studies from 



 

 115 

Portugal and Spain both observed a significant increase in low birthweight during the years 

of the recession (4,5). 

In the South African context, studies of two longitudinal cohorts have observed associations 

with LBW in mothers who smoke or drink alcohol as well as those with overweight or obese 

BMI (6,7). A study among pregnant women in an urban area of South Africa found no 

association with household food insecurity and low birthweight while another birth cohort 

study in South Africa found that food insecurity was associated with lower infant gestational 

age  (8,9). In South Africa and other countries undergoing a nutrition transition, the 

association between food insecurity and birth outcomes is further complicated by high levels 

of maternal overweight and obesity, a separate risk factor for pregnancy and birth 

complications.  

These findings, albeit inconsistent, suggest that preconception and antenatal food insecurity 

may be related to adverse child health outcomes. A review of the literature suggests that there 

are few longitudinal data on preconception food insecurity and low birthweight in South 

Africa.  This study examined the relationship between maternal demographic and antenatal 

characteristics including household food insecurity indicators during the periconceptional and 

antenatal period with birthweight and stunting in the first five years of life using data from a 

longitudinal population-based survey. 

7.3 Methods 

The South African National Income Dynamics Study (SA-NIDS) is a nationally 

representative government funded panel survey of over 28000 individuals in 7300 households 

across South Africa. The study aims to track post-apartheid inequality and poverty over time. 

NIDS utilized a stratified two-stage cluster sample design to randomly select 400 of Statistics 

South Africa's 3000 primary sampling units (PSUs) for inclusion in the surveys (10).  The 

components of the secondary analysis on which this paper is based are described below:  

Sample  

The current paper utilized data from Wave 1 and 3 of NIDS. Maternal data was collected in 

wave 1 (2008). The data from women who became pregnant between Wave 1 and 2 of the 

study were linked with the data of their children from Wave 3 conducted in 2012. Brief 

intervals between pregnancies and delivery are a risk factor for low birthweight so we chose 
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to include women who gave birth more than once during the reference period (11,12).  We 

linked data of 1208 women with 1 391 children born between 2008 and 2011.   During data 

collection, most women (78%) were periconceptional while 21% were in the antenatal stage. 

The mean time to birth from data collection in 2008 was 21 months. 

Inclusion and exclusion criteria 

We limited our analysis to singleton births of women between 15 and 44 because younger 

adolescents and older mothers are both at increased risk of obstetric complications and LBW 

(13). Data on children were limited to those born between 2008 and 2011 to ensure proximity 

to the time of exposure.  We excluded children who had already been born at the time of data 

collection in Wave 1 (2008) and multiple births.  At the time of data collection in Wave 3, 

children were aged between 4 months and 55 months with a mean age of 30 months.  

Ethical Statement 

The SA-NIDS was approved by the Ethics Committee of the Commerce Faculty, University 

of Cape Town, and the de-identified datasets are publicly available. Ethics approval for this 

secondary analysis was obtained from the University of the Witwatersrand Research Ethics 

Committee protocol number M1909101 (See Appendix 1).  

Measures 

Food Insecurity  

The definition of food security is evolving over time and the past two decades have seen a 

shift from indicators like anthropometry to more  subjective measures of food security such 

as hunger (14).  Although this study did not include a validated measure of food security, it 

did examine several household level indicators that literature suggests exist on a spectrum of 

food security. We will hereinafter refer to these as food security indicators for brevity.  The 

five indicators are: adult and child hunger in the household, household food sufficiency, 

dietary diversity and monthly per capita food expenditure below the Stats SA food poverty 

line of R274. In 2021, this inflation adjusted amount was equivalent to R 624 or roughly 43.3 

USD. 
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Hunger and nutrition indicators 

Adult and child hunger 

Questions on household hunger were asked separately for adults and children. In the past 12 

month did an adult/child in the household go hungry? Responses were never, seldom, 

sometimes, often or always. 

Household food sufficiency 

In the past 12 months please describe the household food consumption in relation to 

household’s needs. It was less than adequate, it was just adequate, it was more than adequate. 

Dietary diversity  

A household dietary diversity score (HDDS) based on 30-day recall was calculated using the 

Food and Agriculture Organization (FAO) guidelines (15). The HDDS is comprised of 32 

individual food types and 12 different food groups. We examined dietary diversity as both a 

continuous variable and binary variable. 

Food Expenditure 

Per capita food expenditure was calculated by dividing total household monthly food 

expenditure by the number of household members. Income and expenditure data were 

imputed by the NIDS team. We used the Statistics South Africa food poverty line cut off of R 

274 per capita for 2008 (equivalent to 42.16 USD using Stats SA most recent food poverty 

line for 2021).  

Covariates for the birthweight model 

In addition to the primary exposures of food security indicators, we included maternal 

demographic factors associated with LBW in the literature. These included maternal age 

categories, parity, maternal height, BMI categories, years of education, alcohol and tobacco 

use, depression status, employment and blood pressure (12). At the household level we 

included geotype.  
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Alcohol use 

Respondents were asked how often they consumed alcohol.  Due to the low number of 

responses among women who reported drinking alcohol in any quantity, we created a binary 

indicator by combining women who reported that they never drank or no longer drink into a 

single category that we classified as not consuming alcohol. Women who reported drinking 

in any quantity were classified as consuming alcohol, regardless of their pregnancy status.  

Tobacco use 

Respondents were asked if they smoked cigarettes and we used this binary indicator to 

classify women as smokers or non-smokers, regardless of their pregnancy status.  

Depression 

Depressive symptoms were measured using the CES-D (Center for Epidemiologic Studies 

Depression Scale). We used a cut-off of 12 to define depression in this sample (16).  

Employment 

Women were categorized as employed or unemployed.  Women who were classified as not 

economically active or seeking employment were also classified as unemployed. 

Education 

Maternal education was examined as a continuous variable with each unit representing one 

year of education. Maternal education in this sample ranged between 9 and 18 years with a 

mean of 9.86 years.  

Covariates for the stunting model 

In addition to the food security indicators we examined maternal height, years of education, 

low birthweight, household size, geotype, child’s age in months, child’s sex and whether 

child received a child support grant (CSG). This is a government funded monthly 

disbursement of R 480 ZAR (equivalent to 28.8 USD in 2022) to the primary caregivers of 

children and is intended to purchase food, school supplies and other essentials. 
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Primary Outcomes 

The primary outcome is a binary measure of LBW (£2500g). We included births that were 

recorded as 2500 grams because although birthweight data are normally distributed, heaping 

birthweight measurement at 2500 grams is common practice in the public sector in LMIC to 

avoid the need for further interventions among LBW infants. In addition, this rounding of 

birthweight data also occurs due to digit bias for numbers that end in 0 or 5 (13,17).  The 

secondary outcome is childhood stunting (height for age ≤2SD) and severe stunting (height 

for age ≤3SD) in the first five years of  life calculated using the WHO child growth standards 

(18).   

Statistical Analyses 

Several steps were undertaken to complete the analyses. These accounted for both individual 

and household level data. Logistic regression modelling was used to examine relationship 

between low birthweight or stunting and maternal risk actors.  

The standard errors in the logistic regression models were estimated using the clustered 

robust method to account for the clustering due to multiple births.  Initial bivariate analyses 

were conducted to explore covariates associated with LBW, stunting and severe stunting. All 

variables in the bivariate analyses were added to the model and the variables that were no 

longer significant were removed from the final model. Time to birth from the time of data 

collection was adjusted for in the final birthweight model. We conducted separate analyses 

among women who gave birth more than once during the reference period to examine if 

pregnancy spacing was associated with low birthweight but we found no relationship and all 

women were thus included in the final model.  

We used logistic regression for the final LBW model and multivariable regression for the 

final stunting model  in children aged 4-55 months. All analyses were conducted using Stata 

Version 15).  

7.4 Results 

Sample characteristics 

We linked the data from 1208 mothers with the data from their children (N= 1 391) who were 

born between Wave 1 and 2 (2008-2011). Of this sample, 84.5% (1173) children had 
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birthweight data, 87.4% (1216) had height for age data and 86.1% (1 198) had weight for 

height data (see Figure 7.1). Both birthweight and weight for height scores were available for 

71.7% (998) children. Maternal characteristics are presented in Table 7-1. 

Wave 1 (2008)   Reference period    Wave 3 (2012) 

     Child data for 1 391 children linked by maternal data by PID 

Figure 7.1:  Participant flowchart 

Most women in the sample were of Black African ethnicity and resided in urban areas. The 

multiple social and economic vulnerabilities of our sample are visible in the high proportion 

of adolescents (30%) and unemployment (73.5%) among these women. In addition, most 

respondents were unmarried (74.1%) and did not live with a partner. Almost half of 

respondents were overweight or obese (BMI>= 25) (47.4%) and 59.5% had previously given 

birth.  

  

Birthweight data 
available for 
1 173 children  

• 177 women gave 
birth twice 
during reference 
period 

• 6 women gave 
birth three times 
during reference 
period 

Height for age 
data available for 
1, 216 children 

Multiple births 
excluded n=19 
Women aged<15 
excluded n=5 

Weight for height 
data available for 
1 198 children 

2008: 273 births 
2009: 388 births 
2010: 387 births 
2011: 343 births 

Total: 1 391 births 
 

1, 232 pregnant or 
preconception women 

Maternal data collected 
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Table 7-1: Maternal and child socio-demographic characteristics of the sample with birthweight data  

Maternal Variable (Wave 1) Categories Overall % (n) 

Race* (N=1016) Black  82.2 (835) 

 Mixed Race 15.3 (156) 

 Indian and White 1.5 (25) 

Age Intervals (N=1016) 15-19 30 (302) 

 20-29 46.2 (470) 

 30-39 22.2 ( 225) 

 40+ 1.7 (17) 

Geotype (N=1016) Traditional* 42.3 (430) 

 Urban 49.7 (505) 

 Farm 8 (81) 

Employment Status (N=948) Unemployed/not economically active  73.5 (697) 

 Employed 26.5 (251) 

Marital Status (N=962) Married/living with partner 24.6 (236) 

 Divorced or widowed  1.2 (13) 

 Never married 74.1 (713) 

Maternal BMI (N=1016) Underweight (BMI<18.5) 9.5 (96) 

 Normal (BMI 18.5-24.9) 43.2 (439) 

 Overweight (BMI 25-29.9) 27.1 (275) 

 Obese (BMI >30) 20.3 (206) 

Ever given birth (N=965) Yes 59.5 (574) 

 No 40.5 (391) 

Depressed (N=1 016) Yes 16.1 (164) 

 No 83.9 (852) 

Child Variable (Wave 3)   

Gender (N=1173) Male 47.3 (618) 

 Female 52.7 (618) 

Child grant recipient (N=1213) Yes 77.3 (907) 

 No 22.7 (266) 

* We use these categories developed by the South African Apartheid System. Our intention is not to reinforce the 
differences between races but rather awareness that there are disparities in health reflected by race.  Traditional geotype 
denotes communally-owned land under the jurisdiction of traditional leaders. Settlements within these areas are villages.  

Table 7-2 presents the various food security indicators for households with birthweight data. 

Among these, the most reported food security indicator was per capita food expenditure 
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below the Stats SA poverty with 81.2% of households falling into this category. Mean food 

expenditure was R215 per capita, considerably below the poverty line.  

Table 7-2:  Food security indicators for the sample with birthweight data 

Indicator % (n) 

Child hunger in the past year  

Never 68.7 (745) 

Seldom 8.6 (93) 

Sometimes 18.6 (202) 

Often 3.6 (39) 

Always 0.5 (5) 

Adult hunger in the past year % (n) 

Never 65.6 (767) 

Seldom 8.4 (98) 

Sometimes 21.5 (251) 

Often 4.1 (48) 

Always 0.4 (5) 

Household food adequacy % (n) 

Less than adequate 44 (513) 

It was just adequate 43 (501) 

It was more than adequate 13 (152) 

Food Expenditure % (n) 

Below poverty line 81.2 (953) 

Above poverty line 18.8 (220) 

Dietary diversity Mean, SD 

Continuous score 1-12 9.1 (2.2) 

 % (n) 

Low dietary diversity <9 35.7 (418) 

The next most common indicator was insufficient household food adequacy in the past 12 

months which was reported in 44% of households.  The mean dietary diversity score was 9.1 

with a standard deviation of 2.2 and 35.7% of households had low dietary diversity (a score 

of less than 9). 
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The most severe growth restriction as well as the highest proportion of overweight and 

obesity occurred in the 4–24-month age range and subsequently declined. Among children in 

the 4–24-month category, 15.1% were stunted and 24.7% were severely stunted. More than a 

quarter (26%) of children in this age group were also overweight or obese (see Table 7-3).   

Table 7-3: Child anthropometry by age category 

Birthweight information was available for 1 173 children.  Mean birthweight was 3 102 

grams with a SD of 531 grams.  The prevalence of LBW in the sample was 14.7 % (a total of 

172 babies).   

Variables that remained significant in the final model were households that reported a child 

‘sometimes’ going hungry, Stage 1 maternal blood pressure, and women who reported 

drinking alcohol in any quantity. These findings are presented in Table 7.4 presents the 

anthropometric characteristics of children measured in Wave 3. Height-for-age scores were 

available for 1216 children and weight-for-height scores were available for 1198 children.  

The prevalence of stunting and severe stunting was 17.8% and 14.4% respectively with 216 

children classified as stunted (height for age score <-2 SD) and 176 as severely stunted 

(height for age score <-3 SD). A total of 18.4% of children classified as overweight or obese 

(weight for height Z score>2 SD) while 6% of children were wasted (weight for height Z 

score <-2 SD).   

The most severe growth restriction as well as the highest proportion of overweight and 

obesity occurred in the 4–24-month age range and subsequently declined. Among children in 

the 4–24-month category, 15.1% were stunted and 24.7% were severely stunted. More than a 

quarter (26%) of children in this age group were also overweight or obese.   

Indicator Child age category 
Height for age 4-24 months 

% (n) 
25-48 months 

% (n) 
49-55 months 

% (n) 
Total 
% (n) 

Normal height (HAZ >-2SD) 60.2 (231) 71.6 (537) 68.3 (56) 67.8 (824) 
Stunted  (HAZ<-2SD) 15.1 (58) 19.2 (144) 17.1 (14) 17.8 (216) 
Severely stunted (HAZ<-3SD) 24.7 (95) 9.2 (69) 14.6 (12) 14.4 (176) 
Total 100 (384) 100 (750) 100 (82) 100 ( 1 216) 
Indicator Child age category 
Weight for height 4-24 months 

% (n) 
25-48 months 

% (n) 
49-60 months 

% (n) 
Total 
% (n) 

Normal weight (WAZ >-2) 66.9 (263) 79.5 (582) 83.6 (61) 75.6 (906) 
Wasted or severely wasted 
(WAZ<-2) 

7.1 (28) 5.5 (40) 5.5 (4) 6      (72) 

Overweight or obese 26 (102) 15 (110) 10.9 (8) 18.4 (220) 
Total 100 (393) 100 (732) 100 (73) 100 ( 1 198) 
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Birthweight information was available for 1 173 children.  Mean birthweight was 3 102 

grams with a SD of 531 grams.  The prevalence of LBW in the sample was 14.7 % (a total of 

172 babies).   

Variables that remained significant in the final model were households that reported a child 

‘sometimes’ going hungry, Stage 1 maternal blood pressure, and women who reported 

drinking alcohol in any quantity. These findings are presented in Table 7-4. 

Table 7-4: Unadjusted and adjusted measures of the effect of maternal characteristics on low birthweight 
logistic regression model  

Bivariate regression model % (n) Unadjusted OR, Confidence Intervals  p value 

Overweight BMI 27.1 (275) 0.52 (0.29-0.90) 0.021 

Stage 1 maternal blood pressure 18.1 (252) 1.60 (1.06-2.40) 0.025 

Child hunger in household 18.8 (243) 1.59 (1.06-2.38) 0.029 

Adult hunger in household 21.5 (251) 1.29 (0.87-1.91) 0.199 

Household food less than adequate 44 (513) 1.50 (0.85-2.65) 0.162 

Smokes tobacco 7.6 (84) 1.76 (1.03-2.98) 0.042 

Drinks alcohol 10.8 (143) 1.57 (0.96 – 2.56) 0.070 

Rural Geotype 42.3 (430) 1.00 (0.71-1.41) 0.995 

Maternal height NA 0.99 (0.97-1.01) 0.295 

Parity NA 
 

0.98 (0.86-1.10) 0.687 

Multiple regression model  Adjusted OR, Confidence Intervals  p value 

Drinks alcohol 10.8 (143) 1.78 (1.08-2.94) 0.023 

Stage 1 maternal blood pressure 18.1 (252) 1.61 (1.02-2.51) 0.038 

Child hunger in household 18.8 (243) 1.53 (1.01-2.35) 0.049 

Bivariate analyses  

In bivariate analyses, food expenditure below the poverty line doubled the risk of stunting 

(RRR= 1.97) while low dietary diversity increased the risk of severe stunting (RRR 1.87). 

Male children were more likely to be severely stunted than female children although there 

were no gender differences among stunted children. Somewhat surprisingly, child hunger in 

the household was not associated with stunting. Low birthweight was associated with 

stunting but not severe stunting.  
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Children who received a child support grant were significantly more likely to be stunted than 

children who received no grant. This suggests that the children in this sample who do receive 

a grant are more disadvantaged and experience a generally deficient growth environment (see 

Table 7-5).  

Table 7-5: Unadjusted bivariate analyses of the effect of independent variables on stunting and severe 
stunting in children aged 4–55 months with relative risk ratios  

Stunting (ZHFA<-2SD) Unadjusted relative risk ratio, Confidence Intervals p value 

Food Poverty Line (R274) 1.97 (1.24-3.11) 0.004 

Dietary Diversity score (continuous) 0.97 (0.91-1.04) 0.362 

Low Dietary Diversity (score<9) 1.07 (0.77-1.47) 0.647 

Child hunger in household 1.09 (0.73-1.62) 0.814 

Maternal height in cm 0.94 (0.92-0.96) 0.000 

Maternal education 0.97 (0.92-1.02) 0.277 

Male child 1.21 (0.90-1.62) 0.217 

Receives child grant 1.67 (1.11-2.50) 0.013 

Low birthweight (≤2500g) 1.85 (1.21-2.84) 0.005 

Childs age in months 0.94 (0.92-0.96) 0.000 

Maternal education 0.97 (0.92-1.02) 0.277 

Household size 1.02 (0.97-1.06) 0.469 

Severe Stunting (ZHFA<-3SD) Unadjusted relative risk ratio, Confidence Intervals  p value 

Food poverty line (R274) 1.73 (1.06-2.81) 0.028 

Dietary Diversity score (continuous) 0.90 (0.84-0.97) 0.003 

Low Dietary Diversity (score<9) 1.87 (1.30-2.55) P<0.000 

Child hunger in household 1.19 (0.76-1.85) 0.445 

Maternal height in cm 0.96 (0.93-0.99) 0.009 

Maternal education 0.93 (0.87-0.98) 0.013 

Male child 1.54 (1.11-2.12) 0.009 

Receives child grant 1.13 (0.76-1.68) 0.534 

Low birthweight (≤2500g) 1.52 (0.94-2.44) 0.085 

Childs age in months 0.97 (0.96-0.98) 0.000 

Maternal education 0.93 (0.87-0.98) 0.013 

Household size 1.00 (0.96-1.06) 0.862 

Variables associated with stunting and severe stunting were combined in a final multivariable 

regression model.  In the final model, maternal height and low birthweight were the only 
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variables associated with both stunting and severe stunting with increased maternal height 

offering a protective effect.  

Table 7-6: Multivariable models of adjusted measures of the effect of independent variables on stunting 
and severe stunting in children aged 4–55 months with relative risk ratios  

Stunting  (ZHFA<-2SD) Adjusted relative risk ratio, Confidence Intervals 
Multinomial regression model 

p value 

Low dietary diversity 0.74 (0.50-1.11)  0.145 

Food poverty line (R274) 2.31 (1.27-4.22) 0.006 

Low birthweight (≤2500g) 1.71 (1.05-2.78) 0.030 

Maternal height 0.95 (0.92-0.97) P<0.000 

Childs age in months 1.00 (0.99-1.02) 0.762 

Male child 1.17 (0.81-1.68) 0.398 

Severe Stunting (ZHFA<-3SD) Adjusted relative risk ratio, Confidence Intervals 
Multinomial regression model 

p value 

Low dietary diversity 1.57 (1.05 -2.34)  0.027 

Food poverty line (R274) 1.21 (0.69-2.12) 0.498 

Low birthweight (≤2500g) 1.76 (1.06-2.93) 0.028 

Maternal height 0.96 (0.94-0.99) 0.008 

Childs age in months 0.97 (0.96-0.99) 0.002 

Male child 1.57 (1.08-2.29) 0.018 

   

The food security indicators that remained significant in the final model were household food 

expenditure below the poverty line which increased the risk of stunting and low household 

dietary diversity which increased the risk of severe stunting.  Boys were more likely to be 

severely stunted than girls and the risk of severe stunting decreased with each month of 

children’s age (see Table 7-6).  

7.5 Discussion 

This study has revealed important findings about household food insecurity during the 

preconception and antenatal periods and its association with child health outcomes in the first 

five years of life. We found that women who reported a child in the household sometimes 

going hungry were significantly more likely to give birth to a low birthweight infant during 

the reference period.  Furthermore, LBW was a significant risk factor for stunting as children 

aged. These findings highlight the importance of adequate maternal nutrition during the first 

1000 days to mitigate the prevalence of low birthweight and subsequent stunting in LMIC. 
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The prevalence of LBW in the sample was 14.7 % and is closely aligned with recent cohort 

studies of birthweight in South Africa (6,7). We found that child hunger in the household was 

significantly associated with low birthweight but adult hunger was not. Food insecurity is a 

managed process and longitudinal data suggests that adults will often forego meals 

themselves to shield their children from hunger (19). Thus, women that reported children 

going hungry may represent the most disadvantaged and nutritionally deprived households. 

We also found that the prevalence of low birthweight in this sample was highest during the 

recession in 2008 (16.4%) and subsequently declined each year to 12.9% by 2011. These 

differences were not statistically significant, but this may be due to the relatively low sample 

size. Given that an increase in low birthweight was observed in high income countries it 

seems plausible that South Africa would also have experienced an increase in LBW as a 

result of the recession  (4,5).  

Although maternal alcohol use was not significantly associated with LBW in bivariate 

analysis (P 0.07), once it was added to the final model and we adjusted for the time lag 

between data collection and birth, women who reported drinking alcohol in any quantity were 

significantly more likely to deliver a low birthweight infant. In this study, 10.8% of women 

reported drinking alcohol, a result that is comparable to a cohort study in the Western Cape 

that observed antenatal alcohol use among 18% of women (6).  Although our study included 

both periconceptional and pregnant women, South Africa has one of the highest rates of Fetal 

Alcohol Syndrome (FAS) globally which suggests that alcohol use continues into the 

antenatal period for some women.  Food insecurity may also increase the risk of drinking 

among women who face multiple social and economic adversities. A study among urban 

mothers in South Africa found that food insecurity was strongly associated with postnatal 

depression as well as hazardous drinking. These findings reinforce the importance of food 

security for psychological well-being as well being a potential risk factor for hazardous 

drinking, thereby compounding the risk of low birthweight  (20).  

Our final model also found that maternal hypertension was significantly associated with 

LBW, an association that has been observed in a systematic review  (21). Hypertension has 

been linked to food security, obesity and increased BMI as well as poor quality diets, higher 

salt intake and chronic stress (22).  Thus, hypertension may lie on the causal pathway 

between food insecurity and low birthweight.   
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Our study found a similar stunting prevalence to other South African cohorts that examined 

linear growth in children age 24-60 months and noted prevalence estimates between 26% and 

34%  (6,23). The link between LBW and stunting has been well described in previous 

literature with an analysis of cohort data from LMIC estimating 2.5-3.5 higher odds of 

stunting among LBW infants (24). In our final multivariable stunting model we found that 

LBW increased the risk of stunting (RRR 1.71) and severe stunting (RRR 1.76).  These 

findings suggest that some aspects of childhood undernutrition and subsequent linear growth 

have origins in the foetal period and highlight the importance of maternal nutrition both 

preconceptionally and antenatally  (13,24). Increased maternal height also offered a 

protective effect against stunting and severe stunting in the final model. This is well 

documented as stunting is a recurrent process and mothers who were themselves stunted are 

more likely to have stunted offspring (25). 

Food expenditure below the poverty line was associated with stunting in the final mode. Such 

data are a useful proxy for food security although these results are less precise than some 

other measures of food insecurity (14).  In the final model, low dietary diversity was 

associated with severe stunting. This has emerged as a risk factor for stunting in studies from 

LMIC is often associated with child anthropometry across geographical regions (26).  

Somewhat surprisingly, child and adult hunger were not associated with stunting in this 

sample. This is of as interest as most large surveys currently employ access and hunger-based 

measures to measure food security at the national scale.  

Although food security is not static and subject to change, the use of longitudinal data is one 

of the strengths of this study and these findings indicate that chronic household food 

insecurity during the periconceptional and antenatal period likely extends into the early years 

of childhood and is associated with both low birthweight and restricted linear growth. These 

findings are reinforced by a study in Bangladesh with a five year recall period which found 

that household food security tended to be relatively stable and preconception food insecurity 

continued into the antenatal period (27). Maternal malnutrition (both underweight and 

obesity) is associated with adverse child growth outcomes including low birthweight, 

macrosomia, foetal growth as well as child HAZ at two years of age (28,29).   

We also found that the prevalence of severe stunting decreased as children grew older, this is 

not surprising as previous studies suggest that stunting tends to peak around 24 months and 

subsequently decrease (Prendergast & Humphrey, 2014). In addition, boys were more likely 
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to be severely stunted than girls. This finding has been observed in a a systematic review of 

sex related differences in undernutrition (33).  The reasons for this may be both social as well 

as biological. Girls may spend more time at home and have more regular access to food than 

boys and boys may be weaned earlier than girls (33). Biologically, boy infants are also more 

susceptible to infections and birth complications in early childhood which can predispose 

them to stunting as they age (34).  

The emphasis on child growth and development in the first thousand days  is based not only 

on the magnitude of growth restriction that occurs in this time period but on the adverse 

consequences throughout the life course including reduced cognitive function and an 

increased risk of chronic disease in adulthood (25). In this sample, 25% of children aged 24 

months and under were severely stunted and many will never reach their full growth potential 

as a result.  Thus, interventions that improve periconceptional maternal nutritional status are 

particularly important in settings where stunting is prevalent  (35). 

7.6 Limitations 

Data on gestational age were not available and preterm birth (a leading cause of LBW) could 

not be included in our analyses (13,24). In the absence of a validated measure for food 

insecurity this study examined the relationship between various food security indicators and 

child health outcomes. These indicators were collected at the household level and the 

questionnaire was answered by oldest woman in the household. This is standard for 

household level surveys and given that data was not collected at the individual level we don’t 

feel that this would have introduced substantial bias.  

7.7 Conclusion 

Reducing the high prevalence of stunting in South Africa and other LMIC is an enormous 

challenge given the multiple social and biological determinants of linear growth restriction.  

However, interventions that can improve household food insecurity and maternal nutritional 

status in the periconceptional period may reduce the prevalence of low birthweight and 

subsequent stunting (35,36).  Improving maternal nutritional status in the first 1000 days is an 

important first step to mitigate the intergenerational transfer of poor health and 

developmental outcomes.   
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Given the adverse consequences of household food insecurity for maternal and child health 

alike, the following chapter focused on maternal depression and food insecurity in relation to 

Covid-19. This study used data from Momconnect, a government database of pregnant 

women and new mothers across South Africa. Data were collected in June and July of 2020, 

shortly after the hard lockdown was implemented.  This study also includes a qualitative 

component where women were asked to share their main worries at the time of data 

collection. 

7.8 References 
1.  Fisher J, de Mello MC, Patel V, Rahman A, Tran T, Holton S, et al. Prevalence and determinants of 

common perinatal mental disorders in women in low-and lower-middle-income countries: A systematic 
review. Bull World Health Organ. 2012;90(2):139–49.  

2.  van Heyningen T, Myer L, Onah M, Tomlinson M, Field S, Honikman S, et al. Antenatal depression 
and adversity in urban South Africa. J Affect Disord [Internet]. 2016;203:121–9. Available from: 
http://dx.doi.org/10.1016/j.jad.2016.05.052 

3.  Naqvi S, Naqvi F, Saleem S, Thorsten VR, Figueroa L, Mazariegos M, et al. Health care in pregnancy 
during the COVID- - 19 pandemic and pregnancy outcomes in six low- - and- - income countries : 
Evidence from a prospective , observational registry of the Global Network for Women ’ s and Children 
’ s Health. 2022;2019(March):1298–307.  

4.  Kana MA, Correia S, Peleteiro B, Severo M, Barros H. Impact of the global fi nancial crisis on low 
birth weight in Portugal : a time-trend analysis. 2017;(October 2008):1–11.  

5.  Teran JM, Varea C, Juarez S, Bernis C, Bogin B. Social disparities in low birth weight among Spanish 
mothers during the economic crisis (2007-2015). Nutr Hosp. 2018;129–41.  

6.  Budree S, Stein DJ, Brittain K, Goddard E, Koen N, Barnett W, et al. Maternal and infant factors had a 
significant impact on birthweight and longitudinal growth in a South African birth cohort. Acta Paediatr 
Int J Paediatr. 2017;106(11):1793–801.  

7.  Jeena PM, Asharam K, Mitku AA, Naidoo P, Naidoo RN. Maternal demographic and antenatal factors, 
low birth weight and preterm birth: findings from the mother and child in the environment (MACE) 
birth cohort, Durban, South Africa. BMC Pregnancy Childbirth. 2020;20(1):1–11.  

8.  Madlala S. The dietary diversity, household food security status and presence of depression in relation 
to pregnancy pattern of weight gain and infant birth weight. University of KwaZulu-Natal; 2017.  

9.  Zar HJ, Pellowski JA, Cohen S, Barnett W, Vanker A, Koen N, et al. Maternal health and birth 
outcomes in a South African birth cohort study. PLoS One. 2019;14(11):e0222399.  

10.  Leibbrandt M, Woolard I, De Villiers L. Methodology : Report on NIDS Wave 1. 2009.  

11.  Bauserman M, Nowak K, Nolen TL, Patterson J, Lokangaka A, Tshefu A, et al. The relationship 
between birth intervals and adverse maternal and neonatal outcomes in six low and lower-middle 
income countries. Reprod Health [Internet]. 2020;17(Suppl 2):1–10. Available from: 
http://dx.doi.org/10.1186/s12978-020-01008-4 

12.  Blencowe H, Krasevec J, de Onis M, Black RE, An X, Stevens GA, et al. National, regional, and 
worldwide estimates of low birthweight in 2015, with trends from 2000: a systematic analysis. Lancet 
Glob Heal. 2019;7(7):e849–60.  

13.  Blencowe H, Krasevec J, de Onis M, Black RE, An X, Stevens GA, et al. National, regional, and 
worldwide estimates of low birthweight in 2015, with trends from 2000: a systematic analysis. Lancet 
Glob Heal [Internet]. 2019;7(7):e849–60. Available from: http://dx.doi.org/10.1016/S2214-
109X(18)30565-5 



 

 131 

14.  Coates J, Frongillo EA, Rogers BL, Webb P, Wilde PE, Houser R, et al. What Are We Assessing When 
We Measure Food Security? A Compendium and Review of Current Metrics. Adv Nutr [Internet]. 
2013;4(February):481–505. Available from: http://www.elgaronline.com/view/9780857939371.xml 

15.  Gina Kennedy, Terri Ballard MD. Guidelines for measuring household and individual dietary diversity. 
FAO. 2010. 1–60 p.  

16.  Baron EC, Davies T, Lund C. Validation of the 10-item Centre for Epidemiological Studies Depression 
Scale (CES-D-10) in Zulu, Xhosa and Afrikaans populations in South Africa. BMC Psychiatry 
[Internet]. 2017;17(1):1–14. Available from: http://dx.doi.org/10.1186/s12888-016-1178-x 

17.  Gladstone ME, Salim N, Ogillo K, Shamba D, Gore-Langton GR, Day LT, et al. Birthweight 
measurement processes and perceived value: qualitative research in one EN-BIRTH study hospital in 
Tanzania. BMC Pregnancy Childbirth [Internet]. 2021;21(Suppl 1):1–11. Available from: 
http://dx.doi.org/10.1186/s12884-020-03356-2 

18.  WHO. WHO Child Growth Standards. Vol. 7, World Health Organization. Geneva; 2008.  

19.  Radimer KL, Olson CM, Greene JC, Campbell CC, Habicht J-P. Understanding hunger and developing 
indicators to assess it in women and children. J Nutr Educ [Internet]. 1992;24(1, Supplement 1):36S-
44S. Available from: https://www.sciencedirect.com/science/article/pii/S0022318212801373 

20.  Dewing S, Tomlinson M, Le Roux IM, Chopra M, Tsai AC. Food insecurity and its association with 
co-occurring postnatal depression, hazardous drinking, and suicidality among women in peri-urban 
South Africa. J Affect Disord [Internet]. 2013;150(2):460–5. Available from: 
http://dx.doi.org/10.1016/j.jad.2013.04.040 

21.  Getaneh T, Negesse A, Dessie G, Desta M. The impact of pregnancy induced hypertension on low birth 
weight in Ethiopia: systematic review and meta-analysis. Ital J Pediatr. 2020;46(1):1–11.  

22.  Cois A, Ehrlich R. Analysing the socioeconomic determinants of hypertension in South Africa: A 
structural equation modelling approach. BMC Public Health. 2014;14(1).  

23.  Casale D, Espi G, Norris SA. Estimating the pathways through which maternal education affects 
stunting: Evidence from an urban cohort in South Africa. Public Health Nutr. 2018;21(10):1810–8.  

24.  Christian P, Lee SE, Angel MD, Adair LS, Arifeen SE, Ashorn P, et al. Risk of childhood 
undernutrition related to small-for-gestational age and preterm birth in low- and middle-income 
countries. Int J Epidemiol. 2013;42(5):1340–55.  

25.  de Onis M, Branca F. Childhood stunting: A global perspective. Matern Child Nutr. 2016;12:12–26.  

26.  Headey D, Ecker O. Rethinking the measurement of food security: From first principles to best 
practice. Food Secur. 2013;5(3):327–43.  

27.  Chowdhury M, Dibley MJ, Alam A, Huda TM, Raynes-Greenow C. Household Food Security and 
Birth Size of Infants: Analysis of the Bangladesh Demographic and Health Survey 2011. Curr Dev Nutr 
[Internet]. 2018;2(3):1–8. Available from: 
https://academic.oup.com/cdn/article/doi/10.1093/cdn/nzy003/4851100 

28.  Young MF, Nguyen PH, Casanova IG, Addo OY, Tran LM, Nguyen S, et al. Role of maternal 
preconception nutrition on offspring growth and risk of stunting across the first 1000 days in Vietnam : 
A prospective cohort study. 2018;1–13.  

29.  Melchor I, Burgos J, Campo A, Aiartzaguena A, Gutiérrez J, Melchor JC. Effect of maternal obesity on 
pregnancy outcomes in women delivering singleton babies : a historical cohort study. 2019;47(6):625–
30.  

30.  Black RE, Allen LH, Bhutta ZA, Caulfield LE, de Onis M, Ezzati M, et al. Maternal and child 
undernutrition: global and regional exposures and health consequences. Lancet. 2008;371(9608):243–
60.  

31.  Casale D, Desmond C, Richter LM. Catch-up growth in height and cognitive function: Why definitions 
matter. Econ Hum Biol. 2020;37.  

32.  Prendergast AJ, Humphrey JH. The stunting syndrome in developing countries. Paediatr Int Child 
Health. 2014;34(4):250–65.  



 

 132 

33.  Thurstans S, Opondo C, Seal A, Wells J, Khara T, Dolan C, et al. Boys are more likely to be 
undernourished than girls: A systematic review and meta-analysis of sex differences in undernutrition. 
BMJ Glob Heal. 2020;5(12):1–17.  

34.  Sawyer CC. Child Mortality Estimation: Estimating Sex Differences in Childhood Mortality since the 
1970s. PLoS Med. 2012;9(8).  

35.  Krebs NF, Hambidge KM, Westcott JL, Garc AL, Figueroa L, Tsefu AK, et al. Growth from Birth 
Through Six Months for Infants of Mothers in the. 2020;  

36.  Lassi ZS, Kedzior SGE, Tariq W, Jadoon Y, Das JK. Effects of Preconception Care and Periconception 
Birth Outcomes in Low- and Middle-Income. Nutrients. 2020;12(606).  



 

 133 

 ”GIVING MY BABY THE LIFE SHE DESERVES AND PROTECTING HER 
FROM COVID-19”: HOUSEHOLD SHOCKS, FOOD INSECURITY AND 
MATERNAL DEPRESSIVE SYMPTOMS AMONGST SOUTH AFRICAN 
MOTHERS  

8.1 Abstract 

Background 

Social and economic shocks expose pregnant women and new mothers to hunger and distress, 

with those residing in low- and middle-income countries being more vulnerable. The recent 

pandemic provided a window to study reactions to a major shock, enabling policy makers and 

health practitioners to understand how such shocks impact maternal mental health, and how to 

mitigate this impact in the future. This study uses data from a mobile survey of mothers and 

pregnant women in South Africa conducted in June and July of 2020. 

Objectives 

This study reports the prevalence of maternal depressive symptoms (as measured by the Patient 

Health Questionnaire-2 (PHQ-2)) and household hunger, and examines maternal 

characteristics associated with depressive symptoms. We study the association between 

district-level COVID-19 prevalence, maternal depression, and household hunger. We asked 

respondents to share their main worry to provide insight into this vulnerable group of women 

at the height of the pandemic. 

Methods 

A short message system (SMS) survey of pregnant women and new mothers was conducted 

via the MomConnect platform, an initiative of the South African Department of Health to 

support maternal health using mobile technology. The survey was conducted in two rounds, in 

June and July 2020. The second round of the survey included an open-ended question about 

respondents’ main worry answered in their own words, which was then categorised 

thematically. 
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Results 

The prevalence of maternal depressive symptoms was 16%. The prevalence of child and adult 

hunger was 10.5% and 15.7% respectively. Both child and adult hunger had a significant and 

positive association with depressive symptoms in mothers. In mixed effects models, the 

district-level prevalence of COVID-19 in the month of the survey had a positive and significant 

association with child and adult hunger, and with depressive symptoms in mothers. The main 

concerns  among surveyed women were hunger, unemployment, and the risk of COVID-19 

infection.  

Conclusion 

Interventions that improve maternal food security may be more effective than those that focus 

strictly on mental health. Pregnant women and new mothers are particularly vulnerable to 

social and economic shocks like the COVID-19 pandemic and should be prioritised for social 

protection programs.  

8.2 Introduction 

Maternal depression during the antenatal and postpartum period is a common psychological 

disorder with negative consequences for mothers and children alike (1–5). Evidence from 

systematic reviews has suggested a higher prevalence of maternal depression among women 

in low- and middle-income countries (LMIC) (6,7). Women in resource-poor settings face 

numerous adversities associated with poverty including food insecurity, low education levels, 

and poor-quality healthcare, all of which may contribute to maternal depression. In the South 

African context, studies among low-income women have noted prevalence estimates of food 

insecurity between 30% and 59% (8–10). Cross-sectional studies have also observed a 

prevalence of maternal depression between 21% and 31%, and noted the consistent association 

between food insecurity and depression (8,9,11).   

Contemporary societies are marked by an ever-increasing range, and frequency of shocks, 

including natural disasters (12), forced migration (13), infectious disease outbreaks (14), and 

conflicts (12). These shocks have well-documented negative impacts upon women, particularly 

women of child-bearing age (15,16). In addition, vulnerable women in LMIC are more likely 

to be exposed to psychosocial stressors such as gender-based violence, addiction, and a lack of 

social support (6,8,9), which can increase mental health problems, and undermine resilience.  
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The recent COVID-19 pandemic is a salient example of a shock which negatively affected 

women and children in a variety of ways, including health and educational outcomes as well 

as social and economic security (17,18). In many LMICs, the pandemic had far-reaching 

consequences for maternal and child health including decreased access to antenatal care and 

basic childhood vaccinations for babies and young children (19,20). A large surge in 

unemployment further reduced access to food and placed additional strain on vulnerable 

mothers (21). Surveys show that women in South Africa were severely affected by the “hard” 

lockdown in April and May of 2020 and the subsequent economic fallout. The National Income 

Dynamic Survey Coronavirus Rapid Mobile Survey (NIDS-CRAM) showed that in June 2020, 

women represented 2 out of every 3 jobs lost during the pandemic but received only one third 

of COVID-19 Social Relief of Distress grants.1 In South Africa, there was considerable concern 

amongst social advocacy organisations, policymakers and researchers to learn more about how 

vulnerable women and children were affected by the pandemic. Such knowledge was vital to 

inform urgently needed pandemic policy responses and to protect vulnerable women against 

future shocks.   

8.3 Methods 

Study design 

The SMS survey invitation was sent to a sample of pregnant women and mothers with babies 

younger than 12 months selected from the MomConnect platform’s database of updated mobile 

numbers. MomConnect is a South African National Department of Health initiative that aims 

to support maternal and child health through mobile technology (22). Earlier research has 

shown that more than half of the women attending public sector antenatal care services were 

registered on the MomConnect platform, and it is the largest database of pregnant women and 

new mothers in the country (22, 23).  To avoid excluding any mothers from MomConnect, the 

Department enabled users to access the service through either WhatsApp or USSD, with the 

latter requiring neither a smartphone nor a positive data balance.  

 
1 This finding was reported on the WITS University website: https://www.wits.ac.za/news/latest-news/opinion/2020/2020-07/covid-19-
women-are-bearing-more-costs-and-receiving-fewer-benefits.html. The article was dated 20 July 2020, titled Covid-19: Women are bearing 
more costs and receiving fewer benefits and authored by Nic Spaull, Daniela Casale and Dorrit Posel. The analysis was based on the NIDS-
CRAM data set. South African government attempted to cushion the shock of the pandemic by providing COVID-19 Social Relief of Distress 
grants to those who did not qualify for other support and intended to cover informal sector workers. The Child Support Grant was increased 
by R300 per grant for May 2020 but R500 per caregiver (irrespective of the number of eligible children) from June to November. All other 
grants, apart from the Child Support Grant, including old-age pensions and disability grants, were increased by R250 per month from May to 
November. 
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From the database of MomConnect users, we drew a random sample of 15 000 women from 

across South Africa who were either pregnant or had given birth in the previous year. The 

sample was stratified according to province, gestational stage or age in months of their baby, 

and their mobile device type. Stratification was used in the survey design to ensure that these 

groups were equally represented in the sample. To avoid misunderstandings, the survey 

questions used colloquial English and avoided ambiguous or technical terms.  

To ensure accessibility we opted to conduct our survey via SMS. On 24 June 2020, 15 000 

women received the first invitation to join the text message survey. They could respond by text 

message with "JOIN" to participate in the survey or "STOP" to opt out, and "MORE" if they 

needed more information. In the invitation, we informed mothers that they would not use their 

own data to participate in the survey and that we would pay them R10 (US 60c) in airtime for 

participating in the survey. The costs of the users was covered via reversed billing. We sent the 

same sample of 3 140 women an invitation to a follow-up survey on 2 July 2020. 

At the time of the first and second rounds of this survey, South African COVID-19 restrictions 

of movement were reduced to “alert level 3,” which meant increased freedom of movement, 

open schools, and resumed economic activity following two months of a "hard" lockdown. 

During the first round of the survey, the country experienced its first steep rise in COVID-19 

cases, and the second round of the survey coincided with the crest of the country’s first wave.  

Survey non-response and follow-up survey attrition  

Assuming a response rate of 20% from the targeted sample of 15 000 women, we aimed to 

achieve a survey sample of 3 000. The MomConnect sample was derived from women who 

used public healthcare, and therefore excluded more affluent women who would typically use 

private healthcare, and have access to more resources. Two-in-three of our respondents 

(67.8%) were living in households that were receiving either a child support grant or an old 

age pension.  

We tracked survey non-response and found that it was largely balanced across provinces, but 

with significantly lower responses in one of the nine provinces (Eastern Cape), one of the 

four stages (babies 0–3 months), and for women who accessed the MomConnect platform 

over WhatsApp rather than USSD. There was no significant difference in the response rates 

of the women based on the socioeconomic quintile of the primary care facility where they 

registered for MomConnect.  
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A sample of 3 140 was achieved for the first round of the survey (21% response rate). 

Responses were accepted from 24–30 June and 2–5 July 2020 for the first and second round 

of the survey respectively.  

Of the 3 140 women who responded to the first survey, 2 287 responded to the follow-up 

survey, with attrition of  27% of the first round respondents. We found no systematic bias in 

the attrition based on province, stage of pregnancy, age of child, reported child or adult 

hunger, or depressive symptoms. We chose to sample from a database that excluded the most 

affluent women; therefore, the sample was not nationally representative and there was no 

rationale for reweighing to increase representativity.2  

Ethics 

We received permission from the National Department of Health to survey their patients and 

ethics approval for this work from the University of Stellenbosch's Research Ethics 

Committee for Social, Behavioural and Education Research (project 14 926 on 15 June 2020) 

as part of the rapid coronavirus research stream. 

Measures 

Depressive symptoms 

The PHQ-2 tool was selected to measure depressive symptoms because of its brevity and 

because it has been validated in South Africa (24). PHQ-2 questions were included in the first 

round of the survey and had to be shortened slightly to comply with the 160-character limit 

for SMSes. We simplified response options to ensure clarity and excluded the top end of the 

scale (experiencing symptoms nearly every day). Respondents were asked two questions 

about negative feelings in the previous week: “In the past seven days have you felt hopeless, 

down or depressed?” and, “In the past seven days have you felt little interest or pleasure in 

doing things?” Respondents rated the regularity with which they had experienced these 

feelings on a three-point scale: “No” (0), “Yes, a few days” (1), or “Yes, most days” (2). 

They were then assigned a score between 0 and 4 (because of the exclusion of the top 

category our scale does not have 5 or 6). As with the PHQ 6-point scale, each increased unit 

indicating increased severity of symptoms. We used this variable both as a count variable and 

 
2 Additionally, we have very little information on the women who did not respond to the survey (i.e. province, gestational 
stage or age in month and type of phone) and the available variables are unlikely to be important predictors of nonresponse.  
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a binary variable (using a cut-off of 3 or more to indicate the likelihood of significant 

depressive symptoms).  

Hunger 

The surveys included questions about adult hunger in the household (first round), child 

hunger in the household (both rounds), and whether the respondents themselves were hungry 

(second round). The survey question enquired whether household members had “gone to bed 

hungry in the past week” (yes or no). A similar question is widely used in household and 

nutrition surveys, but in order to determine how the lockdown was affecting food security, 

the recall period was shortened to seven days.  

Open-ended question about respondents’ main concern 

In the second round of the survey, we asked respondents to share their main worry. This was 

an open-ended question and respondents could respond in their own words, restricted only by 

the character limit for SMSes.  

District-level COVID-19 prevalence 

Using district location information for the district where the respondent registered for 

MomConnect, we included district-level COVID-19 prevalence (cases per 100 000 

population), collated by Media Hack during the pandemic. 

Maternal characteristics associated with depressive symptoms 

Based on evidence from previous studies (6,25), we examined the relationship of depressive 

symptoms with maternal employment status, maternal age categories, grant status, and 

maternal stage (pregnant or postpartum).   

Statistical analyses 

We used univariate and bivariate analysis (logistic regressions), employing a 5% significance 

level as a cut-off for statistical significance. We applied a mixed effects regression model to 

examine associations with district-level COVID-19 prevalence, hunger, and maternal 

depression symptoms with the maternal depressive symptoms, defined as a count variable 

ranging from 0 to 4. All analyses were conducted using Stata 16.0. 
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Results 

The sociodemographic characteristics of respondents are presented in Table 1 below. Among 

survey respondents, 46% used a basic mobile phone while the remaining 54% had access to a 

smartphone. The mean age of respondents was 27 years but over 35% were in their late teens 

and early twenties. Most women (71%) in this sample of respondents were in the postpartum 

phase while the remaining 29% were pregnant. More than two-thirds (77%) of pregnant 

respondents reported that they had neither earned any income nor had any job in June. 

Encouragingly, 70% of respondents with babies said they had applied for a child grant. Of the 

907 who said they had applied for a child support grant, 9 in 10 reported that they had started 

receiving it. 

The sociodemographic characteristics of respondents are presented below in Table 8-1.  

Table 8-1: Sociodemographic characteristics of study participants 

Phone type          N (%) 
Basic mobile phone 1435 (45.7%) 
Smartphone with Whatsapp 1 705 (54.3%) 
Maternal Stage  
Postpartum  2 230 (71%) 
Pregnant    910 (29%) 
Maternal age category  
18-24 yrs 1 120 (35.7%) 
25-30 yrs 1 150 (36.6%) 
31-36 yrs     659 (21%) 
37+yrs     211 (6.7%) 
Maternal educational attainment  
Some secondary school     662 (30.5%) 
Completed secondary school  1 506 (69.5%) 
Mother has applied for child grant (postpartum women only)  
Yes      907 (70%) 
No      388 (30%) 
Any kind of job or earned any income in June 2020  
No        957 (76.9%) 
Yes       287 (23.1%) 

Among survey respondents, 46% used a basic mobile phone while the remaining 54.3% had 

access to a smartphone. The mean age of respondents was 27 years but over 35% were in 

their late teens and early twenties. Most women (71%) in this sample of respondents were in 

the postpartum phase while the remaining 29% were pregnant. Over 75% of respondents 
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reported that they had neither earned any income nor had any job in June, highlighting the 

precarious existence of many women in South Africa who rely heavily on social grants or 

financial support from family. Encouragingly, 70% of respondents with babies said they had 

applied for a child grant. Of the 907 who said they had applied for a child support grant, 

almost 9 in 10 (89.8%) reported that they had started receiving it. 

In this sample, the experience of hunger is associated with maternal depressive symptoms 

both during pregnancy and in the postpartum period. Table 8-2 shows that 16% (95% CI, 

14.6–17.2) of respondents reported an adult in the household going to bed hungry in the 

previous seven days, and 11% (95% CI, 9.4-11.6) reported a child in the household going to 

bed hungry – an indication that in many households, adults may forego meals to shield their 

children from hunger. While there was a large and significant overlap in the probability of 

being hungry in the first survey and the second (Chi-sq Pr = 0.000), we also found a 

significant amount of churning:  in the first round survey, 316 mothers reported that their 

children went to bed hungry in the previous seven days, and of these mothers, 43% again 

reported in the second round of the survey that their children went to bed hungry. 

Table 8-2: Prevalence of hunger in June 2020 

 N Mean 95% CI 
Child in household went to bed hungry in previous week (first round) 2821 11% 9.4–11.6 

Child in household went to bed hungry in previous week (second round) 2187 9% 8.0–10.4 
 

Adult in household went to bed hungry in previous week (first round) 2990 16% 14.6–17.2 
 

Respondent went to bed hungry in previous week (second round) 2237 18% 16.7–19.9 
 

Notes: The sample sizes vary between the initial survey and follow-up survey due to attrition. Sample sizes between 
adult and child hunger in the same wave vary due to households who responded that they had no children living 
in the household. In both surveys a very small proportion of respondents (<1%) refused to answer questions 
regarding child hunger.  

Table 8-3 presents the regression analysis of child hunger and depressive symptoms 

controlling for gestational age, maternal age, grant receipt and district-level COVID-19 

prevalence. Among respondents in our sample, we found a 16% prevalence (95% CI, 14–17) 

of depressive symptom scores of 3 or 4. Hunger amongst children was strongly associated 

with an increased likelihood of mothers reporting depressive symptoms, with coefficients 

ranging between 0.68 and 0.71. Mothers with infants who were already 10 to 12 months old 

were more likely to report depressive symptoms. Increased maternal age had a protective 
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effect against depressive symptoms with women 30 and older significantly less likely to 

report depressive symptoms. District-level COVID-19 prevalence was significantly 

associated with an increase in maternal depressive symptoms. The coefficient size is small at 

0.0002, when interpreted against the mean and standard deviation of the COVID-19 

prevalence variable (measured as cases per 100 000 population) of 148 and 252 respectively. 

Mothers who lived in households who received grants were not significantly more or less 

likely to report depressive symptoms. 

Table 8-3: Regression analysis of PHQ-2 depression scores and child hunger, round 1 survey sample 

 (1) (2) (3) 

Child in household went to bed hungry in previous week  0.707** 0.705** 0.678** 

  (9.84) (9.81) (9.15) 

Infant 0-3 months (ref: Pregnant) 0.0438 0.0413 0.0310 

 (0.76) (0.71) (0.53) 

Infant 4-6 months (ref: Pregnant) 0.101 0.0973 0.0813 

  (1.36) (1.32) (1.08) 

Infant 7-9 months (ref: Pregnant) 0.0462 0.0381 0.0435 

  (0.86) (0.69) (0.79) 

Infant 10-12 months (ref: Pregnant) 0.214* 0.205 0.231* 

  (2.01) (1.93) (2.12) 

Mother 25-29 years old (ref: Mother 18-24 years old) -0.0294 -0.0296 -0.0370 

 (-0.56) (-0.57) (-0.70) 

Mother 30-34 years old (ref: Mother 18-24 years old) -0.119* -0.119* -0.132* 

  (-2.10) (-2.10) (-2.28) 

Mother 35 years or older (ref: Mother 18-24 years old) -0.211** -0.211** -0.219** 

 (-3.05) (-3.06) (-3.08) 

Receipt of Child Support Grant or Old Age Pension   0.0325   

    (0.70)   

District-level COVID-19 prevalence     0.0002* 

      (2.52) 

Constant 1.310** 1.272** 1.300** 

  (27.51) (17.72) (26.67) 

Observations 2714 2714 2608 
Note: t statistics in parentheses; * p<0.05, ** p<0.01 

Table 8-4 reports further analysis, which confirms these findings. We consider the robustness 

of these findings by adding the round 2 variables to the regression model. Note that due to the 

attrition between round 1 and 2 of the survey, the observations for these regressions decline 

from 2714 to 2131 for the comparable first row models in Table 8-3 and Table 8-4. The latter 

shows that the association between depressive symptoms and child hunger remains 

significant and of a similar size in a comparable model specification with the smaller round 2 

sample.  
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Table 8-4: Regression analysis of PHQ-2 depression scores and child hunger, round 2 survey sample  

 (1) (2) (3) (4) (5) (6) (7) 
Child in household went to bed 
hungry in previous week  (round 
1 survey) 0.688*** 0.593*** 0.552*** 0.549*** 0.529*** 0.590*** 0.588*** 

  (8.68) (6.62) (6.53) (6.51) (6.05) (6.84) (5.10) 
Child in household went to bed 
hungry in previous week  (round 
2 survey)   0.267***           

    (2.85)           
Mother went to bed hungry in 
previous week  (round 2 survey)     0.365** 0.360** 0.380** 0.362** 0.311** 

      (5.39) (5.35) (5.47) (5.27) (3.33) 

Baby 0-3 months (ref: pregnant?) 0.0715 0.0886 0.0772 0.0724 0.0733 0.0915 0.0584 

  (1.11) (1.37) (1.20) (1.12) (1.11) (1.39) (0.84) 
Baby 4-6 months (ref: unborn 
baby) 0.0776 0.0877 0.0617 0.0532 0.0410 0.0948 0.0977 

  (0.95) (1.05) (0.75) (0.65) (0.49) (1.13) (1.07) 
Baby 7-9 months (ref: unborn 
baby) 0.0597 0.0814 0.0766 0.0563 0.0672 0.0713   

  (0.99) (1.35) (1.27) (0.92) (1.09) (1.18)   
Baby 10-12 months (ref: unborn 
baby) 0.242* 0.250* 0.219 0.201 0.200 0.231   

  (1.99) (2.04) (1.83) (1.66) (1.61) (1.92)   
Mother 25-29 years old (ref: 
mother 18-24 years old) -0.0375 -0.0530 -0.0467 -0.0474 -0.0605 -0.0366 -0.0293 

  (-0.66) (-0.93) (-0.82) (-0.84) (-1.04) (-0.63) (-0.39) 
Mother 30-34 years old (ref: 
mother 18-24 years old) -0.108 -0.113* -0.110* -0.111* -0.103 -0.101 -0.0113 

  (-1.68) (-1.73) (-1.70) (-1.71) (-1.54) (-1.52) (-0.13) 
Mother 35 years or older (ref: 
mother 18-24 years old) -0.182* -0.211** -0.199* -0.198* -0.208* -0.182* -0.195 

  (-2.27) (-2.59) (-2.48) (-2.46) (-2.50) (-2.23) (-1.82) 
Receipt of Child Support Grant or 
Old Age Pension       0.0865       

        (1.66)       
District-level COVID-19 
prevalence         0.00008     

          (0.79)     
Some secondary schooling           -0.0592   

            (-0.40)   
Completed secondary schooling           0.0476   

            (0.33)   

Tertiary qualification           -0.0404   

            (-0.27)   
Mother had job or earned income 
in June 2020              0.0848 

              (1.16) 

Constant 1.283** 1.254** 1.230** 1.128** 1.234** 1.219** 1.145** 

  (24.49) (23.70) (23.25) (13.86) (22.77) (8.13) (13.62) 

Observations 2131 2060 2089 2089 2009 2015 1138 

As expected, child hunger in the round 2 of the survey has no significant relationship with 

depressive symptoms reported in round 1 of the survey. However, when maternal hunger 

from round 2 of the survey is added to the regression, it lowers the coefficient size on child 
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hunger to range between 0.53 and 0.59 with the maternal hunger coefficient ranging between 

0.36 and 0.38.  

The positive and significant association between older infants and depressive symptoms 

remains for the first two models, but disappears when maternal hunger is added to the 

regressions. The significant protective effect of maternal age between 30 and 34 is only 

significant in some of the regressions, but the significant protective effective of being 35 or 

older remains robust. The regressions find no significant association between depressive 

symptoms and household grant receipt, district-level COVID-19 prevalence, maternal 

schooling or maternal earnings.  

Open-ended responses to questions about main concerns 

The qualitative responses to the question about what women were most worried about, were 

thematically analysed and categorised into three broad themes: the fear of COVID-19, 

hunger, and unemployment. These responses add value because they provide insight into the 

respondents’ state of mind, the reports of depressive symptoms, and concerns about hungry 

children.   

A large proportion of women expressed severe anxiety around the threat of COVID-19 

infection and how it might affect them and their children. One woman’s response typified the 

concerns of the group; her main worry was “Giving my baby the life she deserves and 

protecting her from COVID-19.” Most women were more concerned with their children 

contracting the virus than themselves, one woman responded, “Me and my family contracting 

coronavirus. Especially my baby boy since he's so little.” Some women also expressed fears 

that they might get coronavirus and leave their children behind:  “I don't want to be sick 

because no-one can love my baby as I can and she need me,” or, “I'm worried about the 

COVID-19 disease, that I can get infected then pass it to my baby.” Pregnant women also 

expressed concerns about contracting coronavirus in the hospital and giving birth during a 

pandemic “I am worried because anytime soon I am going to hospital labour so maybe I can 

get COVID-19.”  

Unemployment also emerged as a primary theme. One woman said she was unemployed and 

could not provide for a family at home. She said, “There is nothing in the fridge.” Another 

said: “I don't have a job and any income. I need to feed my children. I need help urgently 

please help.”  Another responded “I can’t get a job and I don’t want my child to go to bed 
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hungry.” The links between hunger and maternal mental health are evident from the concerns 

that mothers share about providing food for their children and feeding themselves.  Women 

shared they were “worried about not being able to provide proper food” for their children and 

that they feared that their children would die of hunger.  

8.4 Discussion 

This survey of mothers and pregnant women was conducted after the lockdown in South 

Africa as the country was approaching the apex of its first COVID-19 wave. As expected, 

both the qualitative and quantitative survey responses highlight the vulnerability of pregnant 

women and new mothers in South Africa during the peak of the COVID-19 period. We find 

that approximately one in six respondents (16%) screened positive for depressive symptoms. 

Our findings further emphasise the importance of hunger and food insecurity as a potentially 

modifiable risk factor for depressive symptoms among women. The socioeconomic and 

psychosocial hardships of the pandemic and the lockdown have further disadvantaged 

pregnant women and new mothers, and deepened existing inequalities in healthcare and 

health outcomes (17,26).  

Due to the emphasis on clear comprehension as well as the character limitations for SMSes, 

respondents were only asked about hunger because it is the most severe form of food 

insecurity, and not about access to food. It is expected that household food insecurity and 

distress about access to food would be higher than the prevalence of household members 

going to bed hungry (18.3%). 

 

The relationship between child hunger and depressive symptoms can reinforce and deepen 

socio-economic and health shocks. We found that mothers who reported a child in the 

household going hungry were significantly more likely to be depressed than those who did 

not (OR 2.18).  Analysis of the third wave of NIDS-CRAM support this finding, showing that 

in November and December 2020 there was a positive association between household hunger 

and poor mental health (13). The survey showed that among those who experienced hunger 

every day in the previous 7 days, 67% had depressive symptoms. 
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Many South African women remain vulnerable to hunger and unemployment, and the 

informal nature of female employment contributes to this vulnerability (21). The prevalence 

of hunger as well as depressive symptoms among pregnant women and new mothers was 

higher amongst poor black African women with children than among the general population 

(27). Qualitative research among depressed mothers in South Africa found that women 

frequently referred to the emotional distress caused by hungry children and that the pleas of 

hungry children evoked a feeling described as “madness” by low-income mothers (28). These 

women experience a variety of emotions including sadness, hopelessness, guilt and shame 

about their inability to fulfil their maternal responsibilities. (28).   

The study finds that women with older children were more likely to report depressive 

symptoms than pregnant women (OR 1.2). This stands in contrast to findings from an earlier 

study of 384 mothers living in Khayelitsha, showing that the risk for depression ranged 

between 21% and 39% for pregnant women and was lower in the postnatal period, ranging 

between 16% and 32% (12).  

We also found that older mothers  were less likely to report depressive symptoms than 

younger mothers. Previous studies showed mixed evidence on the association between 

maternal depression and age, with some studies observing an increased likelihood of 

depression among younger mothers (especially if they were under 18), some finding a higher 

likelihood of depression amongst older mothers and others finding no association 

(6,29,30,31,32, 33). 

District-level COVID-19 prevalence were associated with an increase in maternal depressive 

symptoms. This finding resonates with evidence from the US showing strong associations 

between psychological distress and the spread of COVID-19, geographically and over time 

(34). In this study, the authors ascribed the higher levels of anxiety and depression symptoms 

to the elevated threat of COVID-19 morbidity and mortality. Such an interpretation also 

aligns with some of the concerns reported by women in response to the open-ended question 

about their main worries.  

In a world marked by multiple shocks, understanding how the pandemic affected pregnant 

women and new mothers is vitally important: lessons learned from one crisis can strengthen 

policy responses to protect vulnerable women against such shocks in the future. Despite 

increased recognition of its debilitating effects, maternal depression has not been prioritised 
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as part of routine antenatal care in LMIC countries as the primary focus has been on reducing 

maternal and neonatal mortality. Untreated depression has adverse consequences for both 

maternal and child health, particularly in resource-poor countries. A review on the prevalence 

of depression in relation to birth outcomes noted that the risk of intrauterine growth 

restriction, preterm birth and low birthweight were substantially increased for women living 

in LMIC countries (7).  

There is mixed evidence on how to successfully integrate antenatal mental healthcare into 

routine maternal care in under-resourced healthcare settings (34). Extended and improved 

social protection for both pregnant women and new mothers may be an important 

intervention to alleviate food insecurity and improve mental health outcomes among this 

vulnerable group (25). An extension of the existing childcare grant to include the antenatal 

period has been a topic of discussion for policymakers in South Africa and may alleviate 

depressive symptoms and food insecurity during pregnancy (35). The COVID-19 pandemic 

represented an opportunity to enhance social resilience and expand social security. 

8.5 Limitations 

The SMS format limited the number and type of questions that could be asked. The 

questionnaire was administered in English, which was not the first language of the respondents. 

Respondents from the Eastern Cape were significantly less likely to respond, so the survey may 

exclude some of the poorest women in rural areas in South Africa. The survey did not include 

a question on whether the most recent pregnancy was planned and/or wanted, a factor that has 

been associated with maternal depression in some studies (29). It is also important to note the 

limitations of ultra-short measures like the PHQ-2 to detect depression. 

8.6 Conclusion 

Pregnant women and new mothers are vulnerable to socio-economic and health shocks and 

should be prioritised for government assistance. The mental state of pregnant women and 

mothers with very young children is critical, because this is the period of development in which 

children form attachments and establish their sense of belonging and acceptance. In turn, such 

attachments influence children’s health, growth, and development (5,36).  

Furthermore, the evidence shown here of the link between child hunger and maternal 

depressive symptoms, indicates that interventions which lower the risk of child hunger can 

have the added benefit of lowering the risk of maternal depression. Treatment with 
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pharmacotherapy is unlikely to be successful if the primary drivers of maternal depression are 

related to the social determinants of health like food insecurity, unemployment, and the daily 

realities of poverty. Given the high cost of depression-specific interventions, it may be more 

cost-effective to prioritise preventative programmes that improve social protection and food 

security among vulnerable households (25,37).  
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 DISCUSSION 

9.1 Discussion 

This thesis aimed to investigate the relationship between antenatal and periconceptional food 

insecurity with a number of outcomes including: maternal depression, LBW and stunting 

using data from the NIDS.  

Specific objectives were: a) to conduct a scoping review of the evidence base on maternal 

dietary diversity (one potential measure of food security I wanted to examine) and 

depression; b) to examine if dietary diversity is an effective proxy for dietary quality and to 

examine if dietary diversity is associated with stunting among children and adult 

anthropometry using cross-sectional data from Wave 1 (2008) of the NIDS study; c) to 

examine maternal food insecurity and depression in the antenatal and periconceptional period 

in relation to LBW and stunting using longitudinal NIDS data (2008 & 2012); d) to examine 

maternal food security indicators and other maternal and environmental characteristics in 

relation to LBW and stunting using longitudinal NIDS data (2008 & 2012); and e) to describe 

the impact of the Coronavirus pandemic on hunger and mental health among pregnant 

women and new mothers using mobile survey data from the MomConnect platform, the 

largest database of pregnant women and new mothers in South Africa.   

The purpose of this discussion chapter is to discuss the recurring themes and primary findings 

of the preceding chapters and to situate these in the context of previous literature. I also 

describe how each study contributes to the evidence base on maternal food insecurity, 

depression and birth and growth outcomes and whether they fill any gaps in the literature. In 

conclusion, I discuss the implications of the PhD findings for maternal food insecurity and 

mental health research and potential interventions in the South African context.  

9.1.1 Nutritional Surveys in South Africa 

Fundamental to addressing food insecurity and improving child and adult health outcomes 

alike, is understanding the true scale of the problem we face. However, our understanding in 

this regard may be hampered by the current measurement instrument (the HFIAS) used by 

Statistics South Africa in addition to a paucity of nationally representative nutritional 

surveys. The most recent Stats SA report from 2018 recorded that 78.7% of the South African 

population was food secure in 2017. Given the stunting prevalence of almost 30% among 
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children under five years of age, these statistics may underestimate the true extent of the 

problem. By contrast, the most recent data report from the FAO found a much higher 

prevalence of food insecurity in South Africa. Using data collected from the GWP using the 

FIES tool,  the report noted that 19.3% of the population were severely food insecure in 2020 

and 44.9% of the population were either moderately or severely food insecure (29). These 

numbers intuitively feel closer to the truth given the high burden of malnutrition in South 

Africa. The FIES tool is also an experiential measure of food insecurity that uses 8 different 

questions to gauge an individual or households’ level of food insecurity but unlike the HFIAS 

it has more questions about coping strategies and two questions that focus on dietary quality 

‘You ate only a few kinds of foods?’ as well as ‘You were unable to eat healthy and 

nutritious food?’.  These questions offer more nuance than simply asking about household 

hunger as they capture other important aspects of food insecurity, namely dietary quality and 

food preferences beyond the experience of hunger.  

Although the GWP data is used to compile the annual FAO reports and the tool has been 

validated in LMIC settings, the FIES tool has seldom been adopted by academic researchers 

and the GHS continues to use the older HFIAS tool. The use of various food security 

measures limits comparisons and monitoring and evaluation of food security at a national 

level as well as changes in food security status (i.e. increased food insecurity resulting from 

the Coronavirus pandemic). Another difficulty is that the GWP and the GHS do not collect 

anthropometry data and researchers have not been able to examine associations between food 

security measures and indicators with childhood stunting, wasting or adult overweight and 

obesity.    

The most recent survey that collected dietary diversity data at the national level in South 

Africa was the South African National Health and Nutritional Examination Survey 

(SANHANES), which took place in 2012 (30). This was intended to be a longitudinal cohort 

that tracked the nutritional status of South Africans at a population level, but unfortunately no 

further rounds of the survey were conducted. In the absence of more recent national level 

data, researchers and policymakers must rely on older data or smaller surveys and cohort 

studies to learn about the nutritional status of South Africans.  

Among children, the Provincial Dietary Intake Study (PDIS) was conducted among children 

in two provinces (Gauteng and the Western Cape) in 2018 and the results were compared 

with those of the 1999 NFCS (31). The survey found that food shortage prevalence decreased 
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in both urban informal areas and rural areas. One surprising, and sobering finding of the 

study  was that 7–10-year-olds in Gauteng were significantly more likely to be wasted in 

2018 than in 1999.  Among children living in the Western Cape, 1–3-year-olds were 

significantly more likely to be obese in 2018 than in 1999 and 7–10 year olds were less likely 

to be stunted.  This decline in stunting was only observed among children in the Western 

Cape with the stunting prevalence remaining virtually unchanged in the rest of the country. 

The study concluded that food security overall has improved for South African children in 

period between the two surveys but the increase in unhealthy foods as well as wasting among 

older children and overweight and obesity among younger children is cause for concern (31). 

These findings further emphasise the need for measuring dietary quality at the household 

level and using indicators and tools that capture micronutrients and quantities of food 

consumed. The PDIS also found that children whose biological parents were the head of 

household/caregiver and those with parents who had an education level above grade 12 had 

better nutritional outcomes. The experiential food security tools are premised on the idea that 

people instinctively know and understand what a healthy diet is, and that questions about 

‘enough healthy and nutritious food to eat’ will be correctly interpreted by respondents. I am 

sceptical about this premise as qualitative studies in South Africa have found that even 

nursing students did not have good knowledge of what constituted healthy foods, and 

knowledge about healthy nutrition was even worse among school aged children (32,33).  

Individual and societal perceptions regarding healthy food and nutrition are certainly a topic 

that requires further qualitative and quantitative research. In addition, public messaging 

campaigns are needed to educate the broader public about healthy eating habits and the 

consequences of overweight and obesity.  

In the context of household surveys, a review by Leroy et al. found that household dietary 

diversity scores (HDDS) have not been validated for dietary quality, and recommend the use 

of experience-based indicators to asses household access to dietary quality and individual 

DDSs for women or children to assess the quality of individual dietary intake (34). However, 

given the consistent associations between HDDS and child anthropometry measures, these 

are sufficient for gauging household food insecurity at the national level. In addition, 

questions on both household and child DDSs are both answered by the mother or primary 

caregiver in the household and will therefore have a similar level of respondent bias. 

Furthermore, the time and cost involved in conducting large surveys calls for a single 

measure to capture dietary diversity within the household. Questions about individual food 
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groups are less sensitive than questions about coping strategies and consuming cheaper and 

less appealing foods and may be less subject to bias (35). 

9.1.2 Overall findings: Food insecurity and maternal depression  

Food insecurity and dietary diversity emerged as important and potentially modifiable risk 

factors for maternal depression in Chapter 5, Chapter 6 and Chapter 8. The relationship 

between child hunger and maternal distress is reinforced by qualitative research among low-

income women in South Africa by Kruger et al. The inability to provide food for infants and 

young children causes great distress to mothers who feel that they are failing in their maternal 

caregiving role (47). Kruger argues that mothers’ complex emotional response to their failure 

to feed their children are not adequately captured by the term depression and ‘to simply link 

food insecurity to maternal depression, is to obscure women’s anger (and potential 

aggression) and their anomie (their felt lack of agency). The literature suggests that both 

angry women and anomic women elicit social disapproval. While this may in the first place 

partly be the reason for the obscuring of anger and anomie in the psychological literature 

concerned with poverty, it also means that impoverished women are kept captive in complex 

and vicious cycles of hungry children, sadness and anxiety, shame, anger and anomie, 

negative judgement, and more shame’(p.39).  

Food expenditure and food insecurity  

Two recent papers that examined food expenditure across four LMIC found that expenditures 

on specific food groups were significantly associated with children’s linear growth but that 

the magnitude of effect varied between countries (55,56). Thus, food expenditure can also be 

a useful metric for gauging food insecurity and malnutrition among households with young 

children, although using a proportional variable may be simpler for generalisability and 

comparative research purposes than poverty lines which are currency specific. Expenditure 

data are routinely collected as part of GHS in SSA and warrants further research, particularly 

in cases where anthropometry or nutrition indicators are not available (57). Social grants and 

malnutrition in South Africa 

In South Africa, the child grant system may have improved access to food and reduced 

hunger, but this does not necessarily translate into better quality diets or subsequent 

improvements in children’s nutritional status (58). I also found in Chapter 7 that child who 

received a child grant were significantly more likely to be stunted than those who did not 
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receive a grant (OR 1.67). This suggests that children living in households that receive a 

social grant are likely disadvantaged in multiple domains (ie poor housing and healthcare and 

inadequate nutrition).   

The failure of the existing grant system (currently the largest in the world) to meaningfully 

reduce the stunting prevalence in South Africa suggests that a multi-faceted approach is 

needed (58). In the case of a proposed grant into the antenatal period as well as the existing 

CSG, the assumption is that women will spend the money on food or items for children. 

Unfortunately, this is not always the case. For example, a qualitative study among caregivers 

in Limpopo province found that many caregivers used the childcare grant to pay for funeral 

policies and burial societies instead of food or other necessities for children (59) Anecdotal 

evidence also suggests that some use the grant for drugs or alcohol, although social 

desirability bias would likely prevent caregivers from disclosing as much in a research study 

(60). 

9.1.3 Nutritional Surveys in South Africa 

Fundamental to addressing food insecurity and improving child and adult health outcomes 

alike, is understanding the true scale of the problem we face. However, our understanding in 

this regard may be hampered by the current measurement instrument (the HFIAS) used by 

Statistics South Africa in addition to a paucity of nationally representative nutritional 

surveys. The most recent Stats SA report from 2018 recorded that 78.7% of the South African 

population was food secure in 2017. Given the stunting prevalence of almost 30% among 

children under five years of age, these statistics may underestimate the true extent of the 

problem. By contrast, the most recent data report from the FAO found a much higher 

prevalence of food insecurity in South Africa. Using data collected from the GWP using the 

FIES tool,  the report noted that 19.3% of the population were severely food insecure in 2020 

and 44.9% of the population were either moderately or severely food insecure (29). These 

numbers intuitively feel closer to the truth given the high burden of malnutrition in South 

Africa. The FIES tool is also an experiential measure of food insecurity that uses 8 different 

questions to gauge an individual or households’ level of food insecurity but unlike the HFIAS 

it has more questions about coping strategies and two questions that focus on dietary quality 

‘You ate only a few kinds of foods?’ as well as ‘You were unable to eat healthy and 

nutritious food?’.  These questions offer more nuance than simply asking about household 
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hunger as they capture other important aspects of food insecurity, namely dietary quality and 

food preferences beyond the experience of hunger.  

Although the GWP data is used to compile the annual FAO reports and the tool has been 

validated in LMIC settings, the FIES tool has seldom been adopted by academic researchers 

and the GHS continues to use the older HFIAS tool. The use of various food security 

measures limits comparisons and monitoring and evaluation of food security at a national 

level as well as changes in food security status (i.e. increased food insecurity resulting from 

the Coronavirus pandemic). Another difficulty is that the GWP and the GHS do not collect 

anthropometry data and researchers have not been able to examine associations between food 

security measures and indicators with childhood stunting, wasting or adult overweight and 

obesity.    

The most recent survey that collected dietary diversity data at the national level in South 

Africa was the South African National Health and Nutritional Examination Survey 

(SANHANES), which took place in 2012 (30). This was intended to be a longitudinal cohort 

that tracked the nutritional status of South Africans at a population level, but unfortunately no 

further rounds of the survey were conducted. In the absence of more recent national level 

data, researchers and policymakers must rely on older data or smaller surveys and cohort 

studies to learn about the nutritional status of South Africans.  

Among children, the Provincial Dietary Intake Study (PDIS) was conducted among children 

in two provinces (Gauteng and the Western Cape) in 2018 and the results were compared 

with those of the 1999 NFCS (31). The survey found that food shortage prevalence decreased 

in both urban informal areas and rural areas. One surprising, and sobering finding of the 

study  was that 7–10-year-olds in Gauteng were significantly more likely to be wasted in 

2018 than in 1999.  Among children living in the Western Cape, 1–3-year-olds were 

significantly more likely to be obese in 2018 than in 1999 and 7–10 year olds were less likely 

to be stunted.  This decline in stunting was only observed among children in the Western 

Cape with the stunting prevalence remaining virtually unchanged in the rest of the country. 

The study concluded that food security overall has improved for South African children in 

period between the two surveys but the increase in unhealthy foods as well as wasting among 

older children and overweight and obesity among younger children is cause for concern (31). 

These findings further emphasise the need for measuring dietary quality at the household 

level and using indicators and tools that capture micronutrients and quantities of food 
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consumed. The experiential food security tools are premised on the idea that people 

instinctively know and understand what a healthy diet is, and that questions about ‘enough 

healthy and nutritious food to eat’ will be correctly interpreted by respondents. I am sceptical 

about this premise as qualitative studies in South Africa have found that even nursing 

students did not have good knowledge of what constituted healthy foods, and knowledge 

about healthy nutrition was even worse among school aged children (32,33).  Individual and 

societal perceptions regarding healthy food and nutrition are certainly a topic that requires 

further qualitative and quantitative research. In addition, public messaging campaigns are 

needed to educate the broader public about healthy eating habits and the consequences of 

overweight and obesity.  

In the context of household surveys, a review by Leroy et al. found that household dietary 

diversity scores (HDDS) have not been validated for dietary quality, and recommend the use 

of experience-based indicators to asses household access to dietary quality and individual 

DDSs for women or children to assess the quality of individual dietary intake (34). However, 

given the consistent associations between HDDS and child anthropometry measures, these 

are sufficient for gauging household food insecurity at the national level. In addition, 

questions on both household and child DDSs are both answered by the mother or primary 

caregiver in the household and will therefore have a similar level of respondent bias. 

Furthermore, the time and cost involved in conducting large surveys calls for a single 

measure to capture dietary diversity within the household. Questions about individual food 

groups are less sensitive than questions about coping strategies and consuming cheaper and 

less appealing foods and may be less subject to bias (35). 

9.1.4 Overall findings: Food insecurity and maternal depression  

Food insecurity and dietary diversity emerged as important and potentially modifiable risk 

factors for maternal depression in Chapter 5, Chapter 6 and Chapter 8. The relationship 

between child hunger and maternal distress is reinforced by qualitative research among low-

income women in South Africa by Kruger et al. The inability to provide food for infants and 

young children causes great distress to mothers who feel that they are failing in their maternal 

caregiving role (47). Kruger argues that mothers’ complex emotional response to their failure 

to feed their children are not adequately captured by the term depression and ‘to simply link 

food insecurity to maternal depression, is to obscure women’s anger (and potential 

aggression) and their anomie (their felt lack of agency). The literature suggests that both 
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angry women and anomic women elicit social disapproval. While this may in the first place 

partly be the reason for the obscuring of anger and anomie in the psychological literature 

concerned with poverty, it also means that impoverished women are kept captive in complex 

and vicious cycles of hungry children, sadness and anxiety, shame, anger and anomie, 

negative judgement, and more shame’(p.39).  

I also examined individual food groups from the dietary diversity questions to determine if 

the consumption of a single food group was associated with a decrease in depression as this 

has been observed in some studies, but I did not find a significant relationship (48). The high 

prevalence of overweight and obese women in my NIDS sample and the very low proportion 

of women with underweight BMI suggest that food insecurity and hunger is not severe 

enough among most South African women to cause wasting and undernutrition. However, 

many women may still be malnourished and experience hidden hunger due to nutrient poor 

diets. A systematic review and meta-analysis that examined food insecurity and anaemia 

found that food insecurity was positively associated with anaemia risk (OR 1.27) and that 

infants, toddlers and adult women in food insecure households were the most at risk (49). 

Obesity has also been found to be a risk factor for depression in some studies but I did not 

find an association with BMI and mental health in this study (16). Another analysis of 

SANHANES data that examined BMI and mental health among South African adults did not 

find an association with obesity and depression but did observe that poor mental health 

increased the risk of being underweight (50).  

9.1.5 Food expenditure and food insecurity  

Two recent papers that examined food expenditure across four LMIC found that expenditures 

on specific food groups were significantly associated with children’s linear growth but that 

the magnitude of effect varied between countries (55,56). I examined food expenditure as a 

proportion of total monthly expenditure (Chapter 5 & 6) and per capita food expenditure 

below the poverty line (Chapter 7). In Chapter 7, food expenditure below the poverty line 

was associated with an increased risk of stunting (OR 2.31), and in Chapter 5 food 

expenditure >0.6 of total monthly expenditure was also associated with an increased risk of 

stunting (OR 1.24) in the full sample of children and adolescents age 0–17. Thus, food 

expenditure can also be a useful metric for gauging food insecurity and malnutrition among 

households with young children, although using a proportional variable may be simpler for 

generalisability and comparative research purposes than poverty lines which are currency 
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specific. Expenditure data are routinely collected as part of GHS in SSA and warrants further 

research, particularly in cases where anthropometry or nutrition indicators are not available 

(57). In addition, research that elucidates the relationship between food expenditure and 

dietary quality may be useful in the context of household surveys.  

9.1.5.1 Social grants and malnutrition in South Africa 

In South Africa, the child grant system may have improved access to food and reduced 

hunger, but this does not necessarily translate into better quality diets or subsequent 

improvements in children’s nutritional status (58). I also found in Chapter 7 that child who 

received a child grant were significantly more likely to be stunted than those who did not 

receive a grant (OR 1.67). This suggests that children living in households that receive a 

social grant are likely disadvantaged in multiple domains (ie poor housing and healthcare and 

inadequate nutrition).   

‘A child support grant for pregnant women would help prevent stunting in our future 

generations’; this optimistic opinion piece recently ran in the Daily Maverick but I am 

sceptical that a 400 ZAR (25.62 USD in 2022) monthly disbursement will reduce stunting at 

all. The failure of the existing grant system (currently the largest in the world) to 

meaningfully reduce the stunting prevalence in South Africa suggests that a multi-faceted 

approach is needed (58). In the case of a proposed grant into the antenatal period as well as 

the existing CSG, the assumption is that women will spend the money on food or items for 

children. Unfortunately, this is not always the case. For example, a qualitative study among 

caregivers in Limpopo province found that many caregivers used the childcare grant to pay 

for funeral policies and burial societies instead of food or other necessities for children (59) 

Anecdotal evidence also suggests that some use the grant for drugs or alcohol, although 

social desirability bias would likely prevent caregivers from disclosing as much in a research 

study (60). 

9.1.6 Limitations of stunting as an indicator  

It is also critical to keep in mind that stunting is an indicator of a generally deficient growth 

environment and there is no panacea or single intervention that will solve the problem, as the 

causes include suboptimal nutrition, inadequate care, a poor hygiene and sanitation 

environment and repeated infections in early childhood (24,61). A path analysis by Prado et 

al. of 42 different indicators examined in relation to stunting across four prospective African 
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cohorts found that overall maternal and child factors (such as maternal height and child 

length at birth) showed stronger and more consistent associations with child LAZ scores than 

environmental and caregiving factors, even when analyses were adjusted for both indirect and 

direct effects (11).  

The metrics for stunting are also limited and should not be the only standard by which child 

growth and nutritional status is measured. Stunting is an intergenerational process, whereby 

shorter mothers are more likely to give birth to shorter offspring, SGA and preterm infants. A 

meta-analysis of SGA and preterm births in LMICs estimated that approximately 6.5 million 

SGA and/or preterm births (16.5% of the global total) may be related to short maternal 

stature (62). Thus, mothers pass on the consequences of their own deficient foetal or early 

childhood growth environment (63). Short maternal stature is consistently found to be a 

robust indicator for stunting, and I also found in Chapter 7 that short maternal stature and 

birthweight were the only two variables associated with both stunting and severe stunting 

among children. As these exposures (maternal height and birthweight) have already 

occurred, current policies and interventions cannot change the stature of the mother or alter 

her past deprivations (63). The current stunting metric includes some degree of this 

intergenerational exposure and is therefore limited in measuring the progress of current 

policies and interventions (63). Furthermore, in an ideal scenario, the national prevalence of 

stunting should be around 2.3%, countries like South Africa are clearly far from this 

prevalence estimate and, given the nature of stunting measurement the entire HAZ 

distribution will be shifted to the left, which implies that an even larger percentage of 

children are stunted and suffer from a deficient growth environment (24). 

Although malnutrition is often implicated as a primary cause of stunting, an analysis of 39 

GHS datasets from LMIC found that increasing dietary diversity and animal source foods 

(ASF) among stunted infants and children would only avert 12.6% of cases among the groups 

under study (64). My unadjusted bivariate analyses of the NIDS data in Chapter 7 found that 

low dietary diversity increased the risk of severe stunting (OR 1.87) among children aged 5 

and below and that each unit increase of dietary diversity reduced the risk of severe stunting 

(OR 0.90). In the final multivariable model for severe stunting, low dietary diversity 

increased the risk of severe stunting by 63%. However, the households with food expenditure 

below the poverty line are likely to represent some of the poorest households that will be 

deprived in multiple domains.  
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An overall improvement in food security and better-quality diets for vulnerable South 

Africans remains a worthwhile and important goal, but such changes take time and may not 

necessarily translate into a meaningful reduction in outcomes like stunting. The findings of 

this PhD suggest that the main benefits to improved food security among women would be an 

improvement in mental health indices, while the improvements for children’s growth 

outcomes may be more difficult to measure.   

9.1.7 Coronavirus and food insecurity 

The qualitative and quantitative findings of the MomConnect data indicate that hunger and 

worries about food supply were a significant issue for pregnant women and new mothers. In 

addition, both hunger and mental distress were higher among pregnant women and new 

mothers than the general population (65). This group is particularly vulnerable to social and 

economic shocks like the pandemic and should be prioritised for social protection and other 

forms of government assistance. Given the informal nature of employment for many South 

African women, this group was particularly vulnerable to labour disruptions caused by the 

hard lockdowns and the additional childcare demands caused by schools and daycare centres 

closing (66). These closures also had adverse implications for the poorest children in South 

Africa who were suddenly deprived of school meals. The cost of this for South Africa’s 

children cannot be underestimated given that this would be the only meal in the day for 

millions of children.  The pandemic had negative impacts on maternal mental health globally. 

A systematic review and meta-analysis of maternal mental health before and after the 

pandemic found that the pandemic significantly increased the risk of anxiety among women 

during pregnancy and perinatal period. Depression scores were also higher during the 

pandemic though the difference was not statistically significant to pre-pandemic levels (67). 

However, numerous studies in both high and low income countries did identify an increased 

risk of maternal depression as a result of the pandemic (68–71). Furthermore, the social and 

economic impacts of the pandemic are likely to have been worse among women in LMIC 

settings. Some studies also observed an increase in gender based violence during the 

pandemic as a result of stay at home orders, compounding the poor mental health of 

vulnerable women (71,72).   

In NIDS as well as the MomConnect data, food insecurity and hunger were consistently 

associated with worse mental health among this vulnerable group. Longitudinal research 

among low-income women in the US has found that food insecurity and maternal depression 
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share a bidirectional relationship. Thus, women who are food insecure are more likely to 

become depressed and women who are depressed are more likely to become food insecure  

(37,73) A recent study of over 4000 mothers in the Fragile Families and Child Wellbeing 

(FFCW) study used structural equation modelling to examine if one condition predicted the 

other and measured both food insecurity and depression at two separate time points. The 

study found that maternal depression at time 1 was associated with 53% increased odds of 

food insecurity, at time 2, controlling for time 1 food insecurity, concurrent depression and 

covariates. Food insecurity at time 1 was associated with 36% increased odds of maternal 

depression at time 2, controlling for time 1 depression, concurrent food insecurity and 

covariates (37). 

9.1.8 Food Inadequacy and Social Vulnerability 

The food inadequacy and social vulnerability hypothesis suggest that a mother’s social 

situation and deprivations like food insecurity can perpetuate depression. The mental health 

hypothesis suggests that depressed mothers may be too fatigued or apathetic to manage meal 

preparation and food procurement and may lack the agency to join the workforce and secure 

stable income (37,74). This creates a vicious cycle similar to the one that Kruger has 

described in her qualitative research among poor South African mothers. The situation 

described in the US studies is likely to be worse in LMIC where both food insecurity and 

maternal depression are more prevalent than high-income countries. These findings suggest 

that holistic interventions that combine food assistance with mental health support may be 

more effective than interventions that focused on a single domain (37).  

9.1.9 Pregnancy intention & parity 

In Chapter 6 and Chapter 8 I found that women who had previously given birth (OR 1.64) 

and new mothers (OR 1.27) were more likely to be depressed than pregnant women. 

Motherhood can be a joyful and life affirming experience, but it also takes a large physical 

and emotional toll on mothers. Although it is seldom discussed as an intervention, family 

planning, appropriate spacing between pregnancies and delaying pregnancy altogether could 

reduce some of the hardships experienced by mothers in resource poor settings. Unintended 

and unwanted pregnancies, as well as pregnancies during adolescence, are a risk factor for 

maternal depression, although my studies did not include data on pregnancy intention (75–

77). In the NIDS data, 26% of my sample was comprised of adolescent women (aged 15–19) 

while over 35% of mothers in the MomConnect study were aged between ages 18 and 24 
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(MomConnect did not collect data on mothers younger than 18). For younger women in 

particular, delaying pregnancy and motherhood may be an important factor to reduce 

maternal depression, secure education and employment and improve maternal and child 

outcomes alike.  

9.2 Developing the conceptual framework  

Figure 9.1 is a draft of the conceptual framework from my PhD proposal in 2018.  I had listed 

the various factors associated with both maternal depression and food insecurity and how 

these might influence childhood health outcomes.   

 

Figure 9.1: Conceptual framework draft 

Figure 9.2 is a revised conceptual framework based on the findings of the work that I 

completed during this PhD study as well as the various factors that are associated with either 

the exposure (food insecurity and maternal depression) or outcomes (low birthweight, 

stunting wasting and adult overweight and obesity) of interest. I’ve illustrated some of the 

factors that I found significant in my various results chapters as well as latent variables that 

weren’t measured in my study but may still influence exposure or outcome. Given the 

bidirectional relationship between many of the variables included here, I have left out arrows 

and simply linked them with a line. The characteristics in the orange blocks (social capital, 

self-efficacy, IUGR and gestational age) were not measured in this study but are closely 
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linked to the outcomes of interest. Social capital and self-efficacy are both associated with 

food security as well as maternal depression while IUGR and gestational age are also 

associated with food insecurity in some studies as well as LBW and stunting as children age. 

Interestingly, child hunger in the household was associated with LBW but none of the other 

food security indicators.  Maternal education emerged as an important protective factor and 

reduced the risk of maternal depression as well as stunting and severe stunting among 

children as they aged.  

 

Figure 9.2: Final conceptual framework 

This PhD study has revealed the pernicious impact of food and nutrition insecurity on 

maternal mental health as well as early childhood growth outcomes in South Africa. 

Insufficient healthy and affordable food is perhaps the single most important social 

determinant of health inequity globally. My study also highlights the limits of experiential 

measures of food insecurity in the context of the nutrition transition that is taking place in 

South Africa and other LMIC. One strength of this study is that the NIDS data had a large 

sample size and collected food security indicators as well as anthropometry data in Wave 1 

which enabled an examination of these associations both cross-sectionally and longitudinally. 

Directed acyclic graph (DAG) of relationship between food insecurity, maternal depression and childhood health outcomes 

 

 

 

  

 

 

 

 

 

 

 

Gestational age 

Upstream causes: poverty 
household shocks  

Covid 19 pandemic 
 

Associations empirically proven in this study 

Alcohol & 
smoking 

Associations in the literature but not empirically 
proven in this study 

Child hunger in 
the household 

Factors associated with outcome of interest but 
not measured in this study   

Factors examined in this study but not associated 
with outcomes of interest  

Pregnancy 
spacing 

Maternal age, 
employment & 
marital status 

Child support 
grant (CSG) 

 
Intrauterine 

growth restriction 

Stunting & severe 
stunting 
Outcome 

Adult overweight 
and obesity 

Outcome 

Social capital 

Low birthweight 
Outcome 

Food expenditure 
below poverty line 

Self-efficacy Maternal Depression 

Maternal 
education 

High dietary 
diversity 

Food Insecurity 
Exposure 

Low dietary 
diversity 



 

 163 

9.3 Conclusions and Recommendations  

9.3.1 Antenatal and Postnatal Depression 

The reality is that most women receiving antenatal care in the public sector will not be 

screened for depressive symptoms, let alone referred for treatment. Healthcare workers are 

overburdened and fatigued, and many women may not even identify themselves as depressed 

or discuss their concerns with a healthcare worker. Task shifting has often been suggested as 

a potential way to fill the treatment gap for antenatal depression in LMIC settings, but the 

evidence on such interventions in not promising. A double-blind individual randomised 

controlled trial conducted in Khayelitsha, Cape Town, compared structured psychological 

treatment with routine antenatal healthcare and three phone calls each month. Ultimately, the 

trial did not observe significant differences in depression prevalence between the intervention 

and control arm (78). In rural Tanzania, a Community health worker (CHW) intervention that 

focused on health and nutrition and responsive stimulation, but did not specifically target 

maternal mental health significantly reduced the incidence of depressive symptoms. Another 

arm of the study that comprised a CHW intervention that also included conditional cash 

transfers (CCTs) did not significantly reduce depressive symptoms among mothers (79). 

These somewhat surprising findings indicate that community-based interventions that are 

focused on broader aspects of maternal and child health and wellbeing may be more effective 

than targeted interventions for maternal depression. Such interventions may indirectly 

improve maternal mental health by improving their social support network or increasing their 

sense of self efficacy, both factors that reduce the risk of depression (79). Furthermore, the 

large body of evidence on food insecurity and mental health, as well as their bidirectional 

relationship, suggests that interventions that address maternal hunger and food insecurity may 

be more effective than those that are purely focused on improving mental health indices 

(65).Women who are depressed by factors like hunger and food insecurity in their households 

are unlikely to benefit from a psychological intervention that doesn’t provide instrumental 

support. Ultimately, improving the daily conditions in which so many South Africans live 

may be the most effective long-term solution to reduce the prevalence of depression among 

pregnant and postnatal women.  

However, given that women in high-income countries also experience antenatal and postnatal 

depression, some women may be genetically or otherwise predisposed to depression and 

there will always be a ‘baseline’ proportion of depressed women, regardless of living 
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circumstances or food security status. A systematic review on antenatal depression observed 

that between 8% and 12% of pregnant women in the US experienced depression during their 

pregnancies (80). The review also noted that depression among low-income minority women 

in the US tended to be about twice that of high-income women. This is corroborated by 

observational epidemiological studies from South Africa which have observed depression 

prevalence estimates between 25% and 29% among pregnant women (8,41,45). Thus, it 

seems plausible that beyond the certain ‘baseline’ of women who would experience antenatal 

or postnatal depression regardless of setting, the additional prevalence of depression observed 

in South Africa and other LMIC can be attributed to potentially modifiable risk factors such 

as food insecurity, unemployment, or gender-based violence.  

Although gender-based violence is not an exposure that was measured in my study, this is a 

huge problem in South Africa and is also consistently associated with food insecurity in 

observational epidemiological studies. A cross sectional study in South Africa observed high 

rates of IPV, between 7 and 27%, and also found that antenatal maternal depression and IPV 

were associated with food insecurity (74). There is a substantial evidence base from both 

cross-sectional and longitudinal studies that has found significant associations and pathways 

between domestic violence and food insecurity with bi-directional relationships between food 

insecurity and poor mental health, domestic violence and poor mental health, and risks that 

increase with the severity of exposure (81). These findings suggest that interdisciplinary 

approaches may be most effective to address the multiple vulnerabilities of women who 

experience both food insecurity and domestic violence. 

Nutritional interventions for depression 

Nutritional psychology is a nascent field and there is growing research interest in 

preventative interventions that include nutritional components to prevent depression (82). 

However, the etiology of depression remains complex and the underlying causes include 

cognitive, environmental as well as physiological causes (82).  It has been suggested that 

nutritional interventions may be effective for reducing or preventing depression in at risk 

groups, but such studies have shown mixed results. For example, a systematic review and 

meta-analysis observed that omega-3 intake is inversely associated with depression and this 

may be partly attributed this to their anti-inflammatory properties (83,84).  However, a 

randomized controlled trial that examined omega-3 supplements in relation to depressive 

symptoms among HIV positive pregnant women found no significant differences in the 
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intervention or control group (85). Another study that examined omega-3 intake in relation to 

depression among adolescents also found no association once the analysis adjusted for 

lifestyle confounders (86).  These findings suggest that nutritional interventions alone may  

be insufficient to prevent or treat depression, but this should not negate the potential of such 

interventions. It has been suggested that whole diet approach which focuses on nutrient dense 

diets low in ultra-processed foods would be more effective than focusing on individual 

nutrients. This will account for both known and unknown nutrients in the diet and also has 

the potential to improve mental as well as physical health for a large number of people (87).  

9.3.2 Stunting 

The DBM (stunting and overweight) among young children in many parts of the world has 

caused the nutrition community to realise the need for multi-faceted interventions (88). 

Interventions such as multiple micronutrient supplementation (MMS) during pregnancy can 

reduce adverse pregnancy outcomes such as anaemia, LBW and neural tube defects (88). 

Given the strong association with LBW and subsequent stunting, interventions that reduce the 

risk of intrauterine growth restriction and improve the foetal environment may play an 

important role in reducing the prevalence of stunting. A RCT that provided nutrient 

supplementation to women preconception or early pregnancy versus standard of care found 

that periconceptional supplementation was significantly associated with improved growth 

outcomes among infants at six months (89). However, high quality data on improving 

preconception maternal status are scare, and this is an important avenue for future research. 

Improving linear growth for children who are already stunted is an enormous challenge. A 

Cochrane review of interventions of nutritional interventions for preventing stunting among 

children aged<5 years in urban slums found that there was no evidence of an effect of 

interventions for improving linear growth among children (90). Furthermore, the existing 

evidence suggests that even children who do have catch up growth between the ages of two 

and five years perform almost as poorly in cognitive tests as children who remained stunted 

(91). This is a sobering finding given the high prevalence of stunting in South Africa and the 

lifetime disadvantage that it confers upon future generations. The first two years of life are 

critical for both linear growth and cognitive development and much of the evidence 

reinforces the need for interventions that can reduce stunting in the first 1000 days of life 

(91).    
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In the South African context, there are also abundant misconceptions and a low prevalence 

rate of exclusive breastfeeding, another nutritional practice with important health 

implications for babies, particularly in resource poor settings (92,93) A subgroup analysis of 

a community-based randomised trial promoting exclusive breastfeeding found that at 12 

weeks postpartum 20% of HIV-negative women and 40% of HIV-positive women had 

stopped breastfeeding  (92). A cross-sectional study that examined stunting among South 

African children observed that only 5.9% of infants were exclusively breastfed at six months 

(94). The most recent South African Demographic and Health Survey (SDHS) reported that 

just 32% of infants below the age of six months were exclusively breastfed in 2016 (93). 

Interventions to improve breastfeeding might also be an important avenue to improve the 

health outcomes of vulnerable South African children, although a recent review of 

breastfeeding interventions found no direct impact on stunting and wasting but did observe a 

24% decrease in diarrhoeal diseases (also a risk factor for stunting) (95).  

Complementary feeding programmes do not appear to have significant effects on stunting, 

wasting, weight gain or height gain, but more interventions are needed to educate mothers 

about healthy diets and appropriate feeding practices (61). These findings suggest that macro 

level improvements in living standards and poverty reduction policies that increase 

employment opportunities and improve access to a wider variety of foods, in conjunction 

with nutritional education, may gradually improve the high stunting prevalence among South 

African children. There are also important lessons to be learned from countries like Peru, 

who have managed to reduce the prevalence of stunting in children under 5 years from 31.3% 

in 2000 to 13.1% in 2016 (96). Decomposition analysis of GHS data indicated that the most 

important factors to decrease stunting were increased maternal BMI and maternal height, 

improved maternal and new-born healthcare, increased parental education and reduced 

fertility (96,97).   

Numerous studies in LMIC have found that increased maternal education is associated with a 

reduction in stunting and improved nutritional outcomes among children. In Chapter 7, I 

found in unadjusted bivariate analyses that each additional year of maternal education 

reduced the risk of severe stunting (OR 0.92), although this was not significant in the final 

model. An analysis of South African children who received the CSG found no overall 

improvements in stunting but did observe a significant improvement among children with 

educated mothers. For children with mothers who had more than eight years of schooling, 
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early receipt of the CSG had a positive impact, increasing HAZ by 0.19 SDs (98). Thus, 

grants may be more effective at improving stunting rates when combined with maternal 

education, as improving children’s dietary diversity requires both money as well as 

knowledge about nutrition.  

Another study by Casale et al., that examined the determinants of stunting at age two among 

a South African cohort, also found that mother’s education was no longer significant in the 

final regression model (99). However, the results show that the largest mediating effect on 

stunting is through improved SES, with other pathways being antenatal outcomes 

(birthweight) and maternal parity (99). In Chapter 6, I also found that each additional year of 

maternal education reduced the risk of depression in the final multivariable model (OR 0.90). 

These relationships reinforce the importance of education for girls, both to empower mothers 

and improve their mental health and to improve their children’s outcomes. A study among 

rural Mexican mother-child pairs also found that maternal schooling reduced the negative 

effects of household wealth on the prevalence of double burden households (100). These 

findings indicate that interventions like the CSG or other improvements in household income 

alone are insufficient to improve household nutritional outcomes. When combined with 

factors like maternal education and improved dietary diversity, such interventions may be 

more effective.  

However, this does not invalidate the urgent need for nutritional programmes and 

interventions to improve nutrition among young children and adolescents. The national 

school nutrition programme (NSNP) in South Africa is a government funded programme that 

provides one nutritious meal to students in poorer primary and secondary schools. The 

objective of the programme is to improve their ability to learn. Millions of disadvantaged 

children suffered when schools were closed during the Covid-19 pandemic as for many of 

them, this was the only food that they ate all day (101)Such interventions are a small attempt 

to address the deeply rooted inequality in South Africa and the basic right to food. They can 

improve overall nutritional status and wellbeing but will not necessarily translate into an 

improvement in children’s linear growth.  

9.3.3 Food Security 

In 2014, Brazil was commended for its efforts to reduce national food security and was 

removed from the World Food Programs (WFP) hunger map, meaning that less than 5% of 

its population faced severe food insecurity (102). The FAO noted that over a ten year period, 
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Brazil managed to reduce its level of hunger by 80% and the country was praised for its ‘Zero 

Hunger’ campaign  (102). The zero hunger campaign placed the eradication of hunger and 

extreme poverty at the forefront of its social and economic policies and in a relatively short 

amount of time was able to improve food access and income generation as well as support 

food production by small farmers (103). The Brazilian government formed a national council 

of nutritional and food security to implement the programme and mobilised governmental 

and non-governmental sectors to work together. The government provided emergency food 

packages for the most needy households, constructed cisterns for clean water in the poorest 

communities, partnered with restaurants to offer meals for $1.00 and constructed community 

kitchens in the favelas (Brazilian slums) (102). They also implemented the Bolsa Familia 

(Family allowance) direct cash transfer programme to needy families to encourage children 

to remain in school. These inclusive policies were highly effective in reducing hunger and 

creating a more equal society. Unfortunately, a subsequent recession and increasingly 

conservative government policies capped public spending for needy families and food 

security programmes and dissolved the ministry of agrarian development. Neoliberal policies 

encouraged increased privatisation and food exports and increased local food prices (103). 

Changes in public spending as well as the pandemic decreased national food security and 

sadly Brazil was back on the hunger map by 2021. The success of Brazils zero hunger policy, 

as well as the unfortunate failure to sustain national food security, highlights the importance 

of political will and competent leadership to decrease hunger and food insecurity at the 

national level.  

In the South African context, the Agriculture and Agro-processing Master Plan and the 

Economic Recovery and Reconstruction Plan are aligned with the National Development 

Plan (NDP) (104). These are social programmes that aim to increase agricultural production, 

boost competitiveness and job creation and broaden the inclusion of black farmers (105). 

Increasing support for small scale farmers and integrating them into value chains has also 

been a focus of the South African government to improve food security at the national level. 

Thus far, over 100 000 farmers have received vouchers to expand their production. However, 

progress has been slow for smallholder farmers and many younger people are not interested 

in farming and do not see it as a viable career. The high prevalence of violence on farms may 

also be a deterrent to would-be farmers. At the community level, although food gardens have 

often been suggested as a viable intervention to improve household food security, in practice 

food gardens are difficult to implement and sustain and have limited success when NGOs and 
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programme implementers leave (106). Tomita and colleagues also found that those living in 

food insecurity ‘hotspots’ were more likely to become depressed and that food insecurity was 

prevalent in areas with high food-producing potential, such as fertile soil and sufficient 

rainfall (107). Ultimately, hunger and malnutrition cannot be a purely governmental effort. 

Communities and individuals need to have the agency and the will to grow their own food 

and improve their health despite the challenges. This conflict between the state and individual 

autonomy has been in the back of my mind throughout this PhD study. On the one hand, 

there must be recognition of the importance of the social determinants of health, and 

governments should strive to create more enabling environments for health and human 

flourishing. On the other hand, people still make choices and suggesting that the poor are 

incapable of improving their circumstances in any way without intervention from the state is 

not helpful either. It is worth noting the importance of social support and human contact to 

mitigate the adverse impacts of both depression and food insecurity (108–110). The simple 

act of staying connected to others, being part of a broader community and reaching out in 

times of need may be the most realistic and effective intervention in some settings. 

9.3.4 Low birthweight 

There is increased recognition of the importance of improving periconceptional health as a 

potential intervention to reduce LBW. The Women First randomised controlled trial 

compared the impact of maternal nutrition supplementation preconception, at 11 weeks 

gestation or standard of care (no supplementation). The trial sites were in the DRC, 

Guatemala, India and Pakistan. Linear growth in both arm 1 and arm 2 were statistically 

greater than arm 3 for infants in the first six months of life, with children in Arm 1 

experiencing the best growth (89). These findings suggest that prenatal factors were more 

important than postnatal diet in influencing growth during the first six months of children’s 

life. 

However, it is also important to note that main causes of LBW differ by geographic region. 

In Asia, LBW is primarily driven by maternal undernutrition, including mothers who are 

stunted themselves and deliver SGA infants. In settings with a large proportion of adolescent 

pregnancies or high levels of infections, preterm birth is the main cause of LBW (111). 

Single and MMS (combining iron and folic acid) during pregnancy can reduce maternal 

anaemia and offers a 12% reduction in the risk for having a LBW infant (61).  
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An overview of systematic reviews found that oral supplementation of Vitamin A, low dose 

calcium, zinc, multiple micronutrient supplements, nutritional education and preventative 

antimalarial intervention significantly decreased the risk of LBW (112). A meta-analysis of 

studies across the income spectrum found that Vitamin D supplementation can reduce the 

risks of LBW by up to 45%  (113). However, these relatively simple and cost effective 

interventions need to be implemented at scale in the public sector as it is the most 

socioeconomically disadvantaged mothers who bear the brunt of poor pregnancy and birth 

outcomes. Women who are pregnant need to attend antenatal care throughout their 

pregnancies to ensure that they are in optimal health, and to test for anaemia and other 

deficiencies that may increase their risk of delivering a LBW infant. A randomised controlled 

trial in Bangladesh also found that a short term nutrition education programme (3 months) 

substantially reduced LBW and improved pregnancy outcomes among poor women (114) 

While the situation in Bangladesh is considerably different to South Africa, with a high 

prevalence of maternal underweight, the intervention demonstrated that women were 

amenable to changing their eating habits and eating more in the third trimester to improve 

their pregnancy outcomes (114). South Africa has a high rate of obesity which is also a risk 

factor for adverse birth and pregnancy outcomes (115). A systematic review that 

examined counselling and active behavioural interventions to limit gestational weight gain 

(GWG) found that these interventions were associated with decreased risk of gestational 

diabetes, emergency caesarean delivery, macrosomia, and large for gestational age (116). 

Unfortunately, such interventions are not a part of routine care in the public sector and the 

information that pregnant women receive regarding nutrition and overall health during their 

pregnancies may be minimal. Mobile platforms like MomConnect may be useful in this 

regard. This initiative aims to electronically register all pregnancies in the public health 

system as early as possible and to send targeted health promotion messages to pregnant 

women to improve both their and their babies’ health 

(https://www.health.gov.za/momconnect/). 

9.4 Recommendations for further research 

There is emerging interest in whether certain micronutrient deficiencies may also play a role 

in the development of perinatal depressive symptoms (117). Thus far, the evidence remains 

inconclusive, but this is an important area for research, particularly in LMIC where women 

may experience multiple micronutrient deficiencies in the perinatal period. A recent 

systematic review of 13 different studies examining dietary patterns and antenatal and 
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postnatal depressive symptoms found that healthy eating patterns were inversely associated 

with depression, while a deficiency of calcium, iron, and folate were also associated with 

maternal depression (118). Many of the studies included in the review were conducted in the 

US or other high-income countries, which limits inferences to LMIC like South Africa. This 

is an important avenue for future research as targeted supplementation of specific 

micronutrients like calcium and folate may reduce depressive symptoms among women in 

these settings. In addition, micronutrient deficiencies are associated with LBW, so trials that 

examine both maternal depressive symptoms as well as birth outcomes could address both 

questions regarding maternal mental health as well as LBW and linear growth among 

children. Studies that examine overall dietary patterns in relation to depression in the South 

African context are also required in addition to studies that examine specific micronutrients. 

This may also require the development of context specific dietary data collection tools and/or 

the adjustment of existing measures as well as validation studies to confirm that these tools 

accurately reflect South African dietary patterns. 

Further research is needed to establish and elucidate the associations between maternal 

depression and child health outcomes. This would require rigorous longitudinal studies that 

examine the chronicity of maternal depression, using continuous scores at various timepoints 

during pregnancy and postnatally, and adjust for a variety of confounding factors, maternal 

and environmental characteristics. Such studies should also use measurement instruments 

especially developed for pregnant or postpartum women (e.g. The EPDS) (76). 

Stunting remains a serious global public health problem and one that is particularly difficult 

to solve given its intergenerational component as well as multiple environmental factors. 

More research is needed to understand what interventions are the most effective to address 

stunting in LMIC and how to best allocate the funding for social protection and humanitarian 

policies. A RCT that examines an extension of the CSG into pregnancy could be studied in 

relation to both maternal and child health outcomes (maternal depression, LBW, length for 

gestational age, preterm birth and stunting) to inform policymakers in social development. 

More RCTs are needed to examine the long-term effects of preconception nutritional 

supplementation on children’s birth outcomes and linear growth in the first five years of life. 

There is abundant research about stunting among younger children, but less is understood 

about stunting during adolescence and whether catch up growth is even possible (119). 

Adolescence is also a critical time for development and stunting has been associated with 
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delayed puberty as well as poor peer relationships among adolescents (120). In addition, 

although boys are more likely to be severely stunted in early childhood (as we found in 

Chapter 7), emerging research suggests that stunting in later childhood and early adolescence 

has worse health implications for girls (120). This is particularly important in countries where 

there is a high rate of adolescent pregnancies as these young mothers may continue the cycle 

of poor growth outcomes among their children. Longitudinal studies are needed to examine if 

catch up growth can occur in adolescence and how stunting in adolescence impacts cognitive 

development as well as other health outcomes.  

More research is needed to improve the existing measures of dietary diversity as well as 

increased standardisation of measurement instruments across different studies and 

geographical regions. The inclusion of a separate category for processed foods would be very 

useful given the proliferation of these types of foods over the past two decades as well as 

their implications for obesity and potentially for mental health (17,121). In addition, 

measurement of dietary diversity could be improved if there were some indications of the 

quantities of food groups consumed. Dietary diversity data may also have potential for 

gauging the impacts of shocks like the Coronavirus pandemic, not only because dietary 

diversity is sensitive to shock, but also because they are cost effective and can be frequently 

collected (35). Longitudinal studies that examine dietary diversity over time and in relation to 

child and adult anthropometry across the income spectrum may further elucidate these 

relationships. Validation studies in LMIC would also be useful for generating a gold standard 

with regards to cut-offs for household level dietary diversity data. 
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 CONCLUSION 

This study has revealed that household food insecurity is a critical social determinant of 

both maternal and child health. Child hunger in the household is associated with low 

birthweight while low dietary diversity is associated with stunting among children as they 

age. Food insecurity significantly increases the risk of maternal depression among 

periconceptional and antenatal women as well as new mothers.  This group is particularly 

vulnerable to both food insecurity and mental disorders and these can be considered 

cumulative social determinants of poor health that multiply across the lifespan.   

Given the adverse life course implications of early childhood stunting, interventions that 

can improve periconceptional nutrition and reduce the prevalence of low birthweight in 

South Africa may also improve the high prevalence of stunting. However, there is a 

paucity of data on such interventions and more high quality longitudinal studies are 

required. In addition to improved nutrition, periconceptional and pregnant women also 

need to be counselled about alcohol and tobacco use, excessive gestational weight gain, 

hypertension and other risk factors for low birthweight.  Interventions that can improve 

maternal food insecurity may be more effective than targeted psychological interventions 

to improve maternal wellbeing and mental health. An extension of the child support grant 

into pregnancy may improve antenatal nutrition and subsequent birth and pregnancy 

outcomes but further research is needed to determine if this will be feasible or effective.   

Dietary diversity in particular is an important indicator of overall dietary health and 

nutrition and should be routinely collected during the course of national surveys.  

Experiential indicators of food insecurity such as hunger should still be collected but 

additional measures are needed to capture dietary quality.  

However, increased dietary diversity was also associated with an increased risk of 

overweight and obesity among adults. Public health interventions such as increased taxes 

on processed foods and sugary beverages may help reduce the increased consumption of 

unhealthy foods and beverages in low and middle income countries like South Africa. In 

addition, public health messaging around good nutrition and healthy eating and 

complimentary feeding practices for young children is virtually non-existent. Targeted 
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public health campaigns that discuss the adverse effects of poor diets and overweight and 

obesity are needed.  Existing measures of dietary diversity could be improved by the 

inclusion of a separate category for processed foods as well as further validation studies of 

household dietary diversity instruments in a variety of settings.  

At the macro scale, government policies that can improve economic growth and 

employment opportunities  can enable more people to purchase sufficient healthy and 

nutritious food for themselves and their families. The Covid 19 pandemic has deepened 

existing health and social inequalities in South Africa and increased food insecurity and 

mental distress among vulnerable populations.  It is important that the National 

Development plan support smallholder agriculture and encourage younger people to 

become involved in farming to secure the future of the food system in South Africa.  

The events of the past two years have highlighted the multiple vulnerabilities of the global 

and local food system to climate change, pandemics and civil and political unrest. Thus, 

governments must prepare for these eventualities and have contingency plans in place and 

it is the role of researchers and academics to inform some of these policies.  Improving 

South Africa’s food security and nutritional status is a task that will require political will 

and commitment as well as multi sectoral action from government, academia, civil society 

and individuals.   The Covid 19 pandemic has caused the world to take stock of the 

existing weakness in the food system and the inequalities that underlie access to nutritious 

food. This presents an important opportunity for South Africa to renew the focus on 

eradicating hunger and malnutrition and work towards building a more sustainable and 

equitable food system for all. 
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