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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)

b)

d)

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.

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.

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.

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.

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



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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Chapter 1 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



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.



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

4



(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)



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).



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



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%.



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 21% 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

12



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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Chapter 2 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 I, 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.
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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).

24



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, I[PV, 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 | 27% of children | 18% of children | 18% of children 26.5% of children
aged 1-9 were aged 5 and under | aged 5 and were | aged 5 and under | aged 1-9 were
stunted and 6.9% | were stunted stunted and 10% | were stunted and stunted

were severely
stunted

were severely
stunted

9.4% were
severely 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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Chapter 3 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 (\l 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

46



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 Analytical Approach Limitations
Data

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 |
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 Analytical Approach Limitations
Data
severely stunted). Post-stratification important risk factor for LBW
weights adjusted for age, sex and race | in the case of preterm birth
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.
Chapter 8: “Giving My The primary data came We used univariate and bivariate The SMS format of the study
Baby The Life She from a mobile survey analysis (logistic regressions), limited the depth of questions
Deserves ”: Hunger and conducted among employing a 5% significance level as | and responses for the survey.
Maternal Depressive MomConnect a cut-off for statistical significance. There were significantly fewer
Symptoms Amongst South | participants. This SMS We applied a mixed effects logistic women from the Eastern Cape
African Women survey recruited pregnant | regression model to examine factors who participated in the study
women and mothers with | associated with child hunger as well as fewer women with
babies younger than 12 clustered at maternal ID level. babies in the 0-3 month
months using the category. The low number of
MomConnect platform, a women from the Eastern Cape
South African National who participated in the study
Department of Health. may have meant that the
The final sample poorest women (and those
included 3140 women from rural and underserved
for the first batch of areas) were not sufficiently
questions. The same represented in the study
sample of 3140 women findings. There is also the
received an invitation to possibility of selection bias,
a follow-up survey two whereby the most depressed
weeks later. The second women may have been too
survey had 2287 distressed or apathetic to
respondents. The attrition participate in the survey, or
rate between the two that survey respondents were
surveys was thus 27%. 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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Chapter 4 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 [PV 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.
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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: 3= 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

58



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 I'YCF (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.

68



Table 4-1:

Characteristics of Included Studies

Title and Year of Study Type Population | Result and social determinants of | Measurement tool for
publication health included in analysis dietary diversity and
depression

1.Mental health Cross-sectional sub-study | 828 Maternal mental health measures Minimum Dietary Diversity

symptoms and of a larger, quasi- mothers of | were positively and statistically for Women (MDD-W) tool

their relations experimental evaluation young significantly associated with higher [45].

with dietary of a United States Agency | children dietary diversity scores in adjusted

diversity and for International analyses (HSCL-25: 3=0.18, p = Hopkins Symptom Checklist-

nutritional status Development (USAID) 0.002, HTQ: 8=0.12, p =0.029, 25 (HSCL- 25) and post-

among mothers of food assistance pro- gram High Distress: B=0.47, p <0.001). traumatic stress disorder

young children in called Jenga Jamaa II (PTSD) with the Harvard

eastern background and demographic Trauma Questionnaire

Democratic characteristics: age, years of (HTQ), using a four-point

Republic of the education obtained, ethnic group, Likert scale. Mean scale

Congo living in territory of origin, currently | scores were calculated
pregnant, number of children, and ranging from one to four. A

Published in 2020 marital status. Education was variable was created for high
recoded as a categorical variable distress (participants scoring
with three categories: no education, in the upper quartile of both
completing at least some primary measures). Independent
school, and completing at least some | variables for maternal mental
secondary school or higher health were mean item
education. Participants were also HSCL-25 score (measuring
asked if they had a child that died, depression and anxiety
and to rate their physical health symptoms), mean item HTQ
status, using a scale that ranged from | score (measuring PTSD
excellent to poor. Household-level symptoms), and a binary
data, including household size, in- variable for high
come in the past month, and food psychological distress (upper
insecurity, were collected as part of | quartile of both mea- sures).
the parent study survey Separate analyses were
questionnaire. Food insecurity was conducted for each of the
measured using the Household Food | three independent variables
Insecurity Access Scale (HFIAS) due to multicollinearity.

2.The relationship Longitudinal cohort of T1 was In the cross-sectional analysis, high FAO DDS

of dietary Chinese women 3698, 2343 | dietary status (>6) was

diversity score at T2, 2162 | negatively associated with Self-Rating Anxiety Scale

with depression at T3 depression status [T1: OR (95% CI) | (SAS), Self-Rating

and anxiety and 924 at | =0.56 (0.46, 0.69); Depression Scale (SDS) and

among prenatal T4 and anxiety status [T1: OR (95% CI)

and post-partum
women.

Published in 2018

=10.70 (0.56, 0.88);

In the longitudinal analysis, it was
demonstrated that the DDS level
was negatively associated with
SDS [B(se) =—0.99 (0.09), P =
<0.0001] and SAS scores [B(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
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Title and Year of Study Type Population | Result and social determinants of | Measurement tool for
publication health included in analysis dietary diversity and
depression

occupation (manual workers, mental

workers and others) and smoking or

drinking of the past 3 months before

pregnancy
3.Depression Cross-sectional baseline 2599 Low dietary diversity (<5 food Dichotomous cut-off used in
among women of sample of FAARM trial. women 40 | groups) was associated with the thirteen-group Women’s
reproductive age % were approximately double the odds of Dietary Diversity Score
in rural pregnant or | depression in NPW (OR=1:80) and | (WDDS), including the 15 g
Bangladesh is up to 1 year | PW (OR=1-99). Consumption restriction.
linked to food postpartum,
security, diets and while 60 % | Age in years, age at first marriage, Depression The Edinburgh
nutrition. were not years of completed education and a Postpartum Depression Scale
10.1017/S136898 peripartum. | detailed birth history as self-reported | (EPDS) is a ten-item
0019003495 Overall, by the index woman. Literacy was psychometric screening tool

determined by asking the index used to identify prob- able
Published in 2020 woman to read a simple sentence. minor and major depression.

Religion of the household head, the The cutoff was 12 or greater.

size of the household, and if anyone

in the household owned a set list of

assets in order to construct a wealth

index(31).
4 .Maternal Population based cross- 200 mother | Outcome was child dietary diversity | WHO indicators for assessing
depression does sectional survey child pairs | and exposure was maternal young child feeding
not affect depression.
complementary Maternal depression status
feeding indicators The prevalence of MDD, MMF, and | was determined using Centre
or stunting status MAD were 56.5, 65.0, and 44.0% for Epidemiologic Studies-
of young children respectively and 41.0% of the Depression (CES-D) scale
(6-23 months) in children sampled were stunted. A [20]. CES-D scale comprised
Northern Ghana. third of the mothers (33.5%) of 20 items and asks

screened positive for depression. caregivers to rate how often
Published in 2018 Maternal depression did not over the past week they

influence significantly MDD (p = experienced depression-

0.245), MMF (p = 0.442), and MAD | associated symptoms

(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.
5. Child Two studies: A secondary | 1081 Outcome is child development and DD measured out of 7 food
development in analyses on health and mother- study examines dietary diversity and | groups consumed in the past
rural Ghana: nutrition data from 1081 child pairs | maternal depression in relation to 24 hours and converted to a
Associations mother—child pairs (the (first study) | child development. dietary diversity score defined
between children aged 012 as the number (0-7) of food
cognitive/languag months) Ghana’s Eastern | 330 Family assets and maternal groups (grains/ tubers,
¢ milestones and Region. Second Study: the | children education were identified as key legumes, meat/fish, eggs,
indicators of Ghana Milestones (sub- factors of the family context. Both vitamin A rich fruits and
nutrition and Measure, consisting of sample of variables were positively associated | vegetables, non-vitamin A
stimulation of items assessing cognitive study 1) with preventive health practices (r= | rich fruits and vegetables, and

children under
two years of age

and language

development, was used to
assess child development
in a subsample (N = 330)

0.08 t0 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

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 Study Type Population | Result and social determinants of | Measurement tool for
publication health included in analysis dietary diversity and
depression
doi: of Study 1 participants symptoms (r =—0.19 to —0.12, p <
10.17269/CJPH.1 one year later (children 0.0001). Recent child illness did not | The Self-Reporting
08.5875 10-24 months of age). correlate with preventive health Questionnaire (SRQ-20),18 a
M practices but was related to mother’s | measure of maternal
depressive symptoms, more depressive symptoms, was
Published in 2017 stimulation and lower used to assess the mother’s
hemoglobin. Mother’s education emotional availability to
was significantly correlated with provide support for the child.
several child variables, including Mothers responded yes or no
weight-for-age (WAZ) scores, to each of the 20 symptoms
dietary diversity, and preventive based on their experiences
health practices. Less educated over the last 30 days. The
mothers had more depressive total score was the number of
symptoms. Although family assets symptoms to which the
and maternal education were mother responded
correlated with child’s diet and affirmatively. A cut-off score
health and maternal depression, they | of 11 or more was used to
were not the main predictors of identify high levels of
children’s length-for-age or depressive symptoms.
stimulation. Independent of the
child’s age, the best predictor was
the child’s diet.
6. Maternal The study was nested ina | 812 mother | HSCL-25 (8: 0-18, P <0-05) and Childrens DD measured using
depression is larger quasi-experimental | child pairs HTQ (B: 0-19, P < 0-05) were the WHO ICYF indicators. A
associated with study evaluating Jenga statistically significantly associated dietary diversity score (range
child Jamaa II, a food and with higher dietary diversity scores, | 0—7) was calculated from the
undernutrition: A nutrition assistance and all maternal mental health sum of food groups
cross-sectional project in Uvira and Fizi measures were associated with consumed. The seven food
study in Ethiopia. territories higher meal frequency (HSCL-25: B: | groups were starchy staples
10.1111/men. 129 0-13,P=0-001; HTQ: B: 0-12, P = (grains, roots and tubers),
34 0-001; high distress: 8: 0-15, P < legumes and nuts, dairy
0-05) and consumption of at least products, flesh foods, eggs,
Published in 2020 three meals/snacks per day (HSCL- Vitamin A-rich fruits and
25: OR: 2:06, HTQ: OR: 1-93, high | vegetables, and other fruits
distress: OR: 2:68, P < 0-001 for and vegetables.
all). No significant associations were
found with HAZ, WAZ, WHZ, Maternal depression and
stunting or underweight indicators. anxiety symptoms were
measured by the Hopkins
Social determinants included in the Symptom Checklist-25
model: Data on maternal (HSCL-25), and post-
background characteristics included | traumatic stress was measured
maternal age, years of education, by the Harvard Trauma
ethnic group, marital status, Questionnaire (HTQ).
currently living in territory of origin, | Participants were classified as
currently pregnant, maternal self- having high psychological
reported health status (poor, average, | distress if their mean item
good, very good/ excellent), number | score was in the upper
of children, and having had a child quartile of both measures
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
7. Maternal The study was nested ina | 812 mother | HSCL-25 (8: 0-18, P <0-05) and Childrens DD measured using
mental health larger quasi-experimental | child pairs | HTQ (8: 0-19, P <0-05) were the WHO ICYF indicators. A

symptoms are

study evaluating Jenga

statistically significantly associated

dietary diversity score (range
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Title and Year of Study Type Population | Result and social determinants of | Measurement tool for
publication health included in analysis dietary diversity and
depression

positively Jamaa II, a food and with higher dietary diversity scores, | 0—7) was calculated from the
associated with nutrition assistance and all maternal mental health sum of food groups
child dietary project in Uvira and Fizi measures were associated with consumed. The seven food
diversity and meal territories higher meal frequency (HSCL-25: B: | groups were starchy staples
frequency but not 0-13,P=0-001; HTQ: B: 0-12, P = (grains, roots and tubers),
nutritional status 0-001; high distress: B: 0-15, P < legumes and nuts, dairy
in Eastern 0-05) and consumption of at least products, flesh foods, eggs,
Democratic three meals/snacks per day (HSCL- Vitamin A-rich fruits and
Republic of 25: OR: 2-:06, HTQ: OR: 1-93, high | vegetables, and other fruits
Congo. distress: OR: 2-68, P < 0-001 for and vegetables.

all). No significant associations were
10.1017/S136898 found with HAZ, WAZ, WHZ, Maternal depression and
0019004087 stunting or underweight indicators. anxiety symptoms were

measured by the Hopkins

Published in 2020 Social determinants included in the Symptom Checklist-25

model: Data on maternal (HSCL-25). Participants were

background characteristics included | classified as having high

maternal age, years of education, psychological distress if their

ethnic group, marital status, mean item score was in the

currently living in territory of origin, | upper quartile of both

currently pregnant, maternal self- measures

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
8. Maternal a cross-sectional study mothers of | Maternal depression was associated
depression is embedded at endline ofa | 629 with 11% lower likelihood that the Child's consumption in the
associated with longitudinal community children child consumed one additional food | past 24 h of 12 specific
less dietary development intervention | (age 23—66 | group [Poisson regression, adjusted foods/food groups (Kennedy
diversity among months) in | relative risk (aRR) 0.89, 95% et al., 2013). The 24-h diet
rural Nepali rural Nepal | confidence intervals (95% CI 0.81, recall information was

children.

Published in 2020

0.99), p=0.024] and 13% lower
likelihood that the child consumed
one additional animal source food
(ASF) [aRR 0.87, (95% CT1 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

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 Study Type Population | Result and social determinants of | Measurement tool for
publication health included in analysis 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 Longitudinal cohort - four | Mother Study did not examine correlates A dietary diversity score
of risk factors for prospective cohorts of infant pairs | between DD and depression but (DDS) was created using data
linear growth children who participated | in Ghana examined both DD and maternal from 24-hour recall of food
faltering in four in trials conducted as part | (n=1039), depression in relation to child health | types/groups available in
prospective of the International Lipid- | Malawi outcomes using SEM. Ghana DHS data set. The
cohorts of young Based Nutrient (n=684 and DDS is a count of the number
children in Ghana, Supplements Project four | 1504) and Out of 42 indicators, 2 were of food groups consumed by
Malawi and African countries. In two Burkina associated with 18-month LAZ in the child over the past 24
Burkina Faso cohorts, women were Faso three or four cohorts: maternal hours preceding the DHS

enrolled during (n=2619). height and body mass index (BMI). interview of the mother, who

Published in 2019

pregnancy. In two other
cohorts, infants were
enrolled at 6 or 9 months.

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

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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Title and Year of Study Type Population | Result and social determinants of | Measurement tool for
publication health included in analysis dietary diversity and
depression
10. Predictors and Longitudinal cohort : path | Mother Out of 42 indicators of the 34 factors | A dietary diversity score
pathways of analyses of factors infant pairs | examined, 6 were associated with (DDS) was created using data
language and associated with 18-month | Ghana 18-month language and/or motor from 24-hour recall of food
motor language and motor (n=1,023), | development in 3 or 4 cohorts: child | types/groups available in
development in development in four Malawi linear and ponderal growth, variety Ghana DHS data set.
four prospective prospective cohorts of (n=1675 of play materials, activities with Individual food groups are
cohorts of young children who participated | and 1,385), | caregivers, dietary diversity, and described in the column
children in Ghana, in trials conducted as part | and child hemoglobin/iron status. above.
Malawi, and of the International Lipid- | Burkina Factors that were not associated with
Burkina Faso. Based Nutrient Faso child development were indicators Mothers were interviewed
10.1111/jepp.127 Supplements (iLiNS) (n=1,122). | of maternal Hb/iron status, maternal | regarding depressive
51 Project in four African illness and inflammation during symptoms at 6 months post
Published in 2017 countries pregnancy, maternal perceived stress | partum in DYAD-M using a
and depression, exclusive locally validated adaptation of
breastfeeding during 6 months the Self-Re- porting
postpartum, and child diarrhea, Questionnaire and in DYAD-
fever, malaria, and acute respiratory | G with the Edin- burgh Post-
infections. natal Depression Scale.
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.
11. Parental Cross-sectional Study WHO DD indicators for
depression and community based survey examined adults and children with 24
nutrition: findings nested within a nutrition parents hour recall. The possible
from a cross- intervention district with child scores, thus, ranged from 0 to
sectional spanning mountains, hills | age 6-59 10 for adults and 0 to 7 for
household survey and plains in Nepal. moths and children.
in Nepal included
fathers as Depression measured using
Published in 2020 well as (Patient Health
3158 Questionnaire-9 score > 10).
mothers

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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Chapter 5 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

81



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 (FAQO) 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 (4724) (64-66%)

Medium dietary diversity (5-8) 30.7 (2219) (30-32%)

Low dietary diversity (1-4) 4.1 (297) (3-4%)

Food expenditure 17.3(7291) (16-18%)

Adult hunger 23 (7266) (22-24%)

Child hunger 14.5 (5 359) (13%-15%)

Food Insufficiency 38.1(7291) (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 73.8 (1 526) 86.5 (2 156) 82.1 (3457) 81.3 (7 139)
(HAZ>-2SD)
Stunted/severely stunted 28.2 (543) 13.5 (338) 17.9 (757) 18.7 (1 638)
(HAZ<-2SD)
Total 100 (2 069) 100 (2 494) 100 (4214) 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 <§ years 5-9 yrs 10-17 yrs Total)

% (n) % (n) % (n) % (n)
Normal weight 77.2 (1373) 85.7 (1756) 84 (2 989) 82.8 (6 118)
(BMI >-1)
Wasted/severely wasted 53 (95 6.5 (133) 7.7 (272) 6.8 (500)
(BMI <-2)
Overweight/obese 17.5 (311) 7.8 (160) 8.3 (296) 10.4 (767)
(BMI >2)
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 5-9 years 10-17 years Full sample
n=2069 n=2494 n=4214 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)

<S5 years 5-9 years 10-19 years *Full sample

n=1779 n=2 049 N=3 557 n=17 385
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) p value
Bivariate regressions

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 Overweight/Obese Total
BMI adult
% (n)
Normal height child/ren 24% (602) 76% (1 908) 100 (2 510)
Stunted or severely stunted 29.8% (360) 70.2% (850) 100 (1 210)
child/ren
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 <5Syrs 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
( HFTAS), 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 Jow 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 adequacys, 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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Chapter 6 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.

99



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:

Wave 1 (2008)

Consort Diagram of Study Participants

Reference period

Wave 3 (2012)

Child data for 1 431 children matched by maternal data by PID

1, 208 women

(22% pregnant)

(78% preconception)

r‘

Maternal data collected

2008: 428 births
2009: 361 births
2010: 377 births
2011: 334 births

Total: 1 500 births

248 women gave
birth twice
during reference
period

12 women gave
birth three times
during reference
period
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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), Coefficient and SE  p-value
(95% CI)
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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Chapter 7 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
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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

Height for age
2008: 273 birth data available for
1,232 pregnant or 2009; 188 bi:h: 1, 216 children
preconception women ( 2010- 387 births \ |
2011: 343 births
Total: 1 391 births
Birthweight data
Maternal data collected available for
1 173 children

e 177 women gave |

birth twice
during reference
period

e 6 women gave . .
birth three times e for et
T — data available for

. 1 198 children
period

\ Multiple births _)

excluded n=19
Women aged<l15
excluded n=5

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.
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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 (2006)
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 9.12.2)
% (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

Indicator Child age category
Height for age 4-24 months 25-48 months 49-55 months Total

% (n) % (n) % (n) % (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 25-48 months 49-60 months Total

% (n) % (n) % (n) % (n)
Normal weight (WAZ >-2) 66.9 (263) 79.5 (582) 83.6 (61) 75.6 (906)
Wasted or severely wasted 7.1(28) 5.5 (40) 554 6 (72)
(WAZ<-2)
Overweight or obese 26 (102) 15 (110) 10.9 (8) 18.4 (220)
Total 100 (393) 100 (732) 100 (73) 100 (1 198)

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.
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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)
Dietary Diversity score (continuous)
Low Dietary Diversity (score<9)
Child hunger in household
Maternal height in cm

Maternal education

Male child

Receives child grant

Low birthweight (<2500g)
Childs age in months

Maternal education

Household size

1.97 (1.24-3.11)
0.97 (0.91-1.04)
1.07 (0.77-1.47)
1.09 (0.73-1.62)
0.94 (0.92-0.96)
0.97 (0.92-1.02)
1.21 (0.90-1.62)
1.67 (1.11-2.50)
1.85 (1.21-2.84)
0.94 (0.92-0.96)
0.97 (0.92-1.02)
1.02 (0.97-1.06)

0.004
0.362
0.647
0.814
0.000
0.277
0.217
0.013
0.005
0.000
0.277
0.469

Severe Stunting (ZHFA<-3SD)

Unadjusted relative risk ratio, Confidence Intervals

p value

Food poverty line (R274)

Dietary Diversity score (continuous)
Low Dietary Diversity (score<9)
Child hunger in household

Maternal height in cm

Maternal education

Male child

Receives child grant

Low birthweight (<2500g)

Childs age in months
Maternal education

Household size

1.73 (1.06-2.81)
0.90 (0.84-0.97)
1.87 (1.30-2.55)
1.19 (0.76-1.85)
0.96 (0.93-0.99)
0.93 (0.87-0.98)
1.54 (1.11-2.12)
1.13 (0.76-1.68)

1.52 (0.94-2.44)

0.97 (0.96-0.98)
0.93 (0.87-0.98)
1.00 (0.96-1.06)

0.028
0.003
P<0.000
0.445
0.009
0.013
0.009
0.534

0.085

0.000
0.013
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 p value

Multinomial regression model

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 p value
Multinomial regression model
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.
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Chapter 8 ”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.! 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.

! 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.?
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 2230 (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

@ @ 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

@ @ 3 @ (5 (O] @)
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

145



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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Chapter 9 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; ¢) 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
CSQG, 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

155



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.
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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, [UGR 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.
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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.
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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 [PV, 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
(GWQG) 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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Chapter 10 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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caterins | the diploma, certficate or degree? N
Interviewer: If don't know write “.9”, If | Teriany mstiuton
refused write “-8"
CH10 | Computer CHECK! Is this Yos
aged between 15 and 307(l.e, Is (A14-
B1)<30?) No 2 H32
H10 | Did you attend any scheol or classes or Confirm if
ecidort | comrespondence courses of any kind at any time | Yes 1 wi_current
in 20087 encolyn = 2
Include university, technical colleges or any Confirm if
courses as well as school. No 2 wi_cumrent | H13
enrolyn = 1
Refused -8 H13
Don't Know -9 H13
H11 | What was the result of this schooling in 20087 | Withdrew before completing the 1
ed08res
Faded the grade or programme 2 H13
Passed the grade or programme 3 H13
Continuing in programme, no 4 H13
grade given
Refused -8 H13
Don't Know -9 H13
H12 | What was the main reason that you withdrew Could not afford to stay at school 1
caodwae | before completing the educational year?
. Intervi : only one I ; Wanted to look for a job 2
Was pregnanthad a baby 3
Was needed at home 4
Was illisick 5
Grades were very poor/ was not 6
allowed to continue
suspended/expelled 7
Other (specify) 8
Refused -8
Don't Know 9
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Don't Know -9
J23 Do you smoke cigarettes? Yes 1 J26
hllfsmk
No 2
Refused -8
Don't Know -9
J24 Did you ever smoke cigarettes regularly? Yes 1
hilfsmkreg
No 2 J28
Refused -8 J28
Don't Know -9 J28
J25 How old were you when you last smoked
hllfsmkist | cigarettes regularly? A
Interviewer: If don’t know write “-9”. If ge
refused write “-8”
J26 How old were you when you first smoked
hilfsmkfrs | cigarettes regularly? A
Interviewer: If don’t know write “-9”. If ge
refused write “-8”
J27 On average, how many cigarettes per day did
hllfsmkgnt | you/ do you smoke?

Interviewer: If don’t know write “-9”. If
refused write “-8”

Number of cigarettes
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How often do you drink alcohol? I have never drank alcohol 1 J30
) I no longer drink alcohol 2 J30
| drink very rarely 3
Less than once a week 4
On 1 or 2 days a week 5
On 3 or 4 days a week 6
On 5 or 6 days a week 7
Every day 8
Refused 8
Don't Know 9
m-'zm w&mm?nz&wm 13 or more standard drinks 1
have? - 9 10 12 standard drinks 2
A sttt S o .| 1.8 st s :
aphils, or & mized denk. 510 6 standard drinks 4
3 or 4 standard drinks 5
1 or 2 standard drinks 6
Refused -8
Don't Know 9
J30 | Idonotwant to know the result, buthave | yeq 1
Mt | you ever had an HIV test?
No 2
Don't Know 8
Refused 9
L Ay au-coveed-by - Redeataes2 o6 3
Ne - L2
Retusod + K
Faint Whwen -]
B e e
e il
it ok oz | Moo
Interviewsr H don't Know witte -
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Section K: Em¢

During the past week...

(1-2 days)

A

I was bothered by things that usually don't
bother me «xobih

| had trouble keeping my mind on what | was
wm”nom'd

23333233

2
°

| felt depressed crodep

| felt that everything | did was an effort cooeyf
I felt hopeful about the future cmohose

I folt fearful «mofeor

My sleep was restiess «—o:ip

I was happy emotap

1 felt lonely cmolone

I could not "get going” «~og0

N N T B Ry

N NN NN NN NN

WL W W W W R w e e

LR S R R )

o b b b b b b b b &
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N1t Respondent’s Height ~ Measure 1
hewt i Don't Know write “-9"
If Refused write “-8" — —_ ___ ¢ ___ centimetres
! Is the height Yes —+ Re-do height measure, and correct N1.1 if 1
measurement less than 130.0cm?
No 2
N12 Respondent’s Height — Measure 2
heighe_2
A cer
CN13 | Computer CHECK! Is Yes 1 N2
-1 <(N1.1-N1.2)<1
(Is the difference between N1.1 No 2
and N1.2 less than 1cm?)
N1.3 Respondent’s Heght — Measure 3
height_3
. centimetres
N2.1 Respondent’s Wesght — Measure 1
weight_ 1
. kilograms
Computer CHECK! Does the scale Yes -+ Resot the scale to kilograms, and correct 1
display a figure of more than 1507 1
No 2
N2.2 Respondent’s Weight — Measure 2
weight_2
. kilograms
CN23 | Computer CHECKI! Is -1 <(N2.1-
N2.2) < 1 (is the difference i i LA
between N2.1 and N2.2 less than 1 No 2
kg?)
N23 Respondent's Wesght -~ Measure 3
weight_3
. kilograms
N3 Respondent's Wasst — Measure 1
waist_1
- centimetres
N3.2 Respondent's Waist — Measure 2
walst_2
. cer i
CN33 1ls -2 < (N3.1-
N3.2) < 2 (Is the difference between s g L
N3.1 and N3.2 less than 2cm?) No 2
N33 Respondent’s Waist —~ M 3
waist_3
. centimetres
N4.1 Blood pressure - Reading 1 N4.2 | Blood pressure - Reading 2
1. SYSTOLIC by ! 1. SYSTOLIC bpsys 2
2. DIASTOLIC by 1 2. DIASTOLIC tpio_2
3. PULSE tppis 1 3. PULSE tppis_2
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Appendix 3: NIDS Child Questionnaire Excerpts

Section B: Demographics

INTERVIEWER READ OUT: We would like to ask you some questions about the child's background. Validatio Skips
n Rule
B4 | Whatis this child's gender? Male 1
Female 2 Vaidate
using
Don't Know -g wi_gen
Refused -8
= What population group does this child belong to? African 1
Coloured 2
Asian/indian 3
Validate
White < using
wi_race
Other (Specify) 5
Don't Know -8
Refused -8
B3 | Which language does the child usually speak at home? Lan
™| I the child i not yet speaking, what language s usualy guage Validate
spoken to the child? i using
If Don't Know write 9" If other. specify here wi_lang
If Refused write “-8” g
9‘ Over the past 7 nights, how many nights did the child sleep Valid
S under this roof? range:
Interviewer: If all, write 7 B4 <=7
If Don’t Know write “-9”
If Refused write "8~
=7 | Over the past month, how many nights did the chikd sleep Valid
under this roof? B5 31
Interviewer: If all, write 31 B
If Don’t Know write “-9™
If Refused write "8~
B6 | Has this child ever lived in another suburb / town Avllage? Yes 1
ewo iy
No 2
Refused -8 CC1
Don't Know -8
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= 2ction D: Child's health

wi_hesdcerc vald?

INTERVIEWER READ OUT: Now we would ke 50 23K you 50me quassions about he chid's heaith, | Valldation Ruls | Skipe
Overal, how Is this chiid's heaith at this Excelient 1
point in tme? \ery good 2
Good 3
Far 4
Poor s
Don't Know -9
Refused -8
D2 Was this child born In a hospital, cinkc or Confem ¥
pr | athome? Hospka 1 wi_placeofinh!=
1
Confrm ¥
Clinic 2 wi_placeofbih!s
2
Confirm ¥
Home 3 wi_placeofirh!e
3
Don't Know -3
Refused -8
%) Does this child have a birth Yes 1 Confrm ¥
et | corsficate? wi_birihcertyn =2
No N Confrm ¥
wi_birthcertyne1
Don't Know ]
Refused -8
CD4 | Computer Cheok: f wi_ dobsourcein®o | yes 1 cD8
=1 & wi_weigsourcenfo = 1 S wi_
headsourcein®o = 1 No 2
D4 Do you have a cinic (road to health) Yes 1
Sxsd | card for $his chila? No 2
i . sek: , . Yes, but not avaliabie 3
NSRS S, ko Don't Know -2
Refused -8
CDé | Computer Cheok: Is wi_ Yes 1 CD6
dobsourcein® =1
No 2
D& What was the chiid's date of birth? confirm using
g | Interviewer: Write date from card If ' wi_dob_d and
avallable. Y S . wi_dob_m and
It Don't Know write “-3 admmiy yyy wi_gdab_y
If Refusad write “-8"
cDe | Computer Cheok: Is wi_ Yes 1 cD7
weipsouwrceinfo = 1 & Is wi_weightbirth
vald? No 2
D8 How much did this child weigh at birth?
gramsz | Comfirm If DE>7kg
Drwgieg orDs>
Inforviewer: Reoord from card if s 7000grams or
avallable. OR DS<1.5008g o
If Dont Know write =87 DE<1500grams
If Refucad write 8% . koS
Drwgrak
Interviewer Note: need 1o make the distnction between grams and klograms clear
co7 Compufer Cheok: Is Yes 1 cDs
wi_headsourceinfo = 1and is No 2
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Section F: Grants

Q - Available in Secure Data only
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INTERVIEWER READ OUT: Now we would like to ask some questions about the grants collected Validation -
on behalf of this child. Rule —
F1 Does anyone currently receive a child Yes 1
grar support grant, foster care grant or care
dependency grant for this chid? No 2 FS
Don’t Know -8 F5
Refused -8 F5
F2 What type of grant is this? Child support grant 1
F=» Foster care grant 2
Care dependency grant 3
Don’t Know -@
Refused -8
F3 Who is the person that is receiving the F3.1 Name gcoegpio
grant for this child? conshi -
Interviewer: If person not in household, ?fﬁ;elaﬁ ip o chid Conﬁnn:hlf
record 77. Select from drop dowi ) relationship
- IS code =04/ 05 /
- - 06/07/13/15
If Don't Know write -9
If Refused write "-8" IR F T
F4 When was this grant first received? I
grar Iif Don’t Know write “-97 Dae | — — T - G1
If Refused write "8 mmyyyy
F5 Has anybody ever received a Child Yes 1
opst Support Grant (CSG) on behalf of this child [0~ 2 F8
in the past two years?
Don’t Know -2 F8
Refused -8 F8
F6 If yes, at which date was the grant first valid range:
gupssrt | received? Date I date < date of
KDon't Know write*9~ [ Y% | ——od—— —— wave 2
If Refused write "-8" mmyyyy interview
F7 If no longer receiving the grant, when did it Valid range:
orpststp ? Date _a date<date of G1
Iif Don’t Know write “-97 m wave 2
If Refused write "8 m Yyyyy interview
F8 Has anyone in this household ever applied | ves 1 F10
Fap for a chid support grant on behalf of this No 2
child in the last two years? (i.e. since the
last survey) Don’t Know -2 G1
Refused -8 G1
F9 Rw.ﬂm"mhe Caregiver has not heard of CSG 01 G1
Gagpap | main reason no- -
one in this household | Caregiver does not know how to apply for CSG 02 G1
has applied for a CSG applied for by someone in another household 03 G1
child support grant =
for this child? Ineligible because the chid is too old 04 G1
Caregiver cannot apply as not the child's mother 05 G1
Child is not eligible as receives a different grant 06 G1
(foster care/ care dependency)
Child is not eligible as caregiver income too high 07 G1
Caregver doesn't have the right documentation (e.g. 08 &1
birth certificate, D)
Cost of application is too high 09 G1
Application process is too complicated or too time 10 G1
consuming
In process of applying or getting relevant 1 G1
documentation
Haven't got round to it yet 12 G1
Cannot be bothered 13 G1
Other (specify) 14 G1
Don’t Know -2 G1
Refused -8 G1
Page 18




Appendix 4: NIDS Household Questionnaire Excerpts

Section G1: Negative events

INTERVIEWER READ OUT: Households sometimes experience good and bad events. First we would like to ask you about any bad events your household may have
nced IN THE LAST 24 MONTHS.

Event

G1.1

Did a[..] occurin
this household in the
last 24 months?

Interviewer: If No to G1.1, go to next.

Yes

G1.2
What month and year
did the [ .. ] happen?

G1.3
What was the decrease
in income each month?

G1.4
What was the total
cost associated with
the [..]?

Month Year

Rands

01 - Death of non-resident family member that you depended on for financial assistance

N

02 - Death of a friend that you depended on for financial assistance /o0

03 - Death of another friend or relative 72000

04 - Serious iliness or injury of a household member ~o0//

05 - Widespread death and/or disease of livestock o

06 - Major crop failure ncoop

07 - Reduction in hours of work of a person that you depended on for financial assistance
negwrk

08 - Job loss of person that you depended on for financial assistance /0.

09 - Cut-off or decrease of remittances to household /oo

10 - Cut-off or decrease in government grants oo

11 - Theft, fire, or destruction of household property /oo

12 - Any other negative event? Please specify: noo0

alalalala] = |a=a=]=m]=2] =

NINININININ [INININININ

Rands

negprocst
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INTERVIEWER READ OUT: Next, we want to ask you some questions about your
households’ standard of living.
Interviewer: Read out question first and then each response option.
It was less It was more
than I::“u]:t:t than
adequate P ed adequate
for your Not
foryour | ouse- | foryeur | oplicable
house- hold’s house- PP
hold’s needs hold’s
needs needs
Concerning your
D321 household's food
00 consumption over the 1 2 3
past month, which of
the following is true?
Concerning your
??2'2 household’s housing, 1 2 3
o which of the following is
true?
D323 Concerning your
ih household's clothing, 1 2 3
- which of the following is
true?
Concerning your
0324 household’s health care 1 2 3
cover, which of the
following is true?
D325 Concerning Ihe'
ch schooling of children in 1 2 3 5
' the household, which of

the following is true?

216

INTERVIEWER READ OUT: Next, we want to ask you some questions about your

relationship with your neighbours and the social interactions that you have with those
around you.
Interviewer: Read out question first and then each response option.

Never
happens

D33.1

How
common is it
that
neighbours
help each
other out?

Very
Rare

Not
common

Fairly
common

Very
common

Don't

know

-9

D33.2

How
common is it
that
neighbours
do things
together?

-9

D33.3

How
common is it
that people
in your
neighbour-
hood are

aggressive?

9

D33.4

How
common is
burglary and
theft in your
neighbour-
hood?

9




Sec ion E1: Food spending and consumption

INTERVIEWER READ OUT: Now we would like to ask questions about some specific food that may have been eaten in the LAST 30 DAYS. It should not include food that has
been bought for resale or exchanged for commercial purposes.

Amount R
E1 1 What was the total food expenditure of this household in the last 30 days? Refuse -8
Don't know -9
Interviewer:
* Read out each item.
* First complete Question E1.2 completely. Then answer questions E1.3a to E1.3d. Then continue with the rest of the questions.
* For each of the items where the response to question E1.2 is a “yes”, ask E1.4 to E1.8, unless the “skip’ cir the question in its entirety.
* For E1.4 to E1.8, write ‘-8’ for Refuse or ‘-9’ for Don’t know.
Computer: Provide opti Skip if E1.3a is Skip if E1.3b is Skip if E1.3c is Skip if E1.3d is
-8 = refuse, -9 = don't know not= 1 not= 1 not=1 not=1
E1.2 E1.4 E1.5 E1.6 E1.7 E1.8
Was [ .. ] eaten by this How much was What was the value | What was the value What was the What was the
household in the last 30 spent in rands on inrands of [..] inrandsof [ ..] value inrands of [ | value in rands of
days? [..])in the last 30 received as gifts in received as .. ] eaten from own | ..] eaten from shop
days? the last 30 days? payment in the last production in the stock in the last 30
30 days? last 30 days? days?
Code Food Item Yes No Rands Rands Rands Rands
01 Mealie meal 1 2 pay
02 Samp /o0 1 2 /
03 Flour and bread /o 1 2
04 Rice 1 1 2 St
05 Pasta /002 1 2
06 Biscuits, cakes, rusks /s 1 2
07 Bgd meat (beef, mutton, pork, etc) 1 2
08 Canned red meat 1 2 /
09 Chicken 7o:n 1 2
10 Fresh fish and shell fish 7o/ 1 2 I I
11 Tinned fish 77 1 2
12 Dried peas, lentils, beans 1/ 1 2 fdvegdprd
13 Potatoes /00! 1 2
@ - Available in Secure Data only
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Section E1: Food spending and consumption (continued)
* This is a continuation from the previous page.

» For E1.4 to E1.8, write ‘-8’ for Refuse or ‘-9’ for Don’t know.
Computer: Provide Skip if E1.3a is Skip if E1.3b is Skip if E1.3c is Skip if E1.3d is
options: -8 = refuse, -9 = not= 1 not= 1 not= 1 not=1
don’t know
E1.2 E1.4 E1.5 E1.6 E1.7 E1.8
Was [ .. ] eaten by this How much What was the value | What was the value What was the What was the
household in the last 30 was spent in inrands of [ ..] inrands of [ ..] value in rands of [ | value in rands of [
days? randson|[..] | received as gifts in received as .. ] eaten from own .. ] eaten from
in the last 30 the last 30 days? payment in the last | production in the shop stock in the
days? 30 days? last 30 days? last 30 days?
Code Food Item Yes No Rands Rands Rands Rands
14 Other vegetables /02 1 2 favegopay
15 Fruits and nuts 77 1 2 fafrus
17 Margarine, butter, ghee, other fats /2 1 2 ar famarprd fdmarss
18 Peanut butter /0! 1 2 ot fapbpay fdpbprd
19 Mllk: cheese, yoghurts and dried milk 1 2 .\ .
20 Eggs /299 1 2 | [fdegg v y 1paY y Joqq
21 Sugar, jam, honey, chocolates and 1 2 . .
sweets 0509 "
22 Soft drinks and juices /25 1 2
23 Tinned fruit and vegetables /7w 1 2 S 3y 1
24 Breakfast cereal and porridge 1 2 d
25 Baby food and baby formula 700y 1 2 it ibat
26 Salt and spices -/ 1 2
27 Soya products /70 1 2
28 Coffee and tea //cof 1 2 ; ft
29 Food hampers 2/ 1 2 ‘
30 Readymade meals brought into the 1 2 ) N ird
household /00, i
Meals prepared outside the home (incl. I
31 restaurants and take-aways) 7w 1 2
32 Other food expenditure 1 2

@ - Available in Secure Data only

218



Appendix 5: Ethics Clearance Certificate Momconnect Study

CONDITIONAL APPROVAL GRANITED
REC: Socal, Behavioural and Edacavon Research (SBER) - Initial Applicacion Foom

15 June 2020
Progect number: REC-2020-14926
Prapect 16 COVID-19 Rapid mobele survey of matcmad and chadd health (CRAM-MATCH)

Dear ¥rof Renelle Burger

Your REC: Socal, Beluvicural and Fducanon Rescarch (SBER) - Taitiad Appdacaton Foem subesaniad on 12 June 2000 was revaewed by
The REC Humaninies sed sppeoved with cortism condions

This conditionul upproval meams that the researcher may proceed with the envisuged reseurch provided that they respond
or adbere to the stipulations/conditions,

Frhies approval period:
Protecel spproval date (Hansitio) Pretecel cxpiration dale (Hurssaition)
15 e 2020 14 Juse 2121

LSCIENTIFIC VALIDITY! METHODOLOGY/ RELEVANCE

The peincpal investigatoe (P1) should provide mformation in the reseech proposal about how the data wall be analysed. [RESPONSE
REQUIRED]

L PROTECTION OF PARTICIPANTS PRIVACY AND CONFIDENTIALITY

In the cabine apphcation, secthion 6.7, the Pl states “Any son-seciommre agreementy will he edectromically sigmed and stored ™ Kindly
clanfy the use of the noedisclosure sereements. Thes s nol mentioned in the resasrch proposal. The linal sigaed copies of e NDA
documents should please be sent o the REC. [ACTION REQUIRED)

L INFORMED CONSENT AND ASSENT FROCESSES AND FORMS

30) The relevam contaet numbers nead o be added in the comsent foem. |ACTION REQUIRED|

3.2) Informastion about Gsta mamagement m the casa o partiopant decades 1o withdraw from the stady shouk] be included in the
electronx infoemed consent form (s per section 5.14.1 of the calme application). [ACTION REQUIRED]

33) It &5 advised tha the rescarchers include conact masbers for cosnselling/ psychological suppoet sed perhages other health suppoa
serviees offered duriesg, COVID-1Y9 level 3 sesmnctoes, for particpanss” infoomanioa. Such a resource could be outlined mare fully an a
page a1 the cad of the swrvey. [ACTION REQUIRED)

A ADEQUATE MITIGATION OF RISK

4.1) Consadenng the sensitive nature of the questions which proaspe paricipants 1o think about personal and challenging experiznces,
the REC advises that the researchers mclude contact numbers for counselling pavehalogical suppont and other health suppon services
affered during COVID-19 level 3 resmricnces, foe pamicipasts” information. [ACTION REQUIRED)

S OVERALL RISK LEVEL AND RISK /(COST-RENEFIT ASSESSMENT [RESPONSE REQUIRED]

The REC = not in agreement with the applxcant that the nisk level of this proect is kow. Most of the questions ane sensitove in nishare
prompling partkipasts to think about personal and challenging aspects of their lives duning COVID- 19. For example, “Has an

Fogo1of4
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adultichild in your household had o go to bed hungry in the last 7 days?" and “Have you felt scared or panicky for no good
reason”” The REC advises that this study is medium nsk. Participants are unlikely 1o benefit divectly from the sosdy, but results may
well provide valuable mformaton informing policy development and future interventions. Henee the nisk/cost-benefit is considered
acceptable. The Pl should please respond to the comment aboet the peovision of counselling and resource referral contact numbers.

The project nsk classification should please be amended m sectson 10 of the onkne applicatson.
6. ADDITIONAL COMMENITS

6.1) The particiant gratuity amoust (airme voucher) differs across the research proposal, caline application and eloctronic informed
consent form, from RS; R10; R15. Kindly amend and make sure that thes information is conssstent throughout. [ACTION REQUIRED)

6.2) Online spplication section 6.1: The researchers shoukd select that they will have acoess 1o personal opmions. This sectivn should
please be amended. [RESPONSE REQUIRED)

6.3) Onlne application section 9.1: “This data garkering process will rake place under extreme nme constrames. Moreover, as there
will be a meed to adfust questions for subseguent waves, the instrument/guestionmaire will undergo many changes, with inputs also
Srom the govermment. Thus, it will be neceseary to abiain ethical approval on short novice on @ number of occasions. This will be
deals wirk as amendwenis to this applicanon, it has heen agrevd thar ihe ethical approval process will be expredized ™' The REC
notes that amendments will be made as the project progresses.

Some of these stpulatons/condiions may require your response. Where a response is required, you must respond Lo the REC within
three (3) months of the date of this letter. Your conditional appeoval will lapse ausomatically should your response not be received by
the REC within 3 months of the date of this ketter.

For instructions on how to respend to these stipulations, please downboad the FAQ on how to edit your application and
follow the steps carcfully: HOW 1O RESPOND TO REC FEEDBACK.

Where revision to supporting documents is requirad, please ensure that you replace all outdated documsents on your applicaton form
with the revised versions.

INVESTIGATOR RESPONSIBILITLES

Pleuse take note of the General Investigatoe Responsibalines sttached w this letter. You may commence with your research afler
complying fully wigh these guidelines

If the researcher deviates in any wuy from the proposal upproved by the REC: Humanities, the researcher must notify the
REC of these changes.

Please use your SU progect number (14926) oo any documents or correspondence with the REC concermang your project.

Please note that the REC has the peerogative and authanty to ask further guestions, seek addinonal information, require fusther
modifications, or monitor the conduct of vour research and the consent process.

- 1 . -

Pleas: note that 2 progress repoet should be submutied 1o the Research Ethies Commuttee: Humanitses befoee the approval penod has
expired ifa contmuation of ethics approval is required. The Committee will then consider the continuation of the peoject for a further
year (if necessary )

1acluded Docunsents:

Docement Type File Name Date Verdon

Ifonned Comsct Form Wihatsapp Consest Natnbers w0 be added 00042020 Nusssbers o be
aldad

Proof of posstission Prackcht CHAM - Yogen I"lay CLOARD Pormesaon

Proolof Efics Qeasnce  Commmierce Eihics Apgroval Lemer Dasicls 2020 04 017 17042020 1

Rescorch Access %0 musomal and chuld heakh CRAM | Aime olLea2n |

Prosocod Proposal

Blackt Brachact SMS wsvey Prackel 0Le62020 1

Duta collection w0l Suney Questons CRAM revised 12 Jene daft 12062020 1

Pago 2014
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[re-bisth motkers (A

Appendix 6: Momconnect Questionnaires

Maee-Birdk mathers (I

Cirperl,

Hi Marm you bave bocu caescn fon s MoariCoseet sady ke
haw e alffecw heakts, If you spawer d

aston oo sl o RIC dintioe

Hi Maame you bave bacu chescn fon s MoarCorrest stedy be usdantad uw
the Corceantres affocs heakh K you arewer the qazatione you wil gor R3O
TR

[ ety 1O e prveeca

e cdady o wnptane, veply "STOF For onore indoomstion, reply
WO

X will rot cont you azytbizg. To jelda the arady senly "10IN".To kany

Bl ot oty ensthing. To join the sta by seply “TOIN® To ke dhe danly]
# aryarac, seply “STOM. Foe maoe izfomzatan, soply “MORE*

A

Taaxzks for poaxrg’ Waee dad you Lot po b e cliak or bowptal?
1 Befue Musch

2-Much

g
A-May

S-duae

£-Doxt war ko apancr

|lfm reply “JOIN then precad
LA

Taazks for poaxrg! Whee dad you Lot go o the clizke or scwpdal?
1 Befure Musch

2-Muech

L5 Ll

4-May

LR T

Dot war bo apaner

I apeeders soamers " 23" foe AL, pamo A2 I oot 23 10 A%

It mapeeders sonwers” 1-5" fae Rl pow N2 Hoee gors BT

Az

|nz

Way dady't you go %0 the clizic racerely )

Why dady 't you go %0 the clizic roccrely

Derrg Agril May andd lume  wac fere 3 chll e poer 3303 who

sk o iceded U saocineiang”?

1V
2N
3-Daa't waee ¥ arawer

1 Waatayg iz 1-Waalay; iz

2-Trxvpont preblema 2-Trwnepoet preblera

3 A Tenad of peving the Corvnmnins 3 A Tad of pering e Comnins
Do meed 4-No e

rter e
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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
(<2500 g), stunting (height for age < 2SD) and severe stunting (height for age < 3SD). Regression modelling with cluster-
ing 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 1173 children and height for age 1216 children. The prevalence of LBW was
14.7% while stunting and severe stunting was 17.8% and 14.5%. Child hunger in the houschold, 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.

Conclusions for Practice Interventions that can improve household food security and nutritional status during the pericon-
ceptional and antenatal period may reduce the prevalence of low birthweight and subsequent stunting in low- and middle-
income countries.
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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 pericon-
ceptional 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 house-
hold 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
5 years later. Interventions to improve periconceptional food
security may reduce LBW and subsequent stunting.

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 includ-
ing intimate partner violence, economic hardship and food
insecurity (Fisher et al., 2012; van Heyningen et al., 2016).
The Covid 19 pandemic and the subsequent economic fall-
out has increased rates of food insecurity and unemploy-
ment globally but the long-term implications for maternal
and child health are still unfolding. A recent study of preg-
nancy and birth outcomes in LMIC during the pandemic
noted a decrease in antenatal care but no increase in low
birthweight (Naqvi et al., 2022). Data from the great reces-
sion in 2008 may provide some insights into how social
and economic shocks impact maternal and child health.
Studies from Portugal and Spain both observed a signifi-
cant increase in low birthweight during the years of the
recession (Kana et al., 2017; Teran et al., 2018).

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 (Budree et al., 2017; Jeena et al., 2020).
An unpublished thesis 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 (Zar et al.,
2019). 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 (Melchor et al., 2019).
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These findings, albeit inconsistent, suggest that precon-
ception and antenatal food insecurity may be related to
adverse child health outcomes. A review of the litera-
ture suggests that there are few longitudinal data on pre-
conception food insecurity and low birthweight in South
Africa. This study aimed to fill the gap by examining the
relationship between maternal demographic and antenatal
characteristics including household food insecurity indica-
tors during the periconceptional and antenatal period with
birthweight and stunting in the first 5 years of life using
data from a longitudinal population-based survey.

Methods

The South African National Income Dynamics Study (SA-
NIDS) is a nationally representative government funded
panel survey of over 28,000 individuals in 7300 housecholds
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 (Leibbrandt et al., 2009).

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 were collected in wave 1 (2008) as subsequent
waves of NIDS did not collect information on food secu-
rity. 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 to include women who gave birth
more than once during the reference period (Bauserman
et al., 2020; Blencowe et al., 2019) We linked data of 1208
women with 1391 children born between 2008 and 2011.
During data collection, most women (78%) were periconcep-
tional while 21% were in the antenatal stage. The mean time
to birth from data collection in 2008 was 21 months (Fig. 1).

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 (Blencowe et al., 2019). 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
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Fig.1 Sample flowchart Wave | (2008)

Reference period Wave 3 (2012)

Child data for 1 391 children linked by maternal data by PID

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).

Measures
Food Insecurity

The definition of food security is evolving over time and the
past 2 decades have seen a shift from indicators like anthro-
pometry to more subjective measures of food security such
as hunger (Coates et al., 2013). 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,
houschold food sufficiency, dietary diversity and monthly
per capita food expenditure below the Stats SA food poverty
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Height for age
ool o e
2008: 273 births 1, 216 children
/ 2009: 388 births \
2010: 387 births
2011: 343 births
Matcuml dnta Total: 1 391 births
collected Birthweight data
available for
1 173 children
* 177 women gave
birth twice
during reference
period
* 6 women gave Weight for height
g;:i:‘::c:::: data available for
g 1 198 children
period

\_ Multiple births /

excluded n=19
Women aged<15
excluded n=3

line of R274. In 2021, this inflation adjusted amount was
equivalent to R 624 or roughly 43.3 USD.

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 houschold’s needs. It was
less than adequate, it was just adequate, it was more than
adequate.

Dietary Diversity

A houschold dietary diversity score (HDDS) based on
30-day recall was calculated using the Food and Agricul-
ture Organization (FAO) guidelines (Kennedy & Ballard,
2010). The HDDS is comprised of 32 individual food types
and 12 different food groups. We used a mean split to clas-
sify households as having low dietary diversity (score <9)
or high dietary diversity (score > 8). We examined dietary
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diversity as both a continuous variable and binary variable
(Kennedy & Ballard, 2010).

Food Expenditure

Per capita food expenditure was calculated by dividing
total houschold 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 indica-
tors, we included maternal demographic factors associated
with LBW in the literature. These included maternal age,
parity, maternal height, BMI categories, years of education,
alcohol and tobacco use, depression status, employment and
blood pressure (Blencowe et al., 2019). At the household
level we included geotype.

Alcohol Use

Respondents were asked how often they consumed alco-
hol. 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 consum-
ing 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
(Baron et al., 2017).

Employment

Women were categorized as employed or unemployed.

Women who were classified as not economically active or
seeking employment were also classified as unemployed.

@ Springer

Education

Maternal education was examined as a continuous variable
with each unit representing 1 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, house-
hold 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.

Primary Outcomes

The primary outcome is a binary measure of LBW (<
2500 g). We included births that were recorded as 2500 g
because although birthweight data are normally distributed,
heaping birthweight measurement at 2500 g 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 (Blencowe et al., 2019; Gladstone
et al,, 2021). The secondary outcome is childhood stunt-
ing (height for age <2SD) and severe stunting (height for
age <3SD) in the first 5 years of life calculated using the
WHO child growth standards (WHO, 2008).

Statistical Analyses

Several steps were undertaken to complete the analyses.
These accounted for both individual and houschold level
data. Logistic regression modelling was used to examine the
relationship between low birthweight or stunting and mater-
nal 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 vari-
ables 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 col-
lection 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.
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We used logistic regression for the final LBW model and
multivariable regression for the final stunting model in chil-
dren aged 4-55 months. All analyses were conducted using
Stata (version 15).

Results
Sample Characteristics

We linked the data from 1208 mothers with the data from
their children (N= 1391) who were born between Wave 1
and 2 (2008-2011). Of this sample, 84.5% (1173) children
had birthweight data, 87.4% (1216) had height for age data
and 86.1% (1198) had weight for height data. Both birth-
weight and height for age scores were available for 71.7%

(998) children. Maternal characteristics are presented in
Table 1.

Most women in the sample were of Black African ethnic-
ity and resided in urban areas. The multiple social and eco-
nomic 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 (47.4%) and
59.5% had previously given birth.

Table 2 presents the various food security indicators for
houscholds with birthweight data. Among these, the most
reported food security indicator was per capita food expendi-
ture 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. The next
most common indicator was insufficient household food

Table 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)
404 1.7(17)
Geotype (N=1016) Traditional® 423 (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 9.5 (96)
Normal 43.2(439)
Overweight 27.1(275)
Obese 20.3 (206)
Ever given birth (N =965) Yes 59.5(574)
No 40.5 (391)
Depressed (N=1016) 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 rein-
force 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. Settle-

ments within these areas are villages
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Table 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 04(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(22)
% (n)
Low dietary diversity <9 35.7 (418)

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 houscholds
had low dietary diversity ( a score of less than 9).

Table 3 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 stunt-
ing 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 classi-
fied 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 (Table 3).

Birthweight information was available for 1173 chil-
dren. Mean birthweight was 3102 g with a SD of 531 g.
The prevalence of LBW in the sample was 14.7% (a total
of 172 babies). In bivariate analyses, overweight BMI,
maternal hypertension, child hunger in the household and
tobacco use were significantly associated with low birth-
weight. Variables that remained significant in the final mul-
tivariate regression model were houscholds that reported
a child ‘sometimes’ going hungry, stage 1 maternal blood
pressure, and women who reported drinking alcohol in any
quantity (Table 4).

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) (Table 5). 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 associ-
ated with stunting. Low birthweight was associated with
stunting but not severe stunting. Children who received
a child support grant were significantly more likely to be

Table 3 Child anthropometry

by age category Indicator Child age category
4-24 months 25-48 months 49-55 months Total
% (n) % (n) % (n) % (n)
Height for age
Normal height 60.2 (231) 71.6 (537) 68.3 (56) 67.8 (824)
Stunted 15.1(58) 19.2 (144) 17.1 (14) 17.8 (216)
Severely stunted 24.7 (95) 9.2(69) 14.6(12) 14.4(176)
Total 100 (384) 100 (750) 100 (82) 100 (1216)
Weight for height
Normal weight 66.9 (263) 79.5 (582) 83.6 (61) 75.6 (906)
Wasted or severely wasted 7.1(28) 5.5(40) 55@4) 6 (72)
Overweight or obese 26(102) 15(110) 10.9 (8) 18.4 (220)
Total 100 (393) 100 (732) 100 (73) 100 (1198)
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Table 4 Unadjusted and adjusted 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
Houschold 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
Depressed mother 16.1 (164) 0.89 (0.56-1.42) 0.628
Employed mother 25.7 (336) 0.95 (0.64-1.39) 0.775
Maternal age NA 1.02 (0.99-1.04) 0.228
Maternal education in years NA 0.99 (0.93-1.05) 0.740
Maternal height NA 0.99 (0.97-1.01) 0.295
Parity NA 0.98 (0.86-1.10) 0.687
Multivariate regression model % (n) 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) 161 (1.02-2.51) 0.038
Child hunger in houschold 18.8 (243) 1.53 (1.01-2.35) 0.049

Table 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 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(091-1.04) 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) 0814
Maternal height in cm 0.94 (0.92-0.96) 0.000
Maternal education 0.97 (0.92-1.02) 0277
Male child 1.21(0.90-1.62) 0217
Receives child grant 1.67 (1.11-2.50) 0.013
Low birthweight 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) 0277
Household size 1.02 (0.97-1.06) 0.469
Severe stunting Unadj i relative risk ratio, Confid 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 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
Houscehold size 1.00 (0.96-1.06) 0.862
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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 (Table 5).

Multivariate Regression Model

Variables associated with stunting and severe stunt-
ing were combined in a final multivariable regression
model (Table 6). In the final model, maternal height and
low birthweight were the only variables associated with both
stunting and severe stunting with increased maternal height
offering a protective effect. The food security indicators
that remained significant in the final model were houschold
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 stunt-
ing decreased with each month of children’s age.

Discussion

This study has revealed important findings about housechold
food insecurity during the preconception and antenatal peri-
ods and its association with child health outcomes in the first
5 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 high-
light the importance of adequate maternal nutrition during
the first 1000 days to mitigate the prevalence of low birth-
weight and subsequent stunting in LMIC.

The prevalence of LBW in the sample was 14.7% and is
closely aligned with recent cohort studies of birthweight in
South Africa (Budree et al., 2017; Jeena et al., 2020). We
found that child hunger in the houschold 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 (Radimer et al., 1992).
Thus, women that reported children going hungry may rep-
resent the most disadvantaged and nutritionally deprived
households. We also found that the prevalence of low birth-
weight 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 (Kana et al., 2017; Teran et al., 2018).

Although maternal alcohol use was not significantly asso-
ciated 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 compa-
rable to a cohort study in the Western Cape that observed
antenatal alcohol use among 18% of women (Budree et al.,
2017). Although our study included both periconceptional
and pregnant women, South Africa has one of the highest
rates of Fetal Alcohol Syndrome (FAS) globally which sug-
gests 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

Table 6 Multivariate models of

adjusted measures of the effect Adju.stcd fclali\'e r.is}t ratio, Confidence Intervals p value

of independent variables on multinomial regression model

stqnling and severe stunting ix? Stunting

::‘]':u".'\,‘::f:‘:a‘:;f months With | v dietary diversity 0.74 (0.50-1.11) 0.145
Food poverty line (R274) 2.31(1.274.22) 0.006
Low birthweight 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
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 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
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and economic adversities. A study among urban mothers in
South Africa found that food insecurity was strongly associ-
ated 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 (Dewing et al., 2013).

Our final model also found that maternal hypertension
was significantly associated with LBW, an association that
has been observed in a systematic review (Getanch et al.,
2020). Hypertension has been linked to food security, obe-
sity and increased BMI as well as poor quality diets, higher
salt intake and chronic stress (Cois & Ehrlich, 2014). Thus,
hypertension may lie on the causal pathway between food
insecurity and low birthweight.

Our study found a similar stunting prevalence to other
South African cohorts that examined linear growth in chil-
dren age 24-60 months and noted prevalence estimates
between 26% and 34% (Budree et al., 2017; Casale et al.,
2018). 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 (Christian et al., 2013). 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 mater-
nal nutrition both preconceptionally and antenatally (Black
et al., 2008; Blencowe et al., 2019; Christian et al., 2013).
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 (de Onis & Branca, 2016).

Food expenditure below the poverty line was associ-
ated 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 (Coates et al.,
2013). In the final model, low dietary diversity was associ-
ated 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 (Headey &
Ecker, 2013). 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
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childhood and is associated with both low birthweight and
restricted linear growth. These findings are reinforced by
a study in Bangladesh with a 5 year recall period which
found that household food security tended to be relatively
stable and preconception food insecurity continued into
the antenatal period (Chowdhury et al., 2018). Maternal
malnutrition (both underweight and obesity) is associated
with adverse child growth outcomes including low birth-
weight, macrosomia, fetal growth as well as child HAZ at
2 years of age (Melchor et al., 2019; Young et al., 2018).

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
to be severely stunted than girls. This finding has been
observed in a a systematic review of sex related differences
in undernutrition (Thurstans et al., 2020). 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
(Thurstans et al., 2020). Biologically, boy infants are also
more susceptible to infections and birth complications in
carly childhood which can predispose them to stunting as
they age (Sawyer, 2012).

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 (de Onis & Branca,
2016). 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 (Casale et al., 2020).
Thus, interventions that improve periconceptional mater-
nal nutritional status are particularly important in settings
where stunting is prevalent. A multi country preconcep-
tional maternal nutritional trial found that the provision
of nutritional supplements pre conception and in the early
stages of gestation significantly improved infant growth
outcomes in the first six months of life (Krebs et al., 2020).

Limitations

Data on gestational age were not available and pre-
termbirth (a leading cause of LBW) could not be included
in our analyses (Blencowe et al., 2019; Christian et al.,
2013). In the absence of a validated measure for food inse-
curity this study examined the relationship between vari-
ous 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
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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.

Conclusion

Reducing the high prevalence of low birthweight and stunt-
ing in South Africa and other LMIC is an enormous chal-
lenge given the multiple social and biological determinants
of health inequity. 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 (Krebs et al., 2020;
Lassi et al., 2020). 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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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.qg.,
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.

KEYWORDS

dietary diversity, food security measurement, experiential indicators, stunting,
obesity, national surveys, double burden of malnutrition, food expenditure

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, 9-12).

In recent years, food security measurement has shifted
away from the measurement of anthropometry to self-reported
experiential es. These es, 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 indicator 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

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 5 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, 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

linked to stunting (6). Another systematic review that ined
dietary diversity and undernutrition across 32 demographic and
health surveys in SSA found that children with adequate dietary
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security indicators are associated with adult BMI categories
(normal weight, underweight, overweight or obese) and
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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.

Methods

The national income dynamics study

The South African National Income Dynamics Study (SA-
NIDS) is a nationally representative panel survey of over 28,000
individuals in 7,300 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 Labor 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, labor 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 Labor 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 2008.

Food 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 converted into a binary
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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 12
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
to 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).

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 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 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 (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
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TABLE 1 Prevalence of household food insecurity by each item.

Indicator (n households) Percentage who reported food

insecurity% (n) (95% CI)

65.2 (4 724) (64-66%)
30.7 (2219) (30-32%)
4.1(297) (3-4%)

High dietary diversity (9-12)
Medium dietary diversity (5-8)
Low dietary diversity (1-4)

Food expenditure 17.3 (7 291) (16-18%)
Adult hunger 23 (7 266) (22-24%)
Child hunger 14.5 (5 359) (13%—15%)
Food Insufficency 38.1 (7 291) (37-39%)

and 10-17 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).

Data analysis

Logistic and multinomial regression models were used to
examine child stunting and BMI status in relation to food
security indicators. The explanatory variables were dietary
diversity both as a continuous score and as a categorical
indicator, food expenditure >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/obese.
We examined each explanatory variable individually for
both the stunting and BMI models (Tables 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 security 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. These results are presented in
Table 6.

Food security indicators and outcome categories
were generated from datasets with imputation values
created by the NIDS data team (25). All analyses were
conducted using Stata 15.1 (Stata Corporation, College
Station, TX).
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TABLE 2 Prevalence of childhood stunting by age category.

Category >5years 5-9yrs 10-17yrs Total

% (n) % (n) % (n) % (n)
Normal height 738(1526) 865(2156) 82.1(3457) 813(7139)
Stunted/severely stunted  28.2(543)  135(338)  17.9(757) 187(1638)
Total 100 (2069) 100{2494) 100(4214) 100 (8 777)
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%). These
findings are presented in Table 1.

Height for age scores were available for 8 777 children across
3 831 household clusters. 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 2. Children
aged <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%). These
findings are presented in Table 2.

BMI scores were available for 7 385 children across 3 559
household clusters. Children of normal weight (n = 6118)
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 <5 years (17.5%). These findings are
presented in Table 3.

For the full sample, each unit increase of dietary diversity
offered a protective effect against stunting and reduced the
risk of stunting by 5%. Children and adolescents children with
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
associated with stunting among adolescents but not among other
age groups. However, 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. These findings are
presented in Table 4.

Medium dietary diversity and child hunger was associated
with wasting in children <5. Child hunger represents the most
severe form of food insecurity and households that reported
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TABLE 3 Prevalence of childhood wasting and overweight by age category.

Category <5 years 5-9yrs 10-17 yrs Total)

% (n) % (n) % (n) % (n)
Normal weight 77.2(1373) 85.7 (1756) 84 (2989) B2.8(6 118)
Wasted/severdy wasted 5.3(95) 65(133) 7.7(272) 6.8 (500)
Overweight/obese 17.5 (311) 78(160) 8.3 (296) 10.4 (767)
Total 100 (1 779) 100 (2 049) 100 (3 557) 100 (7 385)
TABLE 4 Logistic regression model of food security in relation to childhood stunting.
Indicators Odds ratio of being stunted (p-Value)

Bivariate regressions
<5 years 5-9 years 10-17 years Full sample

n = 2,069 n=2494 n=4214 n=28,777
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) 135 (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)
Bold values indicate to highlight statistically significant results.
TABLES Multinomial regression model of food security in relation to childhood wasting and overweight.

<5 years 5-9 years 10-19 years Full sample

Indicators n=1,779 n=2,049 n=3,557 n=7385
Relative risk ratio of being wasted or severely wasted (n = 500)
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) 228 (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) 0.57 (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(0352) 0.84 (0.335) 0.93 (0.841) 1.04 (0.883)
Food expenditure>0.6 121 (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 092 (0541) 0.63 (0.011) 0.62 (0.001) 0.74 (P < 0.000)

Bold values indicate to highlight statistically significant results.

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.
These findings are presented in Table 5.
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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). Adult hunger and household
food insufficiency were the indicators most strongly associated
with an increased risk of underweight (RR 1.25 and 1.34).
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TABLE 6 Multinomial regression model of food security in relation to adult anthropometry.

Indicators Relative risk ratios (95% CI) p-Value
Bivariate regressions
Relative risk ratio of being underweight (n = 927)
Dietary diversity (continuous) 0.98 (0.96-1.01) 0.214
Medium dietary diversity (5-8) 1.0% 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 125 (L10-1.45) 0.007
Food insufficiency 134 (L10-1.43) 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 (LO7-1L.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 wesght N = 5,229 Bold values indicate to highlight statistically significant results.

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. These findings are presented
in Table 6.

There was a total of 3,720 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 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.
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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 <5 yrs and 18.6% of adolescents classified
as stunted. The primary drivers of stunting among <5 yrs
may be different (i.e,, 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
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TABLE 7 Prevalence of the double burden of malnutrition by household.

10.3389/fpubh.2022.948090

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 (1210)

Total 25.9% (962) 74.1(2758) 100 (3 720)

Bold values indicate to highlight statistically significant results.

consequence of chronic malnutrition and a deficient growth
environment over time (3), hence the greater prevalence

to be malnourished and dietary diversity is an effective proxy
for mal

rition

-]

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 <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 ingful 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
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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). 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 hold 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
levels 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
2 years perform almost as poorly in cognitive tests as children
who remained stunted (35). This suggests that the first 2 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 1,000 days of life (35). Thus, improvements

h
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in household dietary diversity may reduce 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 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). 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, 17, 53). 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
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used scales vary from between 7 and 15 food different food
groups (16).

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.
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