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THESIS ABSTRACT 

Background: The global shifts in nutrition patterns have been associated with an increasing 

number of individuals experiencing multiple forms of malnutrition, collectively termed the 

double burden of malnutrition (DBM). It is defined as the coexistence of undernutrition and 

overnutrition within the same population, community, or individual. The phenomenon can 

manifest at individual, household, or population levels and has significant public health 

implications.  

Methodology: The thesis includes a comprehensive literature review examining theoretical, 

methodological, and empirical studies on the DBM among women. The findings reviewed that 

the DBM is now prevalent in the poorest low- or middle-income countries, which include Sub-

Saharan Africa. South Africa is one of the top five African countries with the highest 

prevalence of overweight and obese individuals, particularly among women (34%). Women 

are now at a heightened risk of experiencing the DBM. Most studies on the DBM involving 

women in South Africa were primarily focused on either household contexts or individual 

prevalence of Body Mass Index challenges. This study seeks to fill the research gap by 

examining socioeconomic inequalities in the DBM among non-pregnant women in South 

Africa and identifying the main contributing factors. The outcome variable for this study is the 

DBM and it was defined as the coexistence of underweight and overweight/obese non-pregnant 

women in South Africa. Data from the 2016 South Africa Demographic Health Survey was 

utilised to calculate the prevalence of the DBM among the selected women aged 15-49 years. 

The initial sample size was 11083 women, but due to missing data and the exclusion of 

pregnant women, the final sample size was reduced to 3262 non-pregnant women. The 

concentration curve and the concentration index were used to assess the socioeconomic 

inequalities. Finally, an in-depth decomposition analysis uncovered the key driving factors 

contributing to the observed inequalities. The data management, exploration, and analysis were 

done using Stata 17 statistical software. 

Results: A total of  39% (1261 out of 3262) of non-pregnant women were found to experience 

the DBM. The prevalence varied across demographic groups, with higher rates observed 

among women aged 35-44 years, unemployed, Black/African, unmarried, urban residents, and 

those in the middle wealth quintiles. Socioeconomic inequalities related to the DBM were 

evident, illustrated by a pro-rich distribution in the concentration curve and a positive CI value 

of 0.14. Factors such as education, employment, health insurance, marital status, and watching 
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TV contributed positively to socioeconomic inequality, while factors like parity and place of 

residence exhibited negative contributions.  

Conclusion: The findings of this study provide valuable insights into the DBM among non-

pregnant women in South Africa. The high prevalence of the DBM, particularly among certain 

demographic groups, underscores the need for targeted interventions. The socioeconomic 

inequalities related to DBM, as evidenced by a pro-rich distribution highlight the complex 

interplay of numerous factors. These findings suggest that addressing the DBM in South Africa 

among women requires a multifaceted approach considering the socioeconomic context. 
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PART A: LITERATURE REVIEW 

 

1.0 INTRODUCTION AND BACKGROUND 

This literature review is structured into three parts. The theoretical review, the first section, is 

a foundational exploration of the double burden of malnutrition (DBM) and health inequality. 

It includes the concepts of health inequality and the DBM and delves into the various 

theoretical frameworks that seek to explain them. The methodological review then examines 

the methods used to calculate the DBM and health inequalities. The concluding section, the 

empirical review, aims to shed light on the available research on the health inequalities of the 

DBM. Looking at the findings of previous studies, and the current state of knowledge. 

1.1 THEORETICAL REVIEW 

 

1.1.1 What is the DBM? 

The term DBM was initially presented in 1992 at the International Conference of Nutrition by 

the Food and Agriculture Organization of the United Nations (FAO) and the World Health 

Organisation (WHO) (Shrimpton & Rokx, 2012), and later affirmed by Jacob (2022). Over 

time, the DBM has been interpreted in several ways, but the overarching definition is the 

coexistence of multiple forms of malnutrition within the same population, community, or 

individual (WHO, 2016a). Malnutrition is a condition characterised by an imbalance of 

nutrients, which can manifest as either a deficiency or an excess (Saunders et al., 2015). The 

DBM has commonly been associated with low-income and middle-income countries (LMICs), 

which has been attributed to changes in global nutritional trends (Popkin et al., 2020; Wells et 

al., 2020). These shifts have been associated with food systems that make unhealthy food more 

affordable and widely available, and reduced physical activity linked to technological 

advancements in transportation, home, and workplaces (Popkin et al., 2020). 

 

1.1.2 Levels of DBM 

The DBM can occur across three different levels (WHO, 2016a). At the individual level, it is 

observed when multiple forms of malnutrition occur throughout a person’s lifetime. For 

example, an overweight individual who once experienced stunting during childhood (WHO, 

2023). This form of the DBM is commonly found among women and children (Delisle, 2008). 

At the household level, it occurs when different members within the same household suffer 
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from various forms of malnutrition. At a population level, both undernutrition and overnutrition 

will coexist within the same community, region, or country (WHO, 2016a). 

 

1.1.3 Burden of the DBM 

This global burden of malnutrition affects every country, with over 1.9 billion adults worldwide 

estimated to be overweight and more than 600 million adults obese, while 462 million adults 

are underweight (WHO, 2016). This DBM presents a multifaceted challenge with significant 

health, economic, and developmental implications, as it is associated with some 

noncommunicable diseases (Anik et al., 2019; Were et al., 2020; WHO, 2016b, 2023a). The 

Global Panel on Agriculture and Food Systems for Nutrition estimated that the global impact 

of malnutrition might be as high as US$3.5 trillion annually, which is around US$500 per 

person. Its incidence is on the rise, particularly in the poorest LMICs, notably South and East 

Asia and Sub-Saharan Africa (SAA) (Agyemang et al., 2015; Popkin et al., 2020; Were et al., 

2020). The DBM has been linked to several top risk factors for death in low-income countries 

(WHO, 2016b), additionally, it contributes to over 2.6 million deaths worldwide annually due 

to overweight or obesity (Añón-Hidalgo et al., 2019). Within SSA countries, South Africa 

stands out as the most affected country by obesity, also ranking among the top five African 

countries with the highest prevalence of overweight individuals (Agyemang et al., 2015). 

Recent studies indicate a population prevalence of underweight adults at 4.8% and 51.9% for 

overweight and obese adults in South Africa, with women, particularly those of childbearing 

age, bearing a disproportionately higher burden (Mbogori et al., 2020; Nglazi & Ataguba, 

2022). 

 

1.1.4 The DBM among women  

Women are responsible for safeguarding the nutritional needs of both themselves and their 

families, serving as primary caregivers and often the main decision-makers in household food 

choices (Madzorera & Fawzi, 2020). Despite their critical role, women often face challenges 

in meeting their nutritional requirements, exacerbated by factors such as increased needs during 

pregnancy and lactation, menstrual losses, and gender inequalities, particularly within 

impoverished communities (Delisle, 2008; Jouanne et al., 2021; Madzorera & Fawzi, 2020). 

Global efforts to address women's nutritional needs have primarily focused on maternal and 

child health during pregnancy and early childhood, overlooking the broader spectrum of 
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women's health and well-being (Madzorera & Fawzi, 2020; WHO, 2016b). Acquiring 

additional knowledge can play a pivotal role in enhancing food security and nutrition for 

women, contributing to the attainment of the Sustainable Development Goals by 2030 (Clark 

& Wu, 2016).  

 

1.1.5 Prevalence of the DBM 

The worldwide impact of malnutrition is prevalent in all countries. The prevalence of DBM 

has notably risen, primarily associated with the rising incidence of individuals experiencing 

obesity and overweight conditions (Popkin et al., 2020). Currently, approximately one-third of 

individuals globally suffer from some form of malnutrition (WHO, 2016). In some studies, the 

prevalence of the condition was reported separately as underweight and overweight/obese.  

The prevalence of the DBM emergence poses significant challenges to public health globally. 

Agyemang et al. (2015) highlighted the alarming rates of overweight prevalence in a study 

looking at 46 African nations. The countries with the most significant overweight prevalence 

were Seychelles, leading at 64%, followed by Mauritius at 44.8%, Cameroon at 43.9%, 

Botswana at 41.6%, and South Africa at 41% (Agyemang et al., 2015). Moreover, the study 

revealed a gender disparity, with women exhibiting a higher overweight prevalence as 

compared to men. Specifically, Seychelles, Lesotho, and South Africa stood out as having the 

highest overweight prevalence among women (Agyemang et al., 2015). Between 1998 and 

2017, the prevalence of overweight South African women of reproductive age rose from 51.3% 

to 60.0% and 24.7% to 35.2% for obesity (Nglazi & Ataguba, 2022). 

Investigations in Ghana reviewed that the prevalence of DBM was 14% among women (15-49 

years), characterized by the simultaneous coexistence of anaemia and BMI challenges 

(underweight or overweight/obese) (Kushitor et al., 2020). Within this group of women, 41% 

had anaemia, 12% were classified as obese, 23% were overweight and 4% were underweight. 

Within a rural community in Malaysia, approximately 15.7% of mother/child pairs were found 

to experience household DBM (Khor & Sharif, 2003). Similarly in Haiti, among the 203 

sampled households, 14% exhibited household DBM, where a malnourished child (under 10 

years old) coexisted with an overweight mother (Raphaël et al., 2005). 

In both Russia and China, the prevalence of household DBM was approximately 8%, whereas 

in Brazil, it was slightly elevated at 11% (Doak et al., 2000). Russia showed a notably higher 

prevalence of overweight individuals at 71%, contrasting with China's lower rate of 26%. 
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Conversely, China had the highest prevalence of underweight individuals at 28%, while Russia 

reported the lowest rate at 6% (Doak et al., 2000). In Myanmar, Pakistan, Nepal, and 

Bangladesh, the household-level prevalence of DBM, which was defined as the concurrent 

presence of an overweight mother and a stunted child, was observed as 5.54%, 3.93%, 1.54%, 

and 4.1%, respectively (Anik et al., 2019). 

Using cross-sectional data from the demographic health survey (2000-2017), countries in the 

South and Southeast Asia region had an overall combined underweight prevalence of 22%, 

while overweight prevalence was 29% (Biswas et al., 2022). Among the countries, Bangladesh 

exhibited the highest underweight prevalence in 2000 at 44%, and Pakistan reported the lowest 

in 2017 at 7%. Conversely, Pakistan recorded the highest overweight prevalence at 67%, while 

Bangladesh had the lowest at 11% in 2000 (Biswas et al., 2022). Among the other included 

countries in the study, Nepal had their highest prevalence of underweight individuals in 2006 

at 24%, Myanmar in 2016 at 15%, Timor-Leste in 2009 at 28%, Cambodia in 2005 at 20%, 

and India in 2016 at 22% (Biswas et al., 2022). For overweight prevalence, Nepal recorded the 

highest in 2016 at 33%, followed by India in 2016 at 31%, Myanmar in 2016 at 38%, Timor-

Leste in 2016 at 19%, and Cambodia in 2014 at 34% (Biswas et al., 2022). 

In India, significant shifts in BMI-related patterns among women were found over a decade. 

The prevalence of underweight women declined from 36% in 2006 to 23% in 2016 (Nguyen 

et al., 2021). This decline in underweight status was most prevalent among rural women, 

followed by urban slum dwellers, and, to a lesser extent, those residing in urban non-slum 

areas. In contrast, the proportion of overweight/obese women nearly doubled during the same 

period, rising from 13% in 2006 to 21% in 2016 (Nguyen et al., 2021). 

 

1.1.6 Theoretical frameworks and perspective 

 

1.1.6.1 Framework 1: Conceptual framework outlining the determinants of the DBM 

Figure 1 presents a conceptual framework that outlines the determinants of the DBM, as 

described by the WHO in 2016. This framework emphasizes the basic, household level and 

immediate causes that result in intergenerational consequences. It uses overnutrition and 

maternal and child undernutrition as its primary outcomes. The basic causes include specific 

determinants such as access to natural capital, cultural and social norms (including gender 

dynamics), agriculture practices, food system, urbanization, climate change and pollution 
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(WHO, 2016b). The framework also highlights the relevance of elements at the household or 

family level that are interconnected with immediate causes. At this level, several system-level 

factors come into play. These include sedentary lifestyles, access to nutritious food, inadequate 

sanitation, and concerns about water quality, among others. 

 

Part A: Figure 1. Conceptual framework outlining the determinants of the double burden 

of malnutrition (WHO, 2016b). 

 

1.1.6.2 Framework 2: Conceptual framework for determinants of malnutrition 

Figure 2 presents a simple conceptual framework proposed by Haddad et al. in 2015. This 

framework categorises the determinants of both undernutrition and obesity into three 

interconnected levels. At the basic level, a variety of system-level factors such as economic 

structures, political systems, and social norms can act as guiding forces for the underlying level, 

influencing both undernutrition and obesity (Haddad et al., 2015). The underlying level is 

shaped by a multitude of environmental factors, which include aspects like food availability 

and quality, living conditions, societal influences, and healthcare access. These factors lay the 

groundwork for individual-level health behaviours and biological factors.  
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Part A: Figure 2. Conceptual framework for determinants of malnutrition by (Haddad et 

al., 2015). 

 

1.1.6.3 Framework 3: Adapted conceptual framework outlining the determinants of the 

DBM 

Figure 3 presents a conceptual framework that outlines the determinants of the DBM adapted 

from the 2016 WHO framework. This framework has three levels, with factors that contribute 

to the DBM. The basic causes encompass broader economic, political, and social systems that 

guide the underlying and immediate causes. These systems can include policies related to food 

security, healthcare, and social. The underlying level includes environmental and societal 

factors that influence the immediate causes. These factors include wealth index, parity, age, 

education, employment, ethnicity, household size, marital status, place of residence, region, 

and habits like watching TV. The immediate level consists of individual biological factors and 

health behaviours that directly influence a woman’s nutritional status, such as dietary intake, 

physical activity, and metabolic factors. This framework emphasizes that addressing the DBM 

requires a comprehensive approach that considers all these interconnected factors. It also 
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highlights the need for targeted interventions that address the specific needs and challenges of 

diverse groups of women. By addressing these multiple layers of determinants, sustainable 

development and improved nutritional outcomes can be achieved. 

 

Part A: Figure 3. Adapted conceptual framework outlining the determinants of the double 

burden of malnutrition from (WHO, 2016b). 

 

1.1.7 Health inequality 

Health inequality has been defined and understood in many different ways. McCartney, (2019) 

described health inequalities as “systematic, avoidable, and unfair gaps in health outcomes 

based on socioeconomic rank” (McCartney et al., 2019). Another author, Braveman and 

Gruskin (2003), defined it as the existence of systematic differences in health between social 

groups, with varying social hierarchies (Braveman & Gruskin, 2003). Inequality is evident in 

the uneven distribution of income, unequal opportunities available to individuals, and 

differences across various regions (IMF, 2020). 

Typically, discussions on health inequality centre around health outcomes regarding social 

class and economic status (Smith et al., 2016). Health inequalities have been documented in 

every location and under diverse political and socioeconomic systems, as well as between 
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different social categories within the population and geographical areas within the same nation 

(Whitehead, 1992). It is also crucial to note that the general health of a population is frequently 

dependent or highly impacted by the amount of health disparities within that community. 

(McCartney et al., 2019). South Africa experiences some of the most extreme inequalities 

globally (IMF, 2020). For this study, inequalities in the DBM will be on the different 

socioeconomic statuses of non-pregnant women in South Africa. 

 

1.1.8 Theories of health inequalities 

People from various backgrounds, social strata, and nations experience varying degrees of 

health outcomes. The term health inequality refers to differences, variations, and disparities in 

the health or health outcomes of people and groups (Kawachi et al., 2002). The Black Report 

presented ideas to explain the fundamental reasons for health inequality, which were later 

developed; nonetheless, it was claimed that the structural theory gave the most persuasive 

explanation. (Black et al., 1980). 

 

1.1.8.1 Artefact theory 

The artefact theory posits that observed inequalities in health outcomes between socioeconomic 

groups may be attributable to methodological artefacts rather than genuine differences in health 

status (Black et al., 1980; McCartney et al., 2013). This means that the apparent link between 

being wealthy or educated and being healthier might not be true, it could just be a result of how 

social status was measured and classified. 

 

1.1.8.2 Selection theory 

The main hypothesis centres around reverse causality, arguing that deteriorating health creates 

a social selection, resulting in a link between poor health and lower social rank (McCartney et 

al., 2013). So, this theory argues that an individual's health determines their socioeconomic 

status, as opposed to socioeconomic status determining their health (Bambra, 2011). The 

potential for a health selection effect to account for health inequalities was thoroughly 

investigated and dismissed in the Black report (McCartney et al., 2013). 
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1.1.8.3 Cultural and behavioural theory 

The theory argues that the relationship between socioeconomic status and health outcomes 

stems from differences in health-related behaviours, which include dietary habits and physical 

activity (Øversveen et al., 2017). For this theory to stand, socioeconomic factors must be the 

sole effect modifier within this relationship (McCartney et al., 2013). However, the findings of 

the Black Report highlighted that individuals' behaviours are frequently influenced by their 

social and economic situations, not just their cultural background. For instance, maintaining a 

healthy diet can be costly (Scambler, 2012). 

 

1.1.8.4 Structural theory 

The structural theory states that variations in the socioeconomic conditions of societal clusters, 

which include income, wealth, influence or power, environmental factors, and accessibility, 

throughout an individual’s life, lead to health inequalities (McCartney et al., 2013). The theory 

links structural factors to health outcomes, but it fails to identify the root causes of health 

inequalities (Macintyre, 1997).  

 

1.1.9 Socioeconomic status (SES) 

SES refers to an individual's or family's financial and social position in a society. (Baker, 2014). 

Wealth, education, employment, household assets and characteristics are some key 

components commonly used to determine SES in health inequality studies (Anik et al., 2019; 

Biswas et al., 2022; Kushitor et al., 2020; Sarker et al., 2022). These factors are often used 

individually or in combination to assess SES and to understand its association with health 

outcomes (Antonoplis, 2023). In the South African Demographic Health Survey, SES included 

factors such as livestock, land, educational attainment, geographical location, specific 

household assets such as televisions, bicycles, vehicles, and numerous other factors (SADHS, 

2019). 

 

1.1.10 Socioeconomic-status related health inequality in DBM 

Insufficient knowledge about socioeconomic inequalities within countries poses a significant 

obstacle to addressing issues effectively. Various researchers such as Nguyen et al. (2021) and 

Sarker et al. (2022) have identified a theoretical relationship between SES and the DBM. The 

nutritional well-being of a population is significantly influenced by both the quality and 
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quantity of available food resources (WHO, 2016a). Over time, there has been an increase in 

packaged, restaurant, and take-away snacks and meals, accompanied by a rise in the cost of 

fresh produce, particularly impacting LMICs reliant on food imports (WHO, 2016a). 

Additionally, factors such as war, violence, and climate-related events have also played a role 

in shaping individual or national dietary patterns (WPF, 2023). In various regions, individuals 

with lower SES often face challenges in affording nutritious food, thereby increasing their 

susceptibility to the DBM. As per the estimates provided by the World Food Programme in 

2023, approximately 333 million individuals are currently facing acute levels of food insecurity 

(WPF, 2023). 

 

1.2 METHODOLOGICAL REVIEW  

This section looks at the various methodologies that can be utilised to assess the DBM and 

health inequalities, at a population level. Examining these methods serves as a critical 

foundation for comprehending the steps involved in assessing the variables of interest. 

 

1.2.1 Measuring DBM 

How the DBM is defined can vary depending on the objectives and aim of a particular study. 

For instance, in research conducted in India by Nguyen et al. (2021), the DBM was defined as 

the coexistence of a stunted and overweight/obese child or an underweight and 

overweight/obese adult. Another study conducted in Bangladesh by Sarker et al. (2022), 

defined the DBM as the simultaneous occurrence of an underweight mother with an overweight 

child or an overweight mother with a child experiencing stunting, wasting, or underweight, all 

within the same household. In both these studies and the South African demographic health 

survey, body mass index (BMI) was used to categorize adults as underweight, normal weight, 

overweight, and obese (Nguyen et al., 2021; SADHS, 2019; Sarker et al., 2022). BMI is a 

numerical measurement that utilizes an individual's weight (in kilograms) and height (in meters 

squared) to offer an approximation of body fat, for both males and females (Weir & Jan, 2019).  

The equation for BMI: 

BMI =  
𝑤𝑒𝑖𝑔ℎ𝑡 𝑖𝑛 𝑘𝑔

(ℎ𝑒𝑖𝑔ℎ𝑡 𝑖𝑛 𝑚𝑒𝑡𝑒𝑟𝑠)2 

According to WHO (2010), based on the participant's BMI, they will be classified as: 
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 Underweight if BMI <18.50𝑘𝑔/𝑚2 

Normal weight if BMI 18.5-24.9𝑘𝑔/𝑚2 

Overweight if BMI 25-29.9𝑘𝑔/𝑚2 

Obese if BMI≥30𝑘𝑔/𝑚2 

 

1.2.2 Measuring health inequalities  

Several methodologies have been established to effectively measure health inequalities, which 

include the concentration curve (associated with the Concentration Index), the Slope Index of 

Inequality, the Relative Index of Inequality, the Index of Dissimilarity, the Gini coefficient, the 

Lorenz curve, and the Pseudo-Lorenz curve (Wagstaff et al., 1991).  

 

1.2.2.1 The range 

This method of assessing health inequalities typically involves comparing the experiences of 

the top and bottom socioeconomic groups (Wagstaff et al., 1991). The comparison is expressed 

as the range itself or as a ratio between one extreme value and the other. While the range 

provides a simple measure, it may not capture the full complexity of health inequalities. The 

range does not fully account for what is going on within intermediate socioeconomic groups 

(Wagstaff et al., 1991). For example, the gap between the top and bottom groups might remain 

the same, but inequality among the intermediate groups might be changing. Another limitation 

associated with using the range is that it fails to account for the sizes of the comparison 

socioeconomic groups, which makes it insensitive to changes in the population distribution 

across the groups resulting in misleading conclusions (Wagstaff et al., 1991). 

 

1.2.2.3 The Lorenz curve and Gini coefficient 

The Lorenz curve was introduced by Max O. Lorenz in 1905 as a visual representation of 

income distribution. The Lorenz curve is a graphical representation of the population’s 

distribution of a variable, such as health. It plots the cumulative proportions of the population, 

ranked by health, against the cumulative proportions of health. In the graph, a 45-degree 

diagonal line represents a lack of inequalities. If health inequalities exist, the curve deviates 

below the diagonal line as shown in Figure 4. The greater the deviation, the more pronounced 

the inequality. While the Lorenz curve captures the experiences of all individuals and is not 
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limited to specific social classes, it fails to account for the socioeconomic dimensions of health 

inequalities (Wagstaff et al., 1991). 

 

 

Part A: Figure 4. The Lorenz curve for the hypothetical population  

The Gini coefficient, on the other hand, quantifies the degree of inequality represented by the 

Lorenz curve. It is calculated as the area between the line of equality and the Lorenz curve, 

ranging from 0 to 1 (Wagstaff et al., 1991). It is calculated as twice the area between the Lorenz 

curve and the diagonal or as one minus the area under the Lorenz curve (Wagstaff et al., 1991). 

Both these methods yield the same result. 

 

1.2.2.4 Slope and Relative index of inequality 

The relative index of inequality (RII) and the slope index of inequality (SII) are measures that 

reflect the socioeconomic dimension of health inequalities (Moreno-Betancur et al., 2015). 

These indices calculate the mean health status of each socioeconomic group and rank them by 

their socioeconomic status, not by their health (Wagstaff et al., 1991). The SII is an absolute 

measure used to calculate the magnitude of health inequalities across multiple socioeconomic 

groups within a population (Renard et al., 2019; Schlotheuber & Hosseinpoor, 2022). The 

entire population sample is organized in ascending order from the most disadvantaged 

subgroup (Regidor, 2004; Schlotheuber & Hosseinpoor, 2022). As an absolute measure, the 

SII is sensitive to shifts in the average population health level or variations in the occurrence 
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of the health issue under examination (Regidor, 2004; Wagstaff et al., 1991). This sensitivity 

limits its applicability for evaluating inequalities in various populations over time. In terms of 

interpretation, the SII assumes a value of zero if there is no inequality, a negative value for 

inequities among the poor (pro-poor), and a positive value for inequalities concentrated among 

the wealthy (pro-rich) (Schlotheuber & Hosseinpoor, 2022). 

 

The RII is frequently used to quantify how the occurrence of a health outcome varies according 

to socioeconomic status or another relevant background factor (Sergeant & Firth, 2006). The 

RII expresses the relationship between the highest SES and the lowest health outcomes. It 

exclusively assumes non-negative values and considers both the group's socioeconomic status 

and its population size (Mackenbach & Kunst, 1997). RII assumes a value of one if no 

inequalities are present (Schlotheuber & Hosseinpoor, 2022). A value above one indicates 

inequalities among the wealthy (pro-rich), and a value below one indicates inequalities 

concentrated among the poor (pro-poor) (Mackenbach & Kunst, 1997; Schlotheuber & 

Hosseinpoor, 2022). 

 

1.2.2.5 Pseudo-Lorenz curve 

The Pseudo-Gini coefficient and the Pseudo-Lorenz curve are methods used to analyse health 

inequalities, but they differ from the traditional Gini coefficient and Lorenz curve in that 

instead of using individual-level data, they use grouped data based on occupational classes, 

which are then ranked by mortality (Wagstaff et al., 1991). This version plots the cumulative 

percentage of the population, grouped into occupational classes, and ranked by health, against 

the cumulative percentage of deaths (Wagstaff et al., 1991). However, because the population 

is grouped by social class rather than health, their curve is not a true Lorenz curve. This method 

fails to capture the socioeconomic aspect of health inequality because the classes are arranged 

based on their health status (Wagstaff et al., 1991). It cannot differentiate between a situation 

where the sickest socioeconomic group is made up of millionaires and one where it is made up 

of unskilled manual workers. 

 

1.2.2.6 Index of Dissimilarity 

The Index of Dissimilarity (ID) is a measure used in health inequality studies. It is calculated 

for various socioeconomic groups, and it measures the absolute difference between the groups' 
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share of the population's health from its population share (Wagstaff et al., 1991). It implies an 

absolute distance concept, meaning that under complete equality, everyone's share of health 

would be equal to their population share (Wagstaff et al., 1991). This is shown in the equation 

below, ID is the difference between the population health of the group (𝑠𝑗
ℎ) and the group's 

population share (𝑠𝑗
𝑝

), all divided by two (Wagstaff et al., 1991). 

𝐼𝐷 =
1

2
∗ ∑𝑗(𝑆𝑗

ℎ − 𝑆𝑗
𝑝

 ) 

Were  

(𝑠𝑗
ℎ)  is the population health of the group 

(𝑠𝑗
𝑝

) is the group's population share 

The ID just like the pseudo-Lorenz curve fails to account for the socioeconomic dimensions of 

inequalities in health (Wagstaff et al., 1991). It only considers how each group’s share of health 

compares with its population share, not how this inequality relates to the group’s 

socioeconomic status. 

 

1.2.2.6 Concentration Index and Curve  

A concentration curve is a graphical representation where cumulative proportions of the 

population (arranged from the most disadvantaged to the least disadvantaged) are plotted 

against the cumulative proportions of health as shown in Figure 5. If there are no health 

inequalities the concentration curve will align with the 45-degree diagonal line (line of 

equality) (Wagstaff et al., 1991). If the inequality is concentrated among the poor, the 

concentration curve will lie below the line of equality. Conversely, if the inequality is 

concentrated among the rich, the concentration curve will be positioned above the line of 

equality. While the concentration curve can illustrate the socioeconomic inequalities associated 

with a health outcome, it is not suitable for quantifying the extent of the inequality (Kakwani 

et al., 1997). 
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Part A: Figure 5. Concentration curves 

 

The Concentration Index (CI) provides a numerical measure of the socioeconomic inequalities 

in health (Erreygers, 2009). It quantifies the gap between the concentration curve and the 

equality line (Almasi-Hashiani et al., 2017).  

 

The CI can also be computed from the equation below: 

 

CI=
2

𝜇
𝐶𝑂𝑉(𝑦𝑖 , 𝑅𝑖) 

 

Were 

 𝑦𝑖 is the health variable 

 𝜇 is its mean. 

𝑅𝑖 is the fractional rank of the ith individual in the socioeconomic distribution (e.g., an 

individual's rank in the income distribution.  

COV(.,.) is the covariance. 

The CI is bounded between –1 and +1 (Wagstaff et al., 1991). A negative CI indicates a higher 

concentration of DBM inequities among the poor (pro-poor), on the other hand, a positive CI 
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suggests that the DBM inequalities are concentrated among the wealthy (pro-rich) (Wagstaff 

et al., 1991). If the CI value is zero (is on the line of equality), it indicates the absence of 

socioeconomic disparities. Like SII and RII, in the CI, individuals are ranked according to their 

socioeconomic status, starting with the most disadvantaged (Wagstaff et al., 1991). This is a 

widely used index for analysing health inequality because of its association with the 

concentration curve, its compatibility with the Gini coefficient, and its ease of decomposition 

(Erreygers, 2009). 

 

1.2.2.6 Decomposition analysis 

The CI and the concentration curve serve as valuable tools for indicating socioeconomic 

inequalities, but they are limited in explaining the factors associated with the observed 

inequality. The CI can be broken down into individual factors that either contribute to or are 

associated with health inequalities (Wagstaff et al., 2003). Decomposition analysis gives a 

deeper insight into the specific factors contributing to the observed inequalities, thus facilitating 

targeted interventions and policy measures aimed at addressing the root cause.  

In decomposing the concentration index, the following steps are done 

Regression of health variable against its determinates  

 

𝛾𝑖 = 𝛼 +  ∑ 𝛽𝑘𝑘 𝑥𝑘𝑗 + 𝜀𝑖             (1) 

 

Where: 

𝑥𝑘 - set of k determining variables   

𝛽𝐾  - the coefficient  

𝜀𝑖 - random error term 

 

Given the relationship between 𝛾𝑖 and 𝑥𝑘𝑗 as expressed in equation 1, we can formulate the CI 

for y as follows: 

C = ∑ (
𝛽𝑘𝑥̅𝑘

𝜇
) 𝐶𝑘 +  

𝐺𝐶𝜀 

𝜇𝑘      (2) 

Where: 

𝜇 - mean of 𝛾 
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𝑥̅𝑘 - mean of  𝑥𝑘 

𝐶𝑘 – the CI of 𝑥𝑘  

 

1.3 EMPIRICAL  

 

1.3.1 Literature search strategy  

This section provides an overview of studies investigating socioeconomic inequalities within 

the DBM. The research sources encompassed several databases, including Google Scholar, 

EconLit, Scopus, PubMed, Web of Science, and BioMed Central. Additionally, studies from 

the WHO websites were included. To identify relevant studies, a combination of Medical 

Subject Headings (MeSH) terms were used: 1. Health Inequality (inequality(ies) or 

disparity(ies)); 2. Socioeconomic status (social class); 3. For the DBM, there was no MeSH 

term available, so the dual burden of malnutrition, overnutrition or undernutrition or 

malnutrition or overweight and underweight were used; 4. Women (mother). Some studies 

were excluded if access to the full article was not publicly available and studies that only 

included children. 

 

1.3.2 Study Comparison 

 

1.3.2.1 Prevalence  

Research across multiple countries reveals varying prevalence rates of DBM, with some studies 

reporting separate rates for underweight and overweight/obesity. Notably, in Africa, studies 

have revealed alarmingly high prevalence rates of overweight and obesity, with Seychelles and 

South Africa ranking among the top five countries with the highest prevalence for both 

conditions (Agyemang et al., 2015). Gender disparities are evident, with women often 

experiencing higher rates of overweight and obesity, particularly in Seychelles, Lesotho, and 

South Africa (Agyemang et al., 2015). In South Africa, women of childbearing age exhibited 

a striking prevalence of 60% for overweight and 35.2% for obesity (Nglazi & Ataguba, 2022).  

Some studies investigated household DBM. A study in Ghana revealed a 14% prevalence of 

the DBM among women aged 15-49 years, characterized by the coexistence of anaemia and 

BMI challenges (Kushitor et al., 2020). Similarly, investigations in rural Malaysia and Haiti 
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found household DBM prevalence rates of approximately 15.7% and 14%, respectively (Khor 

& Sharif, 2003; Raphaël et al., 2005). Similar findings have been reported in Malaysia, Haiti, 

Russia, China, Brazil, Bangladesh, Nepal, Pakistan, and Myanmar, where household-level 

DBM was observed (Anik et al., 2019; Biswas et al., 2022; Doak et al., 2000). In South and 

Southeast Asian countries like Bangladesh, Cambodia, India, Myanmar, Nepal, Pakistan, and 

Timor-Leste, the combined underweight prevalence was reported at 22%, while the overweight 

prevalence stood at 29% (Biswas et al., 2022). A study conducted in India highlighted 

significant shifts in BMI-related trends among women over a decade, with a notable decrease 

in underweight prevalence but a significant increase in overweight/obesity rates, particularly 

among rural and urban slum populations (Nguyen et al., 2021).  

 

1.3.2.2 Prevalence in South Africa 

In various provinces of South Africa, the DBM poses significant health challenges among 

women. In Limpopo Province, the DBM within households was evident, a striking prevalence 

of overweight (27.4%) and obesity (42.3%) was observed among mothers (Modjadji & Madiba, 

2019). Similarly, in Free State Province, both rural and urban areas exhibited high rates of 

overweight and obesity among women, with 65.6% and 66.2% prevalence, respectively 

(Tydeman-Edwards et al., 2018). South Africa has demonstrated the highest GDP alongside 

alarming rates of overweight and obesity, particularly among children under 5 years old 

(13.3%) and adults over 18 years old (51.9%) (Mbogori et al., 2020). Moreover, in KwaZulu-

Natal, household DBM was prevalent, with 32.1% of mothers classified as overweight and 

28.4% with obesity grade 1 (Kaldenbach et al., 2022). Additionally, the country's prevalence 

of overweight/obesity and anaemia stands at 38.7%, the highest among 29 African countries 

(Santos et al., 2023). Most studies on the DBM involving women in South Africa have 

primarily focused on either household contexts or individual prevalence of BMI challenges. 

 

1.3.2.3 Association of SES and DBM 

Nguyen et al. (2021) conducted a study in India to examine inequalities in DBM among 

individuals of different age groups, considering factors such as gender, wealth, and place of 

residence. The researchers utilized the SII and the CI to evaluate these inequalities. Their 

findings revealed that inequalities among underweight women were pro-poor across various 
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residential areas, while inequalities among obese women were pro-rich. However, a 

decomposition analysis was not conducted in this study. 

Sarker et al. (2022) conducted research in Bangladesh to assess the occurrence of DBM among 

mothers aged 15 to 49 years with children under 5 years old. Using data from the Bangladesh 

Demographic Health Survey, they defined DBM as the coexistence of underweight mothers 

with overweight children or overweight mothers with stunted, wasted, or underweight children. 

To assess the inequalities in the DBM across different socioeconomic groups, the researchers 

used the CI. The analysis of these two distinct BDM scenarios yielded different CI values. With 

the scenario involving overweight mothers and underweight children being characterized as 

pro-rich, and scenarios with underweight mothers and overweight children being identified as 

pro-poor. 

In a research study conducted in Bangladesh by Sarker et al., (2022), the aim was to assess the 

occurrence of DBM among mothers aged 15 to 49 years who had children under 5 years of 

age. DBM was defined as the coexistence of an underweight mother with an overweight child, 

or an overweight mother with a stunted, wasted, or underweight child. This investigation 

utilized data from the Bangladesh Demographic Health Survey conducted between 2017-2018. 

To assess the inequalities in DBM prevalence across different socioeconomic groups, the 

researchers used a CI. The analysis of these two distinct BDM scenarios yielded different CI 

values. Specifically, the situation involving an overweight mother with stunted, wasted, or 

underweight children was characterized as pro-rich due to the positive CI value. In contrast, 

the scenario involving underweight mothers with overweight children was identified as pro-

poor due to the negative CI value. 

Biswas et al. (2022) examined the absolute and relative inequalities in the DBM among women 

across seven countries in South and Southeast Asia: Bangladesh, Cambodia, India, Myanmar, 

Nepal, Pakistan, and Timor-Leste. They utilized DHS data (2000-2017) and calculated CI to 

measure socioeconomic inequalities, defining DBM as the coexistence of underweight and 

overweight/obesity within each country. They combined overweight and obesity categories due 

to low obesity prevalence in some countries The study revealed that underweight was 

concentrated among poor women, while overweight/obesity was more common among rich 

women in all countries studied. The greatest inequality among underweight women was 

observed in Pakistan in 2013 (CI = -0.36) and for overweight/obese women was in Pakistan in 

2000 (CI = 0.57). 



20 

 

Another study investigated the prevalence, socioeconomic inequalities, and association 

between various socio-demographic factors and the DBM in households across four specific 

countries: Bangladesh, Nepal, Pakistan, and Myanmar. The research utilized datasets from the 

DHS. In this study, DBM was defined as the coexistence of an overweight mother and stunted 

child in the same household, with overweight being defined as a BMI ≥ 25𝑘𝑔/𝑚2 for the 

mothers. Stunting was classified as a child with a length or height of at least two standard 

deviations (< 2 SD) below the mean for their age. The study utilized the RII to assess 

inequalities. The DBM within households was pro-rich, as indicated by RII values of 1.25 for 

both Bangladesh and Nepal, 1.14 for Pakistan, and 1.09 for Myanmar. 

In India Singh et al., (2023) investigated, the prevalence and socioeconomic inequalities of 

household DBM among mother–child pairs were investigated. The study utilized data from the 

National Family and Health Survey (NFHS-5) conducted between 2019 and 2021. In this 

research, DBM was defined as the coexistence of an overweight or obese mother with a stunted, 

wasted, or underweight child. To measure health inequalities, the researchers used the 

concentration curve and the CI and further did a decomposition analysis. The overall CI was 

positive (0.24), and the concentration curve was below the line of equality indicating that 

household DBM was pro-rich. Determinants used in the decomposition analysis consisted of 

the mother's age, education, place of residence, region, and religion among many others. 

Abdominal obesity was the most significant contributor to the inequality in the DBM, followed 

by geographical region and place of residence.
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Author and 

year 

Title of study  Country of 

study 

Data used How they defined 

DBM 

SES used Methodology Results  

Kushitor, 

Owusu & 

Kushitor 

(2020) 

The prevalence and 

correlates of the 

double burden of 

malnutrition among 

women in Ghana. 

 

Ghana 2014 Ghana 

Demographic 

and Health 

Survey. 

The coexistence of 

anaemia and BMI 

challenges 

(underweight or 

overweight/obesity) 

among women. 

Household assets 

and other 

characteristics such 

as drinking water, 

type of floor, and 

sanitation facility. 

Logistic 

regression 

• 13% for underweight 

and anaemic. 

• 58.6% for overweight 

and anaemic. 

• 28.4% for obese and 

anaemic. 

• Overall prevalence was 

14% of women (15-49 

years) who 

experienced DBM. 

• Richer households had 

higher odds of 

experiencing DBM. 

 

Khor & 

Sharif, 

(2003) 

Dual forms of 

malnutrition in the 

same households in 

Malaysia A food 

frequency 

The coexistence of an 

underweight child and 

an overweight mother. 

Household income 

and household 

 • 15.7% of mother/child 

pairs were found to 

experience the DBM. 
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Malaysia – a case 

study among Malay 

rural households 

questionnaire 

(FFQ) 

income per capita 

per month 

Doak et al., 

(2000) 

Overweight and 

underweight Coexist 

within Households 

in Brazil, China, and 

Russia. 

Brazil, China, 

and Russia 

Brazil (PNSN 

1989), China 

(CHHS 1993), 

Russia (RLMS 

1996) 

The coexistence of 

underweight and 

overweight members 

in the same 

household. 

Income and the 

value of home 

production 

expressed in per 

capita   

 Multinomial 

logistic 

regression 

• In Russia and China, 

the DBM was observed 

to be approximately 

8%, Brazil was slightly 

elevated at 11%. 

 Nguyen et 

al., (2021) 

The double burden 

of malnutrition in 

India: Trends and 

inequalities (2006–

2016) 

India National Family 

Health Surveys 

in 2005–2006 

(NFHS-3) and 

2015-2016 

(NFHS-4) 

Coexistence of 

child and adult 

undernutrition and 

overweight or obesity 

Household 

ownership of 17 

assets, livestock, 

house, and land. 

SII & CI • Underweight women- 

36% in 2006 to 23% in 

2016. 

• overweight/obese 

women -13% in 2006 

to 21% in 2016. 

• Pro-rich across all 

residential areas. 

Sarker et al., 

(2022) 

Drivers and 

distribution of the 

household-level 

double burden of 

Bangladesh  Bangladesh 

Demographic 

and Health 

Coexistence of 

underweight mother 

and overweight child  

or overweight mother 

Household’s 

ownership of 

selected assets, 

CI • 13.35% for overweight 

mothers with stunted, 

wasted, or underweight 

children.  
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malnutrition in 

Bangladesh: analysis 

of mother-child 

dyads from 

A National 

Household Survey 

Survey (BDHS) 

2017–2018 

and stunting, wasting, 

or underweight child 

in the same 

household. 

availability of 

electricity 

supply, television, 

bicycle, materials 

used for housing 

construction, types 

of water access and 

sanitation facilities, 

use of health and 

other services, and 

health outcomes 

• 7.69% for underweight 

mothers with 

overweight children. 

• Pro-poor for 

underweight mothers 

and overweight 

children.  

• Pro-rich for 

overweight mothers 

and stunting, wasting, 

or underweight 

children. 

 

Biswas et al., 

(2022) 

Geographical and 

socioeconomic 

inequalities in the 

double burden of 

malnutrition among 

women in Southeast 

Bangladesh, 

Cambodia, 

India, 

Myanmar, 

Nepal, 

Pakistan, and 

Timor-Leste 

Demographic 

and Health 

Surveys 

(DHS) 

conducted 

between 2001 

and 2017. 

Coexistence of 

women underweight 

and 

overweight/obesity. 

Household’s 

ownership of 

selected assets. 

 

CI • Pooled prevalence 

22% for underweight 

women. 

• 29% for 

overweight/obese 

women. 

• The highest prevalence 

was for underweight 
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Asia: A population-

based study 

women was 

Bangladesh with 44% 

in 2000 and for 

overweight/obese 

women was Pakistan 

with 67% in 2017.  

• In all countries, being 

underweight was pro-

poor while being 

overweight/obese was 

pro-rich. 

Lee et al., 

(2012) 

Socioeconomic 

disparities and the 

familial coexistence 

of child stunting and 

maternal overweight 

in Guatemala 

Guatemala Guatemalan 

Living 

Standards 

Measurement 

Survey (LSMS) 

2000 

Coexistence of a 

stunted child and an 

overweight mother  

Total household 

consumption per 

capita of food and 

non-food items 

Concentration 

curve with CI 

and ID 

• Stunted child – 47.3% 

• Overweight mother - 

42.2% 

• DBM – 17% 

• DBM was pro-poor 

 

Anik et al., 

(2019) 

Double burden of 

malnutrition at 

household level: A 

comparative study 

Bangladesh, 

Nepal, 

Pakistan, and 

Myanmar 

Demographic 

and Health 

Survey: 

Coexistence of an 

overweight mother 

and stunted child in 

the same household. 

Assets owned by 

households in 

urban and rural 

areas 

RII & SII Prevalence was: 

• Bangladesh 4.1% 

• Nepal 1.54% 

• Pakistan 3.93% 
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among Bangladesh, 

Nepal, Pakistan, and 

Myanmar 

Bangladesh 

(2014) 

Nepal (2016) 

Pakistan (2012-

13)  

Myanmar 

(2015-16) 

• Myanmar 5.54% 

• DBM among 

households was pro-

rich in all countries.  

 

Singh et al., 

(2023) 

Inequalities in the 

prevalence of double 

burden of 

malnutrition among 

mother-child dyads 

in India 

India National Family 

and Health 

Survey (NFHS-

5) (2019-2021) 

Coexistence of an 

overweight/obese 

mother with a 

stunted/wasted/under

weight child. 

Wealth index 

which includes 

goods owned by 

the household, 

ranging from 

television, bicycle, 

car, and housing 

Characteristics for 

example drinking 

water, toilet 

facilities, and 

flooring 

materials. 

CI • 17.66% of mothers 

were 

overweight/obese. 

• 32% of the children 

were stunted. 

• 20% of the children 

were wasted.  

• 30% of the children 

were underweight. 

• DBM among 

households was pro-

rich in all countries.  
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Meller et al., 

(2021) 

Double Burden of 

Malnutrition and 

Inequalities in the 

Nutritional Status of 

Adults: A 

Population-Based 

Study in Brazil, 

2019 

Brazil  Vigitel 2019 (A 

cross-sectional 

investigation 

utilizing 

information 

sourced from the 

Surveillance 

System of Risk 

and Protective 

Factors for 

Chronic 

Diseases 

through 

Telephone 

Surveys) 

Coexistence of 

underweight and 

excess-weight adults 

Education  SII • 6.% women were 

underweight, and 

54.1% had excess 

weight.  

• 3.9% of men were 

underweight, and 

50.2% had excess 

weight. 

• Being underweight and 

excess weight was pro-

poor. 

Kumar et al., 

(2022) 

Inequalities in 

overweight and 

obesity among 

reproductive age 

India  National Family 

Health Survey 

(2015–16) 

 

 Based on assets 

owned and 

household 

characteristics 

CC and CI Prevalence  

19% of women were 

underweight and 25% were 

overweight and obese 
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group women in 

India: evidence from 

National Family 

Health Survey 

(2015–16) 

  

Inequality  

Being overweight or obese 

was pro-rich 

Shirisha et 

al., (2022) 

Wealth-related 

inequality in women 

and children 

malnutrition in the 

states of 

Chhattisgarh and 

Tamil Nadu 

 

Chhattisgarh 

and Tamil 

Nadu (in 

India) 

National Family 

Health Survey-

3rd (2005–06) & 

4th (2015–16) 

Coexistence of a 

stunted/wasted child 

or both and 

underweight or obese 

mother. 

Based on assets 

owned and 

household 

characteristics 

 

SII & CI Prevalence  

overweight/obese women 

were 2% in 2005-6 and 

6% in 2015-16 

 

Inequality  

Undernutrition and 

anaemia among children 

and women were pro-poor 

Overweight /obesity was 

pro-rich 

CC- concentration curve, CI – concentration index, RII – relative  index of inequality, SII -  slope index of inequality
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ABSTRACT 

 

Background  

The global shifts in nutrition patterns have been associated with an increasing number of 

individuals experiencing multiple forms of malnutrition, resulting in what is known as the double 

burden of malnutrition (DBM). In 2014, WHO estimated that close to 2 billion adults aged 18 and 

above worldwide were overweight, 600 million adults were obese, and 462 million adults were 

underweight. In recent years, there has been a notable increase in the DBM among women, 

particularly in Southern Africa. South Africa is ranked among the top five African countries with 

the highest prevalence of overweight and obese individuals. Most studies on the DBM involving 

women in South Africa were primarily focused on either household contexts or individual 

prevalence of Body Mass Index challenges. This study seeks to fill the research gap by examining 

socioeconomic disparities in the double burden of malnutrition (DBM) among non-pregnant 

women in South Africa and identifying the main contributing factors. 

Methods 

The study only included non-pregnant women (n=3262) aged between 15-49 years. For the 

analysis, data from the 2016 South Africa Demographic Health Survey was utilized to calculate 

the prevalence of DBM (coexistence of underweight and overweight/obese non-pregnant women) 

and to examine the socioeconomic inequalities, using the concentration curve and the 

concentration index. An in-depth decomposition analysis uncovered the key driving factors 

contributing to the observed inequalities. 

Results 

A total of 39% (1261 out of 3262) of non-pregnant women were found to experience the DBM. 

This prevalence varied across demographics, with higher rates among women in the 35-44 age 

bracket, unemployed, Black/African, unmarried, urban residents, and those in the middle wealth 
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quintiles. Socioeconomic inequalities related to the DBM were evident, illustrated by a pro-rich 

distribution in the concentration curve and a positive CI value of 0.14. Factors such as education, 

employment, health insurance, marital status, and watching TV contributed positively to 

socioeconomic inequality, while factors like parity and place of residence exhibited negative 

contributions.  

Discussion  

This research offers significant insights into the DBM among South African non-pregnant women. 

The high prevalence, especially within certain demographic groups, highlights the urgent need for 

focused interventions to address these health disparities. The socioeconomic inequalities related 

to DBM, as evidenced by a pro-rich distribution highlight the complex interplay of numerous 

factors. These findings suggest that addressing DBM in South Africa requires a multifaceted 

approach that considers the socioeconomic context.  

 

 

 

 

 

 

 

 

 



   

 

 

 

 

Page | 36  

 

 

 

 

BACKGROUND   

Malnutrition has traditionally been addressed as a separate issue, with some studies focusing on 

undernutrition, food insecurity, and micronutrient deficiencies, while others have concentrated on 

overnutrition, obesity, or overweight (Wells et al., 2020). However, due to the rapid global 

transition in nutrition patterns, an increasing number of individuals are now experiencing multiple 

forms of malnutrition, termed the double burden of malnutrition (DBM) (Wells et al., 2020). The 

World Health Organization (WHO) refers to the DBM as the coexistence of undernutrition and 

overnutrition within the same population, community, or individual (WHO, 2016a). This global 

burden of malnutrition affects every country. In 2014, WHO estimated that over 2 billion adults 

aged 18 and above worldwide were overweight, and 600 million adults were obese, while 462 

million adults were underweight (WHO, 2016a). Additionally, close to 3 million individuals die 

each year because of being overweight or obese (Añón-Hidalgo et al., 2019). 

The increase in the incidence of overweight and obesity rates has been linked to the shifts in the 

global food system, which have made unhealthy food more accessible and affordable. This is 

coupled with a decline in physical activity due to technological advancements in transportation, 

home, and workplace settings (Popkin et al., 2020). These transitions are more prevalent in 

developing or low-middle-income countries (LMICs) due to improving economic conditions 

(Kimani-Murage, 2013). Presently, DBM is becoming more prevalent in the poorest LMICs with 

significantly lower gross domestic product per capita, particularly in South and East Asia and Sub-

Saharan Africa (SSA) (Agyemang et al., 2015; Popkin et al., 2020). 

Within SSA, South Africa stands out as the country most affected by obesity and overweight 

individuals, ranking among the top five African countries with the problem (Agyemang et al., 

2015). Proximity to big food retailers and fast-food restaurants has been associated with higher 

rates of overweight and obesity in South Africa (Otterbach et al., 2021). Recent studies indicate a 

population prevalence of underweight adults at 4.8% and 51.9% for overweight and obese adults 
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in South Africa, with women of childbearing age exhibiting a higher incidences (Mbogori et al., 

2020; Nglazi & Ataguba, 2022). 

In SSA, the shift towards overnutrition has occurred rapidly over the last four decades, with women 

being more significantly impacted compared to men (Delisle, 2008; Were et al., 2020). Women 

play a crucial role in ensuring nutritional needs are met for themselves and their families, yet they 

are disproportionately affected by nutritional disorders and chronic diseases (Delisle, 2008; 

Madzorera & Fawzi, 2020). Despite their increased nutritional requirements, efforts to improve 

women's nutritional status have often focused on maternal and child nutrition during pregnancy 

and early childhood (Madzorera & Fawzi, 2020). Women are at a heightened risk of experiencing 

the DBM. However, there is limited research on socio-economic inequalities among women in 

South Africa concerning the DBM. This research aims to address this gap by investigating 

socioeconomic inequalities in the DBM among non-pregnant women in South Africa and 

identifying the primary factors contributing to these inequalities. 

 

METHODS   

 

Data  

This study utilised data from the 2016 South African Demographic and Health Survey (SADHS), 

a nationally representative survey that is publicly available on (https://www.dhsprogram.com/). It 

uses a stratified two-stage sampling design. This investigation concentrated on the women's survey 

within the SADHS, which had information on women aged between 15 to 49 years. The initial 

sample size was 11083 women, but due to missing data and the exclusion of pregnant women, the 

final sample size was reduced to 3262 non-pregnant women.  
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Outcome variable 

In this study, the outcome variable is the DBM. DBM was defined as the coexistence of 

underweight and obese non-pregnant women in South Africa. It was assessed using Body Mass 

Index (BMI). BMI, also known as the Quetelet index, is one of the measurements used to assess 

the nutritional status of women in the demographic health surveys (SADHS, 2019). BMI was 

calculated using the respondent's height and weight measurements. In the SADHS surveys, weight 

was recorded in kilograms (kg), while the height was recorded in centimetres (cm) (SADHS, 

2019). 

The equation for BMI is as follows: 

BMI =  
𝑤𝑒𝑖𝑔ℎ𝑡 𝑖𝑛 𝑘𝑔

(ℎ𝑒𝑖𝑔ℎ𝑡 𝑖𝑛 𝑚𝑒𝑡𝑒𝑟𝑠)2 

According to WHO (2010), women were then classified as underweight if BMI <18.50kg/m2 and 

obese if BMI≥30kg/m2. 

 

Socioeconomic status (SES) 

The SES of the population was assessed using the SADHS wealth index. The wealth index is a 

scoring system used to create household wealth quintiles, considering consumer assets, such as 

televisions, bicycles, or cars, as well as housing attributes like the source of drinking water, toilet 

facilities, and flooring materials (SADHS, 2019). Households were grouped into five quantiles and 

ranked from poorest to richest. 

 

Analytical Methods 

The data management, exploration, and analysis were done using Stata 17 statistical software. 
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Socioeconomic inequalities   

This paper utilised the concentration curve and the concentration index (CI) methodologies to 

assess the health inequalities among non-pregnant women in South Africa. The concentration 

curve visually depicts the cumulative proportions of the population plotted against the cumulative 

proportions of health, with the population ranked from the most disadvantaged to the least 

disadvantaged. In cases where there are no health inequalities, the concentration curve will align 

with the line of equality (Wagstaff et al., 1991). When inequalities are concentrated among the 

poor, the concentration curve falls above the line of equality, whereas if inequalities are 

concentrated among the rich, the curve will be situated below the line of equality. Although the 

concentration curve provides a graphical representation of socioeconomic inequalities related to a 

health outcome, it does not quantify the extent of inequality (Kakwani et al., 1997). 

The CI is widely employed for analysing health inequality due to its association with the 

concentration curve, and its ease of decomposition (Erreygers, 2009). Bounded between -1 and 

+1, the CI provides the degree of inequality in health between the rich and poor (Wagstaff et al., 

1991). A negative CI indicates a higher concentration of inequities among the poor (pro-poor), 

whereas a positive CI suggests that the inequalities are concentrated among the wealthy (pro-rich) 

(Wagstaff et al., 1991). A CI value of zero signifies the absence of socioeconomic inequalities.   

The CI can be computed from the equation below: 

 

CI=
2

𝜇
𝐶𝑂𝑉(𝑦𝑖 , 𝑅𝑖) 

 

Where 𝑦𝑖 is the health variable, and 𝜇 is its mean. 𝑅𝑖  is the fractional rank of the ith individual in 

the socioeconomic distribution (e.g., an individual's rank in the income distribution. COV(.,.) is 

the covariance. 
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Decomposition analysis  

The CI and the concentration curve serve as valuable tools for indicating socioeconomic 

inequalities. The CI can be broken down into individual factors that either contribute to or are 

associated with health inequalities (Wagstaff et al., 2003). Decomposition analysis provides a 

deeper insight into the specific factors contributing to the observed inequalities. The CI can be 

expressed as the total sum of contributions from different determinants, alongside an unexplained 

residual component (Zere et al., 2011).  

In decomposing the CI, the following steps will be done 

1. Regression of health variable against its determinates  

 

𝛾𝑖 = 𝛼 +  ∑ 𝛽𝑘𝑘 𝑥𝑘𝑗 + 𝜀𝑖                                                   (1) 

 

Where: 

𝑥𝑘 - set of k determining variables   

𝛽𝐾  - the coefficient  

𝜀𝑖 - random error term 

 

Given the relationship between 𝛾𝑖 and 𝑥𝑘𝑗 as expressed in equation 1, we can formulate the CI for 

y as follows: 

C = ∑ (
𝛽𝑘𝑥̅𝑘

𝜇
) 𝐶𝑘 +  

𝐺𝐶𝜀 

𝜇𝑘       (2) 

Where: 

𝜇 - mean of 𝛾 

𝑥̅𝑘 - mean of  𝑥𝑘 
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𝐶𝑘 – the CI of 𝑥𝑘  

 

RESULTS 

BMI distribution among women  

Figure 1 illustrates the BMI distribution among non-pregnant women in South Africa. The analysis 

reveals that the largest proportion of women, approximately 35% of the total sample, was within 

the normal weight category. Additionally, a huge portion of women are categorized as either 

overweight or obese, accounting for 27% and 34% of the sample, respectively. The prevalence of 

underweight individuals was low, comprising only 4% of the sample. 

 

Part B: Figure 1. BMI distribution among non-pregnant women in South Africa 

Underweight 

4%

Normal weight 

34%

Overweight

27%

Obese 

35%

BMI status of non-pregnant women in South Africa aged 15-49 years 
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General characteristics 

A considerable proportion of women, approximately 39% (n=1261 of 3262), experience the DBM 

(coexistence of both underweight and obesity). The prevalence of the DBM varied across diverse 

groups. Women aged 35-44 years had the highest prevalence (33%), followed by those aged 25-

34 years (32%), while women aged 45-49 years had the lowest prevalence (16%). Among the 

different education levels, those with secondary education had the highest prevalence of 76%. 

Unemployed women had a slightly higher prevalence of DBM (59%) as compared to employed 

women (41%). Regarding ethnicity, the highest prevalence of DBM was among Black/African 

women (88%), followed by Coloured women (9%), White women (2%), and Indian/Asian women 

(1%). Unmarried women showed a higher prevalence of DBM (61%) compared to married women 

(39%). Urban residences exhibited a higher prevalence of DBM (56%) compared to rural areas 

(44%). Most women with the DBM did not have health insurance (86%). Larger households (>5 

members) had a higher prevalence of DBM (47%) compared to smaller households. The 

prevalence of DBM also varied by wealth quintiles, with the highest prevalence observed among 

the poorest (17%) and poorer (20%) quintiles. 

 Part B: Table  1. Background characteristics of women with the DBM  

Women’s 

characteristics 

DBM 

 

n=1261 (39%) 

p-value 

Age   <0.001 

15-24 years 245 (19)  

25-34 years 402 (32)  

35-44 years 414 (33)  

45-49 years 200 (16)  



   

 

 

 

 

Page | 43  

 

 

 

 

Education  0.6411 

No education 34 (3)  

Primary 133 (11)  

Secondary 962 (76)  

Higher 132 (10)  

Employment status  <0.001 

Unemployed  743 (59)  

Employed  518 (41)  

Ethnicity   0.6020 

Black/African 1107 (88)  

White 24 (2)  

Coloured  117 (9)  

Indian/Asian 13 (1)  

Household size  0.0154 

1-2 214 (17)  

3-5 451 (36)  

>5 596 (47)  

Health insurance  0.0126 

No  1081 (86)  

Yes  180 (14)  

Marital status  <0.001 

Not married 766 (61)  

Married  495 (39)  

Parity   <0.001 

0 219 (18)  
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1 283 (22)  

2 305 (24)  

>3 454 (36)  

Place of residence  0.4083 

Urban  705 (56)  

Rural  556 (44)  

Region   0.0998 

Western cape  75 (6)  

Eastern cape 159 (13)  

Northern cape 116 (9)  

Free state 142 (11)  

Kwazulu-Natal 201 (16)  

Northwest 145 (11)  

Gauteng 111 (9)  

Mpumalanga 150 (12)  

Limpopo  162 (13)  

Watching TV  <0.001 

Not watching 204 (16)  

watching 1057 (84)  

Wealth index  <0.001 

Poorest 209 (17)  

Poorer  254 (20)  

Middle  328 (26)  

Richer  282 (22)  

Richest  188 (15)  
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Socioeconomic inequality 

The study found that socioeconomic inequalities related to the DBM among non-pregnant women 

in South Africa were more prevalent among those with higher socioeconomic status, indicating a 

pro-rich distribution. This is illustrated in Figure 2 by the concentration curve, which fell below 

the line of equality. This was further supported by a positive CI value of 0.14. 

 

Part B: Figure 2. Concentration curve for the DBM among non-pregnant women in South 

Africa 

 

Table 2 illustrates the estimates of the decomposition analysis, with the individual CI and the 

respective contributions of numerous factors to the socio-economic inequality within the context 



   

 

 

 

 

Page | 46  

 

 

 

 

of the DBM among non-pregnant women in South Africa. The CI measures the degree of socio-

economic inequality. The elasticity represents the sensitivity of the outcome variable to changes 

in the explanatory variable. The contribution signifies the degree of inequality attributable to the 

explanatory variable. In this analysis, factors such as education, employment, health insurance, 

marital status, and watching TV contribute positively to socio-economic inequality. Conversely, 

factors like parity and place of residence exhibit negative contributions. All factors had a positive 

CI besides household size, parity, and place of residence. 

Part B: Table  2. Estimates from decomposition analysis 

Background 

characteristics 

Elasticity Concentration index Contribution 

Age 0.099 0.032 0.012 

Education  0.074 0.049 0.014 

Employment  0.010 0.136 0.005 

Ethnicity 0.001 0.442 0.001 

Household 

size 

-0.006 -0.009 0.000 

Health 

insurance  

0.006 0.507 0.013 

Marital 

status 

0.014 0.051 0.003 

Parity  0.043 -0.043 -0.008 

Place of 

residence 

0.002 -0.339 -0.002 

Region  -0.013 0.069 0.004 
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Watching 

TV 

0.047 0.112 0.021 

 

DISCUSSION  

This study utilised the 2016 SADHS to explore socioeconomic inequalities in the DBM among 

non-pregnant women in South Africa, and to identify key contributing factors to this inequality. 

The findings highlight a significant DBM challenge faced by non-pregnant women in South 

Africa. A substantial proportion of women in the country were obese, with 35% experiencing this 

condition. This figure corresponds with the results reported by Agyemang et al. in 2015 

(Agyemang et al., 2015). Additionally, 4% of women were found to be underweight. The overall 

prevalence of DBM among non-pregnant women was notably high at 39%, surpassing rates 

reported in other countries (Anik et al., 2019; Biswas et al., 2022; Doak et al., 2000; Kushitor et 

al., 2020). One possible explanation for this finding is the complex interplay of socioeconomic 

factors in South Africa, such as education, employment, and urbanization, which may contribute 

to both undernutrition and overnutrition. Increased urbanization, access to cheap, unhealthy food, 

and sedentary lifestyles could be driving factors for obesity, while economic inequality and limited 

access to nutritious food may contribute to underweight conditions. These findings suggest that 

addressing DBM among non-pregnant women in South Africa requires a comprehensive 

understanding of the multifaceted factors influencing both underweight and obesity. 

A detailed examination of background characteristics revealed significant variations in DBM 

prevalence among the women. Factors such as parity, age, alcohol consumption, religion, 

household size, educational level, and employment status, wealth index, among others, have been 

associated with underweight and obesity in previous studies (Ahmed et al., 2020; Ferdausi et al., 

2022; Hashan et al., 2020; Ikoona et al., 2023). The DBM prevalence increased with age, with a 

slight decrease observed in the 45-49 age range. The highest DBM rates were found in the 35-44 
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age bracket. Most affected women (76%) had secondary-level education, yet unemployment was 

markedly linked to higher DBM rates. Increased parity correlated with an increase in the 

prevalence of DBM, a finding that is consistent with some studies associating increased parity with 

obesity (Heliövaara & Aromaa, 1981; Li et al., 2016). Larger households and the absence of health 

insurance were also more common among the affected women. Notably, most affected women 

watched TV, and wealth distribution showed a middle-class majority. Black/African women 

constituted the majority of those affected by the DBM. 

The socioeconomic inequality analysis confirmed a pro-rich distribution of the DBM, emphasizing 

the disproportionate burden on women of higher socioeconomic status. This inequality is 

graphically represented by the concentration curve, which lies below the equality line, 

corroborated by a positive CI value of 0.14. A similar study by Biswas et al. in 2022 investigated 

DBM inequalities among women in seven South and Southeast Asian countries—Bangladesh, 

Cambodia, India, Myanmar, Nepal, Pakistan, and Timor-Leste. The study found that underweight 

was pro-poor among the women, while overweight/obesity was pro-rich in all the countries studied 

(Biswas et al., 2022). Similarly, a study conducted by Nguyen et al. (2021) in India revealed that 

inequalities among underweight women were pro-poor across different residential areas, while 

inequalities among obese women were pro-rich (Nguyen et al., 2021). 

The pro-rich inequality among the women in South Africa could be due to a variety of factors 

associated with higher socioeconomic status. Numerous factors have been associated with 

underweight and obesity, including parity, age, alcohol consumption, religion, household size, 

educational level, and employment status, among others (Ahmed et al., 2020; Ferdausi et al., 2022; 

Hashan et al., 2020; Ikoona et al., 2023).  

In this study, a decomposition analysis was conducted, encompassing most of these factors. The 

analysis pinpointed key contributors to socioeconomic inequalities in the DBM. The 

decomposition analysis revealed that age, education, employment, health insurance, marital status, 
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place of residence, and television viewing all contribute positively to socioeconomic inequality, 

indicating a higher likelihood of DBM among wealthier women. 

This study is not without limitations. The use of cross-sectional data from the 2016 SADHS may 

not fully capture the complexities of DBM prevalence and its contributing factors. Furthermore, 

the dataset used had a large proportion of missing data, which reduced the initial sample size from 

11,083 women to 3,262 non-pregnant women. Missing data can reduce the representativeness of 

the samples, potentially limiting the generalizability of the findings.  Future research should focus 

on addressing data completeness and consider longitudinal studies to better understand the 

dynamics of DBM among non-pregnant women in South Africa. 

CONCLUSION  

In conclusion, this study sheds light on the socioeconomic inequalities in the DBM among non-

pregnant women in South Africa. The results highlight a significant challenge confronting non-

pregnant women in the country, with a considerable percentage of women grappling with obesity. 

These insights carry substantial implications for health policies and interventions in South Africa. 

The high incidence of DBM among non-pregnant women, especially within specific demographic 

groups, underscores the necessity for targeted interventions. 
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ADDRESSING SOCIOECONOMIC INEQUALITIES IN THE DOUBLE BURDEN OF 

MALNUTRITION AMONG NON-PREGNANT WOMEN IN SOUTH AFRICA 

“Let food be thy medicine and medicine be thy food.” — Hippocrates 

BACKGROUND AND INTRODUCTION 

Malnutrition is a global challenge, now involving both undernutrition and overnutrition, known as 

the double burden of malnutrition (DBM). South Africa, is one of the top five African countries 

with high overweight and obesity rates. DBM is now becoming more prevalent, especially among 

women. However, there’s limited research on the socioeconomic factors contributing to DBM 

among South African women.  

 

PART C: POLICY BRIEF 
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WHY IT MATTERS? 

DBM has serious implications for individuals and society. About 3 million individuals die each 

year because of being overweight or obese. Underweight women may suffer from weakened 

immunity and increased vulnerability to infections. On the other hand, obesity is associated with 

chronic diseases such as diabetes, cardiovascular disorders, and certain cancers. When 

socioeconomic inequalities are present, it creates a cycle of disadvantage. These inequalities hinder 

progress toward achieving health equity and sustainable development goals. 

KEY FINDINGS 

1. High prevalence of DBM 

• The overall prevalence of DBM was 39%, surpassing rates reported in other countries. 

Obesity: 35% 

Underweight: 4%  

2. The prevalence was influenced by factors including age, education, employment status, 

ethnicity, household size, and wealth index. 

3. The DBM was concentrated among the wealthy. 

4. Contributing factors to the inequality were education, employment, health insurance, 

marital status, and television viewing. 
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POLICY IMPLICATIONS  

o Targeted Interventions: Addressing the DBM among non-pregnant women requires tailored 

interventions that consider socioeconomic factors. Programs should focus on improving access 

to nutritious foods and promoting healthy lifestyle behaviours. 

o Health Policy Integration: Health policies should integrate nutrition interventions into broader 

health systems. This includes integrating nutrition education into primary healthcare services 

and promoting collaboration between multiple health sectors. 

o Community Engagement: Community-based initiatives, such as women's groups and nutrition 

education workshops, can promote behaviour change and empower individuals to make 

healthier choices. 

o Research and Data Collection: Conducting further research to understand the dynamics of 

DBM prevalence and its determinants, particularly among vulnerable populations. 

Longitudinal studies can provide insights into the causal pathways and inform targeted 

interventions. 

 

CONCLUSION 

Addressing socioeconomic inequalities in the DBM among non-pregnant women in South Africa 

is crucial for improving health outcomes and promoting equity. By implementing targeted 

interventions, integrating nutrition into health policies, empowering women, engaging 

communities, and strengthening research, significant strides can be made towards reducing the 

double burden of malnutrition and promoting health and well-being for all. 
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PART D: APPENDICES 

Appendix 1. ETHICAL APPROVAL 
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Appendix 2. RESEARCH PROTOCOL  

1.1 BACKGROUND 

In the past, malnutrition has been addressed and tackled separately, with a focus on undernutrition, 

food insecurity, and micronutrient deficiencies, while other research has focused on overnutrition, 

obesity, or being overweight (Wells et al., 2020). However, as nutritional transitions occur globally 

at a rapid pace, an increasing number of individuals are experiencing various forms of 

malnutrition, termed as the double burden of malnutrition (DBM) (Wells et al., 2020). The World 

Health Organization (WHO) defines the DBM as the simultaneous occurrence of undernutrition 

and overnutrition within the same population, community, or even within individuals (WHO, 

2016). The DBM has detrimental effects on societies, families, and individuals. It is observed at 

three different levels. At an individual level, it is seen particularly among women and children 

(Delisle, 2008). Within households, it is seen when several household members are affected by 

various forms of malnutrition, often characterized by the simultaneous presence of 

overweight/obese mother and child malnutrition (Delisle, 2008). The DBM is also observed at the 

population level, where undernourishment and overweight coexist within the same community, 

region, or country (WHO, 2016a). 

The connection between undernutrition and overnutrition goes beyond just existing together. The 

global burden of malnutrition is a complex issue that now affects every country. In 2014, the WHO 

estimated that over 2 billion adults (18 years and older) worldwide were overweight, and more 

than 600 million of these adults were obese, while 462 million were underweight (WHO, 2016a). 

In 1990, the percentage of overweight individuals in various African regions was low, with 

Northern Africa at 7.5%, Southern Africa at 6.4%, Eastern Africa at 4.5%, Middle Africa at 3.7%, 

and Western Africa at 2.6%. However, since 1990, there has been a significant increase in the 

number of overweight individuals, especially in the Southern African region, where the prevalence 

rate averaged 21% in 2015 (Agyemang et al., 2015). The surge in the number of overweight and 
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obese individuals has been linked to changes in the global food system, which make unhealthy 

food options more affordable and widely accessible, as well as a decrease in physical activity due 

to technological advancements in transportation, home, and workplaces (Popkin et al., 2020). 

Currently, the DBM is prevalent in the poorest low- or middle-income countries (LMICs) with 

significantly lower gross domestic product per capita, in South and East Asia and Sub-Saharan 

Africa (SSA) (Popkin et al., 2020). The countries in the lowest income quartile are now 

experiencing severe levels of the DBM. For many SSA countries, the DBM has become a 

significant challenge, due to inequalities in food insecurity (Were et al., 2020). Delisle (2008) 

states that malnutrition is mostly brought on by poverty, which also largely explains why it persists 

in poor countries. SSA has low levels on the global hunger index and accounts for 75% of the 162 

million ultra-poor people (making less than US$0.50 a day) in the world (Delisle, 2008).  

Children and women are identified as the two demographics most susceptible to malnutrition 

(Delisle, 2008). In SSA, there has been a swift transition towards overnutrition over the past forty 

years, with women being disproportionately affected relative to men (Were et al., 2020). Data from 

1975 showed a higher proportion of women (17.4%) who were obese or overweight compared to 

men (7.5%) (Abarca-Gómez et al., 2017). Fast forward four decades, the percentage remained high 

among women (39,7%) as compared to men (22.2%) (Abarca-Gómez et al., 2017). 

Women are pivotal in fulfilling not only their own nutritional needs but also those of their family 

members (Madzorera & Fawzi, 2020). They are disproportionately affected by nutritional 

disorders linked to hunger and undernourishment, as well as nutrient-related chronic diseases, such 

as obesity and diabetes (Delisle, 2008). Women's requirements are not sufficiently met despite 

their susceptibility regarding nutrition, due to their increased need for key nutrients during 

pregnancy and lactation as well as to make up for menstrual loss and gender inequalities within 

poverty (Delisle, 2008; Madzorera & Fawzi, 2020). In 2014, the WHO estimated that around 264 

million women were affected by iron-amenable anaemia, but efforts to improve the nutritional 
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status of women have often concentrated on enhancing the outcomes of maternal and child 

nutrition during pregnancy and early childhood (Madzorera & Fawzi, 2020). 

The occurrence of undernutrition and overnutrition may indicate an unequal distribution of 

resources and uneven access to healthy and nutritious food. Being underweight or 

overweight/obese has been linked to significantly increased chances of adverse health 

consequences (Bennett et al., 2016). DBM can increase the risk of chronic diseases in individuals 

and households and has been reported to have high incidences in obesity, diabetes, and 

hypertension, among many other nutrition-related non-communicable diseases (NCDs) (Were et 

al., 2020). Several of these risk factors are listed among the WHO 2019 top 10 risk factors leading 

to mortality in low-income countries. These include being underweight during childhood (7.8%), 

high blood pressure (7.5%), high blood glucose levels (4.9%), physical inactivity (3.8%) and high 

cholesterol levels (3.4%) (WHO, 2020). 

 

1.2 PROBLEM STATEMENT   

DBM has serious negative effects, which include developmental, economic, social, and medical 

consequences, and this can have a significant impact on both individuals and their families and 

communities (Anik et al., 2019). The Global Panel on Agriculture and Food Systems for Nutrition 

estimated that the global impact of malnutrition on the economy might be as high as US$3.5 trillion 

annually (US$500 per person). The DBM has also been associated with some non-communicable 

diseases, which include heart disease, diabetes, and certain cancers (WHO, 2024). Obese persons 

may also experience low self-esteem, depression, and social isolation (WHO, 2016a). These 

diseases are economically expensive to society due to high treatment costs, opportunity costs (e.g., 

lost income), and lower labour productivity. 
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The issue of the DBM has become a significant health concern in SSA (Reardon et al., 2021). 

Within SSA, South Africa is the country most affected by obesity (Otterbach et al., 2021). It has 

been listed among the five African nations with the most significant incidence of overweight 

individuals (Agyemang et al., 2015). Proximity to big food retailers and fast-food restaurants has 

been associated with these higher rates of overweight and obesity (Otterbach et al., 2021). 

According to a recent study, the population prevalence of underweight adults in South Africa was 

4.8%, and 51.9% for overweight and obese adults (Mbogori et al., 2020). Men exhibited a higher 

incidence of underweight, whereas women had a higher incidence of overweight and obesity. The 

prevalence of overweight and obese women of childbearing age in South Africa rose from 51.3% 

to 60.0% and 24.7% to 35.2%, respectively, between 1998 and 2017 (Nglazi & Ataguba, 2022).  

Each year, over 3 million people succumb to death due to complications related to obesity or being 

overweight (Añón-Hidalgo et al., 2019). It is important to tackle the issues around the DBM and 

develop health interventions that are tailored to the context, as well as to comprehend the 

inequalities and determinants of the DBM among women in South Africa. Bettering women's 

resources, towards their health, nutrition, and education is crucial, not only in terms of equity but 

also for the sake of future generations' health (Delisle, 2008). In rural South Africa, adolescent 

girls face a higher risk of obesity, a risk that escalates with age and was associated with a higher 

socio-economic status (Kimani-Murage et al., 2011). 

Insufficient knowledge about socioeconomic inequalities of DBM within countries poses a 

significant obstacle to addressing this issue effectively in the region (Biswas et al., 2022). This 

lack of data hinders the development of effective policies and interventions. Furthermore, the 

complexity of the DBM requires a multifaceted approach that addresses the underlying social, 

economic, and environmental determinants of health. Addressing the DBM among women is not 

only crucial for improving health outcomes but can contribute to broader efforts to improve food 
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security and nutrition among women and achieve the Sustainable Development Goals by 2030 

(UNSD, 2024). 

 

2. BRIEF LITERATURE REVIEW 

This literature review provides an insight into the DBM, encompassing theories, methodologies, 

and empirical findings. By analysing a range of scholarly articles, reports, and publications, this 

review aims to shed light on the DBM. 

 

2.1 Theoretical review  

 

2.1.1 Health inequality and socioeconomic status (SES) 

In every region and under various political and social systems, inequalities in health have been 

observed among different social groups within the population and across different geographical 

areas within the same country (Whitehead, 1992). Health outcomes can significantly vary among 

different individuals and groups (McCartney et al., 2019). Health inequalities can be defined as 

variations in health outcomes among different socioeconomic groups (Whitehead, 1992). These 

inequalities, being a product of social factors and modifiable, are considered unjust. This study 

assesses the health inequality of DBM among non-pregnant women of different SES in South 

Africa. SES is a vital construct in health inequality research and is often measured using various 

indicators such as occupation, education, income, expenditure, consumer assets (e.g., televisions, 

bicycles, or cars), as well as housing attributes like the source of drinking water, toilet facilities 

(Kumar et al., 2022; Shirisha et al., 2022; Singh et al., 2023). 
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2.1.2 Theories of health inequalities 

Individuals from diverse backgrounds, social strata, and nations experience varying degrees of 

health outcomes. Health inequality is the overarching term used to signify differences, variances, 

and discrepancies in the health or health outcomes of individuals and groups (Kawachi et al., 

2002). The Black Report introduced theories to try and explain the root causes of health 

inequalities, which have been further developed over time. Despite the expansion of these theories, 

it was thought that the structure theory gives the best explanation. 

 

2.1.2.1 Cultural and Behavioural Theory 

The theory argues that the relationship between socioeconomic status and health outcomes stems 

from differences in health-related behaviours, which include dietary habits and physical activity 

(Øversveen et al., 2017). For this theory to stand, socioeconomic factors must be the sole effect 

modifier within this relationship (McCartney et al., 2013). However, the findings of the Black 

Report highlighted that individuals' behaviours are frequently influenced by their social and 

economic situations, not just their cultural background. For instance, maintaining a healthy diet 

can be costly (Scambler, 2012). 

 

2.1.2.2 Structural theory 

The structural theory states that variations in the socioeconomic conditions of societal clusters, 

which include income, wealth, influence or power, environmental factors, and accessibility, 

throughout an individual’s life, lead to health inequalities (McCartney et al., 2013). The theory 

links structural factors to health outcomes, but it fails to identify the root causes of health 

inequalities (Macintyre, 1997).  
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2.1.2.3 Selection theory 

The main hypothesis centres around reverse causality, arguing that deteriorating health creates a 

social selection, resulting in a link between poor health and lower social rank (McCartney et al., 

2013). So, this theory argues that an individual's health determines their socioeconomic status, as 

opposed to socioeconomic status determining their health (Bambra, 2011). The potential for a 

health selection effect to account for health inequalities was thoroughly investigated and dismissed 

in the Black report (McCartney et al., 2013). 

 

2.2 Methodological review 

Several methodologies have been established to effectively measure health inequalities, which 

include the concentration curve (associated with the Concentration Index), the Slope Index of 

Inequality, the Relative Index of Inequality, the Index of Dissimilarity, the Gini coefficient, the 

Lorenz curve, and the Pseudo-Lorenz curve (Carr-Hill et al., 2005; Wagstaff et al., 1991). 

 

2.2.1 Concentration Index (CI) and Curve  

The concentration curve graphically represents the cumulative proportions of the population 

(arranged from the most disadvantaged to the least disadvantaged), plotted against the 

cumulative proportions of health, as shown in Figure 1. While the concentration curve can 

illustrate the socioeconomic inequalities associated with a health outcome, it is not suitable for 

quantifying the extent of the inequality (Kakwani et al., 1997). The CI provides a numerical 

measure of the socioeconomic inequalities of health (Erreygers, 2009). It quantifies the gap 

between the concentration curve and the equality line (Almasi-Hashiani et al., 2017). The CI is 

ranges between –1 and +1 (Wagstaff et al., 1991).  A negative CI value indicates a higher 

concentration of inequalities among the poor (pro-poor), and a positive CI value suggests that 

inequality is concentrated among the wealthy (pro-rich). Similar to SII and RII, in the CI, 
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individuals are ranked according to their socioeconomic status, starting with the most 

disadvantaged (Wagstaff et al., 1991).This index is a widely used for analysing health inequality 

due to its association with the concentration curve, its compatibility with the Gini coefficient, 

and its ease of decomposition (Erreygers, 2009). This index has been used to assess inequalities 

of DBM in several studies (Biswas et al., 2022; Nguyen et al., 2021; Sarker et al., 2022).  

 

 

Appendix: Figure 1. Concentration curves 

 

2.2.2 Relative index of inequality (RII) 

The RII is frequently used to quantify how the occurrence of a health outcome varies in relation to 

socioeconomic status or another relevant background factor  (Sergeant & Firth, 2006). The RII 

exclusively assumes non-negative values and considers both the group's socioeconomic status and 
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its population size (Mackenbach & Kunst, 1997). The RII assumes a value of one, if no inequalities 

are present (Schlotheuber & Hosseinpoor, 2022). A RII value above one indicates higher levels of 

inequality among the wealthy (pro-rich), and a value below one indicates inequalities concentrated 

among the poor (pro-poor) (Mackenbach & Kunst, 1997; Schlotheuber & Hosseinpoor, 2022). 

This index has been used to assess inequalities of DBM in several studies (Anik et al., 2019; Hong 

et al., 2020). 

 

2.2.3 Slope index of inequality (SII) 

The SII is an absolute measure used to assess and quantify the magnitude of health inequalities 

across multiple socioeconomic groups within a population (Renard et al., 2019; Schlotheuber & 

Hosseinpoor, 2022). The socioeconomic groups are arranged in order based on their 

socioeconomic status, rather than their health status (Wagstaff et al., 1991).The entire population 

sample is organized in ascending order from the most disadvantaged subgroup, assigned a rank of 

0, to the most advantaged subgroup, assigned a rank of 1 (Regidor, 2004; Schlotheuber & 

Hosseinpoor, 2022). Since it is an absolute measure, it is responsive to shifts in the average 

population health level or variations in the occurrence of the health issue under examination 

(Regidor, 2004; Wagstaff et al., 1991). Another notable characteristic of the SII is its sensitivity to 

the overall health status of the population's average health (Wagstaff et al., 1991). Hence, the SII's 

sensitivity restricts its applicability for evaluating inequalities in various populations over time. 

This index has been utilized in numerous studies to evaluate inequalities in DBM (Anik et al., 

2019; Hong et al., 2020; Nguyen et al., 2021). 

 

2.3 Empirical Review 

A study conducted in India by Nguyen et al., (2021) (Nguyen et al., 2021) investigated the DBM 

inequalities among individuals of varying age groups. The study considered factors such as gender, 
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wealth, and place of residence (rural, urban slum and urban non-slum). The researchers used SII 

and the CI as to assess these inequalities. Over a decade, from 2006 to 2016, the study observed 

notable shifts in BMI-related trends among women. Specifically, the prevalence of underweight 

women decreased from 36% in 2006 to 23% in 2016, while the percentage of overweight/obese 

women nearly doubled during the same period, rising from 13% in 2006 to 21% in 2016 (Nguyen 

et al., 2021). The analysis of inequalities among underweight women across various residential 

areas, proved to be pro-poor, irrespective of the type of residence (Nguyen et al., 2021). This 

conclusion was supported by the negative values for both the CI and SII across all three types of 

residences for both years. Conversely, inequalities among obese women were found to be pro-rich 

across all residential areas (Nguyen et al., 2021). This observation was backed by the positive 

values of both the SII and CI. 

In a research study conducted in Bangladesh, Sarker et al. (2022) aimed to assess the occurrence 

of DBM among mothers aged 15 to 49 years who had children under 5 years of age. DBM was 

defined as the simultaneous presence of an underweight mother with an overweight child, or an 

overweight mother with a stunted, wasted, or underweight child. The researchers utilized the CI to 

assess the inequalities in the DBM prevalence across different socioeconomic groups. The findings 

revealed that the prevalence of the DBM was 13.35% among cases involving overweight mothers 

with stunted, wasted, or underweight children (Sarker et al., 2022). In contrast, the prevalence was 

7.69% among instances where the mother was underweight, and the child was overweight. The 

analysis of these two distinct BDM scenarios yielded different CI values. Specifically, the situation 

involving an overweight mother with stunted, wasted, or underweight children was characterized 

as pro-rich due to the positive CI value (Sarker et al., 2022). In contrast, the scenario involving 

underweight mothers with overweight children was identified as pro-poor due to the negative CI 

value (Sarker et al., 2022). 
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Biswas et al. (2022) examined the absolute and relative inequalities in the DBM among women 

across seven countries in South and Southeast Asia: Bangladesh, Cambodia, India, Myanmar, 

Nepal, Pakistan, and Timor-Leste. They used demographic health survey data from 2000 to 2017 

and calculated the CI to measure the socioeconomic inequalities. They defined DBM as the 

coexistence of underweight and overweight/obesity within each country, enabling comparison. 

They combined overweight and obesity categories due to low obesity prevalence in some 

countries. The study found that the overall pooled prevalence of underweight and 

overweight/obese women across all countries was 22% and 29%, respectively. Notably, 

Bangladesh in 2017 had the highest underweight prevalence (44%) and Pakistan in 2017 had the 

highest overweight/obesity prevalence (67%). In all countries, underweight was pro-poor 

(negative CI) and overweight/obesity was pro-rich (positive CI) (Biswas et al., 2022).  

 

2.4 CONCEPTUAL FRAMEWORK 

 

2.4.1 Framework 1: Conceptual framework outlining the determinants of the double 

burden of malnutrition 

Figure 2 illustrates a conceptual framework outlining the determinants of the double burden of 

malnutrition from WHO (2015). The framework highlights the basic, household level and 

immediate causes that lead to intergenerational consequences. The framework utilized 

overnutrition and maternal and child undernutrition as its key outcomes. The basic causes 

encompass specific determinants which include access to natural capital, cultural and social norms 

like gender dynamics, agriculture practices, food system, urbanization, climate change and 

pollution (WHO, 2015). The framework also emphasizes the significance of factors at the 

household or family level that are interconnected with immediate causes. At the household or 
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family level, numerous system-level factors come into play, including sedentary lifestyles, access 

to nutritious food, inadequate sanitation, and water quality concerns, among several others. 

 

Appendix: Figure 2. Conceptual framework outlining the determinants of the DBM (World 

Health Organization, 2015). 

 

2.4.2 Framework 2: Conceptual framework for determinants of malnutrition 

Figure 3 illustrates a simple conceptual framework for addressing the double burden of 

malnutrition by Haddad et al (2015). In this framework determinants of both undernutrition and 

obesity were categorized into three levels, each sharing similar components: immediate, 

underlying, and basic. At the basic level, various system-level factors such as economic, political, 

and social systems can function as guiding influences for the underlying level, ultimately affecting 
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both undernutrition and obesity (Haddad et al., 2015). At the underlying level, multiple 

environmental determinants, encompassing aspects like food, living conditions, social factors, and 

healthcare settings, form the foundation for individual health behaviours and biological factors. At 

the underlying level, multiple environmental determinants, encompassing aspects like food, living 

conditions, social factors, and healthcare settings, form the foundation for individual health 

behaviours and biological factors. 

 

Appendix: Figure 3. Conceptual framework for determinants of malnutrition by (Haddad et 

al., 2015). 
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2.4.3 Framework 4. Adapted conceptual framework outlining the determinants of the DBM 

Figure 4 presents an adapted conceptual framework that outlines the determinants of the DBM 

from WHO (2016). This framework emphasizes the basic, underlying, and immediate level factors 

that contribute to the DBM. The basic causes encompass broader economic, political, and social 

systems that guide the underlying and immediate causes. These systems can include policies 

related to food security, healthcare, and social protection. The underlying level includes 

environmental and societal factors that influence the immediate causes. These factors include 

wealth index, parity, age, education, employment, ethnicity, household size, marital status, place 

of residence, region, and habits like watching TV. The immediate level consists of individual 

biological factors and health behaviours that directly influence a woman’s nutritional status, such 

as dietary intake, physical activity, and metabolic factors. This framework emphasizes that 

addressing the DBM requires a comprehensive approach that considers all these interconnected 

factors. It also highlights the need for targeted interventions that address the specific needs and 

challenges of diverse groups of women. By addressing these multiple layers of determinants, 

sustainable development and improved nutritional outcomes can be achieved. 
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Appendix: Figure 4.  Adapted conceptual framework outlining the determinants of the double 

burden of malnutrition (World Health Organization, 2015) 

 

3. RESEARCH AIM 

The study aims to explore the socio-economic inequalities in the DBM among women in South 

Africa and identify the primary factors contributing to these disparities. 

 

4. RESEARCH OBJECTIVES   

1. To determine the prevalence of the DBM among women in South Africa. 

2. To assess socio-economic inequalities associated with DBM among women in South 

Africa. 

3. To decompose the factors that contribute to the socio-economic inequalities. 
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5. METHODOLOGY 

 

5.1 Dataset  

The study will utilize data from the most recent data from the 2016 South African Demographic 

and Health Survey (SADHS), which is accessible to the public (https://www.dhsprogram.com/). 

The SADHS dataset provides a comprehensive overview of key findings in South Africa, 

employing a two-stage sampling design (SADHS, 2019).  

Appendix: Table 1. SADHS survey information  

Country  Survey year  

 

Total sample size 

(households) 

South Africa 2016 11083 

 

5.2 Study population 

The data for this analysis will be sourced from the women's survey in the SADHS. The woman's 

questionnaire includes data gathered from women aged between 15-49 years old.  

5.3 Outcome Variable   

The outcome variable for this study is the DBM, and it will be assessed using body mass index 

(BMI). BMI, also known as the Quetelet index, is one of the measurements used to assess the 

nutritional status of women in the SADHS. BMI is used to categorize adults as underweight, 

normal weight, overweight, and obese. BMI in the SADHS is calculated using results from the 

https://www.dhsprogram.com/
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respondent's height and weight measurements (SADHS, 2019). In the survey, weight was recorded 

in kilograms (kg), while the height was recorded in centimetres (cm) (SADHS, 2019). 

Equation for BMI: 

BMI =  
𝑤𝑒𝑖𝑔ℎ𝑡 𝑖𝑛 𝑘𝑔

(ℎ𝑒𝑖𝑔ℎ𝑡 𝑖𝑛 𝑚𝑒𝑡𝑒𝑟𝑠)2 

Since the DBM will be defined as the coexistence of underweight and obese women in South 

Africa. According to WHO (2010), based on the participant's BMI, they will be classified as: 

Underweight if BMI <18.50𝑘𝑔/𝑚2 

Obese if BMI≥30𝑘𝑔/𝑚2 

 

5.4 Analytical Methods 

This study will make use of Stata 17 statistical software, for the data management, exploration, 

and analysis (Stata Corp, Texas, United States). 

 

5.4.1 Prevalence  

This analytical method will be used on objective 1. Prevalence is the proportion or measure of a 

population who have a specific characteristic at a particular point in time or over a time period 

(Hunt & Kaloshin, 2010). The prevalence of the DBM among women in South Africa will be 

calculated by dividing the number of women suffering from the DBM by the total number of 

women and multiplying this result by 100.  

Prevalence= 
𝑇ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑒𝑜𝑝𝑙𝑒 𝑖𝑛 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑖𝑡ℎ 𝑐ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑡𝑖𝑐

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑒𝑜𝑝𝑙𝑒 𝑖𝑛 𝑠𝑎𝑚𝑝𝑙𝑒
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5.4.2 Concentration Index and Curve  

SES will be assessed using the SADHS wealth index. The wealth index is a scoring system used 

to create household wealth quintiles, taking into account consumer assets, such as televisions, 

bicycles, or cars, as well as housing attributes like the source of drinking water, toilet facilities, 

and flooring materials (SADHS, 2019). Households will be grouped and ranked from poorest to 

richest. The socioeconomic inequalities of the DBM among women will be measured using 

concentration curve and CI across the distinct groups. The CI is bounded between –1 and +1 and 

assesses the degree of inequality in the DBM between the rich and poor (Wagstaff et al., 1991). A 

negative CI indicates a higher concentration of DBM inequities among the poor (pro-poor), and a 

positive CI suggests that the DBM inequalities are concentrated among the wealthy (pro-rich) 

(Wagstaff et al., 1991). If the CI value is zero, it indicates the absence of socioeconomic 

inequalities.   

The CI can also be computed from the equation below: 

CI=
2

𝜇
𝐶𝑂𝑉(𝑦𝑖 , 𝑅𝑖) 

Where 𝑦𝑖 is the health variable, and 𝜇 is its mean. 𝑅𝑖  is the fractional rank of the ith individual in 

the socioeconomic distribution (e.g., an individual's rank in the income distribution. COV(.,.) is 

the covariance. 

5.4.3 Decomposition analysis  

The CI and the concentration curve serve as valuable tools for indicating socioeconomic 

inequalities, but they are limited in explaining the factors associated with the observed inequality. 

The CI can be broken down into individual factors that either contribute to or are associated with 

health inequalities (Wagstaff et al., 2003). 

In decomposing the concentration index of the DBM among women in South Africa, the following 

steps will be done 
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Regression of health variables against its determinates  

 

𝛾𝑖 = 𝛼 +  ∑ 𝛽𝑘𝑘 𝑥𝑘𝑗 + 𝜀𝑖                                                   (1) 

 

Where: 

𝑥𝑘 - set of k determining variables   

𝛽𝐾  - the coefficient  

𝜀𝑖 - random error term 

 

Given the relationship between 𝛾𝑖 and 𝑥𝑘𝑗 as expressed in equation 1, we can formulate the CI for 

y as follows: 

C = ∑ (
𝛽𝑘𝑥̅𝑘

𝜇
) 𝐶𝑘 +  

𝐺𝐶𝜀 

𝜇𝑘       (2) 

Where: 

𝜇 - mean of 𝛾 

𝑥̅𝑘 - mean of  𝑥𝑘 

𝐶𝑘 – the CI of 𝑥𝑘  

 

6. RESEARCH LIMITATIONS 

This will be a cross-sectional study, as a result any links or relationships found may only be 

described as associations and not causal. 
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7. ETHICAL CONSIDERATIONS  

The study would be based on the examination of secondary data, requested from the DHS program 

website. For all the DHS, the respondents were asked to give their informed consent before the 

individual interviews could begin. The ethical approval for this study will be sought from the 

Human Research Ethics Committee (HERC) of the University of Cape Town.   
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Submission Guidelines 

1. Criteria 

Research articles should report on original primary research or new experimental or computational 

methods, tests or procedures. Manuscripts reporting results of a clinical trial must conform to 

CONSORT 2010 guidelines. Authors of randomized controlled trials should submit a complete 

CONSORT checklist alongside their manuscript, available at www.consort-statement.org. 

Research articles may also report on systematic reviews of published research provided they 

adhere to the appropriate reporting guidelines which are detailed in our editorial policies. Please 

note that non-commissioned pooled analyses of selected published research and bibliometric 

analyses will not be considered. Studies reporting descriptive results from a single institution or 

region will only be considered if analogous data have not been previously published in a peer 

reviewed journal and the conclusions provide distinct insights that are of relevance to a regional 

or international audience. 

Data sharing 

BMC Public Health strongly supports open research, including transparency and openness in 

reporting. Further details of our Data availability policy can be found on the journal's About page. 

Professionally produced Visual Abstracts 

BMC Public Health will consider visual abstracts. As an author submitting to the journal, you may 

wish to make use of services provided at Springer Nature for high quality and affordable visual 
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abstracts where you are entitled to a 20% discount. Click here to find out more about the service, 

and your discount will be automatically be applied when using this link. 

2. Preparing your manuscript 

The information below details the section headings that you should include in your manuscript and 

what information should be within each section. 

Please note that your manuscript must include a 'Declarations' section including all of the 

subheadings (please see below for more information). 

3. Title page 

The title page should: 

• present a title that includes, if appropriate, the study design e.g.: 

o "A versus B in the treatment of C: a randomized controlled trial", "X is a risk factor for Y: a case 

control study", "What is the impact of factor X on subject Y: A systematic review" 

o or for non-clinical or non-research studies a description of what the article reports 

• list the full names and institutional addresses for all authors 

o if a collaboration group should be listed as an author, please list the Group name as an author. If 

you would like the names of the individual members of the Group to be searchable through their 

individual PubMed records, please include this information in the “Acknowledgements” section 

in accordance with the instructions below 

o Large Language Models (LLMs), such as ChatGPT, do not currently satisfy our authorship 

criteria. Notably an attribution of authorship carries with it accountability for the work, which 

cannot be effectively applied to LLMs. Use of an LLM should be properly documented in the 
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Methods section (and if a Methods section is not available, in a suitable alternative part) of the 

manuscript. 

• indicate the corresponding author 

4. Abstract 

The Abstract should not exceed 350 words. Please minimize the use of abbreviations and do not 

cite references in the abstract. Reports of randomized controlled trials should follow the 

CONSORT extension for abstracts. The abstract must include the following separate sections: 

• Background: the context and purpose of the study 

• Methods: how the study was performed and statistical tests used 

• Results: the main findings 

• Conclusions: brief summary and potential implications 
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• Trial registration: If your article reports the results of a health care intervention on human 

participants, it must be registered in an appropriate registry and the registration number and date 

of registration should be stated in this section. If it was not registered prospectively (before 

enrollment of the first participant), you should include the words 'retrospectively registered'. See 

our editorial policies for more information on trial registration 

5. Keywords 

Three to ten keywords representing the main content of the article. 

6. Background 

The Background section should explain the background to the study, its aims, a summary of the 

existing literature and why this study was necessary or its contribution to the field. 
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7. Methods 

The methods section should include: 

• the aim, design and setting of the study 

• the characteristics of participants or description of materials 

• a clear description of all processes, interventions and comparisons. Generic drug names should 

generally be used. When proprietary brands are used in research, include the brand names in 

parentheses 

• the type of statistical analysis used, including a power calculation if appropriate 

8. Results 

This should include the findings of the study including, if appropriate, results of statistical analysis 

which must be included either in the text or as tables and figures. 

9. Discussion 

This section should discuss the implications of the findings in context of existing research and 

highlight limitations of the study. 

10. Conclusions 

This should state clearly the main conclusions and provide an explanation of the importance and 

relevance of the study reported. 

11. List of abbreviations 

If abbreviations are used in the text they should be defined in the text at first use, and a list of 

abbreviations should be provided. 

12. Declarations 

All manuscripts must contain the following sections under the heading 'Declarations': 
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• Ethics approval and consent to participate 

• Consent for publication 

• Availability of data and materials 

• Competing interests 

• Funding 

• Authors' contributions 

• Acknowledgements 

• Authors' information (optional) 

Please see below for details on the information to be included in these sections. 

If any of the sections are not relevant to your manuscript, please include the heading and write 'Not 

applicable' for that section. 

13. Ethics approval and consent to participate 

Manuscripts reporting studies involving human participants, human data or human tissue must: 

• include a statement on ethics approval and consent (even where the need for approval was 

waived) 
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• include the name of the ethics committee that approved the study and the committee’s reference 

number if appropriate 
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Studies involving animals must include a statement on ethics approval and for experimental studies 

involving client-owned animals, authors must also include a statement on informed consent from 

the client or owner. 

See our editorial policies for more information. 

If your manuscript does not report on or involve the use of any animal or human data or tissue, 

please state “Not applicable” in this section. 

14. Consent for publication 

If your manuscript contains any individual person’s data in any form (including any individual 

details, images or videos), consent for publication must be obtained from that person, or in the case 

of children, their parent or legal guardian. All presentations of case reports must have consent for 

publication. 

You can use your institutional consent form or our consent form if you prefer. You should not send 

the form to us on submission, but we may request to see a copy at any stage (including after 

publication). 

See our editorial policies for more information on consent for publication. 

If your manuscript does not contain data from any individual person, please state “Not applicable” 

in this section. 

15. Availability of data and materials 

All manuscripts must include an ‘Availability of data and materials’ statement. Data availability 

statements should include information on where data supporting the results reported in the article 

can be found including, where applicable, hyperlinks to publicly archived datasets analysed or 

generated during the study. By data we mean the minimal dataset that would be necessary to 

interpret, replicate and build upon the findings reported in the article. We recognise it is not always 
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possible to share research data publicly, for instance when individual privacy could be 

compromised, and in such instances data availability should still be stated in the manuscript along 

with any conditions for access. 

Authors are also encouraged to preserve search strings on searchRxiv https://searchrxiv.org/, an 

archive to support researchers to report, store and share their searches consistently and to enable 

them to review and re-use existing searches. searchRxiv enables researchers to obtain a digital 

object identifier (DOI) for their search, allowing it to be cited. 

Data availability statements can take one of the following forms (or a combination of more than 

one if required for multiple datasets): 

• The datasets generated and/or analysed during the current study are available in the [NAME] 

repository, [PERSISTENT WEB LINK TO DATASETS] 

• The datasets used and/or analysed during the current study are available from the corresponding 

author on reasonable request. 

• All data generated or analysed during this study are included in this published article [and its 

supplementary information files]. 

• The datasets generated and/or analysed during the current study are not publicly available due 

[REASON WHY DATA ARE NOT PUBLIC] but are available from the corresponding author on 

reasonable request. 

• Data sharing is not applicable to this article as no datasets were generated or analysed during the 

current study. 

• The data that support the findings of this study are available from [third party name] but 

restrictions apply to the availability of these data, which were used under license for the current 
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study, and so are not publicly available. Data are however available from the authors upon 

reasonable request and with permission of [third party name]. 

• Not applicable. If your manuscript does not contain any data, please state 'Not applicable' in this 

section. 

More examples of template data availability statements, which include examples of openly 

available and restricted access datasets, are available here. 

BioMed Central strongly encourages the citation of any publicly available data on which the 

conclusions of the paper rely in the manuscript. Data citations should include a persistent identifier 

(such as a DOI) and should ideally be included in the reference list. Citations of datasets, when 

they appear in the reference list, should include the minimum information recommended by 

DataCite and follow journal style. Dataset identifiers including DOIs should be expressed as full 

URLs. For example: 
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Hao Z, AghaKouchak A, Nakhjiri N, Farahmand A. Global integrated drought monitoring and 

prediction system (GIDMaPS) data sets. figshare. 2014. 

http://dx.doi.org/10.6084/m9.figshare.853801 

With the corresponding text in the Availability of data and materials statement: 

The datasets generated during and/or analysed during the current study are available in the 

[NAME] repository, [PERSISTENT WEB LINK TO DATASETS].[Reference number] 

If you wish to co-submit a data note describing your data to be published in BMC Research Notes, 

you can do so by visiting our submission portal. Data notes support open data and help authors to 

comply with funder policies on data sharing. Co-published data notes will be linked to the research 

article the data support (example). 
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