Iron status and socio-economic indicators among women of childbearing age in South Africa:  A secondary analysis of DHS data. 
SW McLaren, School of Human Sciences, London Metropolitan University, London, United Kingdom. 
Abstract
Introduction: The nutritional double burden of disease refers to the phenomenon of undernutrition, wasting, stunting, micronutrient deficiency coinciding with overweight, obesity, and diet-related non-communicable diseases, within individuals, households and populations throughout the lifecycle. 
Objectives: This study aimed to determine whether there were differences in haemoglobin levels between anthropometric categories and socio-economic factors among women aged 16 to 45 years old in South Africa.
Methods: Data was obtained from the DHS South Africa survey 2016. There were 2662 women between 16 and 49 years old included in the sample.  Variables selected for analysis included, height and weight haemoglobin adjusted for altitude, wealth index and access to improved water and sanitation. Variables were tested for normality using Q-Q plots.  Frequencies and percentages were reported for categorical data.  Non-parametric continuous variables were reported as medians and interquartile ranges. As data was not normally distributed, analysis was conducted using the Kruskall-Wallis test and Mann-Whitney U test.  The type I error rate was set to p<0.05.  Where it was found that a significant difference exists, post hoc Dunn tests were performed to determine the location of the differences.
Results: Anaemia was prevalent among 30.7% of the sample and 61.8% were either overweight or obese. Haemoglobin levels were significantly different between normal weight women and women with a body mass index in the obese class I and obese class II categories respectively (Kruskall-Wallis =10.992; 4df; p=0.027). There were significant differences in haemoglobin levels between women with  access to improved sanitation and those without access (Mann-Whitney U test p=0.038; n=2662), but haemoglobin levels were similar between women with access to improved water and those without (Mann-Whitney U test p=0.685; n=2662). Poorer women had significantly different haemoglobin levels to the wealthiest women in the sample.
Conclusion: The nutritional double burden of disease is present in South Africa among women of childbearing age.  A wealth disparity exists among South African women in terms of haemoglobin levels. 
Introduction
The nutritional double burden of disease refers to the phenomenon of undernutrition, wasting, stunting, micronutrient deficiency coinciding with overweight, obesity, and diet-related non-communicable diseases, within individuals, households and populations throughout the lifecycle[1]. Individuals may be simultaneously exposed to underlying risk factors for malnutrition including infection, diet quality and physical activity levels[2]. 
The prevalence of obesity has been increasing across the world, with prevalence doubling in more than 70 countries since 1980[3].  Anaemia affects one third of women of childbearing age globally and continues to be a major health concern across the developing world[4].  Anaemia during the first or second trimesters of gestation is associated with significantly increased risks for low birth weight and preterm births[5]. 
It is thought that increased consumption of cheap, staple foods and highly processed foods are causing a concurrent problem of overweight and obesity and undernutrition[6].  Inadequate dietary intake is a direct cause of malnutrition.  However, factors indirectly related to nutrition are recognised in the development of malnutrition. These factors include inadequate care for women and children, insufficient health services and an unhealthy environment, and the distribution of resources. These factors are termed nutrition sensitive areas for intervention[7]. 
This study aimed to determine whether there were differences in haemoglobin levels between anthropometric categories and socio-economic characteristics among women aged 16 to 45 years old in South Africa.
Methods
Data was taken from the DHS 2016 public access dataset with permission from the DHS Programme[8]. The DHS programme is a health surveillance system which provides data on basic demographic and health indicators for use by policy makers and programme managers to design and evaluate health programmes. Surveys have been conducted in South Africa in 1998, 2003 and 2016.  Children between birth and five years old, women between 15 and 49 years old and men between 15 and 59 years old are included in the survey. The DHS uses a stratified, cluster sampling method. The survey is designed to obtain a representative national estimate for South Africa, as well as for each of the nine provinces in the country.  There were 15 292 households selected for the sample, of which 11 083 were successfully interviewed. Among these, 8514 interviews were completed with women between the ages of 15 and 49 years[9]. Data collection methods are presented elsewhere[8]. Data collection methods can be viewed elsewhere[8].  
Variables selected for analysis included body mass index (BMI; kg/m2), haemoglobin (Hb) level (g/dL) adjusted for altitude, wealth index, access to improved water and access to improved sanitation. Underweight was defined as BMI<18.5 kg/m2, normal weight was defined as a BMI between 18.5 and 24.9 kg/m2, overweight was defined as a BMI between 25 and 29.9 kg/m2, obese class I was defined as a BMI between 30 and 34.9 kg/m2, obese class II was defined as a BMI between 35 and 39.9 kg/m2 and obese class III was a BMI>40 kg/m2.  Anaemia is defined using haemoglobin levels according to WHO classifications. A haemoglobin level below 12 g/dL among non-pregnant women between the ages of 15 and 49 years is defined as anaemic[10]. The DHS household wealth index defines five categories of wealth, ranging from poorest to richest, based on household assets.  The definitions and calculations are presented elsewhere[11]. Improved water sources and improved sanitation facilities were identified according to WHO definitions[12]. 
Data was analysed using SPSS v26[13]. Variables were initially be tested for normality using Q-Q plots.  Frequencies and percentages were reported for categorical data. Normally distributed continuous variables were reported and means and standard deviations.  Non-parametric continuous variables were reported as medians and interquartile ranges. As the data was not normally distributed, analysis was conducted using the Kruskall-Wallis test. Bivariate categorical indicators were analysed using the Mann-Whitney U test. The type I error rate was set to p<0.05.  In cases where a significant difference was detected, post hoc Dunn tests were performed to determine the location of the differences.  
Results
A total of 2662 women between 16 and 49 years of age were included in the final analysis after missing data and outliers were removed. The mean age of the women was 30.25 years (9.98).  Of the women in the sample, 7.4% had moderate anaemia, and 23.2% had mild anaemia. The mean BMI was 28.05 kg/m2 (6.94). Underweight was prevalent among 3.8% of the women, while 27.5% of the women were overweight, 19.1% were in the obese class I category, 9.1% were in the obese class II category and 6.1% in the obese class III category. It was found that 11.7% did not have access to improved water, and 31% did not have access to improved sanitation. 
There was evidence of a significant difference between BMI categories as presented in Table 1 (Independent Kruskall-Wallis test= 10.992; 4df; p=0.027).  Post hoc analysis revealed that haemoglobin level in the normal weight category was significantly different to obese class I and obese class II respectively. Haemoglobin levels were significantly different between women with access to improved water and those without access to improved water (p=0.038). Haemoglobin levels were significantly different for wealth index category (Kruskall-Wallis =10.99; 4df; p=0.027) and Dunn’s pairwise tests showed evidence of significant differences between women from the poorer and richest wealth index categories (p<0.05). 
Table 1: Differences in haemoglobin levels adjusted for altitude between anthropometric and socio-economic factors (n=2662). 
	Factor
	Category
	n
	Median
	25th
	75th

	BMI
	Underweight
	102
	12.75
	11.55
	13.93

	
	Normal weight
	911
	12.7ab
	11.3
	13.8

	
	Overweight
	732
	12.7
	11.4
	13.8

	
	Obese class I
	513
	12.9b
	12.0
	13.9

	
	Obese class II
	242
	13.0b
	11.8
	14.0

	
	Obese class III
	162
	13.0
	11.97
	14.03

	Kruskall-Wallis =10.992; 4df; p=0.027
a,b Denotes statistically significant difference (p<0.05) adjusted by Bonferroni correction for multiple tests

	Access to improved sanitation
	Improved sanitation
	1837
	12.8
	11.6
	13.9

	
	Unimproved sanitation
	825
	12.7
	11.4
	13.7

	Mann-Whitney U test p=0.038; n=2662

	Access to improved water
	Improved water
	2350
	12.8
	11.5
	13.9

	
	Unimproved water
	312
	12.85
	11.7
	13.8

	Mann-Whitney U test p=0.685; n=2662

	Wealth index
	Poorest
	610
	12.9
	11.7
	13.8

	
	Poorer
	562
	12.6a
	11.3
	13.7

	
	Middle
	660
	12.8
	11.5
	13.9

	
	Richer
	532
	12.65
	11.5
	13.9

	
	Richest
	298
	13.05a
	11.8
	14.0

	Kruskall-Wallis =10.99; 4df; p=0.027
a Denotes statistically significant difference (p<0.05) adjusted by Bonferroni correction for multiple tests



Discussion
This study found significant differences in haemoglobin level between BMI categories among women 15 to 45 years old in South Africa.  It was also found that haemoglobin levels were significantly different between women with access to improved sanitation compared to those with no access.  Household wealth is also related to haemoglobin levels among South African women.  
The results of this study suggest that women with obesity have higher haemoglobin levels than underweight, normal weight and overweight women. Women with a normal BMI may be at a higher risk of anaemia. This result locates two features of the double burden of disease- a high prevalence of overweight and obesity, as well as micronutrient deficiency, in South African women. Similar findings have been observed in China, where an inverse relationship was found between anaemia and BMI[14].  While iron intake was not accounted for in the present study, it is possible that iron intake varies between women across all BMI categories.  The EAR for iron for women 19-50 years old is 8 mg/day.  A study on dietary adequacy among women in KwaZulu-Natal found that underweight women consumed 9.24 mg/day (4.33-10.63),  normal weight women consumed 7.68 mg/day (5.53; 11.97)  and overweight women consumed 7.29 mg/day (5.50; 9.34) while those in the obese categories consumed  8.12 mg/day (5.86; 11.41)[15].  Basic staple foods have been fortified with iron in South Africa since 2003[16]. However, evidence suggests that foods fortified with iron are not a significant contributor to iron intake in South Africa[17]. 
Significant differences were observed between wealth index groups for haemoglobin. A similar relationship between wealth status and anaemia in other sub-Saharan African countries.  The prevalence of anaemia was 25% higher among the richest women in Burundi compared with the poorest[18].  
The current study found an association between access to improved sanitation and haemoglobin levels. Schistosomiasis and protozoan infections are common in areas of poor sanitation, causing diarrhoea and blood loss[19]. In addition to blood loss, enteric infections can contribute to the development of anaemia as inflammation and infection promote the production of hepcidin. Hepcidin is an iron-regulating hormone which prevents iron absorbed into the duodenal cells from entering circulation. 
Anaemia during the first or second trimesters of gestation is associated with significantly increased risks for low birth weight and preterm births[5]. Infants born with a low birth weight have been found to be at an increased risk of stunting in Kenya[20].  Stunting risk is higher among children from the Eastern Cape, South Africa, who are born with a low birth weight, even when food insecurity and access to social grants is considered[21]. Therefore, improving the health and nutritional status of women of childbearing age is vital for reducing the burden of childhood malnutrition. Improvements in antenatal care and healthcare for women of childbearing age should be prioritised by the South African Department of Health. 
This study reported differences in haemoglobin levels between anthropometric and socio-economic categories. However, reporting haemoglobin on its own may result in overestimations of normal iron status among populations. Obesity is associated with chronic, low-intensity inflammatory processes mediated by the toll-like receptor 4 (TLR4) pathway[22]. Inflammation promotes the production of hepcidin.  Inflammatory cytokines including IFN-gamma, TNF-alpha and IL-6 are produced during times of infection. These cytokines down regulate erythropoiesis, the production of new red blood cells. High rates of overweight and obesity is a characteristic of countries facing the double burden of disease.   Jordaana et al., showed that transferrin saturation is a better indicator of iron status in double burden high obesity prevalence areas[23].  Therefore, this study is limited in that only haemoglobin was used as a marker of iron status.  Future research should include biomarkers including ferritin and transferrin to better understand the relationship between anthropometric status and iron status as well as to differentiate between nutritional iron deficiency and other causes of anaemia. A strength of this study is the sampling design undertaken by the DHS.  
Conclusion
The nutritional double burden of disease is prevalent in South Africa among women of childbearing age.  Overweight and obesity are the primary nutritional concern for this segment of the population, and there is a concurrently high prevalence of anaemia.  While who are overweight or obese may be more likely to have normal haemoglobin levels, women in the normal weight category may be at risk of anaemia.  Inequality of wealth is also reflected in haemoglobin status among South African women. 
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