
CARDIOVASCULAR JOURNAL OF AFRICA • vol 22, No 5, September/October 2011AFRICA 249

the relationship between indices of iron status and 
selected anthropometric cardiovascular disease risk 
markers in an african population: the tHUsa study 
OR ADERIBIGBE, PT PISA, RL MAMABOLO, hS KRUGER, hh vORSTER

abstract 
There is evidence that certain indices of iron status are 
associated with anthropometric measures, which are used 
independently as markers of cardiovascular disease (CVD) 
risk. This study examined whether this association exists 
in an African population. The study was a cross-sectional 
comparative study that examined a total of 1 854 African 
participants. Ferritin was positively associated with body 
mass index (BMI), waist circumference (WC), waist-to-hip 
ratio (WHR), percentage body fat and subscapular skin-
fold thickness. Serum ferritin concentration was higher in 
the high-WHR category than the normal-WHR category 
for both genders. Additionally, WC and WHR increased 
with increasing ferritin concentrations in both genders. 
Serum iron was lower in the obese than the normal-weight 
and pre-obese women only. In this population-based study, 
increased serum ferritin concentrations associated positively 
with increased WHR and WC, indicating that individuals or 
populations at risk of iron overload as defined by high serum 
ferritin concentrations may be at a greater risk of developing 
CVD.
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South Africa is experiencing a health transition, associated with 
a triple burden of disease characterised by a high prevalence 
of undernutrition-related infectious diseases, the emergence of 
non-communicable diseases, and the human immunodeficien-
cy virus/acquired immune deficiency syndrome (HIV/AIDS) 
pandemic.1 Micronutrient deficiencies still remain a major public 
health challenge in most developing countries. Iron-deficiency 
anaemia is the most common nutritional deficiency in the world 
and it has negative consequences for growth and health.2,3 The 
prevalence of iron deficiency is highest in developing countries 

and its causes are multi-factorial.4 In South Africa, anaemia has 
been reported in seven to 29% of pregnant women5-7 and 57% 
of pregnant teenage girls.8 The World Health Organisation2 esti-
mated that 26.4% of non-pregnant women of reproductive age in 
South Africa had haemoglobin concentrations below 12 µg/dl. 
Charlton9 also reported a 13% prevalence of anaemia among an 
elderly South African population. 

Iron is a key element in many biochemical processes and 
shortage of iron causes damage to cells and organs. On the other 
hand, excess iron could be harmful because it is able to catalyse 
the formation of highly reactive oxygen and hydrogen radicals 
when present in the unbound state.10 Because of the ease with 
which additional iron can be provided to iron-replete individuals 
through iron-fortified foods or iron supplements, and the limited 
ability to excrete the mineral, the consequences of iron excess 
are as relevant nutritionally as the liabilities of iron deficiency. 
A high prevalence of iron overload (15%) was reported among 
black males across sub-Saharan Africa who customarily drink 
a traditional fermented beverage with a high iron content.10 A 
genetic predisposition to iron overload has also been identified 
in Africans.10

Due to rapid urbanisation, lifestyle changes and the adop-
tion of Western diets, obesity has become a growing problem 
in developing countries. Countries undergoing transition, such 
as China, Brazil and South Africa are particularly affected and 
have an increasing prevalence of obesity across all economic 
levels and age groups.11 In South Africa, 30% of men and 55% of 
women have been classified as overweight or obese.12 

Cross-sectional studies have indicated that measures of iron 
status are positively associated with cardiovascular disease 
(CVD) risk factors, and this association is hypothesised to be 
mediated by adiposity.14,15 Additionally, iron deficiency has been 
reported to be positively associated with anthropometric indica-
tors such as waist circumference (WC), body mass index (BMI) 
and waist-to-hip ratio (WHR),13,14 which are now used indepen-
dently as markers for CVD risk.15 Establishing the relationship 
between measures of iron status and these anthropometric CVD 
risk markers may give an indication whether the iron status of a 
population can predict its CVD risk. In view of this, the present 
study was aimed at examining the relationship between measures 
of iron status (ferritin, serum iron and haemoglobin concentra-
tions, total iron-binding capacity and percentage transferrin 
saturation) and selected anthropometric CVD risk markers in an 
African population. 

Methods
The THUSA (Transition and Health during Urbanisation of 
South Africans) study was conducted from 1996 to 1998 in the 
North West province of South Africa.16 It was a cross-sectional 
comparative study in which a community-based sample of 1 854 
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apparently healthy black volunteers (15 years and older) were 
recruited from 37 randomly selected sites, using a statistical 
model that ensured a representative sample from five levels of 
urbanisation: deep rural, commercial farms, informal settle-
ments, ‘middle-class’ urban and ‘upper-class’ urban. Pregnant 
and lactating women, individuals taking chronic medication, 
those with oral temperatures above 37°C and inebriated volun-
teers were excluded. 

Permission to conduct the study in specific areas with advice 
on recruitment procedures was obtained from the North West 
Department of Health, tribal chiefs, community leaders, head-
masters of high schools and mayors. The study was approved 
by the Ethics Committee of the North-West University (ethics 
number: 4M5-95) and all participants signed an informed 
consent form. Participants were fasted (10–12 hours) for base-
line blood sampling and other measurements. They received 
lunch after completion of the tests. All participants received 
feedback regarding their blood pressure, fasting glucose concen-
trations and haemoglobin values. Where necessary, participants 
were referred to their nearest health facility for further diagnosis 
and treatment. Travelling expenses of participants were covered.

Questionnaires were designed for this study population and 
were validated using appropriate methods.16 The questionnaires 
were administered during individual interviews conducted by 
the researchers and specially trained African field workers in the 
language of the participant’s choice.

The demographic questionnaire included questions on type of 
housing, access to electricity, water source, sanitation, personal 
and household income, health history (also of close family 
members), number and ages of people living in the same house, 
ownership of property, education level as well as smoking and 
drinking habits. 

Anthropometric measurements were done in triplicate by 
postgraduate biokinetics students and standardised by a level III 
anthropometrist. Height was measured to the nearest 0.5 cm with 
a stadiometer (Invicta, IP 1465, UK) and weight was determined 
on a portable electronic scale to the nearest 0.1 kg (Precision 
Health Scale, A & D Company, Japan) with the participants 
in light clothing. Skinfold thickness and body circumferences 
of participants in their underwear were measured with cali-
brated instruments (Holtain® unstretchable metal tape; John 
Bull® calipers). All the measurements were done according to 
standards of the International Society for the Advancement of 
Kinanthropometry (ISAK).17 BMI was calculated by dividing 
weight in kilograms by height in metres squared. Waist-to-hip 
ratio was calculated by dividing WC by hip circumference. 
Percentage body fat was calculated using Siri’s equation: (4.95/
density – 4.50) × 100.18 Total body density was derived from 
Durnin and Womersley’s equation,19 using the sum of biceps, 
triceps, subscaplar and supra-iliac skinfold thicknesses. 

Two nurses examined the participants for clinical signs of 
malnutrition. Oral temperatures were taken and blood pressure 
was recorded in triplicate using a sphygmomanometer (Tycos®) 
with adjustable cuffs of different sizes. 

HIV status was determined anonymously with an enzyme-
immunological method (enzymum-Test®, anti-HIV 1 and 2 and 
subtype Ø, Boehringer Mannheim, Germany, cat no 1557319).

Blood was drawn from the vena cephalica using a sterile 
butterfly infusion set (Johnson & Johnson, 21G, 19 mm) and 
syringes. For preparation of serum, 5 ml blood was allowed to 

clot in glass tubes, centrifuged at 3 000 rpm for 15 minutes 
(Universal 16RTM, Hettich, with cooling facilities) and trans-
ferred into storage tubes. Citrated blood was prepared by draw-
ing 4.5 ml blood into a syringe containing 0.5 ml 1 mol/l citrate 
(pH 4.5–4.8). These samples were centrifuged for 10 minutes at 
3 000 rpm in plastic siliconised tubes and the plasma was stored 
in tubes. All serum and plasma samples were immediately stored 
at –18°C to –20°C in the field for two to four days, and after-
wards at –84°C in the laboratory.

All laboratory analyses were done within a year of blood 
collection. Haemoglobin concentration was measured in the field 
on EDTA (ethylenediaminetetraacetic acid) blood. Serum ferritin 
concentration was measured using an immunoradioactive assay 
(Ferritin MAb Solid Phase Component System; Benton Dickson 
& Co, Orangeburg, NY) with an Auto Gamma 500C counting 
system (United Technologies, Packard, III). Serum iron concen-
tration and total iron-binding capacity (TIBC) were determined 
spectrophotometrically with an RA-1000 automated system 
(Technicons, Tarrytown, NY) using a colorimetric method (Fe 
SYS 1 and Test-Combination Iron-binding Capacity; Boehringer 
Mannheim). Percentage transferrin saturation was calculated 
by finding the molar ratio of serum iron and twice the serum 
transferrin using the formula: percentage transferrin saturation = 
[serum iron (µg/dl) × 100/transferrin (mg/dl) × 2].

Statistical analysis
Data were analysed using SPSS (Statistical Package for Social 
Sciences) version 17 and presented as geometric means 
(G-means) and standard error of means (SE). The minimum and 
maximum values were also stated. Spearman correlation was 
used to assess the relationship between iron indices and anthro-
pometric indicators. Partial correlations after adjusting for age, 
BMI and smoking were further assessed. A stepwise regression 
method was used to identify valid confounders in this particular 
population. Age, BMI and smoking were treated as confounders. 
HIV status did not modify or confound the iron status param-
eters, so it was not adjusted for in the analysis. 

To further assess the relationship between iron status and 
anthropometric indicators, men and women were grouped and 
analysed in different WHR and BMI categories.20 Additionally, 
men and women were grouped and analysed in three ferritin 
groups: (1) low-ferritin group (serum ferritin concentration below 
12 µg/l), (2) normal-ferritin group (serum ferritin concentration 
between 12 and 150 µg/l) and (3) high-ferritin group (serum 
ferritin concentration above 150 µg/l). These cut-off points are 
the clinical cut-off points recommended by standard dietetic prac-
tice.21 Multivariate analysis was used to assess significant differ-
ences between different groups before and after adjusting for age, 
BMI and smoking. Statistical significance was set at p < 0.05. 

results
Table 1 outlines the anthropometric and iron indices of the 
participants. All iron indices were better in men than women (p 
< 0.0001) before and after adjusting for age, BMI and smoking. 
Women had a higher mean (geometric) BMI (p < 0.0001) and 
percentage body fat (p < 0.0001) than men. Waist circumference 
(p = 0.006) and WHR (p < 0.0001) were significantly higher in 
men than women before adjusting for age, BMI and smoking. Age 
did not differ significantly (p = 0.076) between men and women. 
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Correlations between iron indices and anthropometric indica-
tors for both men and women are displayed in Table 2. In men, 
the strongest correlations were found between ferritin concentra-
tions and WC (rs = 0.359, p < 0.01) and ferritin concentrations 
and WHR (rs = 0.396, p < 0.01). Likewise in women, the strong-
est correlations were found between ferritin concentrations and 
WC (rs = 0.232, p < 0.01) and ferritin concentrations and WHR 
(rs = 0.319, p < 0.01). 

Iron indices are compared according to WHR and gender 
categories in Table 3. In men, mean (geometric) serum ferritin 
concentrations were significantly higher in the high-WHR group 
than the normal-WHR group (p < 0.0001), although this disap-
peared after adjusting for age, BMI and smoking. In addition, 
mean (geometric) serum iron concentration was also significant-

ly higher in the high-WHR group than the normal-WHR group 
(p = 0.020) after adjusting for age, BMI and smoking. 

In women, mean (geometric) serum ferritin and haemoglobin 
concentrations were significantly higher in the high-WHR group 
than the normal-WHR group before (p < 0.0001, p = 0.003, 
respectively) and after (0.004, p = 0.018, respectively) adjusting 
for age, BMI and smoking. Women in the normal-WHR group 
had higher mean (geometric) serum TIBC than those in the high-
WHR group before (p < 0.0001) and after (p = 0.019) adjusting 
for age, BMI and smoking. No significant differences were 
observed for serum iron concentration and transferrin saturation 
between the two WHR categories before and after adjusting for 
age, BMI and smoking.

The comparison of anthropometric indices according to 

TABLE 1. ANTHROPOMETRIC AND HAEMATOLOGICAL CHARACTERISTICS OF PARTICIPANTS

Men (n = 711, 42.80%) Optimum  
cut-off point

Women (n = 952, 57.20%) Optimum  
cut-off pointVariable G-Mean (SE) Min, max G-Mean (SE) Min, max

Age (years) 34.32 (0.58) 15.00, 82.00 – 35.04 (0.46) 15.00, 90.00 –

Serum Fe (µmol/l) 16.52 (0.33) 0.74, 73.42 ≥ 1122 13.13*# (0.24) 0.26, 59.85 ≥ 1122

Serum TIBC (µmol/l) 63.86 (0.49) 28.77, 197.22 ≤ 7322 68.21*# (0.44) 29.13, 171.12 ≤ 7322

Transferrin saturation (%) 25.86 (0.53) 1.34, 102.22 20–5021 19.18*# (0.39) 0.35, 97.03 20–5021

Serum ferritin (µg/l) 104.12 (12.04) 1.00, 2877.17 12–15021 39.40*# (5.10) 0.28, 2678.53 12–15021

Hb (g/dl) 13.30 (0.79) 4.70, 22.90 13–1821 12.00*# (0.67) 4.70, 31.10 12–1621

BMI (kg/m2) 20.80 (0.15) 13.76, 65.39 18.5–24.920 26.13* (0.21) 14.60, 53.64 18.5–24.920

WC (cm) 73.95 (0.35) 53.60, 126.20 ≤ 8023 77.25*# (0.42) 46.50, 130.20 ≤ 8023

WHR 0.84 (0.00) 0.59, 1.52 ≤ 0.9520 0.76*# (0.00) 0.47, 1.00 ≤ 0.8020

Body fat (%) 20.63 (0.26) 9.17, 39.30 47.06*# (0.45) 13.30, 83.79

TSF (mm) 7.36 (0.19) 1.80, 37.30 18.89*# (0.33) 3.50, 52.10

SSF (mm) 9.63 (0.22) 3.00, 40.00 18.69*# (0.42) 4.40, 60.00

*Significant difference between men and women before adjusting for age, BMI and smoking (p < 0.05).  
#Significant difference between men and women after adjusting for age, BMI and smoking (p < 0.05). BMI: body mass index, G-Mean: geomet-
ric mean, Hb: haemoglobin, SE: standard error, TIBC: total iron binding capacity, TSF: triceps skinfold, SSF: subscapular skinfold, WC: waist 
circumference, WHR: waist-to-hip ratio.

TABLE 2. CORRELATIONS OF IRON AND ANTHROPOMETRIC INDICES OF PARTICIPANTS

Anthropometric 
indices

Iron Indices

Serum Fe (µmol/l) TIBC (µmol/l) Transferrin saturation (%) Ferritin (µg/l) Hb (g/dl)

(rs ) (rp ) (rs ) (rp ) (rs ) (rp ) (rs ) (rp ) (rs ) (rp )

Men

BMI (kg/m2) 0.015 – 119** – –0.032 – 0.141** – –0.056 –

WC (cm) 0.010 –0.043 0.000 0.004 0.006 –0.049 0.359** 0.068 –0.047 –0.064

WHR 0.027 0.067 –0.157** –0.004 0.079* 0.062 396** 0.014 0.003 0.016

Body fat (%) –0.048 –0.009 –0.029 0.008 –0. 0.012 0.308** 0.102 –0.111* –0.096

TSF (mm) 0.012 –0.044 0.097* 0.051 0.071 –0.052 0.076* –0.028 –0.022 –0.056

SSF (mm) 0.019 –0.031 0.035 0.001 –0.005 –0.027 0.141** 0.010 –0.018 –0.059

Women

BMI (kg/m2) –0.039 – –0.041 – –0.021 – 0.126** – –0.065* –

WC (cm) –0.036 –0.007 –0.087** –0.045 –0.008 0.014 0.232** 0.024 –0.008 0.089

WHR –0.044 –0.016 –0.166** –0.026 0.004 0.008 0.319** 0.031 0.083* 0.126

Body fat (%) –0.013 –0.021 –0.023 0.082 –0.002 –0.054 0.126** 0.012 –0.063 –0.011

TSF (mm) –0.062 –0.053 –0.025 –0.012 –0.048 –0.047 0.040 –0.059 –0.037 –0.015

SSF (mm) –0.029 –0.035 –0.040 –0.008 –0.014 –0.027 0.105** –0.038 0.072* –0.025

**Spearman correlation coefficient is significant at the 0.01 level (2-tailed).
*Spearman correlation coefficient is significant at the 0.05 level (2-tailed). rs: Spearman correlation; rp: partial correlation after adjusting for age, 
BMI and smoking. BMI: body mass index, Hb: haemoglobin, SD: standard deviation, TIBC: total iron-binding capacity, TSF: triceps skinfold, 
SSF:, subscapular skinfold, WC: waist circumference, WHR: waist-to-hip ratio.
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three different ferritin concentrations (low, normal and high) 
is presented in Table 4. In men, mean (geometric) WC (p < 
0.0001) and WHR (p < 0.0001) were significantly higher in the 
high-ferritin group than the low-ferritin group before adjusting 
for age, BMI and smoking but WC only remained significant (p 
= 0.014) after adjusting for age, BMI and smoking. Moreover, 
mean (geometric) WC (p < 0.0001) and WHR (p < 0.0001) 
of the men were significantly higher in the high-ferritin group 
than the normal-ferritin group before adjusting for age, BMI 
and smoking. This was not retained after adjusting for age, BMI 
and smoking. A significantly higher mean (geometric) BMI (p 
= 0.001) was found in the high-ferritin group compared to the 
normal-ferritin group before adjusting for age and smoking. The 
high-ferritin group had a significantly higher mean (geometric) 

body fat compared to the low-ferritin group (p = 0.015) and the 
normal-ferritin group (p < 0.0001) before adjusting for age, BMI 
and smoking. 

For women, mean (geometric) WC and WHR were signifi-
cantly higher in the high-ferritin group than the low-ferritin 
group before (p < 0.0001, p < 0.0001, respectively) and after 
(p = 0.002, p = 0.018, respectively) adjusting for age, BMI and 
smoking. WC and WHR were also higher in the high-ferritin 
group than the normal-ferritin group before (p = 0.033, p = 
0.005, respectively) and after (p < 0.0001, p = 0.014, respec-
tively) adjusting for age, BMI and smoking. Women in the 
normal-ferritin group had higher mean (geometric) BMI (p = 
0.032) than those in the low-ferritin group before adjusting for 
age and smoking. 

TABLE 3. COMPARISON OF IRON INDICES ACCORDING TO WHR CATEGORIES

Variable 

Normal WHR High WHR

G-Mean (SE) Min, max G-Mean (SE) Min, max

Men (WHR > 0.95, n = 681, 95.78%) (WHR > 0.95, n = 30, 4.22%)

Serum Fe (µmol/l) 16.43 (0.32) 0.74, 63.94 18.40# (2.48) 4.73, 73.42

Serum TIBC (µmol/l) 63.94 (0.50) 28.77, 197.22 62.17 (2.53) 42.57, 102.42

Transferrin saturation (%) 25.71 (0.53) 1.34, 102.22 29.61 (3.26) 7.41, 79.95

Serum ferritin (µg/l) 100.80 (11.48) 1.00, 2877.17 217.28* (111.57) 30.00, 2427.20

Hb (g/dl) 13.29 (0.08) 4.70, 22.90 13.60 (0.51) 9.80, 21.10

Women (WHR > 0.80, n = 697, 73.21%) (WHR > 0.80, n = 255, 26.79%)

Serum Fe (µmol/l) 13.26 (0.29) 1.18, 56.30 12.78 (0.45) 0.26, 59.85

Serum TIBC (µmol/l) 69.34 (0.52) 29.13, 171.12 65.21*# (0.80) 36.93, 157.26

Transferrin saturation (%) 19.05 (0.45) 0.74, 85.46 19.54 (0.77) 0.35, 97.03

Serum ferritin (µg/l) 32.29 (5.44) 0.28, 2678.53 67.86*# (11.44) 0.50, 1951.17

Hb (g/dl) 11.90 (0.07) 4.70, 20.50 12.27*# (0.16) 5.70, 31.10

*Significant difference between normal and high WHR before adjusting for age, BMI and smoking (p < 0.05).
#Significant difference between normal and high WHR after adjusting for age, BMI and smoking (p < 0.05). G-Mean: geometric mean, Hb: 
haemoglobin, SE: standard error, TIBC: total iron-binding capacity, WHR: waist-to-hip ratio.

TABLE 4. COMPARISON OF ANTHROPOMETRIC INDICES ACCORDING TO SERUM FERRITIN CONCENTRATION

Low-ferritin group (ferritin < 12 µg/l) Normal-ferritin group (ferritin 12–150 µg/l) High-ferritin group (ferritin < 150 µg/l)

Variable G-Mean (SE) Min, max G-Mean (SE) Min, max G-Mean (SE) Min, max

Men (n = 23, 3.23%) (n = 418, 58.79%) (n = 270, 37.97%)

BMI (kg/m2) 20.64 (0.73) 16.42, 31.50 20.29 (0.15) 14.71, 36.91 21.64® (0.31) 13.76, 65.39

WC (cm) 69.08 (1.30) 60.20, 83.40 72.00# (0.40) 53.60, 114.50 77.52+®$ (0.61) 57.00, 126.20

WHR 0.80 (0.01) 0.71, 0.92 0.82* (0.00) 0.59, 1.05 0.86+® (0.00) 0.71, 1.52

Body fat (%) 19.29 (1.48) 12.53, 36.71 19.97 (0.29) 9.22, 37.15 22.29+® (0.52) 9.17, 39.30

TSF (mm) 7.75 (0.85) 4.90, 18.20 7.09 (0.24) 2.00, 37.30 7.77 (0.32) 1.80, 37.10

SSF (mm) 8.69 (1.01) 5.50, 19.90 9.27 (0.27) 3.40, 40.00 10.32 (0.40) 3.00, 38.10

Women (n = 155, 16.28%) (n = 662, 69.54%) (n = 135, 14.18%)

BMI (kg/m2) 24.50 (0.50) 15.45, 45.96 26.40* (0.26) 15.39, 53.64 26.74 (0.64) 14.60, 48.76

WC (cm) 72.47 (0.89) 46.50, 107.50 77.50* (0.50) 54.50, 130.20 81.83+®$@ (1.15) 55.00, 119.60

WHR 0.73 (0.00) 0.57, 0.96 0.75* (0.00) 0.47, 1.00 0.80+®$@ (0.00) 0.64, 0.99

Body fat (%) 45.01 (0.87) 28.17, 68.40 47.81 (0.57) 13.30, 83.79 47.33 (1.42) 28.79, 70.55

TSF (mm) 17.86 (0.80) 4.40, 51.70 19.10 (0.38) 4.40, 50.20 19.12 (1.06) 3.50, 52.10

SSF (mm) 17.15 (0.92) 5.40, 52.90 18.75 (0.51) 4.60, 56.60 20.30 (1.23) 4.40, 60.00

*Significant difference between negative and normal iron balance before adjusting for age, BMI and smoking at p < 0.05.
+Significant difference between negative and positive iron balance before adjusting for age, BMI and smoking at p < 0.05.
®Significant difference between normal and positive before adjusting for age, BMI and smoking at p < 0.05.
#Significant difference between negative and normal iron balance after adjusting for age, BMI and smoking at p < 0.05.
$Significant difference between negative and positive iron balance group after adjusting for age, BMI and smoking at p < 0.05.
@Significant difference between normal and positive iron balance after adjusting for age, BMI and smoking at p < 0.05. BMI: body mass index, 
G-Mean: geometric mean, SE: standard error, SSF: subscapular skinfold, TSF: triceps skinfold, WC: waist circumference, WHR: waist-to-hip ratio.
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Table 5 compares the mean (geometric) iron indices among 
four BMI categories. In men, mean (geometric) serum TIBC 
was significantly higher in the normal-weight group compared to 
the underweight group before (p = 0.016) and after (p = 0.018) 
adjusting for age and smoking. Additionally, mean (geometric) 
serum TIBC was significantly higher in the overweight than the 
underweight (p = 0.047) groups after controlling for age and 
smoking. No significant differences were observed in ferritin, 
serum iron and haemoglobin concentrations and percentage 
transferrin saturation among men in the different BMI categories 
before and after adjusting for age and smoking. 

For women, mean (geometric) serum ferritin concentration 
was significantly higher in the underweight group than the 
normal-weight, overweight and obese groups before (p = 0.001, 
p = 0.020, p = 0.014, respectively) and after (p = 0.017, p = 
0.037, p = 0.007, respectively) controlling for age and smoking. 
A significantly higher mean (geometric) haemoglobin concen-
tration was observed in the underweight compared to the over-
weight (p = 0.036) and obese (p = 0.013) groups, although only 
the difference between the underweight and obese was retained 
(p = 0.022) after adjusting for age and smoking. 

Percentage transferrin saturation was higher in the overweight 
than obese women before (p = 0.014) and after (p = 0.016) 
adjusting for age and smoking. Obese women had a lower mean 
(geometric) serum iron than the normal-weight (p = 0.047) and 
overweight (p = 0.006) women but only the difference between 
the overweight and obese remained significant (p = 0.013) after 
adjusting for age and smoking. No significant differences in 
TIBC were observed for the different BMI categories before and 
after adjusting for age and smoking.

discussion
This is the first study to our knowledge that assessed the rela-
tionship between iron indices and anthropometric CVD markers 

in an African population. This study employed anthropometric 
measures, which have been reported to be associated with CVD 
risk. These factors include WC, WHR, triceps and subscapular 
skinfold thicknesses (TSF and SSF), percentage body fat and 
BMI.15,24 The results showed that both men and women in the 
high-WHR category had higher ferritin concentrations than those 
in the normal-WHR category. A positive association between 
ferritin concentrations and BMI, WC, WHR, percentage body fat 
and SSF was demonstrated for both men and women; although 
this disappeared after adjusting for age, BMI and smoking. WC 
and WHR increased with increasing ferritin concentrations in 
both men and women. Serum iron concentrations decreased with 
increasing BMI in women only. 

The results obtained in this study are similar to the work of 
Gillum25 who reported that serum ferritin concentrations associ-
ated positively with WHR and BMI in Mexican-American men. 
Norwegian men aged 20–49 years were also reported to have 
a mean serum ferritin concentration that related positively to 
their mean BMI.26 Additionally, a study conducted on diabetic 
patients reported that serum ferritin concentrations correlated 
positively with visceral fat and subcutaneous fat area. This study 
excluded patients with high C-reactive protein concentrations in 
order to exclude elevation of ferritin that may have been caused 
by inflammation. The authors therefore concluded that ferritin 
concentrations might be a useful indicator of systemic percent-
age fat.27

Conversely, Eftekhari et al.28 reported a negative correlation 
between serum ferritin concentrations and BMI in adolescent 
Iranian girls. This is in contrast to the results of this study that 
showed a positive correlation between serum ferritin concentra-
tions and BMI. The authors attributed the result to the age group 
of the study population. Adolescence, being a peculiar stage of 
growth, is characterised by a growth spurt and increased iron 
requirements. The onset of menstruation in girls makes their 

TABLE 5. COMPARISON OF IRON INDICES ACCORDING TO BMI CATEGORIES

Underweight  
(BMI < 18.50 kg/m2)

Normal weight  
(BMI 18.50–24.90 kg/m2)

Overweight  
(BMI 25.00–29.90 kg/m2)

Obese  
(BMI3 ≥ 30.00 kg/m2)

Variable G-Mean (SE) Min, max G-Mean (SE) Min, max G-Mean (SE) Min, max G-Mean (SE) Min, max

Men (n = 165, 23.21%) (n = 451, 63.43%) (n = 69, 9.70%) (n = 26, 3.66%)

Serum Fe (µmol/l) 16.05 (0.77) 0.74, 73.42 16.75 (0.40) 1.02, 63.94 16.46 (0.91) 3.25, 38.04 15.67 (1.40) 3.62, 36.57

Serum TIBC (µmol/l) 61.62 (0.94) 28.77, 97.77 64.49*# (0.65) 36.54, 197.22 64.84$ (1.55) 41.64, 109.50 64.89 (15.67) 46.26, 84.48

Transferrin saturation (%) 26.05 (1.28) 2.20, 97.36 25.97 (0.65) 1.34, 102.22 25.38 (1.37) 5.02, 63.14 24.15 (2.12) 4.57, 54.91

Serum ferritin (µg/l) 92.26 (20.90) 2.50, 2387.60 101.59 (16.95) 1.00, 2877.17 134.52 (16.81) 1.54, 807.22 174.02 (46.58) 5.86, 956.88

Hb (g/dl) 13.43 (0.18) 7.40, 22.90 13.22 (0.09) 4.70, 21.10 13.25 (0.21) 8.90, 17.70 13.90 (0.47) 11.00, 21.10

Women (n = 56, 5.90%) (n = 380, 40.049%) (n = 242, 25.50%) (n = 271, 28.56%)

Serum Fe (µmol/l) 11.75 (1.36) 1.85, 51.55 13.12 (0.39) 1.18, 40.96 14.33 (0.46) 2.30, 56.30 12.42µ♀σ (0.42) 0.26, 59.85

Serum TIBC (µmol/l) 68.95 (2.83) 29.13, 171.12 68.49 (0.69) 32.97, 120.96 68.46 (0.81) 39.33, 122.82 67.51 (0.82) 36.93, 157.26

Transferrin saturation (%) 17.04 (2.19) 1.30, 83.96 19.03 (0.60) 0.74, 64.79 20.92 (0.77) 2.35, 85.46 18.35µσ (0.69) 0.35, 97.03

Serum ferritin (µg/l) 46.69 (39.16) 1.24, 1951.17 31.60*# (6.45) 0.28, 1470.70 43.24+$ (12.66) 0.83, 2678.53 47.16®@ (6.60) 0.50, 775.58

Hb (g/dl) 12.43 (0.46) 6.67, 31.10 12.05* (0.98) 6.10, 20.90 12.00+ (0.12) 4.70, 19.80 11.87®@ (0.12) 5.70, 19.60

*Significant difference between underweight and normal weight before adjusting for age and smoking (p < 0.05).
+Significant difference between underweight and pre-obese before adjusting for age and smoking (p < 0.05).
®Significant difference between underweight and obese before adjusting for age and smoking (p < 0.05).
♀Significant difference between normal weight and obese before adjusting for age and smoking (p < 0.05).
µSignificant difference between pre-obese and obese before adjusting for age and smoking (p < 0.05).
#Significant difference between underweight and normal weight after adjusting for age and smoking (p < 0.05).
$Significant difference between underweight and pre-obese after adjusting for age and smoking (p < 0.05).
@Significant difference between underweight and obese after adjusting for age and smoking (p < 0.05).
σSignificant difference between pre-obese and obese after adjusting for age and smoking (p < 0.05). BMI: body mass index, G-Mean: geometric mean,  
Hb: haemoglobin, SE: standard error, TIBC: total iron-binding capacity.
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iron need greater than that of boys.29 The present study consisted 
of men and women across all age groups, which makes it less 
comparable to the Iranian study. Studies have also reported 
appreciable differences in the prevalence of obesity among 
different ethnic groups.30,31 Chambers et al.32 reported an inverse 
relationship between body fat distribution and serum iron 
concentrations in Hispanic women but not in white, African-
American or Asian women. 

In the present study, a lower serum iron concentration in 
the obese than the normal-weight and pre-obese women was 
observed. Serum iron concentrations in the obese remained 
significantly lower than in the pre-obese women after adjust-
ing for age and smoking. This is congruent with the findings 
by Tussing-Humphreys,33 who reported that the prevalence 
of iron deficiency was higher in overweight girls. Moreover, 
serum iron concentration was reported to decrease as BMI 
increased in adolescent Iranian girls.27 The National Health and 
Nutrition Examination Survey I34 reported that higher BMI was 
significantly associated with lower serum iron concentrations in 
women. Serum iron concentration is, however, not a sensitive 
marker of iron status, due to diurnal changes.35 

An understanding of the link between fat deposition and ferri-
tin secretion may offer an explanation of some of these observa-
tions. During fat deposition, lipid biosynthesis increases, which 
might lead to an increase in iron-induced lipid oxidation as a 
result of the reactivity of intracellular iron with lipids. There is a 
probability that ferritin levels are elevated to act as an iron cyto-
protective agent.36 Therefore, increased ferritin concentrations 
may be an adaptive mechanism to reduce iron-induced oxida-
tive stress, which could explain the positive correlation between 
ferritin concentrations and anthropometric CVD risk factors. 

Ferritin is an acute-phase reactant, which increases in concen-
tration during inflammation. Since obesity is considered an 
inflammatory state,37 it could serve as an additional explanation 
for the positive association between ferritin concentrations and 
anthropometric indicators. However, serum ferritin concen-
trations can be influenced by other inflammatory conditions 
resulting from infection. A deficient iron store owing to greater 
iron requirements in obese adults because of their larger blood 
volume38 has also been proposed to be the mechanism involved 
in the iron deficiency–obesity association. Functional iron defi-
ciency can occur during inflammation (even when iron stores are 
optimal) as a result of impairment of the normal physiological 
systems for transport of iron to the target tissue.10

It is not clear which precedes the other, obesity or iron defi-
ciency. Iron takes part in diverse physiological functions such 
as transport of oxygen by haemoglobin and myoglobin, energy 
metabolism by the haeme-containing proteins of the mitochon-
drial electron transport apparatus and the conversion of ribose to 
deoxyribose nucleic acids by the iron-containing ribonucleotide 
reductase, which is required for the propagation of genetic infor-
mation.10 Given the critical dependence of body tissues on iron, 
it is possible that its deficiency could result in accumulation of 
fat in the body tissues. Impaired fat oxidation has been reported 
to be a risk factor for excess weight gain in several populations 
known to be susceptible to obesity.39,40 Fat that is not oxidised 
must be stored, which can result in increased fat deposition with 
time. Iron deficiency has also been linked to problems with work 
and exercise capacity among adults,41 which may eventually lead 
to a sedentary lifestyle and weight gain.

Lipid deposition allows efficient storage of maximal calories 
in adipose tissue located beneath the skin (subcutaneous fat), 
around internal organs (visceral fat) and in the yellow bone 
marrow.42 Subcutaneous fat tissue stores about 80% of all body 
fat, and excess fat is stored in other storage tissues, such as the 
intra-abdominal tissue when the subcutaneous tissue reaches a 
threshold level.43 Therefore, storage of excess fat in the central 
region may be a signal for abnormal fat storage, which has adverse 
health implications. It has been found that body fat distribution, 
especially abdominal fat is more important than total body fat 
in the aetiology of CVD.44 William et al.45 identified measure-
ments at or above the waist to be most associated with disease 
risk for both genders. However, in the present study, 79% of 
men and 60% of women were within the optimal cut-off point.24 

There is speculation that hepcidin, a peptide hormone 
involved in the regulation of intracellular iron, may be involved 
in the association of obesity and iron deficiency.46 Hepcidin is an 
acute-phase reactant that is stimulated in inflammation, includ-
ing obesity.47 Moreover, recent discoveries indicated that adipo-
cytes are not just passive organs for fat storage, instead, they are 
also endocrine organs which play regulatory roles in whole-body 
physiology.48 Increased secretion of hepcidin has been reported 
to inhibit the release of non-haeme iron from macrophages.49 It is 
possible that increased expression of hepcidin in obese individu-
als interferes with iron absorption, thereby resulting in iron defi-
ciency. Unfortunately, hepcidin was not measured in the present 
study as it might have helped to clarify the situation.

Gender has been reported to be one of the factors that influ-
ence serum ferritin concentrations.50 A significant difference in 
serum ferritin concentrations was demonstrated between men 
and women in this study. Leggett et al.51 found that the pattern 
of ferritin increase varied in men and women. Ferritin concentra-
tions in women, although increasing, remained low until after 
menopause, whereas those of men continued to increase, reach-
ing a peak in their fourth decade, when iron stores are expected 
to be stable following the growth period. This suggests that the 
observed difference between men and women may be as a result 
of physiological differences (i.e. menstruation and hormone 
secretion) that affect iron storage. Moreover, the pattern of fat 
distribution in men has been reported to differ from that in 
women. Women usually show greater lower body fat distribu-
tion (gynoid) while men show more upper body fat distribution 
(android).42 The present study supports these findings as men had 
significantly higher WC than women. 

This study illustrates conclusively that a relationship exists 
between some measures of iron status and certain anthropomet-
ric CVD risk markers, particularly ferritin concentrations and 
WC or WHR. This implies that individuals who fell within the 
positive iron-balance group, the at-risk group for iron overload, 
may additionally be at a greater risk of developing CVD in this 
particular population. However, due to the nature of the design 
of this study, causality cannot be established. 

implication for health and research
Iron deficiency is the most common micronutrient deficiency 
in the world2 and it has been a priority for most countries when 
addressing issues on health. South Africa is among the countries 
with moderate iron deficiency.52 The Department of Health in 
South Africa is using an adapted form of UNICEF’s conceptual 
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framework to address malnutrition, which means action is being 
taken at all levels of causation.53 Strategies employed include 
provision of iron supplements to pregnant and postpartum 
women, fortification of several food vehicles and dietary diver-
sification (using the food-based dietary guidelines). It has been 
reported that some indicators are improving while others are 
worsening over the years. In addition, reports have shown that 
nutritional status varies considerably among the nine provinces 
and possibly within each province.54,55 

On the other hand, iron overload has increasingly been recog-
nised as a public health issue in African populations, particularly 
southern Africa, where the consumption of traditional beer has 
been identified as a major contributor.10 However, the results 
of the present study suggest that increased abdominal obesity 
may be another major contributor to increased iron stores in 
this population. Therefore, it may be pertinent to scale up inter-
ventions to reduce obesity in this population, alongside ongo-
ing iron-intervention programmes. Furthermore, consideration 
should be given to the use of different and locally relevant strate-
gies for different provinces, or possibly different municipalities 
within a province. To further enhance the effort put into improv-
ing health and nutrition, different and relevant strategies address-
ing the various public health concerns of our population would 
be helpful in arriving at the desired nutritional and health goals. 
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4–6 December 2012 Dubai, UAE 1st American Diabetes Association Middle East Congress – Diabetes prevention and treatment


	OFC
	IFC
	CVJA 22.5 Journal
	IBC
	OBC



