
Serum ferritin concentrations in Africans with low dietary iron

Victor M. Moyo,
Clinical Affairs, Oncology/Hematology, Ortho Biotech LLC, Bridgewater, NJ, USA

Elisha Mvundura,
Department of Obstetrics and Gynecology, Georgetown Hospital, Washington, DC, USA

Hlosukwazi Khumalo,
Faculty of Health Sciences, University of the Witwatersrand, Johannesburg, South Africa

Innocent T. Gangaidzo,
Department of Medicine, University of Zimbabwe Medical School, Harare, Zimbabwe

Thokozile Saungweme,
Department of Medicine, University of Zimbabwe Medical School, Harare, Zimbabwe

Mehdi Nouraie,
The Department of Medicine and Center for Sickle Cell Disease, Howard University

Tracey A. Rouault,
Cell Biology and Metabolism Branch, National Institute of Child Health and Human Development, 
Bethesda, MD, USA

Zvenyika A. R. Gomo, and
Chemical Pathology, University of Zimbabwe Medical School, Harare, Zimbabwe

Victor R. Gordeuk
The Department of Medicine and Center for Sickle Cell Disease, Howard University

Abstract

In the setting of high dietary, several studies have provided evidence for a strong effect of both 

high dietary iron and an unidentified genetic locus on iron stores in Africans. To investigate 

whether these effects are discernible in the setting of low dietary iron, serum ferritin 

concentrations were measured in 194 Zimbabwean men >30 years of age and 299 postmenopausal 

women who consumed a non-iron-fortified diet and who did not drink iron-rich traditional beer or 

other alcoholic beverages. Comparisons were made with non-alcohol drinking African-Americans 

studied in the third National Health and Nutritional Examination Survey (NHANES III) who 

consume an iron-fortified diet. As stratified by age and sex, serum ferritin concentrations were 

significantly lower in the 493 Zimbabweans studied than in 1,380 comparable African-Americans 

(P < 0.0005). Nevertheless, nine Zimbabwean subjects (1.8% of all cases) had modestly elevated 

serum ferritin concentrations not associated with evidence of inflammation or hepatic dysfunction. 

These data suggest that mild serum ferritin concentration elevations may occur among 
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Zimbabweans not exposed to high dietary iron and that iron fortification of the diet may have 

substantial effects on serum ferritin concentration.
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Introduction

The prevalence of iron overload in sub-Saharan Africa is the highest in the world, up to 10% 

in adults in some rural communities [1]. The principal environmental etiologic factor for 

iron overload in Africans is the consumption of a traditional fermented beverage that is 

brewed in non-galvanized iron drums and provides increased dietary iron in an ionized and 

highly bioavailable form [2, 3]. The fact that not all of the individuals who drink the iron-

laden traditional beverage develop iron overload has raised the possibility that factors other 

than the ingestion of excess iron may contribute to the etiology of this condition.

Primary iron overload in European populations is a hereditary condition, and homozygosity 

for C282Y in the HFE gene linked to the HLA locus on chromosome 6 is usually 

responsible [4]. While African iron overload was formerly regarded as a condition that is 

exclusively related to ingestion of high dietary iron in the form of traditional home-brewed 

beer [5], studies of pedigrees from Zimbabwe, Zambia, South Africa, and Swaziland suggest 

that a gene not related to HFE may be implicated in the pathogenesis [6–9]. In these studies, 

it appears that heterozygotes develop iron overload only in the presence of high dietary iron 

intake. In this study, we postulated that if homozygosity for an iron-loading locus exists, 

then affected homozygous individuals would have some degree of elevation in serum ferritin 

concentrion in the absence of high dietary iron.

Materials and methods

Selection and study of Zimbabwean participants

This study was conducted at seven locations in the highveld region of Zimbabwe ranging 

from 1,200 to 1,450 m of elevation. Subjects were recruited among members of the Seventh 

Day Adventist Church. This church teaches abstinence from all alcoholic beverages, 

including traditional iron-rich beer, and also promotes a primarily vegetarian diet. The study 

subjects included subjects from both major ethnic groups in Zimbabwe, the Shona and the 

Ndebele, as well as Chewa descendents from Malawi. The study was approved by the 

Research Council of Zimbabwe’s Ministry of Health and all participants gave written 

informed consent.

Men above 30 years of age and postmenopausal women were enrolled if they met the criteria 

of never having drunk traditional home-brewed beer or other alcoholic beverages and of 

having no acute illness. Iron overload becomes more apparent after menopause in women 

because of the protective effect of menstruation and child bearing and after the age of 30 

years in men [5]. The participants were questioned whether or not they were vegetarians. 

They were also questioned regarding symptoms and complications of iron overload and 
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conditions that may lead to secondary iron overload such as multiple blood transfusions or 

dyserythropoeitic anemia [10], disorders associated with inflammation, and the use of drugs 

[5]. Women were questioned about their gynecological and obstetrical history. Clinical 

examinations were conducted on each participant.

Collection and analysis of blood samples for Zimbabwean subjects

Venous blood samples were collected in the morning using the vacutainer system (Terumo 

Medical, Elkton, USA) into EDTA tubes and non-anticoagulated tubes. A Coulter Counter 

model MD8 autoanalyser (Coulter Electronics, Hialeah, FL, USA) was used to measure full 

blood counts. Westergren erythrocyte sedimentation rates were determined by the method of 

the International Council for Standardization in Haematology [11]. Serum ferritin levels 

were measured using a radioimmunoassay (Diagnostic Products Corporation, LA, CA, 

USA). Liver function tests were measured on a Cobas Mira Plus autoanalyzer (Roche 

Diagnostics Systems, Montclair, France) using reagents and calibrants from Roche 

Diagnostic Systems (Johannesburg, South Africa). Markers for hepatitis B and C viral 

infections were analyzed using Bioelisa enzyme immunoassay techniques (Biokit, 

Barcelona, Spain). For selected subjects with elevated serum ferritin concentrations, the 

serum iron concentration and total iron binding capacity were determined with methods 

modified from those of the International Council for Standardization in Haematology [12, 

13], and the transferrin saturation was calculated as the serum iron divided by total iron 

binding capacity expressed as a percentage.

NHANES III data

Data from The Third National Health and Nutrition Examination Survey were used for 

comparative analysis. In this survey, 31,311 persons who were a representative sample of the 

non-institutionalized US population were examined from 89 primary sampling units (county 

or small group of contiguous counties) between 1988 and 1994. The lower age limit was 2 

months, and there was no upper age limit. Data were extracted from the NHANES CD-

ROM. Of 8,756 non-Hispanic African-Americans, 2,903 were selected who did not drink 

alcohol. From this subset, we selected 1,380 individuals consisting of men over 30 years of 

age and women over 50 years of age. For the NHANES III US dataset, total iron binding 

capacity and serum iron were determined colorimetrically using an Alpkem RFA analyzer 

(Alpkem Clackamas, OR, USA) as detailed in methodological procedure for NHANES III 

[14]. The transferrin saturation was calculated from the ratio of the serum iron to total iron 

binding capacity expressed as a percentage. Serum ferritin concentration was measured by 

using the Quantimmune IRMA kit (Biorad Laboratories, Hercules, CA, USA)

Definition of elevated serum ferritin

Because a population-based reference range for serum ferritin concentration has not been 

determined in Zimbabwe, we compared serum ferritin concentrations obtained in this study 

with those for non-alcohol drinking African-Americans studied in the third National Health 

and Nutritional Examination Survey in the United States [15, 16]. We used criteria 

developed from the second National Health and Nutrition Examination Survey [16] to define 

elevated serum ferritin concentrations: greater than 200 μg/L in men 30–44 years of age and 
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in women between the ages of 50 and 64; greater than 300μg/L in men 45–64 years of age 

and in women over the age of 64; and greater than 400 μg/L in men over the age of 64 years.

Definition of unexplained serum ferritin elevation

While the serum ferritin concentration reflects body iron stores [17, 18], inflammation or 

hepatocellular damage from various causes may also influence serum ferritin concentration 

[19]. In addition, certain anemias may lead to secondary iron-loading. Because we wished to 

identify subjects with elevated serum ferritin concentration due to a possible primary iron-

loading process, we excluded patients whose increased serum ferritin concentrations were 

associated with anemia (hemoglobin <13 g/dL in men or <12 g/dL in women) [20, 21], with 

ongoing hepatocellular damage as shown by elevated values for aspartate amino 

transaminase or alanine amino transaminase (>50 IU/L) or with an ongoing inflammatory 

process as suggested by an elevated erythrocyte sedimentation rate (>9 mm/h) [22]. For 

African-Americans, we used the same hemoglobin and transaminase criteria mentioned 

above, and since we did not have data on erythrocyte sedimentation rate, a C-reactive protein 

value within the normal range (0–1 mg/dL) was used as criteria for inclusion into the 

analysis. The normal range of values for the C-reactive protein in African-Americans was 

based on the normal ranges given in the laboratory manual for NHANES III [14].

Statistical analysis

Student’sT test was used to compare groups for normally distributed continuous variables 

and the Kruskal–Wallis test for skewed variables. The Fisher’s exact test or Pearson chi-

square test was used to compare proportions. Analysis of variance (ANOVA) was used to 

compare laboratory tests according to hepatitis status. Transferrin saturations were compared 

between Zimbabweans with unexplained serum ferritin elevations and comparable African-

Americans after stratifying for age and sex. The level of statistical significance was taken as 

two-sided P < 0.05.

Results

The clinical characteristics of the Zimbabwean study population are summarized in Table 1. 

More women than men were studied because recruitment was usually done during the week 

when most men were at work and because generally more women than men attend the 

Seventh Day Adventist Church in the age categories that were selected. Median serum 

ferritin concentrations were less than 100 μg/L in both men and women. Among the men, 

23% were positive for hepatitis B surface antigen and 6% were positive for antibody to 

hepatitis C. Among the women, 10% were positive for hepatitis B surface antigen and 11% 

were positive for antibody to hepatitis C.

Because of the substantial prevalence of positivity for hepatitis B surface antigen and/or 

antibody to hepatitis C, we examined clinical variables according to hepatitis virus status as 

shown in Table 2. Complete blood counts, erythrocyte sedimentation rates, and serum 

ferritin concentrations did not differ significantly according to the presence of hepatitis C 

antibody or hepatitis B surface antigen. Alanine amino transaminase and aspartate amino 
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transaminase were significantly elevated in the participants with hepatitis C but not in those 

positive for hepatitis B surface antigen.

Four hundred fifty Zimbabwean men over the age of 30 years and women over the age of 50 

years were compared to 1,380 African-Americans of the same age range and sex (Table 3). 

(Forty-three postmenopausal women <50 years of age were excluded from this analysis.) As 

expected for a population living at higher altitude, non-alcohol drinking Zimbabwean 

participants had significantly higher hemoglobin concentrations than comparable African-

Americans. Zimbabwean men over the age of 30 and postmenopausal women had 

significantly lower serum ferritin concentrations when compared to their abstinent African-

American counterparts. Based on a serum ferritin concentration of less than 12 μg/L, the 

proportion of subjects with iron deficiency was significantly higher in Zimbabwean subjects 

(3.3%) when compared to their American counterparts (1.0%; P = 0.002).

Twenty-four of the Zimbabwean subjects had an elevated serum ferritin concentration using 

criteria developed for the United States population (see “Materials and methods”), but in 15 

of these, there was concomitant anemia, inflammation, or elevated liver function tests. Nine 

subjects (1.8%), seven men and two women, had unexplained elevated serum ferritin 

concentrations. The clinical characteristics of these subjects are summarized in Table 4. 

Their ages fell within the fourth and sixth decades. The mean (±SE) transferrin saturation of 

34 ± 3% in these nine Zimbabweans was significantly higher than the transferrin saturation 

of 26 ± 0.7% in 220 non-alcohol-drinking African-Americans who fell within the same age 

range and met similar selection criteria for an elevated serum ferritin concentration (P = 

0.046).

Discussion

Serum ferritin concentrations of non-alcohol drinking black Africans were significantly 

lower than serum ferritin concentrations of non-alcohol drinking African-Americans of 

similar age range and of the same sex. The Zimbabweans had a diet not fortified with iron in 

comparison the African-Americans who consume a diet fortified with iron. Despite the low 

serum ferritin concentrations among the Zimbabweans as a whole, a small number had 

modest unexplained elevations in serum ferritin concentration by a definition developed for 

the American population.

The non-alcohol-drinking Zimbabweans had significantly higher hemoglobin concentrations 

but similar mean corpuscular volumes compared to non-alcohol-drinking African-

Americans. The higher hemoglobin concentrations are probably explained by the relatively 

high altitude in areas where the Zimbabwean subjects live (1,200 to 1,400 m above sea 

level). We cannot exclude the possibility that the different assays used to measure serum 

ferritin concentration in the two populations may account for some of the observed 

differences. In the area of Zimbabwe where the study was undertaken, hookworm infestation 

is rare and tends to be subclinical and not a significant cause of iron deficiency anemia [23, 

24]. Thus, hookworm-related intestinal blood loss would not explain the lower serum ferritin 

concentrations in this population. Living at an altitude of 1,200 to 1,400 m would not be 

expected to influence serum ferritin concentration [25, 26].
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It is conceivable that the lower serum ferritin concentrations in Zimbabweans may reflect 

truly lower iron stores because of dietary differences between Zimbabwe and the United 

States. An important difference between the present Zimbabwe study population and the 

United States population is that flour is not fortified with iron in Zimbabwe. Flour has been 

fortified with iron in the USA since 1941, with bread, rolls, and buns having an iron content 

of 17.5 to 27.5 mg iron/kg [27]. There is evidence that iron fortification increases the iron 

status of populations. In Venezuela, fortification of precooked yellow and white maize with 

20 mg\kg iron led to a reduction in the prevalence of anemia from 37% in 1992 to 15% in 

1994 [28]. In Sweden, an increase in the iron status of the population appeared to be due to 

both iron fortification and an increase in the sale of medicinal iron preparations for iron 

supplementation [29].

In addition, the consumption of meat may be relatively low in this Zimbabwe study 

population. The Seventh Day Adventist Church promotes a vegetarian diet amongst its 

members, and in this study, 10% of the Zimbabwean participants were vegetarian. Food iron 

of animal origin (i.e., hem iron) is generally better absorbed than iron from vegetables, fruit, 

and grain. The percentage of iron absorbed from vegetables reaches the highest point of 10% 

in severely iron-deficient subjects, whereas 10% to 20% of the iron present in beef and pork 

is absorbed by subjects with normal iron status [30, 31]. Epidemiological studies in Western 

populations have shown an inverse relationship between meat consumption and the 

prevalence of iron deficiency [32].

Although the iron stores in the Zimbabwe population that we studied were lower than the 

African-American population on the basis of serum ferritin concentrations and although we 

used criteria for elevated serum ferritin developed for the United States population [16], we 

still found nine subjects (1.8%) with modestly raised serum ferritin concentrations 

unexplained by traditional beer consumption, alcohol, anemia, inflammation, or 

hepatocellular dysfunction. We have not proved increased iron stores in these individuals, 

which would require liver biopsy or quantitative phlebotomy, and it is possible that these are 

normal subjects whose ferritins lie in the upper tail of normal values. Nevertheless, as 

mentioned above, the elevated ferritin criteria were developed for the United States 

population with higher meat consumption, iron fortification, and higher serum ferritin 

concentrations. Furthermore, the relative but significant elevation in transferrin saturations 

also goes with increased iron stores. Interestingly, our mixture modeling studies of 

transferrin saturation in African-Americans points to the possibility of an iron-loading 

tendency in a similar proportion (0.9–2.1%) of the population [33, 34].

In conclusion, our findings suggest a need for further studies to better understand the roles of 

dietary iron content and iron-loading alleles in determining iron stores of both Africans and 

African-Americans. Studies to document the safety of various levels of iron fortification 

may also be in order.
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Table 3

Comparison of hemoglobin and ferritin concentrations between Zimbabwean blacks and African-Americans 

by age and sex

Samples Hemoglobin (g/dL) Ferritin (μg/L)

Men 30–49

 Zimbabwean 114 15.2 (14.4–16.1) 86 (56–126)

 American 387 14.6 (14.0–15.3)
a 157 (93–263)

 P <0.0001 <0.0001

Men 50+

 Zimbabwean 80 14.5 (13.5–15.4) 84 (61–127)

 American 436 13.9 (13.1–14.8)
b 173 (94–301)

 P 0.002 <0.0001

Women 50+

 Zimbabwean 256 13.5 (12.8–14.3) 73 (39–109)

 American 557 12.8 (12.1–13.4)
c 130 (72–210)

 P <0.0001 <0.0005

Results are presented as median and interquartile range

a
n = 380

b
n = 431

c
n = 554
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