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Abstract
Background—Alcohol consumption is associated with increased iron stores. In sub-Saharan
Africa, high dietary ionic iron and the ferroportin Q248H allele have also been implicated in iron
accumulation. We examined the associations of ferroportin Q248H, alcohol and dietary iron with
serum ferritin, aspartate aminotransaminase (AST) and alanine aminotransaminase (ALT)
concentrations in African Americans.

Methods—Inner-city African Americans (103 men, 40 women) were recruited from the
community according to reported ingestion of >4 alcoholic drinks per day or <2 per week. Typical
daily heme iron, non-heme iron and alcohol were estimated using University of Hawaii’s
multiethnic dietary questionnaire. Based on dietary questionnaire estimates we established
categories of < versus ≥56 g alcohol per day, equivalent to 4 alcoholic drinks per day assuming 14
g alcohol per drink.

Results—Among 143 participants, 77% drank <56 g alcohol/day and 23% ≥56 g/d as estimated
by the questionnaire. The prevalence of ferroportin Q248H was 23.3% with alcohol >56 g/d
versus 7.5% with lower amounts (P=0.012). Among subjects with no history of HIV disease,
serum ferritin concentration had positive relationships with male gender (P=0.041), alcohol
consumption (P=0.021) and ALT concentration (P=0.0001) but not with dietary iron intake or
ferroportin Q248H. Serum AST and ALT concentrations had significant positive associations with
male gender and hepatitis C seropositivity but not with alcohol or dietary iron intake or ferroportin
Q248H.

Conclusions—Our findings suggest a higher prevalence of ferroportin Q248H with greater
alcohol consumption, and this higher prevalence raises the possibility that the allele might
ameliorate the toxicity of alcohol. Our results suggest that alcohol but not dietary iron contributes
to higher body iron stores in African Americans. Studies with larger numbers of participants are
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needed to further clarify the relationship of ferroportin Q248H with the toxicity of alcohol
consumption.

Introduction
Iron is absorbed from the diet as elemental divalent iron or in the form of heme (Wheby et
al, 1970). Heme is found primarily in such proteins as hemoglobin and myoglobin, while
elemental iron is present in vegetables, cereals, and other foodstuffs. Iron absorption occurs
most efficiently in the duodenum and heme iron is better absorbed than elemental iron
(Cook, 1990). Heme crosses from the lumen into the enterocyte (Conrad et al, 1967),
possibly via heme carrier protein 1 (Shayeghi et al, 2005), and non-heme iron uptake is
mediated by divalent metal transporter 1 (Gunshin et al, 1997; Cannone-Hergaux et al,
1999). Iron is exported from the duodenal endothelial cell to the portal blood stream by
ferroportin1 (Donovan et al, 2000; McKie et al, 2000; Abboud and Haile, 2000).
Consumption of alcohol has been associated with increased iron stores as assessed by serum
ferritin concentration in several population studies (Milman and Kirchoff, 1996, Fleming et
al, 1998; Liu et al, 2003). A number of population studies conducted predominantly among
Caucasians and Hispanics have shown an association between dietary heme iron, but not
dietary non-heme iron, and iron stores as assessed by serum ferritin concentration (Fleming
et al, 1998; Backstrand et al, 2002; Ramakrishnan et al, 2002; Liu et al, 2003). A third or
more of alcoholics develop increased amounts of hepatic iron compared to controls (Fletcher
et al, 1999; Suzuki et al, 2002).

In rural Africa, there is a strong association among the consumption of a traditional
fermented beverage with high ionic iron concentration, increased body iron stores and liver
toxicity and cirrhosis (Gordeuk et al, 1986; Gordeuk et al, 1992; Friedman et al, 1990; Moyo
et al, 1997; Moyo et al, 1998). In experimental rats, dietary iron supplementation
exacerbates alcohol-induced hepatocyte damage and promotes liver fibrogenesis
(Tsukamoto et al, 1995). Similarly, the presence of elevated iron stores accentuates the
hepatic toxicity of alcohol in the setting of HFE hemochromatosis in Caucasians (Fletcher
and Powell, 2003). At the population level and based on serum ferritin concentration,
African Americans have higher iron stores than Caucasian Americans (Barton et al, 2005).

The cDNA 744G>T substitution in exon 6 of the ferroportin gene (dbSNP rs11568350,
www.ncbi.nlm.nih.gov), which results in the replacement of glutamine with histidine at
position 248 (Q248H), is common in Africans and African Americans (prevalence of
heterozygotes of 5% or more). Ferroportin is the only iron exporter in mammalian cells, and
the Q248H allele may be associated with a tendency to iron loading in adults and to
protection from iron deficiency in children (Gordeuk et al, 2003; Beutler et al, 2003;
McNamara et al, 2005; Kasvosve et al, 2005; Rivers et al, 2007). One in vitro study
indicated that the Q248H allele impairs the egress of iron when expressed in Xenopus
oocytes (McGregor et al, 2005). Other studies indicated that the Q248H allele retains the
ability to export iron and respond to hepcidin when expressed in HEK 293T cells
(Drakesmith et al, 2005; Schimanski et al, 2005). What selection advantage this mutation
may have is not known, but it is possible that altered iron trafficking could be protective of
certain tissues during times of oxidant stress.

The present study was conducted to determine whether dietary iron content, alcohol
consumption and ferroportin Q248H influence iron stores and hepatic function among inner
city African Americans.
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Materials and Methods

Participants—The research was approved by the Howard University IRB and all
participants gave written informed consent. The participants were self-described African-
American males and females over 18 years of age from the community who were recruited
as one of the following two groups: i) self-reported average alcohol consumption of less
than two drinks per week (n = 72); ii) self-reported average alcohol consumption of four or
more drinks per day (n = 71).

Estimation of daily iron and alcohol intake by dietary questionnaire and
categorization of patients according to alcohol intake—To quantify dietary iron
content and alcohol consumption, participants filled out the University of Hawaii Multi-
Ethnic Dietary Questionnaire with the help of the study research nurses. The test-retest
reliability of this questionnaire has been validated (Stram et al, 2000). The questionnaire
asks about average eating habits over the past year. The questionnaire was analyzed at the
University of Hawaii. Estimates for average daily intake of kilocalories, alcohol, total
dietary iron, dietary iron derived from meat, fish and poultry, and supplemental iron were
provided. For the analyses reported in this study, the iron derived from meat, fish and
poultry was classified as heme iron and the difference between total dietary iron and dietary
heme iron as non-heme iron.

Laboratory tests—Peripheral blood was collected in the morning. EDTA-anticoagulated
blood was used for performing complete blood count, reticulocyte count (Coulter® LH750,
Beckman Coulter, Inc., Fullerton, CA) and erythrocyte sedimentation rate (ESR)
(Westergren method). Serum was used to determine hepatitis B surface antigen (Diagnostic
Products Corporation, Los Angeles, CA), antibody to hepatitis C (ORTHO® HCV Version
3.0 ELISA Test System, Ortho-Clinical Diagnostics, Inc., Raritan, NH), aspartate
aminotransferase (AST), alanine aminotransferase (ALT), bilirubin, total protein, albumin,
iron, transferrin (Unicel® DxC 600 Synchron® Clinical System, Beckman Coulter, Inc.,
Fullerton, CA) and ferritin (Access® 2 Beckman Coulter, Inc., Fullerton, CA). These tests
were performed in the clinical laboratory of Howard University Hospital. Concentrations of
C-reactive protein were determined from serum samples that had been stored at −80°C by
enzyme-linked immunosorbant assay (ALPCO Diagnostics, Windham, NH, USA) (expected
plasma range provided by the manufacturer of 0.068–8.2 mg/L). Transferrin saturation was
calculated by dividing the serum iron in μg/dL by 1.27 X transferrin concentration in mg/L
and multiplying by 100 (Gottschalk et al, 2000).

Ferroportin Q248H mutation—DNA was isolated from whole blood using the
GenomicPrep Blood Isolation Kit (GE Healthcare, Little Chalfont, UK). Exon 6 of
ferroportin was amplified by using a set of primers encompassing portions of the introns that
flank the exon (forward primer: 5′-CAT CGC CTG TGG CTT TAT TT-3′; reverse primer:
5′-GCT CAC ATC AAG GAA GAG GG-3′). PCR reactions were performed in 25 μl
volumes in standard PCR buffer containing 1.5 mM MgCl2, 200 μM dNTP, 20 nM Primers
and 0.5U Taq DNA polymerase. After initial denaturation at 95°C for 5 min, a polymerase
chain reaction was performed in a thermocycler (Mycycler, Bio-Rad) for 38 of cycles of
heating at 95°C for 15s, annealing at 55°C 15s and extension at 72°C for 1min. Also a final
cycle of 10 min at 72°C was added. Ten μl of PCR product (392 bp) was digested with
PvuII enzyme (MBI Fermentas, Hanover, MD) for 2 hr at 37°C, and the resulting DNA
fragments (252 bp and 140bp) were resolved on 2.5% agarose gel and detected with
ethidium bromide staining.
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Statistical Analysis
The study prospectively defined alcohol consumption of >4 drinks per day (>56 g per day)
as heavy consumption. Linear regression was used to asses the relationships of dietary
estimates of daily alcohol, heme iron and non-heme iron intake per kg with serum ferritin,
AST, and ALT concentrations. Because the iron required for menstruation, child-bearing
and breast feeding strongly affects the iron status of women (Bothwell et al, 1979), we
prospectively planned to stratify these analyses by sex. Also, because hepatits C, liver
function, BMI and age potentially influence our serum markers of interest (Prieto et al,
1975; Reissmann and Diedrich, 1956; Aungst, 1968; Meyer et al, 1984; Legget et al, 1990;
Di Bisceglie et al, 1992; Fleming et al, 1992; Wrede et al, 2006), we report two betas from
linear regression in each sex category, a crude beta and a beta adjusted for the effects of
potential confounders for each variable as explained in the footnote of Table 2). Because
history of HIV seropositivity strongly correlated with ferritin, AST, and ALT in a non-linear
manner, these analyses were performed in participants who did not give a history of HIV
seropositivity.

Separate models were also developed to explain ferritin, AST and ALT in the comined
sample of males and females. In each case, the final model was developed with a
hierarchical backward approach with a p<0.05 to keep the predictor in the model. The
ferritin model initially included sex, age, BMI, alcohol intake, heme and non-heme iron
intake, erythrocyte sediment rate, ferroportin Q248H and ALT concentration with terms of
interaction. The AST and ALT models initially included sex, age, alcohol intake, heme and
non-heme iron intake, erythrocyte sediment rate, BMI, ferroprotin Q248H, and hepatitis C
seropositvity.

Serum ferritin, AST, ALT, and dietary intakes of alcohol and iron were log normal
transformed for use in linear regression. Two individuals with extreme outlying values for
average kilocalories ingested per day were excluded from all models.

Results

Characteristics of the study participants—The median age was 47 years and 28% of
the participants were women (Table 1). The overall prevalence of the ferroportin Q248H
mutation was 11%. History of HIV seropositivity was given by 4% of the participants. The
prevalence of hepatitis C positivity was 28% and that of hepatitis B surface antigen 2%.
Median daily estimated dietary iron was 20 mg (4 mg heme iron and 16 mg non-heme iron).
Fifty percent of the subjects were recruited as drinking four or more alcoholic drinks per
day, but only 23% drank this amount as estimated by dietary questionnaire, if it is assumed
that one drink contains 14 g alcohol. Similarly, 50% of the participants were recruited as
drinking less than two alcoholic drinks per week, but only 32% drank alcohol this rarely as
estimated by the questionnaire.

Increased prevalence of ferroportin Q248h among participants with higher
alcohol consumption—The prevalence of ferroportin Q248H increased from 7.5% in the
106 participants who consumed <56 g alcohol/day to 23.3% in the 30 participants who
consumed ≥56 g alcohol/kg per day (P=0.014 by the Pearson chi square test). The group that
consumed ≥56 g alcohol/day was further stratified according to consumption of 56–112 g/
day (n = 6) and consumption of >112 g/day (n = 24). By the Cochran linear trend test, there
was a significantly increasing prevalence of ferroportin Q248H across the three groups (P =
0.012; Figure 1).
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Separate linear regression analyses in men and women
Relationship of serum ferritin concentration to alcohol consumption—Among
men who did not have a history of HIV infection, the serum ferritin concentration correlated
positively with the dietary questionnaire derived estimate for daily intake per kg of alcohol
(Beta = 0.09; P = 0.004; Table 2). In linear regression models, beta shows the magnitude of
change in the dependent factor for a unit change in a predictor. A beta of 0.09 for log
alcohol and log ferritin indicates that one log increase in alcohol consumption is associated
with a 0.09 increase in log ferritin concentration. The relationship between alcohol and
serum ferritin persisted after adjustment for age. BMI, ALT concentration, erythrocyte
sedimentation rate, heme and non-heme iron intake and ferroportin Q248H. Among women
with no history of HIV seropositivity, serum ferritin concentration did not correlate
significantly with estimated alcohol intake either in univariate analysis or after adjustment
for potential confounders (Table 2).

Relationship of serum AST and ALT to alcohol consumption—The log AST and
ALT concentrations did not correlate with alcohol intake in either men or women who did
not have a history of HIV seropositivity. Controlling for the effects of hepatitis C
seropositivity, erythrocyte sedimentation rate, heme and non-heme iron intake and
ferroportin Q248H did not change these findings significantly (Table 2).

Relationship of serum ferritin concentration to heme Iron intake—Among men
and women subjects with no history of HIV seropositivity, serum ferritin concentration did
not correlate significantly with estimated dietary heme Iron intake either in univariate
analysis or after adjustment for potential confounders (Table 2).

Relationship of serum AST and ALT concentrations to heme Iron intake—
Among men, there was no significant correlation between heme iron intake and either AST
or ALT, before or after adjustment for potential confounders. Among women there was a
negative correlation between heme iron intake and both ALT and AST concentrations.
These relationships remained statistically significant after controlling for potential
confounders (Table 2).

Multivariate models including both men and women
Multivariate models were developed to predict the serum ferritin, AST and ALT
concentrations. In each model a specific set of variables was entered into the primary model
(see footnotes of Tables 3 and 4 and Statistical Methods). Nominated variables were
selected from sex, age (years), BMI (kg/m2), ALT, hepatitis C seropostivity, erythrocyte
sedimentation rate (mm/hr), alcohol intake (g per day), heme and non-heme iron intake (mg/
kg per day) and ferroportin Q248H. Male sex, alcohol intake and ALT concentration had
independent positive relationships with serum feritin concentration. The model predicted
23% of serum ferritin concentration variation in our subjects (Table 3). Male sex and
hepatitis C seropositivity had independent, significant correlations with both serum ALT and
AST concentrations. The models predicted 28% and 31% of the variation in ALT and AST,
respectively (Table 4). We did not observe any statistically significant relationships of BMI,
ferroportin Q248H, erythrocyte sedimentation rate, or dietary iron with serum ferritin, AST
or ALT concentrations.

Discussion
The present study investigated the influence of alcohol consumption and dietary iron content
on iron stores as assessed by serum ferritin concentration and on hepatic function as
assessed by AST and ALT concentrations. The overall prevalence of ferroportin Q248H of

Gordeuk et al. Page 5

Alcohol Clin Exp Res. Author manuscript; available in PMC 2012 June 07.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



11% among inner-city African Americans from the community in the present study (Table
1) was slightly higher than the prevalence of 5–7% in African Americans that has been
reported in other studies (Gordeuk et al, 2005; Rivers et al, 2007; Wrede et al, 2006). The
prevalence was significantly higher in participants who consumed ≥56 g per day (23.3%)
than those who consumed lesser amounts (7.5%) (P = 0.014; Figure 1). Conceivable reasons
for the higher prevalence of ferroportin Q248H with greater degree of alcohol consumption
are that this mutation may increase alcohol metabolism, provide a survival advantage for
heavy alcohol drinkers and/or protect from toxicities that limit persistent heavy alcohol
consumption.

After considering the potential confounding effects of inflammation and hepatocellular
damage on serum ferritin concentration, the present study provides evidence that greater
alcohol consumption is associated with higher serum ferritin concentrations and therefore
increased iron stores in African-American subjects with no history of HIV disease (Tables 2
and 3). However, we did not find an association between dietary heme iron and serum
ferritin concentration in the group of African Americans studied, in contrast to observations
of previous studies in different population groups (Fleming et al, 1998; Backstrand et al,
2002; Ramakrishnana et al, 2002; Liu et al, 2003). Also, serum ferritin concentration did not
differ significantly according to ferroportin Q248H allele status. The mechanism of possible
increased iron absorption with alcohol exposure in the present study does not appear to be
related to ineffective erythropoiesis, for there were no positive associations of alcohol intake
with serum concentrations of LDH, haptoglobin or bilirubin. Rather, recent studies suggest
that increased iron absorption associated with alcohol ingestion may be related to
suppression of hepcidin production by hepatocytes (Kohgo et al, 2005; Flanagan et al, 2007;
Ohtake et al, 2007). The lack of a significant association of serum ferritin concentration with
alcohol consumption in the subset of African-American women in the present study size
may be related to the smaller sample size. The confounding effects of menstruation and
childbearing on iron stores, which are difficult to quantify historically and to account for in
statistical analyses, may also be factors. The lack of a significant association of serum
ferritin concentration with ferroportin Q248H may be related to the small sample size and/or
to potential complex effects of the variant allele on iron metabolism.

Serum concentrations of AST and ALT had significant associations with male sex and with
hepatitis C seropositivity, but not with alcohol consumption in multivariate analysis (Table
4), underscoring previous observations that a minority of individuals in the population are
highly vulnerable to the hepatic toxicity of alcohol (Maddrey, 2000). The reason for the
inverse associations of estimated dietary heme iron intake with AST and ALT
concentrations in the subset of African-American women studied is not clear, but this
observation underscores that adverse effects of dietary heme iron were not observed in this
study.

Limitations to the present study include that serum ferritin concentration is an indirect
measure of iron status, that dietary estimates of alcohol and iron consumption were derived
from a recall questionnaire and that relatively small numbers of women and ferroportin
Q248H positive participants were evaluated.

In summary, the present study points to the possibility of a previously unrecognized
association of the ferroportin Q248H allele with alcohol consumption of ≥0.66 g/kg per day.
It seems possible that this association may reflect some effect of ferroportin Q248H in
protecting from alcohol toxicity. In addition, our findings provide further evidence that
alcohol consumption is associated with greater iron stores as reflected in serum ferritin
concentration in African Americans. Further research is needed to confirm and clarify these

Gordeuk et al. Page 6

Alcohol Clin Exp Res. Author manuscript; available in PMC 2012 June 07.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



associations on the epidemiologic level. Investigations into the effects of ferroportin Q248H,
alcohol and iron on cellular iron metabolism and oxidative mechanisms are also in order.
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Figure 1.
Proportions of participants with the ferroportin Q248 mutation according to alcohol
consumption category.
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Table 1

Clinical characteristics of the 143 study participants. Results in median and interquartile range unless
otherwise indicated.

Demographics

Recruitment group in no. (%)

 Self-reported alcohol consumption <2 drinks/week 72 (50.3%)

 Self-reported alcohol consumption ≥4 drinks/day 71 (49.7%)

Age in years 47 (42–54)

Women in no. (%) 40 (28.0)

Weight (kg) 81 (71–92)

Body mass index (kg/m2) 27.8 (24.2–31.8)

HIV seropositive by history in no. (%) 5 (3.5%)a

Results of dietary questionnaire

Alcohol (g/d) 18 (1–51)b

Alcohol group in no. (%)

 <4 g/d 45 (31.7%)

 >56 g/d 32 (22.5%)b

Kcal/day 3,129 (1,824–5,087)b

Dietary total iron (mg/d) 20 (10–34)b

Dietary heme iron (mg/d) 4 (2–6)b

Dietary non-heme iron (mg/d) 16 (8–28)b

Supplemental iron (mg/d) 0 (0–14)

Vitamin C (mg/d) 136 (60–242)b

Laboratory tests

Ferroportin Q248H mutation in no. (%)b

 Heterozygotes 14 (10.2)c

 Homozygotes 1 (0.7)c

Hemoglobin (g/dL) 14.1 (13.2–15.0)c

Mean corpuscular volume (fL) 90 (86–93)d

White blood cells (10−3/μL) 5.8 (4.4–7.5)d
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Platelets (10−3/μL) 252 (211–301)d

C-reactive protein (mg/L) 2.2 (0.7–6.0)d

Erythrocyte sedimentation rate (mm/hr) 15 (6–32)e

Bilirubin (mg/dL) 0.7 (0.6–0.9)f

ALT (U/L) 24 (18–37)f

AST (U/L) 27 (22–37)b

Albumin (g/dL) 3.9 (3.7–4.2)a

Protein (g/dL) 7.3 (6.8–7.7)a

Anti-hepatitis C virus positive in no. (%) 40 (28.2)b

Hepatitis B surface antigen positive in no. (%) 3 (2.1)b

Ferritin (μg/L) 92 (47–210)a

Transferrin saturation (%) 27 (19–34)g

a
N = 141;

b
N = 142;

c
N = 137;

d
N = 139;

e
N = 132;

f
N = 140;

g
N = 130

ALT = alanine aminotransferase; AST = aspartate aminotransferase
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Table 3

Beta (and P value) of predictors for log serum ferritin concentration from a multivariate linear regression
model. (Model excludes two cases with high estimated caloric intake and 6 cases with history of HIV
seropositivity)

Predictor* Beta (P value)

Sex (male) 0.40 (0.041)

Log alcohol intake (g per day) 0.06 (0.021)

Log ALT concentration (U/L) 0.60 (0.0001)

Constant 2.21 (0.0001)

Model R2 0.23

*
Primary variables entered into the models were: sex, age, BMI, alcohol intake, heme and non-heme iron intake, erythrocyte sedimentation rate,

ferroportin Q248H and ALT
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Table 4

Beta (and P values) of predictors for log AST and log ALT by multivariate linear regression. (Models exclude
two cases with high estimated caloric intake and 6 cases with history of HIV)

Predictor* Log ALT Log AST

Sex (male) 0.24 (0.022) 0.34 (0.0001)

HCV seropositivity 0.60 (0.0001) 0.55 (0.0001)

Constant 2.94 (0.0001) 2.00 (0.0001)

Model R2 0.28 0.31

*
Primary variables entered into the models were: sex, alcohol intake, heme and non-heme iron intake, age, erythrocyte sedimentation rate, BMI,

ferroportin Q248H, HCV
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