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Abstract
Background: Results of previous autopsy studies indicate that increased hepatic iron stores or
hepatic iron overload is common in African Americans dying in hospitals, but there are no reports
of hepatic iron content in other cohorts of African Americans.

Methods: We investigated the prevalence of heavy liver iron deposition in African American
adults. Using established histochemical criteria, we graded Perls' acid ferrocyanide-reactive iron in
the hepatocytes and Kupffer cells of 341 consecutive African American adults who were autopsied
in the coroner/medical examiner office. Heavy staining was defined as grade 3 or 4 hepatocyte iron
or grade 3 Kupffer cell iron.

Results: There were 254 men and 85 women (mean age ± 1 SD: 44 ± 13 y vs. 48 ± 14 y,
respectively; p = 0.0255); gender was unstated or unknown in two subjects. Approximately one-
third of subjects died of natural causes. Heavy staining was observed in 10.2% of men and 4.7% of
women. 23 subjects had heavy hepatocyte staining only, six had heavy Kupffer cell staining only, and
one had a mixed pattern of heavy staining. 15 subjects had histories of chronic alcoholism; three
had heavy staining confined to hepatocytes. We analyzed the relationships of three continuous
variables (age at death in years, hepatocyte iron grade, Kupffer cell iron grade) and two categorical
variables (sex, cause of death (natural and non-natural causes)) in all 341 subjects using a correlation
matrix with Bonferroni correction. This revealed two positive correlations: hepatocyte with
Kupffer cell iron grades (p < 0.01), and male sex with hepatocyte iron grade (p < 0.05). We also
analyzed the relationship of steatosis, inflammation, and fibrosis/cirrhosis in 30 subjects with heavy
iron staining using a correlation matrix with Bonferroni correction. There were significant positive
correlations of steatosis with inflammation (r = 0.5641; p < 0.01), and of inflammation with fibrosis/
cirrhosis (r = 0.6124; p < 0.01).

Conclusions: The present results confirm and extend previous observations that heavy liver iron
staining is relatively common in African Americans. The pertinence of these observations to genetic
and acquired causes of iron overload in African Americans is discussed.
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Background
Hepatic iron overload was detected by Perls' acid ferrocy-
anide staining and atomic absorption spectrometry at
autopsy in more than one percent of African American
adults who died in hospitals [1,2]. In one study [1], liver
specimens from 326 unselected adult African Americans
subjects were stained for iron; liver iron was quantified
using atomic absorption spectrometry in subjects in
whom increased stainable iron was observed. Four sub-
jects (1.2%), two men and two women aged 50 to 63
years, had hepatic iron indices adjusted for previous eryth-
rocyte transfusion that were ≥ 1.9 (range 1.9 – 5.6) [1]. In
a second study [2], hepatic iron concentrations of liver tis-
sue from autopsies in 99 African Americans were quanti-
fied. Thirty-one (31.3%) had an elevated hepatic iron
concentration, including nine (9.1%) who had an hepatic
iron concentration greater than twice the upper limit of
normal and no evident cause of secondary iron overload
[2]. These results suggest that iron overload not attributa-
ble to erythrocyte transfusion is relatively common in
African Americans.

In contrast, screening programs that included cohorts of
African Americans presumably representative of the gen-
eral African American population identified a much lower
proportion of subjects with possible iron overload [3-5]
than is suggested by the results of hospital autopsy series
[1,2]. These studies used an elevated transferrin saturation
phenotype criterion generally regarded as the best for
screening whites for HFE-associated hemochromatosis [3-
5]. In these studies, ≤ 0.9% of African Americans adults
had a positive screening result(s), and ≤ 0.09% were sub-
sequently demonstrated to have hemochromatosis or iron
overload [3-5]. Taken together, these observations suggest
that previous reports of increased hepatic iron content in
African Americans dying in hospital may have overesti-
mated the prevalence of non-transfusion iron overload in
African American adults in the general population, or that
the ideal phenotype for screening African Americans for
primary iron overload differs from that which is optimal
for screening whites for HFE-associated
hemochromatosis.

Thus, we graded Perls' acid ferrocyanide-reactive iron in
the livers of 341 consecutive African American adults who
underwent autopsy in the coroner/medical examiner
office. We selected this population for study because such
subjects are more representative of the general African
American population than persons who died in hospital.
We then compared these observations with autopsy
results reported previously in African Americans who died
in hospitals [1,2]. The pertinence of these observations to
genetic and acquired causes of iron overload in African
Americans is discussed.

Methods
Selection of study subjects
The performance of this study was approved by the Insti-
tutional Review Board of the University of Alabama at Bir-
mingham and by the Coroner/Medical Examiner's Office
of Jefferson County, Alabama. We evaluated formalin-
fixed tissue obtained in 361 consecutive, unselected coro-
ner/medical examiner autopsy cases of African-American
adults (age >18 years) in Jefferson County, Alabama;
deaths in all of the present cases occurred during the inter-
val 1998 – 2002. Each subject was identified as African
American by his/her previous medical histories or legal
records, or by the coroner/medical examiner staff. Most
autopsies were performed on the same day that the respec-
tive bodies were available for evaluation at the Coroner/
Medical Examiner's Office; other autopsies were com-
pleted within ~ 18 hours. All tissues were placed directly
in fixative at the time of collection at autopsy. Liver was
not available or was not interpretable due to autolysis in
20 cases. Available records in each case were reviewed; age
at death, sex, summary of known illnesses, and cause of
death were tabulated for all cases for which liver tissue was
available.

Histologic technique, iron grading, and liver morphology
Tissues obtained at autopsy were routinely fixed in 10%
neutral buffered formalin. Triplicate sections of paraffin-
embedded liver were prepared. One section was stained
with hematoxylin and eosin, another with Perls' acid fer-
rocyanide technique to demonstrate non-heme ferric iron
[6], and a third with Masson trichrome technique. Appro-
priate positive and negative control specimens were pre-
pared with each staining batch and reviewed.

All slides were simultaneously reviewed by three investi-
gators, and the iron grades assigned in each case represent
their consensus opinions. Hepatocellular iron was graded
according to these criteria: grade 0 – no visible iron; grade
1 – iron visible in very few hepatocytes; grade 2 – iron vis-
ible in 5 – 10% of hepatocytes; grade 3 – iron visible in ≥
40% of hepatocytes; and grade 4 – abundant iron visible
in most hepatocytes [7]. Kupffer cell iron was graded
according to these criteria: grade 0 – no visible iron in
Kupffer cells; grade 1 – iron visible in ≤ one-third of
Kupffer cells; grade 2 – iron visible in one third to ≤ two-
thirds of Kupffer cells; and grade 3 – abundant iron visible
in more than two-thirds of Kupffer cells [7]. Hepatocyte or
Kupffer cell iron of grades 0 or 1 was defined as normal.
Increased stainable iron was defined as hepatocyte and/or
Kupffer cell iron grade ≥ 2 [7]. Heavy iron staining was
defined as hepatocyte iron grade of 3 or 4, or Kupffer cell
iron grade of 3. Steatosis, inflammation, and fibrosis/cir-
rhosis were assessed as described in detail elsewhere [8];
these abnormalities were graded as absent (0) or present
(+).
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We designated a gradient of stainable iron in hepatocytes
from the periportal area decreasing towards the hepatic
venule as present or absent; visualization of a gradient
required hepatocyte iron staining of grade ≥ 2 [9,10]. The
presence or absence of hepatic cirrhosis was determined
using Masson trichrome-stained specimens as described
previously [8].

Statistical considerations
The present data set consisted of observations in 341 sub-
jects and their respective livers. Analyses were performed
with a computer spreadsheet (Excel 2000®, Microsoft
Corp., Redmond, WA), and a statistical program (GB-Stat®

v. 10.0, 2003, Dynamic Microsystems, Inc., Silver Spring,
MD). Descriptive data are displayed as enumerations, per-
centages, mean ± 1 S.D., medians, and ranges. Frequency
values were compared using chi-square analysis or Fisher
exact test, as appropriate. Mean values were compared
using student t-test. Some data were analyzed using a cor-
relation matrix with Bonferroni correction. Values of p <
0.05 were defined as significant.

Results
General characteristics of study subjects
There were 254 men (mean age 44 ± 13 y; median age 42
y; range 26 – 99 y), and 85 women (mean age 48 ± 14 y;
median age 45 y; range 26 – 89 y). The mean age of men
was lower than that of women (p = 0.0255). There were
two subjects for whom gender was unstated or unknown.
Approximately one-third of subjects died of natural causes
(Table 1).

Liver iron grades
In the 341 evaluable subjects, there was a significant pos-
itive correlation of grades of stainable iron in hepatocytes
and Kupffer cells across the 341 evaluable subjects (Pear-
son r coefficient = 0.2370; p < 0.0001). However, the
mean hepatocyte iron grade was 0.83 ± 0.96; the mean
Kupffer cell iron grade was 0.32 ± 0.32.

Increased hepatocyte iron grades were observed in 64 men
(25.2%) and 8 women (9.4%) (p = 0.0021). Increased
Kupffer cell iron grades were observed in 20 men (7.9%)
and one woman (1.2%) (p = 0.0266) (Tables 2, 3).

Heavy iron staining was observed in 30 subjects (8.8%),
including 10.2% of men and 4.7% of women (p =
0.1202). The mean age of men and women with heavy
iron staining was similar: 45 ± 15 y and 47 ± 9 y (p =
0.7389). 24 subjects (7.1%) had grade 3 or 4 hepatocyte
iron; of these, one also had grade 3 Kupffer cell iron.
Seven subjects (2.1%) had grade 3 Kupffer cell iron; of
these, one also had grade 3 hepatocyte iron. Altogether,
23 subjects had heavy iron staining in hepatocytes only
(Fig. 1), six subjects had heavy iron staining in Kupffer

cells only (Fig. 2), and one subject had a mixed pattern of
heavy hepatocyte and Kupffer cell iron staining (Fig. 3).
The causes of death of the 30 subjects who had heavy iron
staining were similar to those of subjects with lower iron
grades (data not shown).

We analyzed the relationships of three continuous varia-
bles (age at death in years, hepatocyte iron grade, and
Kupffer cell iron grade) and two categorical variables (sex,
cause of death (natural and non-natural causes)) using a
correlation matrix with Bonferroni correction. This
revealed two significant positive correlations: hepatocyte
iron grade with Kupffer cell iron grade (p < 0.01), and
male sex with hepatocyte iron grade (p < 0.05).

Histologic findings in 30 subjects with heavy iron staining
These subjects were comprised of 26 men and 4 women
(Table 3). Hepatic steatosis was observed in eight subjects
(26.7%), hepatic inflammation was observed in 16

Table 1: Causes of death of 341 African Americans autopsied in 
the coroner/medical examiner office.1

Causes of Death Subjects, n Percentage

Homicide 130 38.1
Natural Cause 107 31.4
Accident 90 26.4
Unknown 7 2.1
Suicide 5 1.5
Not Stated 2 0.6

1Chronic alcoholism was listed for 15 subjects (the respective cause 
of death in each subject was ruled to be "natural cause"). Two 
subjects were reported to have diabetes mellitus; one had grade 3 
hepatocyte and grade 1 Kupffer cell iron. No subject was reported to 
have iron overload, hemochromatosis, heritable or acquired forms of 
anemia, or treatment with erythrocyte transfusion.

Table 2: Iron grades of 341 Perls' acid ferrocyanide-stained liver 
sections.1

Grade No. of subjects with 
hepatocyte staining (%)

No. of subjects with Kupffer 
cell staining (%)

0 164 (48.1) 270 (79.2)
1 104 (30.5) 50 (14.7)
2 49 (14.4) 14 (4.1)
3 21 (6.2) 7 (2.1)
4 3 (0.9) not available1

1The present grading system does not include Kupffer cell iron 
staining greater than grade 3. In all subjects, the mean hepatocyte 
grade (± 1 SD) was 0.83 ± 0.96; the mean Kupffer cell grade was 0.32 
± 0.31. A gradient of stainable iron in hepatocytes from the periportal 
area decreasing towards the hepatic venule was observed in 56 
subjects.
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subjects (53.3%), and hepatic fibrosis or cirrhosis was
observed in nine subjects (30.0%). However, 14 subjects
(46.7%) did not have steatosis or inflammation; none of
these 14 subjects had fibrosis/cirrhosis.

We analyzed the relationship of hepatocyte and Kupffer
cell iron grades, steatosis, inflammation, and fibrosis/cir-
rhosis in these 30 subjects (Table 3) using a correlation
matrix with Bonferroni correction. There was a significant
negative correlation of hepatocyte and Kupffer cell iron
grades (r = -0.7368; p < 0.01). There was a significant
positive correlation of steatosis with inflammation (r =
0.5641; p < 0.01). There was a significant positive correla-
tion of inflammation with fibrosis/cirrhosis (r = 0.6124; p
< 0.01).

Subjects with chronic alcoholism
Fifteen subjects had histories of chronic alcoholism; three
of these had heavy liver iron staining. In each case, iron
staining was confined to hepatocytes. The percentage of
subjects with heavy iron staining was similar in 15 sub-
jects reported to have chronic alcoholism and in 326 sub-
jects not reported to have chronic alcoholism (20.0% vs.
8.3%; p = 0.1356).

Three persons who had histories of chronic alcoholism
also had hepatic cirrhosis. A 36 year-old man had grade 0
hepatocyte and grade 0 Kupffer cell iron. A 46 year-old
man had grade 2 hepatocyte iron and grade 0 Kupffer cell
iron. A 50 year-old woman had grade 4 hepatocyte iron
and grade 0 Kupffer cell iron (Fig. 4).

Subjects with cirrhosis
Five subjects had hepatic cirrhosis (1.5%). Three had his-

tories of chronic alcoholism (described above). One of
these three subjects, a 50 year-old woman, had grade 4

Table 3: Histologic findings in 30 African American subjects with heavy liver iron staining1

Age, years Sex Hepatocyte iron 
grade

Kupffer cell iron 
grade

Steatosis Inflammation Fibrosis/cirrhosis

26 M 3 1 0 0 0
27 M 1 3 0 0 0
28 M 3 0 0 0 0
29 M 3 0 0 0 0
30 M 3 1 0 0 0
34 M 3 0 0 0 0
34 M 0 3 0 0 0
37 M 3 2 + + 0
37 M 3 1 + + 0
39 M 3 1 0 0 0
39 M 3 1 0 + +
40 M 2 3 + + 0
42 M 3 0 0 0 0
43 M 3 0 0 0 0
44 M 4 1 0 + 0
44 M 4 0 0 + +2

46 M 3 0 0 + 0
49 M 3 0 0 0 0
50 M 1 3 0 + 0
52 M 3 0 + + +
55 M 3 0 0 0 0
59 M 3 0 + + 0
59 M 0 3 0 + +
63 M 3 1 + + +
67 M 2 3 0 + +
91 M 3 0 + + +2

33 F 3 3 0 0 0
50 F 4 0 0 + +2

51 F 3 0 + + +
54 F 3 0 0 0 0

1 Heavy iron staining was defined as hepatocyte iron grade of 3 or 4, or Kupffer cell iron grade of 3. Steatosis, inflammation, and fibrosis/cirrhosis 
were assessed as described in detail elsewhere [8]; these abnormalities were graded as absent (0) or present (+).
2 These subjects had hepatic cirrhosis [8].
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Photomicrograph of non-cirrhotic liver stained with Perls' techniqueFigure 1
Photomicrograph of non-cirrhotic liver stained with 
Perls' technique. Liver of a 44 year-old African American 
man who died of pneumonia. There is a predominance of 
iron staining (grade 4) in hepatocytes. Original magnification 
40×.

Photomicrograph of non-cirrhotic liver stained with Perls' techniqueFigure 2
Photomicrograph of non-cirrhotic liver stained with 
Perls' technique. Liver of a 34 year-old African American 
man who died of homicide. There is a predominance of iron 
staining (grade 3) in Kupffer cells; there is faint diffuse staining 
of hepatocytes (grade 1). Original magnification 40×.

Photomicrograph of non-cirrhotic liver stained with Perls' techniqueFigure 3
Photomicrograph of non-cirrhotic liver stained with 
Perls' technique. Liver of a 33 year-old African American 
woman who died of accidental trauma. There is heavy iron 
staining in hepatocytes (grade 3) and Kupffer cells (grade 3). 
Original magnification 40×.

Photomicrograph of cirrhotic liver stained with Perls' techniqueFigure 4
Photomicrograph of cirrhotic liver stained with Perls' 
technique. Liver of a 50 year-old African American woman 
with a history of chronic alcoholism. There is a predomi-
nance of iron staining (grade 4) in hepatocytes, and promi-
nent staining of bile ductule cells. Micronodular cirrhosis and 
moderate-severe steatosis were also present. Original mag-
nification 100×.
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hepatocyte iron and grade 0 Kupffer cell iron (Fig. 4). Two
other subjects, neither of whom had a history of
alcoholism, also had hepatic cirrhosis. One was a 44 year-
old man with grade 4 hepatocyte iron who died of pneu-
monia (Fig. 1; Table 3). The other was a 91 year-old man
with grade 3 hepatocyte iron who died of intracranial
hemorrhage (Table 3).

Discussion
Heavy hepatocyte or Kupffer cell iron staining was
observed in 8.8% of the present subjects. This is consistent
with prevalence estimates of hepatic iron overload
reported in hospital autopsy series of African Americans
from other geographic areas [1,2]. The present subjects
were relatively young, on the average, and approximately
two-thirds died of non-natural causes. In contrast, the
subjects in previous hospital autopsy series were much
older, on the average, and most died of natural causes
[1,2]. In one hospital autopsy series, all subjects but one
were men [2]. Although there was a predominance of men
in the present study, our series included 85 women. We
observed that the percentages of men with increased hepa-
tocyte or Kupffer cell iron grades were greater than those
of women. This is in agreement with the greater mean iron
stores of African American men than women detected in
assessments of iron nutrition, and with the predominance
of men in clinical and autopsy series of African Americans
with primary iron overload [1,7,11,12]. Altogether, the
present subjects may be more representative of African
American adults in the general population than those in
hospital autopsy series [1,2], although there may be fewer
available observations regarding medical history in the
present cases than in African Americans who died in hos-
pital [1,2].

Microscopic estimation of liver iron content correlates
well with atomic absorption spectrometry measurements
in subjects in whom the histologic distribution of hepatic
iron and clinical circumstances suggest hemochromatosis,
i.e., predominance of hepatocyte iron and no apparent
explanation for iron overload [9,13-15]. These histologic
criteria were pertinent to 77% of the present subjects. On
the other hand, the relationship of iron grades and quan-
titative liver iron measurements is not well documented
in subjects in whom hepatic iron deposition occurs pre-
dominantly in macrophages, like 20% of the present sub-
jects. Hepatic iron concentrations and indices have been
used as conservative, surrogate diagnostic criteria for
primary iron overload in African Americans [1,2,7,16],
although there has been no validation of their use in such
cases. Further, some African Americans who had iron
overload demonstrated by therapeutic phlebotomy had
normal hepatic iron concentrations and indices [7,17].
Elevated hepatic iron indices have also been reported to
occur in a variety of other conditions [18-20].

Primary iron overload in African Americans is often asso-
ciated with preferential deposition of iron in macro-
phages in multiple organs [1,7,21]. In some cases, this is
associated with the inheritance of the Q248H missense
mutation of the ferroportin gene FPN1 [17,21,22]. Two of
thirteen (15.4%) African American iron overload index
patients and two of 39 (5.1%) African American control
subjects who reside in central Alabama were heterozygous
for FPN1 Q248H [21]. Nine of the present 341 (6.0%)
subjects had heavy iron staining confined to Kupffer cells.
Thus, FPN1 Q248H could account for heavy iron staining
in some of the present subjects. Other African Americans
with primary iron overload have a predominance of hepa-
tocyte iron deposition. This is consistent with hemochro-
matosis phenotypes associated with HFE genotypes
typical of hemochromatosis in whites (HFE C282Y/
C282Y or C282Y/H63D) [16,21], or with common types
of hemoglobinopathy or thalassemia [7,21]. Other Afri-
can Americans with primary iron overload and a predom-
inance of hepatocyte iron staining have missense
mutations of the hemojuvelin gene HJV on Ch1q [23] or
the erythroid-specific 5-aminolevulinate synthase gene
ALAS2 on ChX [24,25]. Other putative African iron over-
load alleles may account for iron overload in some cases
[26]. However, performing DNA analyses to detect muta-
tions of iron-associated genes was beyond the scope of the
present work.

Acquired disorders account for increased hepatic iron
deposition in some African Americans. In the present
study, we did not observe any subject who had heavy liver
iron staining and fibrosis or cirrhosis who did not also
have hepatic steatosis or inflammation. Chronic viral
hepatitis C occurs in approximately 1.8% of the overall
U.S. population [27], and the prevalence of chronic
hepatitis C is significantly greater in African Americans
than whites in the U.S. [27,28]. A greater proportion of
African Americans than persons of other races respond to
chronic hepatitis C infection with an increase in iron
stores, after adjustment for age, alcohol intake, gender,
menopausal status, education, body mass index, and pov-
erty index [29]. More than half of the present subjects who
had heavy iron staining had hepatic inflammation. It is
plausible that some of these had viral hepatitis C,
although this is unproven. More than one-quarter of the
present subjects who had heavy iron staining also had
hepatic steatosis. The prevalence of non-alcoholic steato-
sis and steatohepatitis is lower in African Americans than
in whites [30,31], although some risk factors for non-alco-
holic hepatic steatosis and steatohepatitis (obesity, insu-
lin resistance, and diabetes mellitus) are significantly
greater in African Americans than in whites in the U.S.
[30-32]. Taken together, these findings suggest the devel-
opment of hepatic fibrosis or cirrhosis in African Ameri-
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cans who have heavy hepatic iron deposition may require
the synergistic effects of hepatic steatosis or inflammation.

Iron overload sometimes develops spontaneously or after
repeated erythrocyte transfusion in African Americans
with heritable or acquired anemia, or with
myelodysplasia or acute leukemia [7,15,33-41]. Although
there were no reports of heritable or acquired anemia or
of multiple erythrocyte transfusions in the present sub-
jects, such circumstances were frequent in hospital
autopsy series of African Americans [1,2].

Three of the five present subjects with micronodular cir-
rhosis had a history of chronic alcoholism. African Amer-
icans are at greater risk than whites for developing several
alcohol-related conditions, including hepatic cirrhosis
[42,43]. In the present study, however, the prevalence of
heavy liver iron staining was similar in subjects with and
without histories of chronic alcoholism.

Conclusions
We conclude that heavy liver iron staining is common in
African American adults who were autopsied in the coro-
ner/medical examiner office. The different histologic pat-
terns of heavy liver iron staining we observed in the
present subjects are consistent with the phenotypic and
genotypic heterogeneity of primary iron overload in Afri-
can Americans [21] and with the phenotypic heterogene-
ity of iron overload of other causes [7,29,33-41].
However, the present results do not demonstrate specific
genetic or acquired causes for heavy liver iron staining in
individual subjects. Further, the present results do not
prove that the present subjects with heavy liver iron stain-
ing had systemic iron overload.

Competing interests
The author(s) declare that they have no competing
interests.

Authors' contributions
JCB conceived and designed the study, reviewed and
graded the liver specimens, contributed to the statistical
analyses of data, and contributed to writing the manu-
script. RTA reviewed and graded the liver specimens, con-
tributed to the statistical analyses of data, and contributed
to writing the manuscript. AKR reviewed and graded the
liver specimens and contributed to writing the manu-
script. RMB provided information on the autopsy cases,
provided the liver specimens, reviewed the histology of
selected liver specimens, and contributed to writing the
manuscript. All authors approved of the manuscript in its
final form.

Acknowledgments
This work was supported in part by Southern Iron Disorders Center, the 
Immunogenetics Program, and NCI training grant R25 CA 76023-04 UAB 
Cancer Research Experiences for Student (CaRES).

References
1. Wurapa RK, Gordeuk VR, Brittenham GM, Khiyami A, Schechter GP,

Edwards CQ: Primary iron overload in African Americans. Am
J Med 1996, 101:9-18.

2. Brown KE, Khan CM, Zimmerman MB, Brunt EM: Hepatic iron
overload in blacks and whites: a comparative autopsy study.
Am J Gastroenterol 2003, 98:1594-1598.

3. Baer DM, Simons JL, Staples RL, Rumore GJ, Morton CJ: Hemochro-
matosis screening in asymptomatic ambulatory men 30
years of age and older. Am J Med 1995, 98:464-468.

4. Phatak PD, Sham RL, Raubertas RF, Dunnigan K, O'Leary MT, Brag-
gins C, Cappuccio JD: Prevalence of hereditary hemochroma-
tosis in 16031 primary care patients. Ann Intern Med 1998,
129:954-961.

5. Barton JC, Cheatwood SM, Key TJ, Acton RT: Hemochromatosis
detection in a health screening program at an Alabama for-
est products mill. J Occup Environ Med 2002, 44:745-751.

6. Perls M: Nachweis von Eisenoxyd in gewissen Pigmenten. Vir-
chow Arch [Pathol Anat] 1867, 39:42-48.

7. Barton JC, Edwards CQ, Bertoli LF, Shroyer TW, Hudson SL: Iron
overload in African Americans. Am J Med 1995, 99:616-623.

8. Morrison ED, Brandhagen DJ, Phatak PD, Barton JC, Krawitt EL, El
Serag HB, Gordon SC, Galan MV, Tung BY, Ioannou GN, Kowdley
KV: Serum ferritin level predicts advanced hepatic fibrosis
among U.S. patients with phenotypic hemochromatosis. Ann
Intern Med 2003, 138:627-633.

9. Deugnier YM, Loreal O, Turlin B, Guyader D, Jouanolle H, Moirand
R, Jacquelinet C, Brissot P: Liver pathology in genetic hemo-
chromatosis: a review of 135 homozygous cases and their
bioclinical correlations. Gastroenterology 1992, 102:2050-2059.

10. Gordeuk VR: Hereditary and nutritional iron overload. Baillieres
Clin Haematol 1992, 5:169-186.

11. Assessment of the iron nutritional status of the U.S. popula-
tion based on data collected in the Second National Health
and Nutrition Examination Survey, 1976-1980. Edited by: Pilch
SM and Senti FR. Bethesda, Life Sciences Research Office, Federation
of American Societies for Experimental Biology; 1984:1-C-2. 

12. McLaren CE, Li KT, Gordeuk VR, Hasselblad V, McLaren GD: Rela-
tionship between transferrin saturation and iron stores in
the African American and US Caucasian populations: analy-
sis of data from the third National Health and Nutrition
Examination Survey. Blood 2001, 98:2345-2351.

13. Baldus WP, Batts KP, Brandhagen DJ: Liver biopsy in hemochro-
matosis. In Hemochromatosis. Genetics, pathophysiology, diagnosis and
treatment Edited by: Barton JC and Edwards CQ. Cambridge, Cam-
bridge University Press; 2000:187-199. 

14. Bassett ML, Halliday JW, Powell LW: Value of hepatic iron meas-
urements in early hemochromatosis and determination of
the critical iron level associated with fibrosis. Hepatology 1986,
6:24-29.

15. Frey WGIII, Gardner MH, Pillsbury JA: Quantitative measure-
ment of liver iron by needle biopsy. J Lab Clin Med 1968,
72:52-57.

16. Barton JC, Acton RT: Inheritance of two HFE mutations in Afri-
can Americans: cases with hemochromatosis phenotypes
and estimates of hemochromatosis phenotype frequency.
Genet Med 2001, 3:294-300.

17. Beutler E, Barton JC, Felitti VJ, Gelbart T, West C, Lee PL, Waalen J,
Vulpe C: Ferroportin 1 (SCL40A1) variant associated with
iron overload in African-Americans. Blood Cells Mol Dis 2003,
31:305-309.

18. Cotler SJ, Bronner MP, Press RD, Carlson TH, Perkins JD, Emond MJ,
Kowdley KV: End-stage liver disease without hemochromato-
sis associated with elevated hepatic iron index. J Hepatol 1998,
29:257-262.

19. Ludwig J, Hashimoto E, Porayko MK, Moyer TP, Baldus WP: Hemo-
siderosis in cirrhosis: a study of 447 native livers. Gastroenterol-
ogy 1997, 112:882-888.
Page 7 of 8
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8686721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12873584
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12873584
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7733125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7733125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7733125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9867748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9867748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12185795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12185795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12185795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7503084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7503084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12693884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12693884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1587423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1587423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1587423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1596591
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11588029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11588029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11588029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3943787
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3943787
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3943787
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5659544
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5659544
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11478530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11478530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14636643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14636643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9722207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9722207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9041250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9041250


BMC Clinical Pathology 2005, 5:2 http://www.biomedcentral.com/1472-6890/5/2
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

20. Strasser SI, Kowdley KV, Sale GE, McDonald GB: Iron overload in
bone marrow transplant recipients. Bone Marrow Transplant
1998, 22:167-173.

21. Barton JC, Acton RT, Rivers CA, Bertoli LF, Gelbart T, West C, Beut-
ler E: Genotypic and phenotypic heterogeneity of African
Americans with primary iron overload. Blood Cells Mol Dis 2003,
31:310-319.

22. Gordeuk VR, Caleffi A, Corradini E, Ferrara F, Jones RA, Castro O,
Onyekwere O, Kittles R, Pignatti E, Montosi G, Garuti C, Gangaidzo
IT, Gomo ZA, Moyo VM, Rouault TA, MacPhail P, Pietrangelo A: Iron
overload in Africans and African-Americans and a common
mutation in the SCL40A1 (ferroportin 1) gene. Blood Cells Mol
Dis 2003, 31:299-304.

23. Lee PL, Barton JC, Brandhagen D, Beutler E: Hemojuvelin (HJV)
mutations in persons of European, African-American and
Asian ancestry with adult onset haemochromatosis. Br J
Haematol 2004, 127:224-229.

24. Collins TS, Arcasoy MO: Iron overload due to X-linked siderob-
lastic anemia in an African American man. Am J Med 2004,
116:501-502.

25. Barton JC, Lee PL, Bertoli LF, Beutler E: Iron overload in an Afri-
can American woman with SS hemoglobinopathy and a pro-
moter mutation in the X-linked erythroid-specific 5-
aminolevulinate synthase (ALAS2) gene. Blood 104:6b.

26. Gordeuk V, Mukiibi J, Hasstedt SJ, Samowitz W, Edwards CQ, West
G, Ndambire S, Emmanual J, Nkanza N, Chapanduka Z, .: Iron over-
load in Africa. Interaction between a gene and dietary iron
content. N Engl J Med 1992, 326:95-100.

27. Alter MJ, Kruszon-Moran D, Nainan OV, McQuillan GM, Gao F,
Moyer LA, Kaslow RA, Margolis HS: The prevalence of hepatitis
C virus infection in the United States, 1988 through 1994. N
Engl J Med 1999, 341:556-562.

28. Howell C, Jeffers L, Hoofnagle JH: Hepatitis C in African Ameri-
cans: summary of a workshop. Gastroenterology 2000,
119:1385-1396.

29. Ioannou GN, Dominitz JA, Weiss NS, Heagerty PJ, Kowdley KV:
Racial differences in the relationship between hepatitis C
infection and iron stores. Hepatology 2003, 37:795-801.

30. Falck-Ytter Y, Younossi ZM, Marchesini G, McCullough AJ: Clinical
features and natural history of nonalcoholic steatosis
syndromes. Semin Liver Dis 2001, 21:17-26.

31. Caldwell SH, Harris DM, Patrie JT, Hespenheide EE: Is NASH
underdiagnosed among African Americans? Am J Gastroenterol
2002, 97:1496-1500.

32. Mokdad AH, Ford ES, Bowman BA, Dietz WH, Vinicor F, Bales VS,
Marks JS: Prevalence of obesity, diabetes, and obesity-related
health risk factors, 2001. JAMA 2003, 289:76-79.

33. Schafer AI, Cheron RG, Dluhy R, Cooper B, Gleason RE, Soeldner JS,
Bunn HF: Clinical consequences of acquired transfusional iron
overload in adults. N Engl J Med 1981, 304:319-324.

34. Conrad ME: Sickle cell disease and hemochromatosis. Am J
Hematol 1991, 38:150-152.

35. Longo F, Zecchina G, Sbaiz L, Fischer R, Piga A, Camaschella C: The
influence of hemochromatosis mutations on iron overload of
thalassemia major. Haematologica 1999, 84:799-803.

36. Piperno A, Mariani R, Arosio C, Vergani A, Bosio S, Fargion S, Sampi-
etro M, Girelli D, Fraquelli M, Conte D, Fiorelli G, Camaschella C:
Haemochromatosis in patients with beta-thalassaemia trait.
Br J Haematol 2000, 111:908-914.

37. Zanella A, Bianchi P, Iurlo A, Boschetti C, Taioli E, Vercellati C, Zappa
M, Fermo E, Tavazzi D, Sampietro M: Iron status and HFE geno-
type in erythrocyte pyruvate kinase deficiency: study of Ital-
ian cases. Blood Cells Mol Dis 2001, 27:653-661.

38. Castro O, Hasan O, Kaur K, Loyevsky M, Gordeuk V: Hemochro-
matosis in non-transfused African-American patient with
sickle cell anemia. Blood 1998, 92 (suppl):13b-13b.

39. Hitender J, Alboronoz MA, Collazo J, Greenblatt JM, Dratganescu JM,
Matthew M: A rare case report of hemochromatosis in an Afri-
can-American female. Am J Gastroenterol 2000, 95:2580-2580.

40. Cazzola M, Barosi G, Gobbi PG, Invernizzi R, Riccardi A, Ascari E:
Natural history of idiopathic refractory sideroblastic
anemia. Blood 1988, 71:305-312.

41. Barton JC, Bertoli LF: Transfusion iron overload in adults with
acute leukemia: manifestations and therapy. Am J Med Sci
2000, 319:73-78.

42. Caetano R: Prevalence, incidence and stability of drinking
problems among whites, blacks and Hispanics: 1984-1992. J
Stud Alcohol 1997, 58:565-572.

43. Stinson FS, Grant BF, Dufour MC: The critical dimension of eth-
nicity in liver cirrhosis mortality statistics. Alcohol Clin Exp Res
2001, 25:1181-1187.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1472-6890/5/2/prepub
Page 8 of 8
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9707025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9707025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14636644
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14636644
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14636642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14636642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14636642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15461631
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15461631
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15461631
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15047047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15047047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1727237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1727237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1727237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10451460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10451460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11054398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11054398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12668972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12668972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12668972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11296693
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11296693
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11296693
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12094872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12094872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12503980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12503980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6777701
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6777701
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1951309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10477452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10477452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10477452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11122155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11122155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11482880
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11482880
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11482880
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3337899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3337899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3337899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10698089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10698089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9391915
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9391915
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11505049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11505049
http://www.biomedcentral.com/1472-6890/5/2/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Selection of study subjects
	Histologic technique, iron grading, and liver morphology
	Statistical considerations

	Results
	General characteristics of study subjects
	Liver iron grades
	Table 1
	Table 2

	Histologic findings in 30 subjects with heavy iron staining
	Subjects with chronic alcoholism
	Subjects with cirrhosis

	Discussion
	Conclusions
	Competing interests
	Authors' contributions
	Acknowledgments
	References
	Pre-publication history

