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COUNTRIES OF ANCESTRY REPORTED BY HEMOCHROMATOSIS PROBANDS AND

CONTROL SUBJECTS IN CENTRAL ALABAMA

Objectives: We sought to evaluate the hy-
pothesis that the relatively high HFE C282Y al-
lele frequency in White persons in central Al-
abama (0.0896) is due to a predominance of
persons of Irish and Scots descent, and is not
attributable to Native American ancestry com-
mon in this geographic area.

Design: Eighty evaluable hemochromatosis
probands with C282Y homozygosity and 319
White controls reported countries of ancestry
of their grandparents. Frequencies of country
of ancestry reports were tabulated. The reports
were also converted to scores that reflect pro-
portional countries of ancestry in individuals.
Using the scores, we computed aggregate
country of ancestry indices as estimates of
group ancestry composition. Results were
compared to those of European populations
with C282Y allele frequencies .0.0800.

Results: The respective frequencies of ‘‘British
Isles’’ and Scotland reports were significantly
greater in hemochromatosis probands than in
controls. The respective frequencies of ‘‘Eu-
rope Not British Isles,’’ Italy, and Poland re-
ports were significantly greater in controls. Ag-
gregate ‘‘British Isles’’ and Scotland indices
were significantly greater in hemochromatosis
probands. The ‘‘Europe Not British Isles’’ index
was significantly greater in controls. Approxi-
mately one-quarter of hemochromatosis pro-
bands and controls reported ‘‘Native Ameri-
can’’ ancestry; the corresponding country of
ancestry index was not significantly different in
probands and controls. C282Y frequencies
.0.0800 were reported from England, Ireland,
Scotland, Wales, Brittany, and Denmark.

Conclusions: The present results indicate that
hemochromatosis probands with C282Y ho-
mozygosity in central Alabama report signifi-
cantly different countries of ancestry than con-
trol subjects. It is unlikely that Native American
ancestry is associated with an enrichment of
hemochromatosis among adult probands. Brit-
ish Isles ancestry, not exclusively Irish and
Scots ancestries, likely accounts for the rela-
tively high C282Y frequency in White persons
in central Alabama. (Ethn Dis. 2004;14:73–81)

Key Words: Ancestry, C282Y, Iron, HFE, He-
mochromatosis

Department of Medicine (JCB, RTA),
Immunogenetics Program, Department of
Microbiology, and Department of Epidemi-
ology and International Health (WWH,

Ellen H. Barton, BA; James C. Barton, MD;
William W. Hollowell, BS; Ronald T. Acton, PhD

INTRODUCTION

Hemochromatosis is a common au-
tosomal recessive disorder that occurs
predominantly in Caucasians of north-
ern European descent. Among White
persons with hemochromatosis, 60%–
100% are homozygous for a common
missense mutation of the HFE gene on
Ch6p (C282Y; exon 4, nt 845
G→A).1–4 Some observations indicate
that C282Y probably originated in
Celts.5–8 Other data suggest that C282Y
first arose in Vikings.8–12 It is probable
that Vikings were primarily responsible
for dissemination of C282Y in medieval
Europe.8,9,12–14 Thus, the highest allele
frequencies of C282Y occur in present-
day British Isles and other areas adjacent
to the North Sea,4–13 consistent with
Celtic populations and several centuries
of Viking exploration, raids, and trading
in this area.15–18 In ‘‘post-Viking’’ cen-
turies, migrations of western Europeans
resulted in further spread of C282Y and
the occurrence of C282Y and hemo-
chromatosis in the United States and
other countries outside Europe.3,4,13

A C282Y allele frequency of 0.0598
was observed in American White per-
sons who participated in a cross-section-
al population-based study (Third Na-
tional Health and Nutrition Examina-
tion Survey).19 Less representative co-
horts of the general US population had
C282Y allele frequencies of 0.0323 and
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0.0732, respectively.1,20 C282Y allele
frequencies of 0.0415–0.0896 have
been reported in cohorts of White per-
sons in Alabama, California, Connecti-
cut, Maine, Missouri, New Mexico,
Oregon, and South Carolina.21–29 The
highest of these frequency values
(0.0896) was obtained from the com-
posite results of 2 population-based
studies in central Alabama.21,22

It has been hypothesized that the rel-
atively high C282Y allele frequency in
central Alabama is due to the settlement
of this area by a predominance of per-
sons of Irish and Scots descent.30 In the
present study, we sought to evaluate this
hypothesis by using questionnaires to
obtain information about the countries
of ancestry of the grandparents of White
adults in central Alabama with hemo-
chromatosis associated with C282Y ho-
mozygosity and of White control sub-
jects from the central Alabama general
population. We also hypothesized that
native American ancestry of central Al-
abama White adults does not contribute
significantly to the occurrence of he-
mochromatosis in this geographic area,
because hemochromatosis phenotypes
or C282Y were rarely detected in native
Americans in other studies.3,31 We eval-
uated the frequency of country of an-
cestry reports in hemochromatosis and
control participants and devised a coun-
try of ancestry index to permit quanti-
fication and comparison of group an-
cestry data. We compared these results
with the countries in modern Europe in
which the C282Y allele frequency is
equal to or greater than that reported in
central Alabama. We discuss the perti-
nence of the present observations to: 1)
the ancestry of central Alabama White
persons with hemochromatosis associ-
ated with C282Y homozygosity and
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control subjects; 2) the frequency of
C282Y in the Alabama general popula-
tion; and 3) population testing for he-
mochromatosis.

PATIENTS AND METHODS

General Criteria for Selection of
Study Subjects. The performance of this
work was approved by the Institutional
Review Boards of Brookwood Medical
Center and the University of Alabama
at Birmingham. All subjects were adults
($18 years of age) who resided in cen-
tral Alabama; each identified himself/
herself as White. Persons with hemo-
chromatosis were diagnosed in routine
medical care in the interval 1992–2002,
but were otherwise unselected. We ex-
cluded persons of sub-Saharan African
or African-American descent because: 1)
HFE mutations are uncommon among
African Americans in central Alabama;
32,33 and 2) the genotype and phenotype
of iron overload in most African Amer-
icans is dissimilar to that of hemochro-
matosis in White persons in our geo-
graphic area.33–36

Hemochromatosis Probands. Hemo-
chromatosis is often first suspected in
routine care delivery because patients
develop clinical abnormalities typical of
iron overload such as elevated serum
concentrations of hepatic enzymes, hy-
perferritinemia, diabetes mellitus, other
endocrinopathy, arthropathy, or chronic
fatigue.37,38 A presumptive diagnosis of
hemochromatosis was based on dem-
onstration of a hemochromatosis phe-
notype defined by persistently elevated
transferrin saturation (.60% in men,
.50% in women).21,37,38 Iron overload
was defined as otherwise unexplained el-
evation of serum ferritin concentration
(.300 ng/mL in males, .200 ng/mL
in females), 31 or 41 intrahepatocytic
iron visualized using Perls’ staining, or
hepatic iron index .1.9.21,37–40 Evalua-
tion for iron overload and its compli-
cations were performed as described in
detail elsewhere.21,35,37 Serum transferrin

saturation and serum ferritin concentra-
tion were quantified using standard au-
tomated methods. Genotyping for the
common HFE mutations C282Y (exon
4; nt 845G→A) and H63D (exon 2; nt
187C→G) was performed using geno-
mic DNA obtained from peripheral
blood buffy coat.21,22 By design, all he-
mochromatosis probands included in
the present study were homozygous for
HFE C282Y. Of persons diagnosed in
routine medical care to have a hemo-
chromatosis phenotype as defined
above, approximately 80% are homo-
zygous for HFE C282Y.20 Further, we
included only the first persons diag-
nosed to have hemochromatosis and
C282Y homozygosity in respective fam-
ilies; they were designated as probands.
Eighty-eight hemochromatosis pro-
bands responded to our questionnaire,
of whom 8 were inevaluable because
they did not know the country of an-
cestry of any of their grandparents. This
left a group of 80 probands whose data
were deemed evaluable for the present
study.

Control Subjects. Control subjects
were recruited in 2 groups. The first
group consisted of 260 unselected vol-
unteers who completed the present
questionnaire (described below); they
were recruited from hospital workers,
employees of 2 universities, spouses of
patients who attended a hematology/
medical oncology outpatient clinic, and
members of the general public encoun-
tered in 2 retail shopping malls. The
second group consisted of 83 spouses of
persons with cutaneous melanoma and
randomly recruited subjects who were
interviewed. In both groups, we exclud-
ed persons who were known to be rel-
atives of other study participants. A po-
tential control subject was not included
in the study because she reported that
she had hemochromatosis. We did not
evaluate medical histories, perform
physical examinations, or assess serum
iron measures or HFE genotypes in con-
trol subjects. These data were pooled to
yield a group of 343 unrelated controls,

from whom 24 were eliminated because
they did not know the country of an-
cestry of any of their grandparents (as
indicated below). This left a group of
319 control subjects whose data were
deemed evaluable for the present study.

Questionnaire and Interview De-
sign. A one-page questionnaire was de-
signed to permit each study participant
to indicate the countries of ancestry of
his/her paternal and maternal grandpar-
ents. This method was, in part, modi-
fied from previously reported methods
by including only the country of birth
of grandparents.41,42 Choices were pre-
sented in identical columns below head-
ings for each of 4 grandparents. Most
choices were presented alphabetically:
Austria, Belgium, Denmark, England,
Finland, France, Germany, Greece, Ire-
land, Italy, Netherlands, Norway, Po-
land, Portugal, Russia, Scotland, Sicily,
Spain, Sweden, Switzerland, and Wales.
Additional choices included ‘‘Native
American’’ (‘‘Indian’’), ‘‘Other’’ (specific
country or countries requested), and
‘‘Don’t Know.’’ Each participant re-
sponded by checking appropriate choic-
es and writing in additional countries,
as appropriate. The questionnaire or in-
terview permitted study participants to
indicate multiple countries of ancestry
for each grandparent. Interview partici-
pants identified the countries of ances-
try of their grandparents to an inter-
viewer, and their verbal reports were
tabulated in a manner similar to that
recorded by questionnaire responders.
We did not perform separate testing to
assess the knowledge of any study par-
ticipants with respect to the geography
or history of countries of ancestry pre-
sented on the questionnaire or at inter-
view.

For further analysis, we defined the
aggregate category ‘‘British Isles’’ as the
composite of reports in England, Ire-
land, Scotland, and Wales categories,
and a related aggregate category ‘‘Eu-
rope Not British Isles.’’ We defined the
category ‘‘Native American’’ as the com-
posite of reports from participants who
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indicated such ancestry, regardless of
Native American tribe or nation. We de-
fined the aggregate category ‘‘North,
Central, and South American Coun-
tries’’ as the composite of reports in re-
spective countries in the Americas (oth-
er than ‘‘Native American’’ reports), and
similarly the corresponding aggregate
categories for ‘‘Near and Middle East
Countries’’ and ‘‘African Countries.’’
Reports based solely on association of
family names with specific countries
were tabulated as ‘‘Don’t Know.’’ We
did not evaluate relationships of country
of ancestry to gender of the grandpar-
ents or to the paternal or maternal side
of the participant’s family.

Frequencies of Countries of Ancestry
Reports. We tabulated the numbers of
participants who reported specific coun-
tries of ancestry or aggregate country
categories (as defined above) for one or
more grandparents. This method was,
in part, modified from previously re-
ported methods by including only the
country of birth of grandparents.41,42

This permitted us to make comparisons
of the frequencies of countries of ances-
try and aggregate categories reported by
hemochromatosis probands and control
subjects.

Country of Ancestry Indices. The
questionnaire and interview reports
from each participant were evaluated to
yield individual country of ancestry
scores which reflect proportional nation-
al ancestry. For this, each participant
was assigned 4.00 points divided equally
among each of his/her 4 grandparents.
If a participant indicated 2 or more
countries of ancestry for a grandparent,
the 1.00 point for that grandparent was
divided equally among the respective
countries to formulate the scores for in-
dividual participants. We also computed
aggregate country of ancestry indices for
hemochromatosis probands and control
subjects as estimates of group ancestry
composition. These indices were ex-
pressed as the quotient of total individ-
ual scores for respective countries and
the total number of hemochromatosis

probands or control subjects, as appro-
priate.

Review of C282Y Allele Frequencies
in Europe. A manual and computerized
literature search was performed to iden-
tify reports of C282Y allele frequencies
in White persons in countries in Eu-
rope. Because the C282Y allele frequen-
cy in central Alabama is approximately
0.0896,21,22 we tabulated only those re-
ports from countries or regions in which
the C282Y frequency was .0.0800. We
excluded studies which reported C282Y
frequency estimates on cohorts of fewer
than 50 subjects.

Statistical Considerations. The da-
taset consisted of observations on 80
evaluable hemochromatosis probands
and 319 control subjects. A computer
spreadsheet (Excel 2000, Microsoft
Corp., Redmond, Wash) and a statistical
program (GB-Stat, v. 8.0 2000, Dynam-
ic Microsystems, Inc., Silver Spring,
Md) were used to perform the present
analyses. In a preliminary evaluation, we
determined that the proportions of men
and women, mean ages, country of an-
cestry reports, and frequencies of coun-
try of ancestry reports were not signifi-
cantly different in the 2 control groups.
Therefore, we pooled data from the 2
groups for comparison with those of he-
mochromatosis probands. Frequencies
of men and women, clinical abnormal-
ities, and countries of ancestry were
counted. General descriptive data are
presented as percentages or mean 6 1
SD. Comparisons between groups were
tested for statistical differences using
chi-square analysis, Fisher exact test, or
2-tailed Student t test, as appropriate.
However, Student t test can not be used
to compare country of ancestry data
groups in which all values are 0 (no var-
iability). Accordingly, we arbitrarily as-
signed a country of ancestry datum of
0.25 for one person in each proband
country group for which there were no
actual country of ancestry reports. Stu-
dent t test was then performed using
this modified data group; estimated val-
ues of P from these tests are displayed

in parentheses. Bonferroni corrected
correlation matrices were used to eval-
uate multiple comparisons of certain
data. A value of p,0.05 was defined as
significant.

RESULTS

Characteristics of Hemochromatosis
Probands. There were reports from 80
evaluable probands (47 men, 33 wom-
en). Their mean age at the time of di-
agnosis was 51 6 14 years (range 18–
78 years). Their mean serum ferritin
concentration before treatment was
1358 6 1838 mg/L (range 21–9328
mg/L). Iron overload was present in 48
men and 31 women. At diagnosis, 16%
had hepatic cirrhosis demonstrated by
biopsy, 16% had arthropathy typical of
hemochromatosis, 19% had diabetes
mellitus, and none had cardiomyopathy.
Fifteen percent of men had hypogonad-
otrophic hypogonadism.

Characteristics of Control Subjects.
There were reports from 319 evaluable
control subjects (128 men, 191 wom-
en). Their mean age at the time of par-
ticipation in the present study was 43
6 16 years (range 18–82 years). The
percentage of women in the control
group was significantly greater than that
in the hemochromatosis probands
(P5.0036).

General Analysis of Questionnaire
and Interview Reports. No person de-
clined to participate in the study, and
there were no incomplete, equivocal, or
unintelligible questionnaire or interview
reports. Some participants reported that
they were unaware of their ancestry due
to adoption, family estrangement, or
disinterest in genealogy. Eighty of 88
hemochromatosis probands (90.9%)
and 319 of 343 control subjects
(93.0%) provided reports for at least
one of 4 grandparents; these differences
were not significant (P5.5039). Data
from these participants were included
from further analysis. Thus there were
reports from 80 evaluable hemochro-
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Table 1. Frequencies of country reports in White Adults in Central Alabama*

Country

Hemochro-
matosis

Probands,
%

(N)

Control
Subject,
% (N)

Values
of P

England
Ireland
Scotland
Wales

53.8 (43)
51.3 (41)
40.0 (32)
7.5 (6)

43.9 (140)
45.1 (144)
27.0 (86)
4.7 (15)

.1134

.2840

.0223

British Isles 82.5 (66) 75.6 (241) .1869

Native American
Germany
France
Norway
Netherlands
Lithuania
Czechoslovakia
Spain
Austria
Belgium
Denmark
Finland

27.5 (22)
23.8 (19)
11.3 (9)
3.8 (3)
8.8 (7)
1.3 (1)
1.3 (1)
1.3 (1)
0
0
1.3 (1)
0

23.8 (76)
33.5 (107)
14.1 (45)
1.6 (5)†
9.1 (29)
0.3 (1)
0.9 (3)
2.2 (7)
2.2 (7)
0.3 (1)
1.6 (5)
0.3 (1)

.4947

.0920

.5042

.2025

.9242

.3612

.5930

.5003

.2060

.7995

.6541

.7995
Greece
Hungary
Italy
Poland
Portugal
Romania
Russia
Sicily
Sweden
Switzerland
Europe not British Isles
North, Central, and South American countries†
Near and Middle East countries
African countries

0
0
0
0
0
0
0
0
0
0

51.3 (41)
6.3 (5)
0
0

1.3 (4)
0.6 (2)
5.6 (18)
5.0 (16)
0
0.6 (2)
2.5 (8)
1.6 (5)
4.4 (14)
1.3 (4)

62.7 (200)
2.2 (7)
0.9 (3)
0.3 (1)

.4070

.6388

.0161

.0286
—

.6388

.1640

.3246

.0411

.4070

.0612

.0702

.5101

.7995

* These data include reports by each evaluable study participant; there were 80 evaluable hemochromatosis
probands and 319 evaluable control subjects. The category ‘‘British Isles’’ was defined as the reports in England,
Ireland, Scotland, and Wales categories. The category ‘‘Europe Not British Isles’’ is comprised of the composite
data from the corresponding individual countries displayed in the present table. Participants who indicated specific
‘‘Native American’’ ancestry most frequently reported Cherokee and Creek descent. The ‘‘North, Central, and
South America countries’’ category (other than ‘‘Native Americans’’) included Canada, United States, Virgin Is-
lands, Colombia, and Brazil. The category ‘‘Near and Middle East countries’’ included reports about grandparents
from Iran, Lebanon, and Syria. The single observation in ‘‘African countries’’ represents the Republic of South
Africa. Data from subjects who reported one, 2 or 3 ‘‘Don’t know’’ countries of ancestry were similar in proband
and control groups (data not displayed). Chi-square or Fisher exact tests were used, as appropriate; values of
P,.05 were defined as significant.

† Four hemochromatosis probands and 4 control subjects in this category reported that they had one or more
relatives of ‘‘US’’ or ‘‘American’’ ancestry.

matosis probands and 319 evaluable
control subjects. Among evaluable he-
mochromatosis probands, the mean
number of countries reported was 2.4 6
1.3 (median 2; range 1–6 reports). The
mean number of countries reported by
evaluable control subjects was similar
(2.4 6 1.1, median 2; range 1–7 re-
ports; P5.9431).

Frequencies of Country of Ancestry
Reports. These data are displayed in Ta-
ble 1. Most participants reported Eu-
ropean countries of ancestry. Frequen-
cies of Scotland ancestry reported by he-
mochromatosis probands and control
subjects were significantly different
(40.0% vs 27.0%, respectively;
P5.0223). The frequency of ‘‘British
Isles’’ and ‘‘Europe Not British Isles’’ an-
cestry reports tabulated in hemochro-
matosis probands were not significantly
different than in control subjects. The
respective frequencies of Italy and Po-
land ancestry reported by hemochro-
matosis probands were significantly low-
er than those in control subjects. The
frequency of Sweden ancestry reports
were significantly greater in controls
(Table 1). Approximately one-quarter of
reports in hemochromatosis probands
and control subjects indicated ‘‘Native
American’’ ancestry.

Country of Ancestry Indices. These
data are displayed in Table 2. The Scot-
land index in hemochromatosis pro-
bands was significantly greater than that
in control subjects. The aggregate ‘‘Brit-
ish Isles’’ index was significantly greater
in hemochromatosis probands. The ag-
gregate ‘‘Europe Not British Isles’’ index
in hemochromatosis probands was sig-
nificantly less than that in control sub-
jects (Table 2).

We evaluated the association of age
in hemochromatosis (at diagnosis and at
participation in the present study) and
in control groups with aggregate coun-
try of ancestry indices in ‘‘British Isles,’’
‘‘Europe Not British Isles,’’ ‘‘North,
Central, and South American Coun-
tries,’’ ‘‘Native American,’’ and ‘‘Don’t
Know’’ categories using Bonferroni cor-

rected correlation matrices. In all com-
parisons, there was no significant cor-
relation of age with percentages of re-
ports in these countries of ancestry cat-
egories. Because there were significantly
more men in the hemochromatosis pro-
bands, we conducted t tests for pooled
variances to determine whether men or

women in the hemochromatosis or con-
trol groups were significantly associated
with tabulations of the same country of
ancestry categories. The results revealed
that the proportions of men and women
who reported these aggregate country of
ancestry categories were not significantly
different.
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Table 2. Country of ancestry indices in White adults in Central Alabama*

Country

Hemochro-
matosis

Probands
(N 5 80)

Control
Subjects

(N 5 319)
Value
of P†

England
Ireland
Scotland
Wales

0.9588
0.7900
0.5463
0.0750

0.7755
0.6603
0.3038
0.0674

.2254

.3212

.0241

.8473

British Isles 2.3700 1.8069 .0026

Native American
Germany
France
Norway
Netherlands
Lithuania
Czechoslovakia
Spain
Austria
Belgium
Denmark
Finland

0.3154
0.2979
0.1688
0.0750
0.0716
0.0500
0.0125
0.0125
0
0
0
0

0.2998
0.4610
0.1888
0.0230
0.1089
0.0031
0.0125
0.0219
0.0214
0.0031
0.0167
0.0063

.8490

.0597

.8028

.3434

.2946

.3574

.9979

.5421
(.0556)
(.9982)
(.1273)
(.6546)

Greece
Hungary
Italy
Poland
Portugal
Romania
Russia
Sicily
Sweden
Switzerland
Europe not British Isles
North, Central, and South American countries
Near and Middle East countries
African countries

0
0
0
0
0
0
0
0
0
0
0.6883
0.2250
0
0

0.0408
0.0094
0.1129
0.0512
0
0.0157
0.0439
0.0392
0.0674
0.0157
1.2628
0.0533
0.0408
0.0063

(.0901)
(.4143)
(.0002)
(.0007)

—
(.3469)
(.0120)
(.0701)
(.0027)
(.1572)
.0001
.1031

(.0901)
(.6546)

* These data include all reports by each evaluable study participant. The questionnaire and interview reports
from each participant were evaluated to yield individual country of ancestry scores which reflect proportional
national ancestry. For this, each participant was assigned 4.00 points divided equally among each of his/her 4
grandparents. If a participant indicated 2 or more countries of ancestry for a grandparent, the 1.00 point for that
grandparent was divided equally among the respective countries to formulate the scores of individual participants.
We also computed aggregate country of ancestry indices for hemochromatosis probands and control subjects as
estimates of group ancestry composition. These indices were expressed as the quotient of total individual scores
for respective countries and the total number of hemochromatosis probands or control subjects, as appropriate.

The category ‘‘British Isles’’ was defined as the reports in England, Ireland, Scotland, and Wales categories. The
category ‘‘Europe not British Isles’’ is comprised of the composite data from the corresponding individual countries
displayed in the present table. Participants who indicated specific ‘‘Native American’’ ancestry most frequently
reported Cherokee and Creek descent. The ‘‘North, Central, and South America countries’’ category (other than
‘‘Native Americans’’) included Canada, United States, Virgin Islands, Colombia, and Brazil. The category ‘‘Near
and Middle East countries’’ included reports about grandparents from Iran, Lebanon, and Syria. The single ob-
servation in ‘‘African countries’’ represents the Republic of South Africa.

† Student t test cannot be used to compare country of ancestry data groups in which all values were 0 (no
variability). Accordingly, we arbitrarily assigned a country of ancestry datum of 0.25 for one person in each
proband country group for which there were no actual country of ancestry reports. Student t test was then
performed using this modified data group; estimated values of P from these tests are displayed in parentheses.

We also evaluated the correlations of
aggregate country of ancestry indices in
hemochromatosis probands in ‘‘British
Isles,’’ ‘‘Europe Not British Isles,’’
‘‘North, Central, and South American

Countries,’’ ‘‘Native American,’’ and
‘‘Don’t Know’’ categories using a corre-
lation matrix. ‘‘British Isles’’ indices had
significant negative correlations with in-
dices in ‘‘Europe Not British Isles,’’

‘‘North, Central, and South American
Countries,’’ ‘‘Native American,’’ and
‘‘Don’t Know’’ categories (P,.01, ,.05,
,.01, and ,.01, respectively). In a sim-
ilar analysis of data from control sub-
jects, ‘‘British Isles’’ indices had signifi-
cant negative correlations with aggregate
indices in ‘‘Europe Not British Isles,’’
‘‘Native American,’’ and ‘‘Don’t Know’’
categories (P,.01, respectively).

HFE C282Y Allele Frequencies
.0.0800 in Europe. These data are dis-
played in Table 3. C282Y frequency
data were available from population co-
horts in most European nations.3,4,13 We
identified C282Y frequency estimates of
$0.0800 from England, Ireland, Scot-
land, Wales, Brittany, and Denmark
(Table 2).3,40–49 The C282Y allele fre-
quency reported from Dublin, Ireland
by Ryan et al47 is significantly greater
than that observed in Alabama (0.1422
vs 0.0896, respectively; P5.0381, chi-
square analysis). However, none of the
other C282Y allele frequencies displayed
in Table 2 are significantly different
from that observed in Alabama, includ-
ing the C282Y frequency in another re-
port from Dublin by Byrnes et al.48

DISCUSSION

The present results indicate that
England and Ireland are the countries of
ancestry reported most frequently by he-
mochromatosis probands and control
subjects in central Alabama. Other
countries of ancestry often reported by
the present study participants include
Scotland and Germany. These results
are consistent with historical accounts of
early migrations of persons of English,
Irish, Scots, and German descent into
central Alabama,53–56 with the national
associations of surnames recorded in Al-
abama Census returns for 1820 and
1830,57 and with the present composi-
tion of the southern United States.55 In
US Census 2000, country of ancestry
information (maximum of 2 countries)
was reported on a ‘‘long form’’ provided
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Table 3. Allele frequencies of HFE C282Y .0.0800 in European White populations

Country (City or Region) Number of Subjects*
C282Y

Frequency Reference

England (East Anglia)
England (Jersey)
England (Oxford)
Ireland (Belfast)
Ireland (Dublin)
Ireland (Dublin)
Scotland (Northeast)
Wales (not stated)
Wales (South)

200
411
330
404
109
411
188
323

10,556

0.0850
0.0827
0.1000
0.0990
0.1422
0.1095
0.0842
0.0867
0.0823

40
41
42
43
44
45
46
3

47
France (West Brittany)
Denmark (not stated)

254
219

0.0945
0.0822

48
49

* The sources of these subjects included: patients referred to Norfolk and Norwich Hospital for reasons unrelated
to known manifestations of hemochromatosis and screened anonymously40; volunteer blood donors41; Caucasoid
renal allograft cadaveric donors42; volunteers from bone marrow registry43; randomly selected control subjects44;
newborn screening cards45; women attending Aberdeen Maternity Hospital for antenatal care46; healthy blood
donors47; unrelated blood donors from ‘‘Finistère sud’’48; and Danish newborn screening biobank.49 Exact source
of population specimens was not stated in one report.3

to one in 6 census participants, and tab-
ulated as numbers of country-specific
reports.58 Thus the data of US Census
2000 cannot be compared statistically
with the results of the present study, but
the percentages of European countries
of ancestry of White Alabama residents
compiled in both studies reveal similar
trends. In the present study, the largest
subgroup of reports in the ‘‘North, Cen-
tral, and South American Countries’’
category are those of ‘‘US’’ or ‘‘Ameri-
can’’ ancestry. Other participants did
not report or know the country of an-
cestry of their grandparents. These find-
ings are also consistent with trends in
the US Census 1990 and US Census
2000, in which the percentages of
White Americans who report ‘‘Ameri-
can’’ ancestry are increasing, and the
percentages of those who report various
European countries of ancestry are de-
creasing.58,59

The significantly greater aggregate
Scotland and ‘‘British Isles’’ indices in
central Alabama hemochromatosis pro-
bands demonstrated in the present study
are consistent with C282Y allele fre-
quencies .0.0800 reported in central
Alabama21,22 and in England, Ireland,
Scotland, and Wales.3,43–50 Some of the
present hemochromatosis probands and
control subjects also reported France as

a country of ancestry. However, it was
not possible to associate West Brittany
(where the allele frequency of C282Y is
high)51 with any of the present ques-
tionnaire or interview reports. Although
a C282Y allele frequency of .0.0800
was also reported from Denmark,49 this
nation was not reported as a country of
ancestry by any hemochromatosis pro-
band in the present study. Conversely,
the aggregate ‘‘Europe Not British Isles’’
and Italy and Poland country of ances-
try indices were significantly lower in
the present central Alabama hemochro-
matosis probands than in control sub-
jects. This is consistent with the report-
ed frequencies of these ethnic groups in
the southern United States,55 with the
US Census of Alabama,58 and with anal-
yses of racial and ethnic groups in cen-
tral Alabama (Jefferson County).30

These observations are in agreement
with the C282Y allele frequencies
,0.0800 reported in European coun-
tries other than those of the British Isles,
and in Italy and Poland.3,4,13,60–64 Some
of the present central Alabama probands
who reported ‘‘Europe Not British Isles’’
countries of ancestry also had hemo-
chromatosis associated with C282Y ho-
mozygosity. This is consistent with the
occurrence of hemochromatosis associ-
ated with C282Y homozygosity in Eu-

ropeans who do not reside in the British
Isles.3,4,13,65

The present results support our hy-
pothesis that Native American ancestry
does not contribute significantly to the
occurrence of HFE C282Y in central
Alabama. ‘‘Native American’’ ancestry,
especially Cherokee or Creek heritage,
was reported by many of the present
study participants, and this is consistent
with accounts of early Alabama histo-
ry53,66–68 and with US Census data on
Alabama since 1820.57–59 However, the
corresponding aggregate ‘‘Native Amer-
ican’’ frequency of country ancestry re-
ports and country of ancestry indices
were not significantly different in he-
mochromatosis probands and control
subjects. Thus, it appears unlikely that
Native American ancestry enriches the
frequency of hemochromatosis in cen-
tral Alabama White adults, and this is
consistent with previous observations
that hemochromatosis phenotypes or
C282Y are rarely detected in native
Americans.3,31

The present hemochromatosis pa-
tients were probands diagnosed in rou-
tine medical care because they had
symptoms or signs associated with he-
mochromatosis and iron overload. Per-
sons discovered to have hemochroma-
tosis in population testing programs are
significantly less likely to have signs and
symptoms of iron overload.37,69 Thus it
is possible that the method of ascertain-
ment of hemochromatosis could be as-
sociated with differences in countries of
ancestry reporting, although this is un-
proven. Because our control subjects
were not evaluated using serum iron
measures or HFE mutation analysis, it
is possible that some of them may have
had hemochromatosis. Our previous
population estimates of frequencies of
C282Y homozygosity and hemochro-
matosis phenotypes in central Alabama
Caucasians are 0.0070 in the general
population and 0.0020 in men.21,69

Thus it is unlikely that there are signif-
icant biases in the present data and re-
sults due to the occurrence of previously
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undiagnosed hemochromatosis and
HFE C282Y homozygosity among con-
trol subjects. The percentages of men
and women differed significantly in he-
mochromatosis probands and in control
subjects. Additional analyses indicated
that these differences do not account for
differences in country of ancestry re-
porting. The predominance of men
with hemochromatosis in the present
study is typical of most hemochroma-
tosis case series of patients diagnosed in
medical care using phenotyping.21,37,69

The predominance of women in the
control group could be attributed to
greater percentages of women in the
venues we selected for recruitment of
control subjects. Because no potential
participant declined to complete our
questionnaire, it is unlikely that there
was other bias favoring selection of
women as controls. It is unknown
whether there is a significant difference
in the knowledge of men and women
about their respective countries of an-
cestry, although such a putative effect is
not suggested by the results of the pres-
ent study. Analyses of the 2 study
groups indicate that age is not signifi-
cantly correlated with country of ances-
try indices. However, the mean age of
hemochromatosis probands was signifi-
cantly greater than that of control sub-
jects, and hemochromatosis probands
on average reported significantly more
countries of ancestry than did control
subjects. Thus it is plausible that diag-
nosis of hemochromatosis or greater age
is associated with more interest in per-
sonal ancestry, although this is unprov-
en.

Of the hemochromatosis probands
and control subjects, 11.8% and 7.3%,
respectively, did not know the country
of ancestry of any of their 4 grandpar-
ents, and many others did not know the
ancestry of some of their grandparents.
Some participants reported that they
were unaware of their ancestry due to
adoption, family estrangement, or dis-
interest in genealogy. Other participants
could have been incorrect in their re-

porting. The percentages of evaluable
hemochromatosis probands and control
subjects who reported in the ‘‘Don’t
Know’’ category were similar. Altogeth-
er, it is unlikely that exclusion of sub-
jects who did not know the country of
ancestry of each of their grandparents
would significantly change the out-
comes of the present study. The overall
trends in the country of ancestry indices
and in the frequency of country report-
ing in ‘‘British Isles’’ and ‘‘Europe Not
British Isles’’ categories in the present
study were similar. This suggests that
uncertainty of participants about the ex-
act degree of country of ancestry of
some of their grandparents was probably
not a significant contributor to the ma-
jor conclusions of the present study. In
addition, the reporting of certain coun-
tries of ancestry by individual hemo-
chromatosis probands does not indicate
that HFE C282Y was necessarily inher-
ited from grandparent(s) of those spe-
cific national ancestries.

Taken together, these present results
indicate that aggregate ‘‘British Isles’’
country of ancestry index, not exclu-
sively Irish and Scots ancestries, likely
explains the relatively high frequency of
HFE C282Y in central Alabama. How-
ever, trends in the present study suggest
that significant differences in England,
Ireland, Scotland, or Wales aggregate
country of ancestry indices between he-
mochromatosis probands and control
subjects could become apparent if great-
er numbers of persons were evaluated.
Nonetheless, these results generally sup-
port the hypothesis we sought to eval-
uate. The present results also indicate
that hemochromatosis phenotyping and
HFE mutation analysis identify sub-
groups of White persons in central Al-
abama in which there is significantly
different country of ancestry reporting
than in White control subjects. The
present results are also consistent with
associations of Irish/Scots/English an-
cestry, HLA-DR immunophenotypes,
and estimations of a northern European
somatic phenotype (eye and hair color,

skin reflectance readings) previously re-
ported in central Alabama White per-
sons.70,71

Mathematical modeling of a hypo-
thetical hemochromatosis screening pro-
gram in central Alabama projects that
greater frequencies of hemochromatosis
would be detected by targeting popula-
tion subgroups characterized by British
Isles ancestry for evaluation.30 In a he-
mochromatosis screening program in
Massachusetts, 4 of 5 persons diagnosed
to have hemochromatosis reported Celt-
ic ancestry.72 In a multiracial liver clinic
population in England, previously un-
diagnosed C282Y homozygosity was
found to be restricted to persons of
northern European heritage, particularly
those with Celtic ancestry.73 Taken to-
gether, these reports and the present ob-
servations support the concept that tar-
geting White persons in central Ala-
bama (or other geographic areas) who
have relatively high ‘‘British Isles’’ coun-
try of ancestry indices would be an ef-
fective strategy to identify high-risk sub-
groups for hemochromatosis testing us-
ing serum iron measures, HFE mutation
analysis, or both.
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