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Screening for Hemochromatosis in Turkey
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In this study we screened 3060 consecutive blood donors for an unbound iron-binding capacity
level of<28µM and then performed HFE mutation analysis in these subjects. Sixty-five of the 75
subjects with a low initial unbound iron-binding capacity (all had normal ferritin levels) came back
and only 5 (8%) had a low fasting unbound iron-binding capacity. Mutational analysis revealed H63D
heterozygosity in two of five subjects. Four of five subjects had liver biopsy indication and none had
increased liver iron. HFE genotyping of 60 subjects with a low initial but normal fasting unbound
iron-binding capacity revealed heterozygote H63D in seven (11.6%). No allelic variant of position
282 or 63 was found in three previously diagnosed patients with hereditary hemochromatosis. In
conclusion, full phenotypic expression of hereditary hemochromatosis is very rare in Turkey. The
absence of HFE mutations in three patients with hereditary hemochromatosis suggests that hereditary
hemochromatosis in Turkey occurs without common HFE mutations.
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Hereditary hemochromatosis (HH) is a common autoso-
mal recessive disorder in the Caucasian population. Its
frequency has been reported to be 0.3–0.5% in serolog-
ical iron studies (1–7). It is more frequent in northern
Europeans, particularly individuals of Nordic and Celtic
ancetry, with a gene frequency of 1 in 200 (8–12). The re-
sponsible gene, HFE, is located on the short arm of chro-
mosome 6 (13). A homozygote cysteine-to tyrosine sub-
stitution at position 282 (C282Y) in HFE gene has been
found to be responsible in more than 90% of these pa-
tients (14–17). The role of a second mutation, a histidine-
to-aspartic acid substitution at position 63 (H63D), in
disease expression is less well understood. Compound
heterozigosity of C282Y and H63D is reponsible for dis-
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ease expression in 2–5% of cases. Although homozygote
H63D mutation seems to be associated with iron over-
load, its role in fully expressed disease is less well under-
stood (10, 18, 19). Despite the high frequency of homozy-
gote C282Y in HH patients, data on its clinical penetrance
are controversial. In some population-based studies, geno-
typic and phenotypic presentations show perfect correla-
tion and most of the subjects carrying this mutation have
clinically manifested iron overload (10). In contrast, some
other population-based studies show that no more than half
of the subjects with this mutation have phenotypically ex-
pressed disease (11, 20, 21).

The reported frequency of C282Y mutation in HH pa-
tients differs from one geographical area to another, while
H63D mutation is observed worldwide (12, 18). Differ-
ent geographical areas reflect different ethnic origins of
subjects. Compared to North American and North Euro-
pean patients of Nordic and Celtic origin, the frequency of
C282Y mutation is reported to be low in African American
and southern European HH patients (22–26). Furthermore,
HH can occur without pathogenic HFE mutations (27).
In population screenings for HFE mutations, C282Y was
found to be absent in Asians, Africans, and indigenous
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Australasians, while the H63D mutation had a world-
wide distribution (12, 20, 28). However, this informations
is mainly based on screening studies from West Europe
or America and Australia in which subjects of different
ethnic origins represented a small proportion of those
screened. Thus, there is still a need for region/country-
based population screening studies in eastern Europe and
Asian countries to understand the true prevalance and
phenotypic–genotypic correlations of the disease in these
regions.

High frequency and increased disease associated mor-
bidity and mortality of HH in Western populations resulted
in the development of cost-effective population screen-
ing strategies (29, 30). Indeed, screening for hemochro-
matosis has been found to be cost-effective in the med-
ical care setting and in the general population in west-
ern Europe, North America, and Australia (6, 31–35).
Today, phenotypic screening by transferin saturation (TS)
or unbound iron-binding capacity (UIBC) followed by
mutational analysis in subjects with iron overload is
the preferred strategy in population screening studies
(29, 36, 37).

To date, no study has addressed population screening
for HH in Turkey. Thus the aim of this study was to screen
healthy blood donors for iron overload and then perform
mutational analysis for common HFE mutations in these
subjects.

MATERIALS AND METHODS

Screening Strategy.Over a period of 4 months, 3060 con-
secutive healthy blood donors (2780 male, 280 female) over
the age of 20 years (range, 20–64 years; mean, 32 years) who
attended Ankara University Ibn-i Sina Hospital blood bank for
blood donation were screened. All subjects were informed about
the details of the study and informed consent was obtained from
all donors. The study was approved by the ethics committee of
Ankara University Medical School. Donors’ age, gender, ad-
dress, and telephone number were recorded. Serologies for hep-
atitis B, hepatitis C, and HIV were all noted. Serum samples
obtained from each donor were frozen at−80◦C until UIBC
determinations and a UIBC value of less than 28µM was ac-
cepted as the screening cutoff point for iron overload. The next
step was to invite the subjects with a low UIBC level in the ini-
tial test for fasting UIBC and TS determinations. At the same
time, whole blood for mutational analysis was collected. Pa-
tients with a UIBC value of less than 28µM or with a TS level
greater than 45% were subjected to HFE mutation analysis. If a
patient was found to be a homozygote for C282Y mutation or
displayed compound heterozygosity, he was invited for a liver
biopsy for quantitative liver iron assessment. If these HFE muta-
tions were absent, liver iron was still determined when a patient
had a high ALT (>37 IU/L) and/or ferritin (>300µg/L in men
and>200µg/L in women) level; if this was not the case, pa-
tients were followed with repeated UIBC testing. This strategy
is summarized in Figure 1.

In addition, two brothers with previously diagnosed
hemochromatosis (38) and their sister and both parents and an-
other previously diagnosed hemochromatosis patient and his two
brothers and mother were analyzed for HFE mutations.

UIBC Determination. UIBC was determined by a colori-
metric method according to the manufacturer’s instructions
(Randox Laboratories, Ltd., Antrim, UK) using Alciaon 300i
(Abbott) analyzer for the assay.

TS Determination. TS was calculated on the basis of auto-
mated colorimetric determination of serum iron and total iron-
binding capacity (Sigma Diagnostics, USA).

Ferritin Measurement. Ferritin level was measured with an
Immulite ferritin kit according to the manufacturer’s instructions
(Diagnostic Products Corp., Los Angeles, CA, USA). The assays
were performed using an Immulite analyzer.

HFE Mutation Analysis. After preparation of genomic
DNA from whole blood, mutational analysis was performed
by restriction fragment length polymorphism analysis of PCR-
amplified genomic DNA as previously described (39).

Liver Iron Determinations. Qualitative iron determination
was performed by Perls’ Prussian blue staining. Quantitative iron
measurement (µg/g dry weight) was done by atomic absorption
spectrophotometry (Varian 30/40, Australia).

RESULTS

Seventy-five (67 male, 8 female; mean age, 31.6 years;
range, 20–60 years) of 3060 subjects had a UIBC value
of <28 µM. None of these 75 subjects had increased
serum ferritin levels. Sixty-five of them (87%) came back
for fasting UIBC determination and for HFE genotyping
and most had normal fasting UIBC levels. Only 5 of the
65 (8%) subjects had a UIBC level of less than 28µM
(Figure 2) and their clinical features are listed in Table 1.
Three of 65 subjects, all with UIBC values of less than
28 µM, had an elevated TS value (>45%). Mutational
analysis of these five subjects revealed no homozygote
C282Y or compound heterozygosity, while two subjects
had heterozygote H63D. Abdominal ultrasonographic ex-
amination showed increased paranchimal echogenisity in
four of five subjects without any evidence of advanced
liver disease/portal hypertension. One of them had a his-
tory of more than 40-g alcohol consumption per week.
Apart from this subject, four of the five subjects had liver
biopsy indication according to the protocol and all four
accepted the liver biopsy. The subject with a history of al-
cohol abuse had normal ALT and ferritin levels and repeat
UIBC levels were higher than 28µM. Indications for liver
biopsy were mild ALT elevations in three subjects and a
persistently low UIBC level in one. One subject with ALT
elevation was also hepatitis B surface antigen (HBsAg)-
positive and routine examination of hemotoxylin and eosin
staining revealed periportal inflammation. Liver histology
was consistent with steatosis in the remaining three cases.
However, none of these four subjects had positive staining
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Fig 1. Schematic illustration of the hemochromatosis screening strategy used in this study.

for iron with Perls’ Prussian blue and none had increased
iron stores quantitatively measured by atomic absorption
spectrophotometry.

HFE genotyping was extended to the remaining 60 sub-
jects who had low UIBC levels on initial testing but normal
levels in the fasting state. None of these subjects had ho-
mozygote C282Y or compound heterozygosity of C282Y
and H63D. Seven of them (11.6%) were heterozygote for
H63D.

Both brothers with a previous diagnosis of hemochro-
matosis had hyperpigmentation and hepatomegaly and
one of them also had diabetes mellitus. Transferrin satu-
rations were 78 and 67% and ferritin levels were 3551 and
3640 ng/ml. Other male patient also had diabetes mellitus,
and at the time of the diagnosis, his transferrin saturation
and ferritin level were 76% and 3507 mg/ml, respectively.
None of the patients had thalassemia or any evidence of
hemolytic anemia and all three patients consumed less

than 20 g alcohol per day. They all were HLA antigen
A3-positive and liver biopsies revealed grade 3 stainable
iron deposition according to Scheueret al.(40). HFE mu-
tation analysis in the two brothers with genetic hemochro-
matosis and their sister and parents and in another patient
and his two brothers and mother did not reveal any allelic
variant at position 282 or 63.

DISCUSSION

The results of this study suggest that HH is very rare
in the Turkish population. Not a single case of phenotypi-
cally expressed HH could be identified by screening over
3000 healthy blood donors. It is thus not surprising that
hemochromatosis is worth publishing as a case report in
Turkey (38). This study thus supports the evidence that
HH is most prevalent in populations of northern European
extraction (29). Although it is known that the disease is
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Fig 2. Schematic representation of the outcome of subjects screened in
this study.

less frequent in southern European populations, data are
lacking on its prevalance in eastern Europe. The finding of
an absence of C282Y or H63D mutations in our three pa-
tients with previously documented diagnosis of HH and in
their first-degree relatives suggests that in the rare cases of
HH in Turkey, HH occurs without the common pathogenic
mutations in the hemochromatosis gene, as has been de-
scribed in a family cohort study from Italy (27).

We observed that iron overload is infrequent in the
Turkish population. Low UIBC levels (<28µM) were de-
tected in 75 of 3060 (2.4%) subjects during initial determi-
nation. Sixtyfive of these 75 subjects returned for fasting
UIBC determination but only 5 (8%) were documented to

TABLE 1. FEATURES OFSUBJECTS WITHLOW FASTING UIBC LEVELS

HFE position*
Subject Age UIBC Ferritin ALT Liver

No. Sex (yr) (µm) (µg/l) (0–37 IU/L) 282 63 biopsy†

1 Male 32 14.3 89.8 23 w/w w/w NP
2 Male 24 8.9 91.4 40 w/w w/w +
3 Male 24 10.5 120 12 w/w w/w +
4 Male 30 18.5 58.5 39 w/w w/w +
5 Male 39 20 276 56 w/w w/w +

*w/w, wild type for both alleles; m/w, mutant for one allele (heterozygote).†NP, not performed;
+, performed.

have low fasting UIBC levels. This is in line with previous
observations. In one of the largest studies reported, only
13% of the subjects with elevated TS in initial testing were
found to have elevated fasting TS (3). These findings un-
derline the importance of fasting determinations of TS or
UIBC to avoid false-positive results. Furthermore, persis-
tence of TS elevation rather than documantation of iron
overload on one occasion seems to be more important. A
recent study reported that persistent elevation of TS was
infrequent in the absence of C282Y mutation over a 4-year
period after initial documentation of elevated TS (10).

Nevertheless, genotyping of not only the 5 subjects with
low fasting UIBC but also the 60 subjects with initial low
UIBC levels was undertaken. None of these 65 subjects
had homozygote C282 or compound heterozygosity of
C282 and H63D. In 7 of the 65 subjects, a heterozy-
gote state for H63D was found and 2 of them had low
fasting UIBC levels. Apart from homoziygote C282 and
compound heterozygosity, the importance of homozygote
H63D and heterozygote state for H63D or C282Y is less
well understood. Some reports suggested that homozygote
H63D is responsible for some phenotypically expressed
HH (41), but the role of this mutation in the pathogenesis
of the disease may still be considered uncertain (13, 29).
There is also evidence suggesting that H63D or C282 het-
erozygotes have higher TS and ferritin and lower UIBC
levels compared to wild-type 282 or 63 (8, 20, 21). A
recent study on expression patterns of HFE mRNAs in
peripheral blood cells from heterozygotes suggested that
mutated transcripts can be predominant in H63D and that
this mutation may play a role in disease expression, espe-
cially when associated with environmental or host factors
(42). Further studies on large number of subjects carrying
H63D allele are necessary to understand the importance of
this mutation in iron overload in the Turkish population.

The possible reasons for low UIBC levels in five sub-
jects are alcohol consumption in one, nonalcoholic fatty
liver in three, and chronic hepatitis B infection in one case.
Despite the low UIBC levels in these subjects, the iron
content of the liver of four subjects in whom liver biopsy
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was available was not found to be increased. However,
follow-up periods of these subjects are short and long-
term follow-up is necessary to see whether the low UIBC
level persists. They are now being followed up regularly
at our hepatology unit, with periodic determinations of
UIBC, TS, and ferritin levels.

In summary, full phenotypic expression of hereditary
hemochromatosis is very rare in Turkey. The absence of
HFE mutations in three patients with a diagnosis of HH
suggests that HH in Turkey may occur without pathogenic
mutations in the HFE gene. The results of our study further
suggest that population screening for HH is not indicated
in Turkey.
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