
INTRODUCTION

Hereditary hemochromatosis (HH) is an autoso-
mal recessive disorder and the most common cau-

se of iron overload. Iron overload is preventable,
but can lead to significant long term sequale, inc-
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Amaç: Kal›tsal hemokromatoz, HFE geni ile iliflkili otozomal resesif geçiflli bir hastal›kt›r. Tedavi gecikirse geri dönüflümsüz or-
gan hasarlar›na neden olabilir, bu nedenle erken teflhis önemlidir. Bu çal›flmada, Orta Anadolu olarak isimlendirilen Kayseri ve
çevresinde kal›tsal hemokromatoz hastal›¤›n›n prevalans›n›n belirlenmesi amaçland›. Gereç ve Yöntem: Bu çal›flmaya Erciyes
Üniversitesi T›p Fakültesi’nde Aral›k 2005-Aral›k 2006 tarihleri aras›nda, 17 yafl üzeri 2304 kat›l›mc› (1220 erkek, 1084 kad›n) da-
hil edildi. Transferin saturasyonlar› kandan ve ard›ndan bir gecelik açl›k sonras› kan numunelerinden de¤erlendirildi. Serum de-
miri ve total demir ba¤lama kapasiteleri çal›fl›ld› ve transferrin satürasyonlar› hesapland›. Bir gecelik açl›k sonras› transferin sa-
türasyon de¤eri, erkeklerde %50 veya daha yüksek, kad›nlarda %45 veya daha yüksek tespit edilen kiflilerin serum ferritin düzey-
leri ve kal›tsal hemokromatoz gen çal›flmalar› yap›ld›. Bulgular: Erkeklerde homozigot C282Y mutasyonu görülme s›kl›¤› %0.08
(1/1220), heterozigot C282Y mutasyonu görülme s›kl›¤› %0.08 (1/1220) hesapland›. Kad›nlarda heterozigot H63D mutasyonu gö-
rülme s›kl›¤› %0.09 (1/1084) olarak hesapland›. Genel popülasyonda homozigot C282Y mutasyonu görülme s›kl›¤› %0.043
(1/2304), heterozigot C282Y mutasyonu görülme s›kl›¤› %0.043 (1/2304) ve heterozigot H63D mutasyonu görülme s›kl›¤› %0.043
(1/2304) olarak hesapland›. Sonuç: Kayseri ve çevresinde kal›tsal hemokromatoz hastal›¤›n›n görülme s›kl›¤› %0.043 (1/2304) tes-
pit edildi. Bu göreceli düflük oran nedeniyle toplum tarama çal›flmalar›n›n flu an için maliyet-etkin olmad›¤› düflünüldü.

Anahtar kelimeler: C282Y mutasyonu, H63D mutasyonu, HFE geni, kal›tsal hemokromatoz, transferrin satürasyonu

Background/aims: Hereditary hemochromatosis is an autosomal recessive disorder associated with the HFE genes. Early identi-
fication and diagnosis is important as end stage organ damage may occur if treatment is delayed.. This study aimed to identify the
prevalence of hereditary hemochromatosis in Kayseri and surroundings known as Central Anatolia. Materials and Methods: 2304
participants (1220 males, 1084 females) who were older then the age of 17 were included in the study conducted between December
2005 and December 2006 in Kayseri, Turkey. Transferin saturation was measured from overnight fasting blood samples. Serum
iron, total iron binding capacity, and transferin saturation were measured. Serum ferritin levels and hereditary hemochromatosis
genetic analysis were also performed after an overnight fasting blood samples from participants whose transferin saturation results
were more than 50% in man and more than 45% in women. Results: The homozygote C282Y mutation and heterozygote C282Y mu-
tation prevalences were found as 0.08% (1/1220) and 0.08% (1/1220) in male participants, respectively. The heterozygote H63D mu-
tation prevalence was found in 0.09% (1/1084) of female participants. Calculated prevalences in general population are as follows;
The homozygote C282Y mutation prevalence is 0.043% (1/2304), the heterozygote C282Y mutation prevalence is 0.043% (1/2304)
and the heterozygote H63D mutation prevalence is 0.043% (1/2304). Conclusions: The prevalence of hereditary hemochromatosis
in Central Anatolia is 0.043% (1/2304). Because of the relatively low frequency, population screening studies are not cost-effective.
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luding arthritis, hepatic cirrhosis, hepatocellular
carcinoma, fatigue, heart failure, hypogonadism
and diabetes mellitus if left untreated (1). The di-
agnosis of HH has improved since Feder et al. iso-
lated the HFE gene in 1996 (The Human Leukoyc-
te Antigen (HLA)-linked iron loading gene), which
is located on the short arm of chromosome 6 on the
HLA complex. (2). Two major HFE genes are the
major allele C282Y (Cystein-282-Tryrosine or
G845A) and the minor allele H63D (Histidine-63-
Aspartate or C187G) (2,3), which present with va-
riable frequencies in different populations. HH is
the most common hereditary metabolic disorder in
Caucasians and the overall prevalence of the con-
dition among Caucasians of northern European
extraction is about 5 per 1000 (4). Eighty to 90% of
patients with HH have the C282Y variant, especi-
ally in homozygosity and 3% to 5% are compound
heterozygotes between C282Y and H63D (5). The
prevalence of C282Y homozygotes is at least 1 in
200 for people of northern European descent (6),
and extremely rare in the African, Asian and Aus-
tralasian populations. 

Hereditary hemachromatois is rarely diagnosed in
Turkey and screening for HH in Turkish populati-
ons has been reported in only 4 prior studies, (7-
10). The homozygote C282Y mutation has not be-
en reported. The aim of this present study is to es-
timate the frequency of common HFE mutations
in population of Central Anatolia. 

MATERIALS AND METHODS

Study Design

A total of 2304 participants (1220 males, 1084 fe-
males) older than the age of 17 years old betweeen
December 2005 and December 2006 and applied to
internal medicine deparments. Written informed
consent was obtained from all participants and
the study protocol was approved by the Local Re-
search Ethics Committee (Project number TT-06-
15). 

Exclusion Criteria

We excluded from the analyses those participants
who had as following criteria; diagnosed and trea-
ted for prior HH, ingesting iron supplements,
chronic hepatitis B or C patients, alcoholic liver
cirrhosis, or patients who had thalasemi, sickle
cell and sideroblastic anemia, porfiria cutanea tar-
da, malignancy or bone marrow insufficiency.

The spot blood samples were collected and serum
iron (SI) and totaly iron binding capacity (TIBC)

were studied by the colorimetric method and
transferin saturation (TS) for all samples were
calculated (SI/TIBCX100=TS%). After an over-
night fasting, blood samples were collected again
from the participants whose TS was more than or
equal 50% in man and more than or equal 45% in
women. Serum ferritin levels and HH genetic
analysis were also studied after an overnight fas-
ting blood sample was obtained which met the
above mentioned criteria.

In these participants, whole blood count and bioc-
hemical tests (aspartate aminotransferase (AST),
alanine aminotransferase (ALT), alkaline phosp-
hatase (ALP), gamma glutamyl transferase
(GGT), lactic dehydrogenase (LDH), glucose, cre-
atinine, bilirubin, cholesterol) were analyzed. The-
se participants also underwent a complete physi-
cal examination and a detailed medical history
was obtained for symptoms or signs of HH.

DNA Isolation and Mutation Detection

Six ml of peripheral blood samples were collected
from each participant and DNA isolation was per-
formed with Qiagen Isolasion Kit according to ma-
nufacturer’s instructions. The frequency distributi-
on of C282Y and H63D in 14 participants was de-
termined using PCR-RFLP (Polymerase Chain Re-
action-Restricsion Fragment Long Polymorfism)
method. The PCR primers for amplifications of the
Cys282Tyr locus used were: C282Y forward (5’ TGG
CAA GGG TAA ACA GAT CC 3’) and C282Y rever-
se (5’ CTC AGG CAC TCC TCT CAA CC3’). For de-
tection of His63Asp, we used the H63D forward (5’
ACA TGG TTA AGG CCT GTT GC 3’) and H63D re-
verse (5’ GCC ACA TCT GGC TTG AAA TT 3’).

Statistical Analysis

SPSS 11.0 software was used to perform statisti-
cal analysis. In measured data, distribution was
defined as a mean±standart error. Prevalences
were calculated. And the relationship between va-
riables were evaluated using the Pearson-Spear-
man correlation coefficient. A p-values less than
0.05 were considered statistically significant.

RESULTS

A total of 2304 participants were included, 1220
(53%) were male and 1084 (47%) were female. The
mean age of men was 41.4±13.7 (range 17-78 ye-
ars, median 41) and the mean age of woman was
42±14.3 (range 17-83 years, median 41). Mean SI
of men was 62.87±32.6 μg/dL (3-211 μg/dL) and
mean TS of men was %21.16±12.3 (1-96%). Mean
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SI of women was 50.58±29.6 μg/dL (range1-178
μg/dL) and mean TS of women was %15.15±11.01
(range1-85%). No significant correlation between
SI or TS and age was identified (r=-0.02, p=0.32
and r=-0.01, p=0.68, respectively). TS was more
than or equal to 50% in 23 (1.88%) men and more
than or equal 45% in 16 (1.48%) women. In this po-
pulation, SI and SIBC were studied after an over-
night fasting blood samples and TS was calculated.
Control TS was more than or equal 50% in 9 (40%)
men and more than or equal 45% in 5 (31%) wo-
men. Mean serum ferritin were 182.19±72.4 ng/mL
(62–754 ng/mL) in men and 46.4±12.54 ng/mL
(21.2-78 ng/mL) in women. In this group, Spear-
man correlation coefficient was calculated between
age and ferritin due to numerical minority and a

correlation between age and ferritin was detected
(r=0.77, p=0.001). 

HFE gene mutations were analyzed in 9 men and 5
women, C282Y homozygote mutation were found in
1 of 9, C282Y heterozygote mutation were found in
1 of 9 patients (Figure 1). No homozygote or hete-
rozygote H63D mutation was found in men. H63D
heterozygote mutation were found in 1 of 5 women
(Figure 2) and the homozygote H63D, homozygote
C282Y, and the heterozygote C282Y gene mutati-
ons was not detected in this population. There was
no compound heterozygote (C282Y/H63D) mutation
in either males or females (Table 1, 2). 

The homozygote C282Y mutation and heterozygo-
te C282Y mutation prevalences calculated as
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No Patient Age SD (μg/dL) TIBC (μg/dL) TS % Fasting TS % Ferritin (ng/mL) C282Y H63D

1 Female 40 167 268 62 46 76 -/- -/-

2 Male 34 198 270 73 51 195.7 -/- -/-

3 Female 19 99 192 51 45 21.2 -/- -/-

4 Female 25 118 246 48 45 28 -/- +/-

5 Male 47 113 199 57 66 116 -/- -/-

6 Male 53 154 161 96 118 754 +/- -/-

7 Male 49 147 187 79 78 143 -/- -/-

8 Female 30 178 320 55 50 78 -/- -/-

9 Male 26 123 239 51 53 81 -/- -/-

10 Male 19 181 289 60 59 62 -/- -/-

11 Female 28 135 278 47 51 27,5 -/- -/-

12 Male 39 211 287 74 57 111.4 +/+ -/-

13 Male 31 211 363 58 56 67 -/- -/-

14 Male 58 160 302 53 51 110.6 -/- -/-

Table 1. Spot and fasting TS%, ferritin values and gene analysis of the HFE

+/+: homozygote-mutation (+).  +/-:  heterozigot-mutation carrier.  -/-:  normal (wild tip)-mutation (-).

FFiigguurree  11..  CC228822YY  mmuuttaattiioonnss:: Wild type (normal); 248 and 140
bp, homozygote mutant genotype; 248 bp, 111 bp and 29 bp, and
heterozygote mutant genotype; 248, 140 and 111 bp.

FFiigguurree  22..  HH6633DD  mmuuttaattiioonnss:: Wild type (normal); 140 and 60 bp,
heterozygote mutant genotype; 200 and 140 bp, there was no ho-
mozygote mutation.



0.08% (1/1220) in both male and female partici-
pants. The heterozygote H63D mutation prevalen-
ce was found as 0.09% (1/1084) in female partici-
pants. Calculated prevalences in the general po-
pulation are as follows; the homozygote C282Y
mutation prevalence is 0.043% (1/2304), the hete-
rozygote C282Y mutation prevalence is 0.043%
(1/2304) and the heterozygote H63D mutation pre-
valence is 0.043% (1/2304).

In the men men who are C282Y homozygotes, and
other C282Y heterozygote had ferritin levels of 754
ng/mL, and liver biopsy was suggested but they did
not accept. All of these patients had no phenotipi-
cal properties of HH. In HH patients found to be
C282Y homozygote, therapeutic flebotomy was
started and in one patient found to be a C282Y he-
terozygote (carrier) were educated about iron accu-
mulation, and observed for a 3 year period. 

DISCUSSION

HH is a autosomal recessive genetic disease of
inappropriate intestinal iron absorption leading to
iron overload and end-organ disease (11). The di-
sease is most prevalent in white individuals of
Northern European descent where the prevelance
is 1 in 5000. The C282Y and H63D mutations on
the HFE gene accounts for 90% of HH. The preva-
lence of C282Y homozygosity is occurs approxima-
tely in 1 case per 200 persons (12-16). Clinical
signs attributed to HH include liver failure, art-
hralgia, chronic fatigue, diabetes mellitus and
congestive heart failure. Therapeutic phlebotomy
to deplete excessive iron stores is the standard tre-
atment of HFE-related HH, and organ failure can
be prevented by phlebotomies starting before irre-
versible damage has occurred (17). Asberg et al.
reported through assesment of general health sta-
tus that there was no significant difference betwe-
en normal healthy persons and homozygote
C282Y persons who underwent maintenance phle-
botomies (18). Screening to facilitate early diagno-
sis is desirable in individuals at risk of developing

HFE-related iron overload.

In countries with a high prevalence of C282Y gene
mutation the first recommended test for screening
of the HFH (Hereditary-familial hemochromato-
sis) disease is genetic analysis, and then looking
TS. In countries with low prevalence of the C282Y
gene mutation it would be correct to use TS as a
primary screening test (19). Due to its easy appli-
cability, low cost, high sensitivity and acceptable
specificity the two-step (spot and after fasting) TS
measurement is still the most widely used and the
most appropriate screening test for HH (20,21). In
studies, a cut off value of 45% for TS had a sensi-
tivity of 94–98% (14,22). DNA testing is used to
show gene mutation is the test with the highest
specificity and positive predictive value. In this
study, after measuring fasting TS and serum fer-
ritin levels, genetic evaluation based algorithm
was applied to individuals suspected of HH. In one
prior study by Cogswell et al., it has been reported
that when the threshold value for TS is increased
to 62% the sensitivity of the test is found to dec-
rease whereas the specificity increased in men
(23). When the sensitivity is lower, the probability
of the individuals in the population likely to be
missed is increased so a cut off value was used as
50% for men and 45% for women in this study. The
control TS values of most participants in our study
after an overnight fasting, was considered normal.
Fasting was necesary to prevent artifically high,
do to iron consumption before spot blood sample
was taken. A study with 11 women and 10 men
who did not have the HH disease althought who
had iron overload, it was reported that, the most
common cause was excess dietary iron intake, ex-
cessive alcohol consumption, and other liver disea-
ses (24).

Screening studies for HH have been conducted on
various groups such as workers (25,26), volunteer
blood donors (27,28), patients followed in a hospi-
tal (29,30), and people who are living in a particu-
lar geographic region (14). In order to minimize
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Patient No Sex Age TS% Ferritin (ng/ml) AST (U/L) ALT (U/L) Glu (mg/dl) Hgb (gr/dl) C282Y H63D
1 M 53 96 754 18 25 86 15.9 +/- -/-

2 F 25 45 28 23 31 98 13.4 -/- +/-

3 M 43 74 111.4 21 21 74 18.1 +/+ -/-

Table 2. Various parameters of persons who have positive HFE genes mutations

SI: Serum iron.  TIBC: Total iron binding capacity.  F: Iron.  Glu: Glucose.  TS: Transferin saturation.  AST: Aspartate aminotransferase.  
ALT: Alanine aminotransferase.  Hgb: Hemoglobine.

Normal ranges: SI: M:56–167 μg/dL, F:50–161 μg/dL, TIBC:130–375 μg/dL,  Ferritin: M:22–322 ng/mL, F: 10–291 ng/Ml, TS%:17–45,  AST: M:
0–40 U/L, F: 0–35 U/L, ALT: M: 0–40 U/L, F: 0–35 U/L, Hgb: M: 13–17 gr/Dl, F: 12–16 gr/dl, Fasting Glucose: 70–110 mg/dL.



the patient contact, outpatient population who ca-
me to the hospital for any reason were screened.
Our study reflects not only Kayseri population but
also reflects approximately a population of three
million including the neighboring provinces of
Kayseri.

In this study it was observed that there was no re-
lationship between the SF and TS values and age
(r = -0.01, p = 0.68). Similarly in the previous stu-
dies it has been reported that there was no associ-
ation between age-TS, and age-SF (8,24). Gonzales
et al. detected that SF and TS levels were higher
in men than women, and it was reported that inci-
dence of excessive iron accumulation increases
with age, and there was a positive correlation bet-
ween advanced age, male gender and iron accu-
mulation (31). Gonzalez and colleagues results
supported earlier studies and they reported that
serum ferritin levels in men had been identified
higher than in women (31–33). A possible cause
for this is because of pregnancy, lactation, due to
blood loss with menses and the accumulation of
excess iron was fewer in women with late-onset of
excess iron accumulation was observed (34). In
both sexes an increase in the level of ferritin with
age was observed (15). Similar to previous studies
also a correlation between age and serum ferritin
levels was revealed (r=0.77, p=0.001).

In the general population, the C282Y homozygous
mutation frequency whose relationship betwee
HH phenotypic expression had been the most well-
known, was detected as 0.043% (1/2304) in this
study. In Northern Europe the majority of the pa-
tients with the diagnosis of HH, have this genoty-
pe (2, 29, 35-37). However in Central Antolia,
screening studies conducted in Istanbul, Ankara
and Izmir have reported that the homozygous
C282Y gene mutation is absent (8-10, 38, 39).
Only one familial case report series has been re-
ported with homozygous C282Y gene mutation
from Turkey (40).

Many factors play a role in the phenotypic expres-
sion of a genetic defect. The factors which are re-
lated to the patient such as age, gender, genetic
modification are important while acquired factors
such as diet, alcohol use, are effective in the emer-
gence of the disease (1,41-43). Serum ferritin le-
vels may not always found to be high in C282Y ho-
mozygous individuals. A decrease in the value of
serum ferritin levels in acute illnesses, even in in-
dividuals homozygous for C282Y has been obser-
ved (29). Four recent studies of HH, it was detec-

ted that in C282Y homozygous individuals normal
ferritin levels rates between all homozygotes were
found as 25%, 40%, 50% and 80% respectively. Ho-
wever, in a recent study by Adams and colleagues
of individuals who volunteered for blood analysis
(28), ferritin and TS values could not reflect the
seriousness of the disease completely. In the study
which was conducted by Sanchez and his friends
in Spain, 5370 healthy voluntary blood donor sub-
jects, (3467 males, 1903 females) were evaluated
for HH and they have found 8 C282Y homozygous
patients (0.15%) and 74 compound heterozygous
(C282Y/H63D) patients (1.38%). Eight patients
who were C282Y homozygous (five males and
three females) reported none of the symptoms at
diagnosis (34). In our study we identified a male
patient who had a homozygous C282Y mutation.
Although his TS was high, ferritin level was wit-
hin normal limits. In addition, liver function tests
were normal. Symptoms and were negative for
HH.

Liver biopsy is the gold standard for the diagnosis
of HH. Bacon and colleagues, found in their study
that there had been no fibrosis in liver biposies of
the patients whose liver enzymes were normal and
who was under 40 years of age. Liver biopsy is not
recommended for C282Y homozygous patients who
are under 40 years of age and whose liver enzymes
are normal and serum ferritin is below 1000 ng /
mL (21, 45). In a study of 197 C282Y homozygous
patients in France, Guyader and colleagues found
that there were severe fibrosis in liver biopsy in
patients with normal AST levels without hepato-
megaly by pyhsical examination and whose ferritin
levels under 1000 ng/mL (44). Liver biposy was re-
commended for patients with the C282Y homozy-
gous genotype but the patient did not accept it.

In this study, C282Y heterozygous mutation were
found in a men. It has been reported that no obvio-
us phenotypic difference was observed between
C282Y heterozygotes and wild-type (normal) indi-
viduals and there was no difference between their
serum iron and ferritin concentrations (46,47).
The C282Y heterozygous patient was asymptoma-
tic, even though he did not show signs and symp-
toms of HH disease, he had very high serum ferri-
tin values. These findings are opposed the previo-
usly mentioned findings, indicating that there is a
relationship between iron overload and C282Y he-
terozygosity mutation. Another possible explaina-
tion the reason for this (infection, malignancy, he-
patitis, etc..) was not detected and the patient
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with the preliminary diagnosis of HH was sugges-
ted to go under liver biopsy but the patient did not
accept it.

Heterozygous H63D mutation was detected in a
female participant whereas homozygous H63D or
compound heterozygous (C282Y/H63D) mutation
was not found. In a study conducted in Spain, the
reported H63D allele frequency was 20.8%±1.09
(homozygous for H63D is 1/23) and H63D carrier
frequency was 32.9% (1/3), and these showed that
H63D allele frequency and H63D carrier frequ-
ency present in significant percentage of the com-
munity. These frequencies were significantly diffe-
rence between women and men (34). Although
there was no relationship between H63D hete-
rozygosity and iron accumulation, slight accumu-
lation of iron is observed in H63D homozygous pa-
tients. Moirand et al. suggested that homozygous
H63D mutation was not enough to cause acummu-
lation of excess iron unless there were additional
factors such as alcoholism, metabolic diseases,
such as C282Y heterozigosity (48). We detected no
signs of iron accumulation in the patient with he-
terozygous H63D mutation.

The incidence of homozygous C282Y mutation was
0.043% (1/2304), heterozygous C282Y mutation
frequency was 0.043% (1/2304) and H63D hete-
rozygous mutation was 0.043% (1/2304) in the ge-
neral population. These results resembles the pre-
vious screening studies conducted in our country,
which found a lower prevalence. The first study
was conducted by Servet Ozaydin from Gulhane
Military Medical Academy in 1994. In this study
1000 healthy men between the ages of 19-42 were
secreened for HH by looking TS and clinical fin-
dings but made no patient individual could be
identified (7). Meryy-Clark and colleagues had ob-
served the frequency of C282Y and H63D mutati-
ons in study group consisted of different ethnic gro-
ups, including a total of 70 Turks in 2000. In this
study, C282Y mutation causing the disease was
not detected and the frequency of H63D mutation
was reported as 14% (6). The study conducted by
Gültekin Barut in Istanbul in 2001, 4633 people
(3827 males, 806 females) were evaluated in terms
of HH. The heterozygous H63D mutation and ho-
mozygous H63D mutation frequencies were found
as 0.03% (1/3827) of men and as 0.31% (12/3827)
respectively. Heterozygous H63D mutation frequ-
ency was detected in 0.12% (1 / 806) of women whi-
le there was no woman identified with a homozygo-
us H63D mutation. The prevalences of heterozygo-

us and homozygous H63D mutations in the gene-
ral population were calculated as 0.28% (13/4633)
and 0.021% (1/4633) respectively. No C282Y muta-
tion was found in either sex (8). Taylan Demirci
conducted a study in ‹zmir in 2002 with 730 parti-
cipants. The group was composed of 126 patients
with TS values of ≥45% while 604 patients with TS
values of <45% of them formed the control group.
C282Y mutant allele and H63D frequencies were
found 1.16% and 24% respectively, in the patients
with TS values >%45 while C282Y frequency of the
mutant allele and H63D frequencies were found as
0% and 18% respectively, in the individuals with
TS values <%45 (10). In 2002, Bektas et al, in An-
kara designed a secreening study on the 3060 he-
althy people who had donated blood and who were
over the age of 20. In this study, reference value of
<28 mmol /L for unsatureted iron binding capacity
(UIBC) was used as the initial test. The partici-
pants whose UIBC were identified as low were re-
peated fasting UIBC and were looked ferritin valu-
es and then genotype studies liver biposies were
done. It had been reported that, 75 individual had
UIBC <28 mmol / L but none of them had high fer-
ritin levels. Fasting UIBC repeated for 65 patients,
and again for 5 patients (8%) whose UIBC levels
were the lowest in the genotype studied. Heterozy-
gous H63D gene was detected in two individuals
while none of homozygous C282Y or H63D had be-
en reported. Liver biopsy was recommended in fo-
ur of of the five patients. Three of them had steato-
sis and a patient who had HBsAg positivity had he-
patic periportal inflammation. By atomic-absorpti-
on spectrophotometry it was identified, that none
of these four patients had increased liver iron con-
tent. The next stage, for the individuals with nor-
mal fasting UIBC levels but whose baseline UIBC
values were low are genotype studies. Using ge-
notype studies seven patients (11.6%) had hete-
rozygous H63D while none of the patients had ho-
mozygous C282Y or compound heterozygous pre-
sent. Bektafl and collegues proposed that commu-
nity screening studies for hemochromatosis in Tur-
key is not indicated, (9).

Not all patients with the diagnosis of homozygous
HH will develop clinical manifestations of the di-
sease in the future. For this reason, it is recom-
mended that, all of the cases diagnosed by the
screening study without phenotypic expression
should not be taken to treatment protocol but sho-
uld be closely followed-up (24). In a previous study
when TS levels of homozygous C282Y were compa-
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red with TS levels of compound heterozygous
(C282Y/H63D) or wild-type, it was found that ho-
mozygous C282Y people had a wide range of TS le-
vels increasing over time (49). Asymptomatic ho-
mozygous patients, followed up with preventive
phlebotomy continue living normally with general
population. Due to ethical reasons, it is not possib-
le to follow-up asymptomatic homozygotes without
applying a treatment protocol by long-term pros-
pective randomised studies (21, 44). Today, HH-
related mortality rate is low, but still, some pati-
ents are dying with hepatocellular cancer, cardi-
omyopathy, cirrhosis, or dying due to complicati-
ons of diabetes. Therefore, in this study therapeu-
tic phlebotomy sessions began to the asymptoma-
tic individual who had C282Y homozygous mutati-
on and after 3-year follow-up, the patient did not
develop any complication related to HH.

In conclusion, this study has similar findings with
earlier studies from our country. In our society,
the most common gene mutation which is HFE ge-

ne mutation associated with HH is quite low com-
pared with the HFE gene mutation in Northern
European countries. It has been reported that alt-
hough development of life-threatening illness are
expected to ocur in 20% of patients it is cost-effec-
tive to use HH screening studies (44). Using blood
taken from patients during treatment as blood do-
nation may further reduce cost. It was reported in
the last meeting of specialists that it is possible to
use blood or blood products of the patients with
the diagnosis of HH (19). However, this approach
and cost-effectiveness claim are valid for scree-
ning studies of the populations with a high inci-
dence of HH. It is still controversial in Central An-
tolia due to low prevalance of the disease. (50).
Large population screening studies for HH, if it is
associated with health surveillance programs,
may be more cost-effective. For the moment, large
community surveys do not seem to be possible, ho-
wever improving awareness for HH among the
public and healthcare community is imperative.

The prevalence of hereditary hemochromatosis

49

REFERENCES
1. Pietrangelo A. Hereditary hemochromatosis–a new look at

an old disease. N Engl J Med 2004;350:2383-97.

2. Feder JN, Gnirke A, Thomas W, et al. A novel MHC class
1-like gene is mutated in patients with hereditary haemoc-
hromatosis. Nat Genet 1996;13:399-408.

3. Nadakkavukaran IM, Gan EK, Olynyk JK. Screening for
hereditary haemochromatosis Pathology 2012;44:148-52. 

4. Haddow JE, Ledue TB. Preventing manifestations of here-
ditary haemochromatosis through population based scree-
ning. J Med Screen 1994;1:16-21.

5. Tavill AS. Diagnosis and management of hemochromato-
sis. Hepatology 2001;33:1321-8. 

6. Merryweather-Clarke AT, Pointon JJ, Jouanolle AM, et al.
Geography of HFE C282Y and H63D mutations. Genet
Test 2000;4:183-98.

7. Özayd›n S. Sa¤l›kl› genç erkeklerde hemokromatoz preva-
lans› ve transferrin saturasyonunun hemokromatoz tan›-
s›ndaki rolü. 1994. Uzmanl›k tezi. GATA. Ankara.

8. Barut G. Türk toplumunda herediter (Primer) hemokroma-
toz prevalans›. 2001. Uzmanl›k tezi. ‹stanbul Üniversitesi
Cerrahpafla T›p Fakültesi. ‹stanbul.

9. Bektas M, Metin O, Erkan O, et al. Screening for hemoc-
hromatos›s in Turkey. J Hepatol 2002;36(Suppl 1): 254–5.

10. Demirci T. Transferrin-demir doygunlu¤u %45’in üzerinde
olan bireylerde hemokromatoz riskini belirlemek üzere
HFE geninde C282Y ve H63D mutasyonlar›n›n taranmas›.
2002. Yüksek Lisans tezi. Dokuz Eylül Üniversitesi. ‹zmir.

11. Fowler C. Hereditary hemochromatosis: pathophysiology,
diagnosis, and management. Crit Care Nurs Clin North
Am 2008;20:191-201.

12. Adams PC, Reboussin DM, Barton JC, et al. Hemochroma-
tosis and iron-overload screening in a racially diverse popu-
lation. N Engl J Med 2005;352:1769-78.

13. Beutler E, Felitti VJ, Koziol JA, et al. Penetrance of
845G→A (C282Y) HFE hereditary haemochromatosis mu-
tation in the USA. Lancet 2002;359:211-8.

14. Olynyk JK, Cullen DJ, Aquilia S, et al. A population-based
study of the clinical expression of the hemochromatosis ge-
ne. N Engl J Med 1999;341:718-24.

15. Andersen RV, Tybjaerg-Hansen A, Appleyard M, et al. He-
mochromatosis mutations in the general population: iron
overload progression rate. Blood 2004;103:2914-9. 

16. Delatycki MB, Allen KJ, Nisselle AE, et al. Use of commu-
nity genetic screening to prevent HFE-associated heredi-
tary haemochromatosis. Lancet 2005;366:314-6.

17. Hulihan MM, Sayers CA, Grosse SD, et al. Iron overload
what is the role of public health? Am J Prev Med 2011;
41:422–7.

18. Asberg A, Hveem K, Kruger O, et al. Persons with scree-
ning-detected haemochromatosis: as healthy as the general
population? Scand J Gastroenterol 2002;37:719-24.

19. Adams P, Brissot P, Powell LW. EASL international con-
sensus conference on haemochromatosis. J Hepatol 2000;
33:485-504.

20. Swinkels DW, Fleming RE. Novel observations in heredi-
tary hemochromatosis: potential implications for clinical
strategies. Haematologica 2011;96:485-8.

21. Niederau C. Hereditary hemochromatosis. Med Klin (Mu-
nich) 2009;104:931-46.

22. McLaren CE, McCachlan GJ, Halliday JW, et al. Distribu-
tion of transferrin saturation in an Australian population:
relevance to the early diagnosis of hemochromatosis. Gas-
troenterology 1998;114:543-9.

23. Cogswell ME, McDonnell SM, Khoury MJ, et al. Iron over-
load, public health and genetics: Evaluting the evidence for
hemochromatosis screening. Ann Intern Med 1998;129:
971-9.



24. Asberg A, Hveem K, Thorstensen K, et al. Screening for
Hemochromatosis: High prevalence and low morbidit in an
unselected population of 65,238 Persons. Scand J Gastro-
enterol 2001;36:1108-15.

25. McDonnell SM, Hover A, Gloe D, et al. Population based
screening for hemochromatosis using phenotypic and DNA
testing among employees of health maintenance organiza-
tions in springfield, Missouri. Am J Med 1999; 107:30-7.

26. Smith BN, Kantrowitz W, Grace ND, et al. Prevalence of
hereditary hemochromatosis in a Massachusetts corporati-
on: is Celtic origin a risk factor? Hepatology 1997; 25:1439-
46.

27. Edwards CQ, Griffin LM, Gologar D, et al. Prevalence of
hemochromatosis among 11,065 presumably healthy blood
donors. N Engl J Med 1988;318:1355-62.

28. Adams PC, Kertesz AE, McLaren CE, et al. Population
screening for hemochromatosis: a comparison of unbound
iron binding capacity, transferin saturation and C282Y ge-
notyping in 5,211 voluntary blood donors. Hepatology 2000;
31:1160-4.

29. Distante S, Berg JP, Lande K, et al. HFE gene mutation
C282Y and phenotypic expression among a hospitalised po-
pulation in a high prevalence area of hemochromatosis.
Gut 2000;47:575-9.

30. Hickman PE, Hourigan LF, Powell LW, et al. Automated
measurement of unsaturated iron binding capacity is an ef-
fective screening strategy for C282Y homozygous hemoc-
hromatosis. Gut 2000;46:405-9.

31. Gonzalez HB, Rosenfeld-Mann F, Trueba-Gomez R, et al.
Evaluation of iron overload in healthy adult residents of
Mexico City. Arch Med Res 2005;36:142-7.

32. Looker AC, Johnson CL. Prevalence of elevated serum
transferin saturation in adults in the United States. Ann
Int Med 1998;129:940-5.

33. Adams PC, Chakrabarti S. Genotypic/phenotypic correlati-
on in genetic hemochromatosis: evolution of diagnostic cri-
teria. Gastroenterology 1998;114:319.

34. Sanchez M, Villa M, Ingelmo M, et al. Population screening
for hemochromatosis: a study in 5370 Spanish blood do-
nors. J Hepatol 2003;38:745-50.

35. Bothwell TH. Overview and mechanisms of iron regulation.
Nutr Rev 1995;53:237-45.

36. Sanchez M, Bruguera M, Bosch J, et al. Prevalence of the
Cys282Tyr and His63Asp HFE gene mutations in Spanish
patients with hereditary hemochromatosis and in controls.
J Hepatol 1998;29:725-8.

37. Sanchez M, Bruguera M, Quintero E, et al. Hereditary he-
mochromatosis in Spain. Genet Test 2000;4:171-6.

38. Simsek H, Sumer H, Yilmaz E, et al. Frequency of HFE
mutations among Turkish blood donors according to trans-
ferrin saturation. J Clin Gastroenterol 2004;38:671-5.

39. Simsek H, Balaban YH, Yilmaz E, et al. Mutations of the
HFE gene among Turkish hereditary hemochromatosis pa-
tients. Ann Hematol 2005;84:646-9.

40. Yonal O, Hat›rnaz O, Akyuz F, et al. Definition of C282Y
mutation in a hereditary hemochromatosis family from
Turkey. Turk J Gastroenterol 2007;18: 53-7.

41. Pietrangelo A. Hereditary hemochromatosis: pathogenesis,
diagnosis, and treatment. Gastroenterology 2010;139: 393-
408.

42. Weiss G. Genetic mechanisms and modifying factors in he-
reditary hemochromatosis. Nat Rev Gastroenterol Hepatol
2010;7:50-8.

43. Allen KJ, Gurrin LC, Constantine CC, et al. Iron overload
related disease in HFE hereditary hemochromatosis. N
Engl J Med 2008;358:221-30.

44. McCullen MA, Crawford DHG, Hickman PE. Screening for
hemochromatosis. Clinica Chimica Acta 2002;315: 169-86.

45. Harrison SA, Bacon BR. Hereditary hemochromatosis: up-
date for 2003. J Hepatol 2003;38:14-23.

46. Andrikovics H, Kalmar L, Bors A, et al. Genotype scree-
ning for hereditary hemochromatosis among voluntary blo-
od donors in Hungary. Blood Cells Mol Dis 2001; 27:334-41.

47. Rossi E, Olynyk JK, Cullen DJ, et al. Compound heterozy-
gous hemochromatosis genotype predicts increased iron
and erythrocyte indices in women. Clin Chem 2000;46:162-
6.

48. Moirand R, Jovanolle A-M, Brissot P, et al. Phenotypic ex-
pression of HFE mutations: a French study of 1110 unrela-
ted iron-overloaded patients and relatives. Gastroentero-
logy 1999;116:372-7.

49. Waalen J. The penetrance of hereditary hemochromatosis.
Best Pract Res Clin Haematol 2005;18:203-220.

50. Grosse SD, Rogowski WH, Ross LF, et al. Population scree-
ning for genetic disorders in the 21st centruy: evidence, eco-
nomics, and ethics. Public Health Genomics 2010;13:106-
15.

KARACA  et al.

50



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


