Gut 2000;46:707–710

707

Screening for genetic haemochromatosis in blood
samples with raised alanine aminotransferase
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Abstract
Background—In the UK approximately 1
in 140 people are homozygous for the
C282Y mutation of the HFE gene and are
at risk from iron overload caused by
genetic haemochromatosis (GH). Early
detection can prevent organ damage secondary to iron deposition and increase life
expectancy.
Aim—To screen for GH in all blood
samples sent to the laboratory for routine
liver function tests in which raised serum
alanine aminotransferase (ALT) activity
was detected.
Methods—ALT was measured in sera sent
to the laboratory for routine liver function
tests. In those samples found to have
raised activity, transferrin saturation and
ferritin were measured followed by genetic testing when transferrin saturation
was increased.
Results—Of the 35 069 serum samples
assayed for routine liver function tests,
1490 (4.2%) had raised ALT levels (>50
u/l). Transferrin saturation and serum
ferritin concentrations were measured in
these patient samples, and in 56 transferrin saturation was >60%. Further blood
samples were requested from these patients for genetic testing: 33 samples were
obtained. There were nine patients homozygous for the C282Y mutation of the HFE
gene and three compound heterozygotes
(heterozygous for both C282Y and H63D
mutations).
Conclusions—The association of raised
ALT activity and transferrin saturation of
>60% could provide a simple, cost eVective method for detecting individuals with
clinical haemochromatosis. Although
many patients with GH may have been
missed, this study suggests that the clinical penetrance of the disorder may be
much lower than is generally supposed
and that genetic screening will identify
many people who may never develop clinical haemochromatosis.
(Gut 2000;46:707–710)
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Genetic haemochromatosis (GH) is one of the
most common genetic disorders in Northern
Europe with a prevalence of approximately 1 in
300 in parts of Northern Europe.1 This
autosomal recessive disorder of iron metabolism results in iron being continuously absorbed from the upper small intestine despite

increasing total body iron stores. Excess iron
deposition leads to organ damage, in particular
in the liver (cirrhosis, hepatocellular carcinoma), pancreas (diabetes mellitus), heart
(cardiomyopathy and heart failure), joints
(arthralgia and arthritis), and pituitary (hypopituitarism). The non-specific nature of the
clinical manifestations means that the disorder
is often not diagnosed until life threatening
complications develop.2
Diseases of the liver are a major cause of
premature death in untreated GH.3 If the diagnosis is made early, iron can be removed by
repeated venesection and life expectancy is
improved. When cirrhosis has developed, it is
not reversible by treatment4 and although
patients can live for extended periods they have
a marked increased risk of developing hepatic
cancer.3
In clinical studies of patients with GH,
abnormal serum aminotransferase activity has
been found in 65–75% of cases.5 6 George and
colleagues7 found abnormalities of serum
aminotransferase in 48% of patients with GH
diagnosed by liver biopsy, although half the
patients with iron overload did not have raised
aminotransferase activity. A number of studies
have shown that the cause of mild liver enzyme
abnormalities may be attributable to GH in at
least 3% of cases.8 Thus early detection and
diagnosis of GH is crucial in patients presenting with liver enzyme abnormalities.
Screening for the early detection of GH has
been advocated both in the general
population9 10 and in patients with liver
disease,5 11 and the recent identification of the
HFE gene has provided a specific genetic test
for the disorder.12 13 Recent data have shown
that the frequency of the HFE mutation
(C282Y) responsible for GH is higher than
previously suspected, with about 15% of the
UK population being carriers and 1 in 140
being homozygous.14–17 Compound heterozygotes for both C282Y and H63D account for
about 3% of the general population.
We have determined the frequency of
C282Y mutations of the HFE gene in a cohort
of patients chosen from consecutive laboratory
samples for biochemical screening and found
to have a raised serum alanine aminotransferase ((ALT), EC 2.6.1.2.) level and an
elevated transferrin saturation.
Subjects and methods
The study was approved by the local research
ethics committee.
Abbreviations used in this paper: GH, genetic
haemochromatosis; ALT, alanine aminotransferase.
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Relationship between serum ferritin, transferrin saturation and mutation

Genotype

Age (y)

Serum ferritin (µg/l)a

Transferrin
saturation (%)b

14

56 (23–70)

781 (213–1560)

71 (61–82)

9

57 (43–70)

1580 (434–3292) p=0.047*

80 (68–92) ns

2

45 (28–70)

799 (241–1357) ns

65 (61–69) ns

5

49(40–67)

2240(1450–6260) p<0.02*

77 (74–82) ns

3

35(28–42)

681(409–952) ns

74 (71–76) ns

100

75

A (26)
B (8)

50
C (42)
D (11)
E (16)
F (44)

25

G (23)
H (14)

0
5000

Values are (mean (range)).
Reference range: M:20–284 µg/l, F:8–186 µg/l; bReference range: 13–53%.
*Significant diVerence compared with the normal genotype group.

Results
Over the eight month study period 35 069
blood samples were routinely screened for ALT
activity as part of a biochemical profile; 1490
(4.2%) of the samples were found to have an
ALT activity of greater than 50 u/l and of these,
56 (3.7%) patients had a transferrin saturation
>60%. Eight patients died before further studies could be undertaken, two from refractory
congestive cardiac failure, one each from carcinoma of the pancreas and cerebrovascular
accident, and four from alcoholic liver disease
with related complications. A postmortem
examination was performed in two of the latter
cases confirming the clinical diagnosis of alcoholic liver disease. Further blood samples for
HFE genotyping were requested from the 48

3750
B (8)

2500

A (26)
C (42)
E (16)
F (44)
D (11)
G (23)
H (14)

1250

0
110

B (8)

ALT (u/l)

Blood samples (35 069) were received from
inpatients (35%), outpatients (24%), and GP
patients (41%) in whom routine liver function
tests had been requested. Serum liver function
tests, including ALT, were measured on an
Olympus AU800 analyser using standard
methodology. In those samples with an ALT
>50 u/l (reference range 5–45 u/l), serum iron,
transferrin, and ferritin concentrations were
measured. Serum iron and transferrin were
analysed using a Cobas Mira analyser with
ferene acetate reagent (Instrumentation Laboratory Ltd, Warrington, UK) and immunoturbidometry reagents (Dako Ltd, Cambridge,
UK), respectively. Transferrin saturation was
calculated as (serum iron (µmol/l)/transferrin
(g/l))×4. Microparticle enzyme immunoassay
was used to determine serum ferritin concentration (Abbott Laboratory, USA).
Information on GH and the advantages of
screening were given to those patients with a
transferrin saturation >60%, directly or via
their general practitioner or hospital consultants, and the genetic test was oVered. Those
not responding were re-contacted. Thirty three
patients (54%) responded and informed consent was obtained followed by blood sample
collection for genetic testing. HFE mutations
were detected by polymerase chain reaction
and restriction enzyme digestion as described
by Merryweather-Clarke and colleagues,18 with
the primers for the C282Y reaction being those
described by Jackson and colleagues.19 The
Mann-Whitney U test was used to compare the
biochemical parameters in each genotype
group and to assess the statistical significance
of the biochemical response to treatment.

Ferritin ( g/l)

a

85

60
A (26)
F (44)
D (11)
E (16)
C (42)
G (23)
H (14)

35

0
Pretreatment

Post-treatment

Figure 1 Serum transferrin saturation, ferritin, and
alanine aminotransferase (ALT) levels in patients
homozygous for C282Y before and after treatment with
venesection. Units of blood venesected are given in
parentheses.

patients with increased transferrin saturation.
Five patients or their doctors declined to have
HFE genotyping and no response was obtained
from a further 10 individuals; thus 33 samples
were received.
After HFE genotyping nine patients were
found to be homozygous for the C282Y mutation of the HFE gene and none for H63D. Two
were heterozygous for the C282Y mutation;
five for H63D and a further three were
compound heterozygotes (C282Y/H63D).
The C282Y and H63D mutations were not
present in 14 cases. Table 1 shows the relationship between serum ferritin, transferrin saturation, and the HFE genotype. No significant
diVerence was found in terms of age or serum
transferrin saturation between patients with the
normal and mutant HFE genotypes. Serum
ferritin was increased in patients homozygous
for C282Y (p=0.05) and also in H63D heterozygotes (p<0.02) but in these latter patients
this is likely to be an artefact from the selection
process and the small study size.
Liver function tests in the C282Y homozygotes and heterozygotes were essentially normal, apart from mildly raised ALT and gamma
glutamyl transpeptidase values in contrast with
patients with normal HFE genotypes who
exhibited grossly abnormal liver function tests.
Of the nine C282Y homozygotes, eight have
been treated and followed up for 15–20
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Table 2

Clinical details of C282Y homozygotes (all males)

Reason for LFTs request

Clinical conditions

Family history (1st degree
relatives)

Alcohol intake
(units/week)

Units of blood
venesected) (iron
removed (g))*

A; 49 y

IDDM

No siblings

84

26 (6.5)

IHD, hypertension

1 sister C282Y +/+

0

8 (2)

C; 50 y

Routine test from
diabetic clinic
Hypertensive routine
test (GP)
Routine test (GP)

Depression

D; 44 y
E; 48 y

Routine test (GP)
Routine test (GP)

Backache, arthritis
Knee replacement

F; 54 y

IDDM

G; 61 y

Tired routine test
(GP)
Routine test (GP)

No iron overload detected in
siblings
No siblings
No iron overload detected in
siblings
1 cousin C282Y +/+, no
siblings
No iron overload detected in
siblings

H; 51 y

Routine test (GP)

B; 70 y

Fit
Arthritis, alcohol
excess

20
2
48

11 (2.75)
16 (4.0)

50

44 (11g)

8

23 (5.75)

154

14 (3.5)

*Assuming 1 unit (500 ml) of blood contains 250 mg of iron.
LFTs, liver function tests; IHD, ischaemic heart disease; IDDM, insulin dependent diabetes mellitus.

months. One patient (B) was diagnosed aged
70 years and has ischaemic heart disease. He
was observed for a period of three months, then
venesected by 1 unit (500 ml) per month for
three months but as his serum ferritin and ALT
continued to rise (see fig 1) he has been started
on a weekly venesection programme. All of the
other patients have been venesected at weekly
intervals, with removal of 3–11 g of iron
(assuming that 500 ml of blood contains 250
mg of iron). Clinical details of the patients are
presented in table 2. Two of eight patients had
insulin dependent diabetes at presentation and
three of eight had non-specific seronegative
arthritis. Venesection has made no diVerence to
the severity of the diabetes or arthritis.
Figure 1 shows the response to venesection
of serum ALT, ferritin, and transferrin saturation. There was a reduction in serum ferritin by
75% (p< 0.03), in transferrin saturation by
62% (p<0.003) and a reduction in ALT activity by 65% (p<0.004).
Discussion
Genetic haemochromatosis is one of the
commonest inherited metabolic disorders in
populations of Northern European origin but
is underdiagnosed because of its non-specific
features (for example fatigue, arthritis,
diabetes, cardiac or liver dysfunction, impotence, and amenorrhoea). A simple treatment
(phlebotomy) is available and eVective if instituted before organ damage has occurred.4 20
Considerable discussion about the eYcacy and
feasibility of population screening for GH has
therefore taken place. Measurement of serum
transferrin saturation is considered to be the
best initial screening test21 although there is a
continuing debate as to the best cut oV level.
However, a fasting transferrin saturation of
more than 60% is considered by many as most
appropriate.21 22 George and colleagues
measured random serum transferrin saturation
in 1194 patients where a transferrin saturation
of more than 55% gave few false positives and
a positive predictive value of 24–43%.23 More
recently a value of 45% has been suggested.24
However, Haddow and Ledue22 considered
that lowering the cut oV point by 5% or 10%

would result in a marked decrease in specificity
with no guaranteed improvement in sensitivity
and therefore we have selected 60% as our cut
oV point.
In this study we used an increase in ALT as
a method of selecting patients for screening for
GH. Many iron loaded patients with haemochromatosis do not have significant liver
disease or an elevated ALT7 and so it is likely
that a number of homozygotes were missed.
However, as nine homozygotes were detected
by this method, in the early stages of their disease, and will probably now have a normal life
span, we feel that this method is a valuable way
of targeted screening for aVected individuals.
Following venesection there was a decrease in
serum ALT in seven of the eight patients.
In the 1970s, the association of haemochromatosis and the HLA-A locus on the short
arm of chromosome 6 was identified.25 This
gene is a HLA class I-like gene situated
approximately 4.5 Mb from HLA-A on
chromosome 6. In the UK a change in a single
amino acid (C282Y) was found in 95% of GH
chromosomes compared with about 6% in
patients from the general population.13 Homozygosity for the C282Y mutation is strongly
associated with clinically diagnosed hereditary
haemochromatosis.26 A second mutation,
H63D, has also been described but the association between H63D and hereditary haemochromatosis is less clear. Homozygosity for
H63D is three to four times more common in
the general population than for C282Y27 but
rare among subjects with a clinical diagnosis of
haemochromatosis. In subjects with clinically
diagnosed hereditary haemochromatosis who
are heterozygous for C282Y, most (77%) also
carry H63D, suggesting a role for this
mutation in disease causation.28 In our study
we found three such double heterozygotes who
had elevated serum ferritin levels but these
patients have not been venesected and their
degree of iron loading is unknown. The ability
to track the high risk genotype in relatives of
probands on the basis of HLA typing has permitted the recognition of characteristic clinical
features and distinction between homozygotes
and heterozygotes.29–31 Among subjects with
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hereditary haemochromatosis, family studies
indicate that about 50% of women and
50–75% of men will develop clinical manifestations related to iron overload.32 HLA typing
has now been largely replaced by analysis of
HFE mutations.
In our study, of 35 069 patients screened 56
where found to have increased transferrin saturation and raised ALT levels and of the 33
patients in this group tested, nine C282Y
homozygotes and three compound C282Y/
H63D heterozygotes where identified. Given
that in the general UK population homozygosity for the C282Y and compound heterozygosity for the C282Y/H63D mutations are 1 in
140 and 3 in 100 respectively, 250 homozygotes and 1052 compound heterozygotes
should have been found if all had raised ALT
activity. George and colleagues7 found that only
48% of their patients with haemochromatosis
had elevated serum ALT. Thus in our study, if
approximately half of the homozygotes had not
been detected at least 125 aVected individuals
would have been found. The actual number
detected was considerably lower, suggesting
that the clinical penetrance of both genotypes is
far lower than is generally supposed8 9 and supports an assessment of patient numbers and
C282Y homozygote frequency in Jersey17 and
the analysis of death certificates in the USA.33
A recent study by Willis and colleagues34
showed that C282Y homozygosity was not
under-represented in an elderly male population, also suggesting that life threatening
haemochromatosis related disease may not
occur in many C282Y homozygotes.
In those patients found to have a raised ALT,
the cost of screening with transferrin saturation
and follow up when appropriate with ferritin
and genetic testing was £1400. This represents
a cost of £117 per patient identified as homozygous for the C282Y or compound mutations.
The diagnosis of GH can now be made with
a high degree of confidence in a given
individual with biochemical evidence of iron
overload and an abnormal genotype. Thus a
combination of an initial transferrin saturation
screen followed by genetic testing when appropriate would now seem to oVer a reliable cost
eVective algorithm for detecting GH in subjects with liver disease. This approach when
applied to the present study detected nine
patients (from the 33 patients genetically
tested) in whom GH had not previously been
identified. Subsequent therapeutic intervention will undoubtedly extend their life expectancy. The intervention could be further
extended by using the patients as index cases
for family studies.

