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See CME exam on page 807.

ackground & Aims: The Hemochromatosis and Iron
verload Screening (HEIRS) Study screened 101,168
rimary care participants for iron overload with serum
ransferrin saturation (TS), ferritin, and C282Y and
63D mutations of the HFE gene. Methods: All C282Y
omozygotes and participants with an increased TS
>45% women, >50% men) and serum ferritin level (>
00 �g/L women, >300 �g/L men) were recalled for a
linical history and physical examination, and blood
ests including alanine transaminase (ALT) and aspar-
ate transaminase levels. Hepatitis B surface antigen
nd anti–hepatitis C virus were measured if the ALT

evel was increased (>31 IU/L in women, >40 IU/L in
en). Results: In the group of participants selected to

eturn for clinical examination because of increased
S and ferritin levels, ALT increases and anti–hepati-
is C virus were found in 95 of 284 (33%) African
mericans, 50 of 466 (11%) Asian and Pacific Island-
rs, 21 of 120 (18%) Hispanics, and 40 of 477 (8.4%)
aucasians. ALT increases and hepatitis B surface
ntigen were detected in 24 of 466 (5%) Asian and
acific Islanders, 10 of 284 (3.5%) African Americans,

of 120 (2.5%) Hispanics, and 2 of 477 (.42%)
aucasians. Of 86 liver biopsy specimens obtained for
linical purposes, 53 were reviewed by a single study
athologist. Liver fibrosis (stage 3 or 4) was present in
of 11 (18.2%) C282Y homozygotes that underwent

entral review and 2 of 302 (.66%) C282Y homozy-
otes attending the clinical examination. Conclusions:
creening for iron overload with ferritin and TS detects

ersons with viral hepatitis and other types of liver
isease. A minimum of .66% C282Y homozygotes have
iver fibrosis.

ron overload can be associated with a wide range of
genetic and environmental factors and can lead to

arenchymal organ damage. Homozygosity for the
282Y mutation of the HFE gene is a common genetic

rait that increases susceptibility to iron overload in .3%
o .5% of Caucasians of northern European descent.1,2

ron overload also can occur in non-Caucasians and may
e related to yet undiscovered genetic mutations and/or
nvironmental factors.3–9

The Hemochromatosis and Iron Overload Screening
HEIRS) study was a population screening study for iron
verload in a multicenter, multi-ethnic, primary care–
ased sample of 101,168 adults who were at least 25
ears of age.10 Because the screening tests used for iron
verload (transferrin saturation [TS] and serum ferritin)
an be affected by liver disease, they also detect partici-
ants with liver diseases of diverse causes.

Methods
A detailed description of the HEIRS study has been

eported previously.10,11 Participants were recruited over a
-year period at 5 field centers (Washington, DC; Birming-

Abbreviations used in this paper: ALT, alanine transaminase; AST,
spartate transaminase; HBsAg, hepatitis B surface antigen; HCV,
epatitis C virus; HEIRS, Hemochromatosis and Iron Overload Screen-

ng; TS, transferrin saturation.
© 2006 by the American Gastroenterological Association Institute

1542-3565/06/$32.00
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July 2006 LIVER DISEASE IN THE HEIRS STUDY 919
am, AL; Irvine, CA; Portland, OR–Honolulu, HI; and Lon-
on, Ontario, Canada). Our sample was drawn from a primary
are population, identified through primary care clinics and
edical blood-drawing laboratories. Both patients and other

ersons accompanying the patient were potential participants.
o advertising was performed to recruit participants. Eligi-

ility criteria included age of at least 25 years and an ability to
nderstand the written informed consent. Participants were
sked how they heard about the study and whether they had
een diagnosed previously with iron overload or hemochroma-
osis. Control participants were without C282Y and H63D
utations and had a normal TS and serum ferritin level. They
ere frequency matched for age within field centers.
Measurements included spectrophotometric serum iron levels

nd unsaturated iron binding capacity, turbidometric immuno-
ssay of serum ferritin level (Hitachi 911; Roche Applied Science,
ndianapolis, IN), and calculated TS on nonfasting blood samples.
FE C282Y and H63D alleles were determined from blood spots
sing a modification of the Invader assay (Third Wave Technol-
gies, Madison, WI) that increases the allele-specific fluorescent
ignal by including 12 cycles of locus-specific polymerase chain
eaction before the cleavase reaction.12

Participants with increases in TS and ferritin levels (TS: �45%
omen, �50% men; ferritin levels: �200 ug/L women, �300
g/L men) and all patients with C282Y homozygotes were invited
o participate in a clinical examination.

Alanine transaminase (ALT) and aspartate transaminase (AST)
evels were analyzed on the Hitachi 911 analyzer using a colori-
etric method (Roche Diagnostics/Boehringer Mannheim Corp.,

ndianapolis, IN). Hepatitis testing was performed for partici-
ants with an increased ALT level (�31 IU/L women, �40 IU/L
en). Hepatitis B surface antigen (HBsAg) and anti–hepatitis C

irus (HCV) were analyzed using an immunometric assay on the
itros ECi (Ortho-Clinical Diagnostics, Inc., Raritan, NJ). Re-

ults were reported as positive or negative. Self-reported daily
lcohol consumption was documented from a dietary history and
as reported as grams of ethanol per day.
Liver biopsy examination was not performed under the
EIRS study protocol, but biopsy specimens obtained as part

f a participant’s clinical care and data from medical records
ere sought. HEIRS participants were notified by mail about

bnormal results of blood tests and hepatitis serology, but a
iver biopsy examination was performed at the discretion of
heir respective physicians. Information about liver biopsy
xaminations was obtained from these physicians with in-
ormed consent from participants. We requested that liver
iopsy specimens be forwarded to a HEIRS study liver pathol-
gist who was blinded to all clinical information. Liver biopsy
pecimens were graded for liver iron levels according to the
–4 scale of Scheuer et al,13 and if a sufficient sample was
vailable (�1 mg dry weight) then the liver iron concentration
as measured by atomic absorption spectrophotometry as pre-
iously described.14 Liver tissue was removed from paraffin-
mbedded blocks by washing in xylene.15 Liver fibrosis was

cored on a scale from 0 (normal) to 4 (cirrhosis).16 The (
linicopathologic diagnosis of the local pathologist was re-
orded for all biopsy specimens.

Results
The participants included 63,550 women and

7,618 men. The median age was 50 years (range, 25–
00 y). By self-identified race/ethnicity, the sample in-
luded 44% Caucasians, 27% African Americans, 13%
sians, 13% Hispanics, .7% Pacific Islanders, .7% Na-

ive Americans, and 2% mixed or unknown race. The
enotypic and phenotypic characteristics of the HEIRS
tudy group have been reported previously.10

A total of 302 of 333 (91%) C282Y homozygotes and
384 of 1928 (72%) non-C282Y homozygotes with
ncreased TS and serum ferritin levels underwent clinical
xamination. This included 75 C282Y homozygotes
ith a previous diagnosis of hemochromatosis.
An increased ALT level was found in 49 of 302

16.2%) C282Y homozygotes, 500 of 1376 (36.3%)
on-C282Y homozygotes, and 70 of 641 (10.9%) control
articipants. Results of ALT and AST measurements,
ests for HBsAg, anti-HCV, and hepatic fibrosis scores
re reported in Table 1.

In the group of participants selected to return for
linical examination because they had increased TS and
erritin levels, ALT increases and anti-HCV were found
n 95 of 284 (33%) African Americans, 50 of 466 (11%)
sian and Pacific Islanders, 21 of 120 (18%) Hispanics,

nd 40 of 477 (8.4%) Caucasians. Increased ALT and
BsAg levels were detected in 24 of 466 (5%) Asian and
acific Islanders, 10 of 284 (3.5%) African Americans, 3
f 120 (2.5%) Hispanics, and 2 of 477 (.42%) Cauca-
ians. Many participants reported a past history of hep-
titis and other liver diseases (Table 2) so they were not
ewly discovered to have these conditions as a result of
his screening study.

Twenty-two of the 302 C282Y homozygotes and 64 of
he 1384 non-C282Y homozygotes who presented for
linical evaluation had diagnostic liver biopsy specimens
r results made available to the study. Of these 86 liver
iopsy specimens, 53 were available for review by our
tudy pathologist. The indications for liver biopsy exam-
nation were not exclusively to document iron overload
nd included biopsy examinations performed to assess
iral hepatitis and to evaluate causes of increased liver
nzyme levels. Liver iron concentration was measured in
8 participants, including 8 from an outside laboratory.
our centrally processed liver biopsy specimens submit-
ed for liver iron concentration measurement were con-
idered insufficient to be reliable (�1 mg dry weight),
nd these values were deleted. The median ferritin level

range) at the clinical examination in C282Y homozy-
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920 ADAMS ET AL CLINICAL GASTROENTEROLOGY AND HEPATOLOGY Vol. 4, No. 7
otes undergoing liver biopsy examination was 941 �g/L
19, 3717) compared with 352 �g/L (�15, 5300) among
hose who did not have a biopsy examination. Liver iron
oncentration was available for 14 C282Y homozygotes
nd 20 non-C282Y homozygotes. The median (range)
iver iron concentration in C282Y homozygotes was
05.5 (15.1, 279.4) �mol/g and in non-C282Y homozy-
otes was 25.7 (7.6, 365.4) �mol/g (normal, 0–36
mol/g).
Thirty-three of the 302 C282Y homozygotes in the

tudy had a serum ferritin level of more than 1000 �g/L
t the clinical examination, but only 10 of these were
nown to have had a liver biopsy examination performed.

noninvasive estimate of cirrhosis in C282Y homozy-
otes has been validated in 2 countries in which a ferritin
evel of more than 1000 �g/L, an AST level of more than
0 IU/L, and platelet levels of less than 200,000 mm3

redicted the presence of cirrhosis in 80% of cases.17,18

his constellation of findings was present in 4 C282Y
omozygotes in the present study, but biopsy examina-
ion information was available for only 1 cirrhotic par-
icipant. Of 11 C282Y homozygotes who underwent a
iver biopsy examination and had a central reading, this

able 1. Liver Disease Testing

Patients

ALT % � upper
limit of reference

range

282Y homozygotesb 49/302 (16.2%)
on-C282Y homozygotesc 500/1376 (36.3%)
ontrolsd 70/641 (10.9%)

Only participants with an increased ALT level were tested for hepati
C282Y homozygotes with a normal TS and ferritin level were eligible
Non-C282Y homozygotes became eligible for a clinical examination
Control participants had no C282Y or H63D mutations of the HFE g

able 2. Self-Reported Liver Diseases

Liver disease C282Y homozygotes

otal N � 302
iver disease reported n � 32
Fatty liver 6 (2.0%)
Cirrhosis 7 (2.3%)
Liver cancer 1 (.3%)
Hepatitis A 6 (2.0%)
Hepatitis B 3 (1.0%)
Hepatitis C 3 (1.0%)
Hepatitis-other 4 (1.3%)
Alcohol (g/day) 3.6 � 8.4

o liver disease reportedb n � 270

Control participants had no C282Y or H63D mutations of the HFE g

Includes both “no” and “don’t know” responses.
as the only one in whom cirrhosis was identified. None
f the 7 non-C282Y homozygotes with complete labo-
atory data and a central reading indicating cirrhosis met
he noninvasive criteria (Table 3). There were 7 C282Y
omozygotes, 50 non-C282Y homozygotes, and 2 con-
rol participants who reported a history of cirrhosis. The
elf-reported liver diseases for all participants who at-
ended the clinical examination are shown in Table 2.

Eighteen non-C282Y homozygotes had centrally de-
ermined fibrosis of stage 3 or 4. The local pathology
eports on these indicated hepatitis C in 12, hepatitis B
n 1, alcoholic liver disease in 3 (of whom 2 also had
epatitis C), and nonalcoholic steatohepatitis in 1 pa-
ient. Three had none of these diagnoses. The 2 C282Y
omozygotes with centrally determined fibrosis of stage
or 4 had none of these diagnoses. A minimum estimate

f stage 3 or 4 fibrosis of .66% was determined by the
umber of C282Y homozygotes with stage 3 or 4 fibrosis
n � 2), divided by the total number of C282Y homozy-
otes (n � 302).
Although 12 of 14 C282Y homozygotes whose he-

atic iron concentration was quantified had increased
evels, only 7 of 20 non-C282Y homozygotes had in-

AST % � upper
limit of reference

range
HBsAg�/
testeda

35/302 (11.6%) 0/48 (0)
468/1376 (34.0%) 38/497 (8.0%)

48/641 (7.5%) 1/71 (1.4%)

1 IU/L women, �40 IU/L men).
clinical examination.
se of an increase in TS and serum ferritin levels.
nd a normal TS and ferritin level.

Patients

Non-C282Y homozygotes Controlsa

N � 1376 N � 641
n � 303 n � 35
48 (3.5%) 4 (.6%)
50 (3.6%) 2 (.3%)
2 (.1%) 0

21 (1.5%) 9 (1.4%)
71 (5.2%) 7 (1.1%)

154 (11.2%) 6 (.9%)
17 (1.2%) 4 (.6%)

14.1 � 42.5 11.0 � 21.7
n � 1073 n � 606

nd a normal TS and ferritin level.
tis (3
for a

becau
ene a
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July 2006 LIVER DISEASE IN THE HEIRS STUDY 921
reased hepatic iron concentrations (Figure 1). Three of
he 7 non-C282Y homozygotes with increased liver iron
oncentration had a diagnosis of hepatitis B or C or
onalcoholic steatohepatitis, and 4 had no diagnosis of
iver disease. The highest liver iron concentration was
een in a 60-year-old renal transplant recipient with
hronic hepatitis B who had received intravenous iron for
2 years on hemodialysis. There was 1 Caucasian com-
ound heterozygote (C282Y/H63D) with a mild increase
f liver iron concentration (39 �mol/g). All the remain-
ng 3 patients had iron concentrations greater than 40
mol/g. One was a Caucasian C282Y heterozygote, and
were Asians, 1 was a H63D heterozygote and 1 had no
282Y or H63D mutations. In this data set, 3 of 8

able 1 continued. Liver Disease Testing

HBsAg�/examined Anti-HCV�/testeda Anti-HCV�/exa

0/302 (0) 1/48 (2.1%) 1/302
40/1376 (2.9%) 209/497 (42.1%) 206/1376

1/641 (.16%) 7/71 (9.9%) 6/641

able 3. Liver Biopsy Examination Results in Centrally Review

Age/sex Genotype
Ferritin
level

TS,
%

ALT
level

30–35M C282Y/C282Y 1650 100 61
30–35M C282Y/C282Y 2230 69 133
35–40M C282Y/C282Y 1970 95 79
40–45M C282Y/C282Y 1660 100 56
50–55M C282Y/C282Y 986 95 21
50–55M C282Y/C282Y 1680 38 87
60–65M C282Y/C282Y 5200 100 75
70–75M C282Y/C282Y 1688 100 39
75–80M C282Y/C282Y 2340 74 54
45–50 F C282Y/C282Y 497 88 55
50–55 F C282Y/C282Y 1960 96
50–55M �/� 774 52 78
55–60
Ma

�/� 1770 91 113

50–55M �/� 411 65 158
50–55M �/� 820 69 223
50–55 F �/� 1563 99 39
60–65 F �/� 760 91 60
45–50 F �/� 563 54 67

OTE. Participants’ ages are presented as a range to preserve confi
0–300 ug/L men; TS, 20%–45% women, 20%–50% men; ALT level,

U/L men. All of these participants were negative for HBsAg. Indicatio
verload and hepatitis C.
/�, no C282Y or H63D mutation of the HFE gene.
This participant reported a daily alcohol intake of 254 g of absolute etha
sians and 1 of 2 African Americans who had liver iron
oncentrations measured had an increased liver iron con-
entration. Nine participants (non-C282Y homozygotes)
ad cirrhosis reported by local pathologists that were not
entrally reviewed. Eight of these participants had hep-
titis B or C, and 1 with no other diagnosis had no
tainable iron.

Discussion
The liver is the primary target organ in hemo-

hromatosis and the major site of initial iron deposition.
iver disease is the most well established of the compli-
ations of hemochromatosis, and iron depletion therapy

d
Stage 3 or 4 fibrosis/

biopsied
Stage 3 or 4 fibrosis/

examined

2/11 (18.2%) 2/302 (.66%)
) 18/36 (50%) 18/1376 (1.3%)
) No biopsy examination

performed
No biopsy examination

performed

282Y Homozygotes and Cirrhotic Nonhomozygotes

T
el

Hepatocyte
iron grade

(0–4)
Liver iron

concentration

Fibrosis
score:
0–4 Anti-HCV

3 3 87 1 �
7 3 157 1 �
6 3 75 2 �
5 3 207 1 �
4 3 86 0 �
9 3 158 3 �
5 3 108 4 �
3 3 280 1 �
5 3 103 2 �
9 3 0 �

3 145 0 �
2 1 19 4 �
5 1 9 4 �

6 2 N/A 4 �
6 2 N/A 4 �
5 2 N/A 4 �
0 3 N/A 4 �
1 2 N/A 4 �

iality. Reference ranges: serum ferritin level, 15–200 ug/L women,
IU/L women, 0–40 IU/L men; AST level, 0–31 IU/L women, 0–40

r liver biopsy examination varied and included an assessment of iron
mine

(.3%)
(15%
(1.1%
ed C

AS
lev

3
6
4
4
1
5
5
3
3
3

7
16

16
20
13
7

13
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0–31
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y phlebotomy stabilizes the liver disease and prevents
ts progression to cirrhosis, which can affect long-term
urvival adversely.19,20 Although patients with advanced
iver disease from hemochromatosis are seen commonly
n tertiary referral centers, the prevalence of liver disease
n a primary care population screened for iron overload
y serum ferritin, TS, and HFE genotyping is less well
stablished.

Serum ferritin and TS both can be increased in inflam-
atory liver diseases such as hepatitis B and C.21,22

hronic viral hepatitis is more common than C282Y-
inked hemochromatosis, particularly in certain ethnic/
acial groups, and thus screening by iron testing detects
ersons with viral hepatitis as well. This study also has
dentified patients with alcoholic and nonalcoholic ste-
tohepatitis and increased iron tests. The use of fasting
S may have improved the specificity for iron overload
ut was not feasible in such a large screening study.23,24

n a previous study, nonalcoholic fatty liver was shown to
e more common in Hispanics and to occur at a lower
ody mass index in Asians than in other races/ethnici-
ies.25 The preponderance of women in the HEIRS study
lso may have led to an underestimation of the clinical
xpression of liver disease. The highly selected subset of
articipants on whom we were able to obtain biopsy
xamination results could produce only prevalence esti-
ates for the overall HEIRS study cohort that are highly

ncertain. It is possible that we have underestimated the
revalence of hepatic fibrosis in this study. Increased
LT and AST levels were more common in all partici-
ants with increased iron tests, and the control popula-
ion had a prevalence of increased ALT levels similar to

igure 1. Hepatic iron concentration by HFE genotype. The dotted line
epresents the upper limit of the reference range for liver iron concentra-
ions (36 �mol/g dry weight). Only participants with an increased ALT
evel were tested for HBsAg (‘) and anti-HCV (}). Open circles represent
articipants without a positive test for hepatitis B or C.
large population study (8%).26 A recent study of t
brosis in 672 hemochromatosis patients showed liver
brosis (stages 2–4) in 18.4% of men and 5.4% of
omen.20 Previous studies have shown that most test

esults of increased iron levels in patients with chronic
iral hepatitis and steatohepatitis are not associated with
ignificant iron overload, although mild to moderate iron
verload can occur in these conditions.21,22,27,28 These
bservations do not support the use of iron tests to screen
or viral hepatitis because more direct testing is available
eadily and population screening for viral hepatitis has
ot been recommended widely.29 The results do show
he potential for the overestimation of the prevalence of
ron overload in patients with viral hepatitis or steato-
epatitis. Many patients with viral hepatitis will un-
ergo liver biopsy examination as part of their diagnostic
nd prognostic assessment so that the presence of iron
verload can be ascertained. In Caucasian patients who
o not undergo liver biopsy examination, HFE genotyp-
ng has been a helpful diagnostic test to identify an
dditional risk factor for iron overload in a patient with
hronic viral hepatitis.26

Current practice guidelines30 recommend liver biopsy
xamination in C282Y homozygotes whose serum fer-
itin level is greater than 1000 �g/L or when concomi-
ant risk factors may exist. In a screening study of 65,238
orwegians in whom 149 liver biopsy examinations
ere performed, cirrhosis was detected in 4% of the men

nd none of the women.31 This contrasts with referral
enters that have reported cirrhosis in 15%–30% of
eferred cases.9,19,32 A major goal of screening for hemo-
hromatosis is to detect iron overload and to initiate
hlebotomy therapy before the development of cirrhosis.
ot all C282Y homozygotes have progressive iron over-

oad,33,34 and it is difficult to ascertain how many of the
282Y homozygotes would have developed liver disease

n the current study if they had not been detected and
reated.

The assessment of non-HFE iron overload in the
resent study also is difficult because the number of liver
iopsy specimens was small. Most participants with an
ncreased liver iron concentration had other risk factors
or hepatic iron overload. Genotyping for new iron-
elated genes such as ferroportin and hemojuvelin and a
enome-wide linkage scan are in progress in the HEIRS
tudy and may add additional information about the
auses of iron overload in non-C282Y homozygotes.

In summary, our results indicate that screening a
rimary care population with serum ferritin levels and
S to detect iron overload also will identify many par-

icipants with liver diseases of diverse causes. The detec-

ion of these conditions and appropriate treatment could
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e considered a beneficial aspect of screening for iron
verload. Although cirrhosis caused by iron overload is
ncommon in this primary care population, prevention
f cirrhosis is a major goal of screening.
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