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The C282Y and H63D mutations in the HFE gene are important causes of hemochromatosis. In the elderly,
these mutations might be associated with increased morbidity because of the lifelong accumulation of
iron. In a population-based sample of the elderly, we determined the value of genotyping for HFE
mutations to screen for subclinical hemochromatosis. HFE genotype frequencies were determined in a
random group of 2095 subjects (55 years and over). In this random group, we selected within the six
genotype groups a total of 342 individuals and measured their serum transferrin saturation, iron and
ferritin levels. We also estimated the heritability and parameters needed to evaluate screening, including
the sensitivity, specificity, positive and negative predictive values (PPV, NPV) of HFE genotypes. Iron
parameters were significantly increased in subjects homozygous, heterozygous or compound
heterozygous. The effect of the mutations was more pronounced in men than in women. For the H63D
mutation, an allele dose effect was observed. The HFE gene explained about 5% of the variability in serum
iron indices. The PPV for hemochromatosis for the C282Y homozygous was 100% in men and 67% in
women. The NPV of the wild-type allele was 97% for both men and women. The sensitivity of both
mutations was 70% for men and 52% for women and the specificity was 62% for men and 64% for women.
Our study shows that the HFE C282Y and H63D are determinants of iron parameters in the elderly and will
be effective in detecting individuals at high risk of hemochromatosis. However, when screening based on
these two mutations, some individuals with subclinical hemochromatosis will be missed.
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Introduction
Hereditary hemochromatosis is a disease characterized by

iron accumulation in the tissue of several organs including

the liver, heart, pancreas, pituitary and joints.1 Iron

deposition may result in a wide range of common

conditions such as arthritis, diabetes, myocardial infarc-

tion, stroke and cancer.2,3 Several mutations involved in

the pathogenesis of hemochromatosis have been de-

scribed.4 The two most common are the 845 G-A

(C282Y) transition and the 187 C-G (H63D) transversion

in the HFE gene on chromosome 6.5 Most of our knowl-

edge about the genotype–phenotype relationship is derived

from studies of patients diagnosed with hereditary

hemochromatosis. Over 80% of all patients are homo-

zygous for the C282Y mutation, suggesting that this is by
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far the most common cause of hereditary hemochroma-

tosis.5,6 Further, compound heterozygotes, that is, carriers

of both the HFE C282Y and H63D mutations, have been

found to be at increased risk of hereditary hemochroma-

tosis.7 However, these findings are based on series of

patients derived from families with hereditary hemochro-

matosis. In the general population, subclinical hemochro-

matosis can exist undetected for many years. Recently,

Beutler et al,8 reported that in subjects older than 26 years,

less than 1% of C282Y homozygotes develop frank clinical

hemochromatosis while 30% had subclinical hemochro-

matosis based on serum transferrin saturation. Although

this was a large study, there have been several short-

comings and violations of principles and concepts of

epidemiologic studies concerning study design, subject

recruitment and generalizability of results. Apart from us,

Poullis et al,9 Cox et al,10 Allen et al11 and Basset et al,12 to

name but a few, have raised serious objections to this study

and the interpretation of the data.

Since iron accumulation can be prevented by phlebot-

omy, there is increasing interest in genetic screening for

genetically determined high-risk groups based on HFE.

Although there is a debate about the relevance of screening

for hemochromatosis, important parameters such as the

sensitivity, specificity, positive and negative predictive

values (PPV, NPV) of HFE genotyping have not been

investigated in a population-based study. Increased levels

of serum iron, ferritin and transferrin saturation have been

found in subjects homozygous or heterozygous for the

C282Y and H63D mutations as well as compound hetero-

zygotes.8,13,14,16,18 However, it is not clear to what extent

the relation between the C282Y or H63D heterozygosity

and iron status can be explained by subjects who are

compound heterozygotes. Further, a significant additive

effect on iron status of the H63D mutation was found,14

suggesting that individuals heterozygous or homozygous

for the common H63D mutation may be at increased risk

for hemochromatosis and related disorders.

Up until now, most population-based studies have

targeted relatively young populations.8,14,19 The mean

age of the largest study8 conducted to date in Caucasians

was 56.9 years. Owing to their subtle effect on iron status,

the effect of heterozygosity may be pronounced in older

people. Iron accumulation is likely to be more pronounced

in elderly men. We know of only one study in the elderly

that investigated the effect of heterozygosity for HFE

C282Y or H63D on iron levels.20 However, this study

included only women who are, prior to menopause,

relatively protected from iron accumulation due to men-

struation. The aim of this investigation was to study the

contribution of the HFE C282Y and H63D mutations

to serum iron indices in an elderly population (55 years

and older) and to evaluate the usefulness of genetic

screening to identify subjects with subclinical hemochro-

matosis.

Materials and methods
Participants

The present investigation was conducted within the

Rotterdam Study, a population-based study of subjects

aged 55 years and over living in a suburb of Rotterdam, The

Netherlands. Baseline examination took place in 1990.

Details on this cohort study are described elsewhere.21

Briefly, information on current health status and medical

history was obtained by means of a structured interview

using a standardized questionnaire. Participants attended

the research center for several clinical and laboratory tests.

Fasting blood samples were collected by venipuncture and

serum was kept frozen until analysis. In total, 7983 people

participated in the Rotterdam Study (response rate 78%).

From each participant, written informed consent was

obtained. The study was approved by the medical ethics

committee of the Erasmus Medical Centre. From the total

cohort genotyped, we randomly selected a group of 2095

subjects and estimated the frequency of the HFE C282Yand

H63D mutations. Several iron parameters were compared

across genotypes. To maximize the power of the study,

subjects with rare genotypes were oversampled. After the

subjects were genotyped, we measured the serum transfer-

rin saturation, iron and ferritin levels in a total of 342

individuals selected within the six genotype groups based

on HFE C282Y and H63D, that is, those without any

mutation (the wild-type homozygous Wt/Wt, n¼74), the

H63D heterozygotes (H63D/Wt, n¼73), the C282Y hetero-

zygotes (C282Y/Wt, n¼71), the H63D homozygotes

(H63D/H63D, n¼60), the compound heterozygotes

(C282Y/H63D, n¼51) and all available C282Y homo-

zygotes (C282Y/C282Y, n¼8). Five samples with evidence

of hemolysis were excluded from the study. A transferrin

saturation level above 45% is proposed as a cutoff value for

the diagnosis of hemochromatosis in population-based

screening.22 Although not a direct measure of iron storage

in the body, transferrin saturation 445% is used as the

‘golden standard’ for population-based screening, and at

this threshold, 98% of iron overloaded subjects are

identified.22 To verify the relevance in our population,

serum liver enzymes, aspartate amino-transferase (AST)

and alanine amino-transferase (ALT) were compared be-

tween subjects with transferrin saturation less and greater

than 45%.

Laboratory analysis

Genomic DNA was extracted from frozen buffy coat using

the salting-out protocol fragments of DNA amplified by the

polymerase chain reaction (PCR) using oligonucleotides

primers described previously.5 The 25 ml PCR reaction tube

contained 100ng of each primer, 2.5 ml of 10� PCR buffer,

2.5mM dNTP, 50mM MgCl2, 5U/ml Ampli Taq Gold and

2 ml (B50ng) DNA. We carried out 15min of initial

denaturation at 941C, 35 cycles of 30 s at 941C, 30 s at

551C and 1.5min at 721C. Restriction digestion was
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performed directly on the PCR products by the addition of

0.1U/ml Sna BI (Perkin-Elmer) for codon 282 or 0.1U/ml
Dpn II (Perkin-Elmer) for codon 63 and incubating over-

night at 371C. The products were electrophoresed on a 3%

agarose gel containing ethidium bromide in the presence

of a 1 kb DNA standard. Control samples of known status

(normozygous, heterozygous and homozygous) for each

mutation were included at the PCR stage. Amplification

with the primer for codon 282 produces a PCR product of

390bp, which will not digest the wild type and will digest

the mutant to produce 276 and 113bp pieces. Amplifica-

tion with the primer for codon 63 produces a PCR product

of 208bp, which digests the wild types to produce 138bp

and 70bp pieces but will not digest the mutant.

Iron status was assessed in stored serum samples (�801C).

Serum transferrin saturation was measured by immuno-

turbidimetric assay using the Tina-quant kit (Roche), serum

iron was measured by immuno(chemiluminescence) assay

using the Roche/Hitachi 717 kit (Roche) and serum ferritin

was measured by colorimetric assay using the Elecsys

(Roche). AST and ALT were measured according to the

protocols of the International Federation of Clinical

Chemistry (IFCC).23

Statistical analysis

Genotype frequencies were estimated by gene counting

and allele frequencies calculated from genotype frequen-

cies. Population means of iron indices were estimated by

taking the sum of the means of serum iron indices for the

genotype weighted with the genotype frequency. To study

the relation between iron parameters and HFE genotypes,

linear regression models were fitted for males and females

separately. In these models, the effect of the compound

heterozygotes was included as an interaction between the

C282Y and H63D mutations. More parsimonious models

were considered by assuming additive effects for the two

mutations. The models assume that the effect in subjects

who are homozygous is twice that of those who are

heterozygous. Additivity was tested for each mutation by

comparing the model with the genotypes as additive effect

(coding 0 for WtWt, 1 for the heterozygotes and 2 for the

homozygotes) to the model including the genotypes as a

categorical variable (codominant model). The models were

compared by using the F-statistic. Heritability (percentage

variance) of iron parameters due to HFE mutations was

computed based on the final model and using the

population frequencies of the various genotypes. Using

the population-based frequencies of the mutations by

genotype and the prevalence of subclinical hemochroma-

tosis, the positive predictive value (PPV: the proportion of

people with a positive test who have the disease), the

negative predictive value (NPV: the proportion of people

with a negative test who do not have the disease), the

sensitivity (the probability that the test correctly classifies

people with preclinical disease as positive) and specificity

(the probability that the test classifies as negative those

who will not have the disease) were estimated as described

elsewhere.24,25

Results
Table 1 shows the findings of the genotyping of the HFE

gene for the C282Y and H63D mutations in the random

population-based series of 2095 subjects. The genotypes are

ordered by frequency; the Wt/Wt was the most common

HFE genotype (63.1% in women) and the C282Y/C282Y

genotype was the most rare genotype (0.2% in men).

Genotype frequencies were in Hardy–Weinberg equili-

brium proportions for both men and women. There was

only a small nonsignificant decrease in the frequency of

the C282Y and H63D mutation by age. In women, the

allele frequency of the C282Y mutation varied from 6.4%

in those aged 55–64 years to 6.2% in those 75 years and

older, while in men the C282Y allele frequency varied from

6.0 to 5.0%. For the H63D mutation, the frequency of the

genotypes also did not vary significantly by age group. The

frequency for those 55–64 was 14% compared to 19% for

those 75 years and over.

Table 2 shows the population prevalence of subclinical

hemochromatosis and the weighted means of serum

transferrin saturation, iron and ferritin for men and

women. The population prevalence of hemochromatosis

was higher in men compared to women. We observed that

men had higher levels of serum transferrin saturation, iron

and ferritin compared to women. The mean (SD) age was

67.12 (6.59) years for men and 67.08 (6.32) years for

women. When testing the effect of each mutation on the

iron parameters, additivity for C282Y was rejected, whereas

additivity for H63D could not be rejected for all outcomes

(data not shown). When testing for interaction between

the two HFE mutations, a significant interaction between

the C282Y and H63D alleles was found for serum

transferrin saturation (P¼0.004), for serum iron

(P¼0.003) and for serum ferritin (P¼0.006) (data not

shown). This suggests that the effect of the two mutations

in compound heterozygotes is higher than that predicted

Table 1 Frequency of HFE genotypes in a population-
based random sample of 2095 subjects

Genotype Men Women

Wt/Wta 604 (60.6) 693 (63.1)
H63D/Wt 250 (25.1) 241 (21.9)
C282Y/Wt 99 (9.9) 107 (9.7)
H63D/H63D 29 (2.9) 30 (2.7)
C282Y/H63D 13 (1.3) 23 (2.1)
C282Y/C282Y 2 (0.2) 6 (0.4)

aWt=wild type (absence of mutation). Values are numbers (%) of
individuals.
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from the effect in heterozygotes. Table 3 shows the effect of

HFE mutations on iron parameters. Serum transferrin

saturation, iron and ferritin levels were significantly higher

(Po0.001) for those homozygous for the C282Y mutation

in men as well as women compared to those homozygous

for the wild type. There was a significant interaction

between sex and C282Y homozygosity for all iron para-

meters, suggesting a more pronounced effect in men.

Compound heterozygosity was associated with a signifi-

cant effect on all serum iron indices except for ferritin in

women. Also for the compound heterozygotes, there was a

significant difference in effect between men and women.

The H63D mutation was associated with significantly

increased levels of serum transferrin and iron in men and

women. Heterozygosity for the C282Y mutation was not

significantly associated with serum iron, ferritin and

transferrin saturation when analysing men and women

separately. The effects were very similar in men and

women. When combining men and women, we observed

a significant association of the C282Y heterozygous

with serum transferrin saturation (Po0.03, data not

shown).

Together, the HFE genotypes explained about 6% of the

variability of serum transferrin saturation in men and 5%

in women, whereas the proportion of variability of serum

iron and ferritin was less than 5% in men and women. A

total of 21 men (13%) and 14 women (8%) had serum

transferrin saturation over 45%. When using the cutoff

point of 45% to define subjects with subclinical hemo-

chromatosis, all men (100%) and 67% of the women

homozygous for C282Y showed levels of serum transferrin

saturation above the cutoff. None of the subjects were

known by their treating physician with a diagnosis of

hemochromatosis. However, we found significantly in-

creased ALT (16.4 vs 18.6 IU, P¼0.02) and AST (19.7 vs

21.0 IU, P¼0.08) levels when comparing subjects with

transferrin saturation lower or higher than 45%. Table 4

shows the PPV, NPV, sensitivity and specificity of HFE

genotypes. The PPV for subclinical hemochromatosis

varied from 100% in men homozygous for C282Y to

2.8% in women heterozygous for the H63D, while the

sensitivity varied from 3.6% for men homozygous for

Table 2 Prevalence of subclinical hemochromatosis and
weighted means (SD) of serum iron parameters

Men Women
n=167 n=170

Transferrin saturation (%) 29.32 (12.36) 26.28 (10.12)
Iron (mmol/l) 17.47 (6.28) 16.03 (5.38)
Ferritin (ng/ml) 205.46 (152.84) 155.11 (113.25)
Prevalence of subclinical
hemochromatosis (%)

12.42 8.10

Table 3 Means (+SE) serum iron indices by HFE genotype

Men Women
Genotype n P valuea n P-valuea

Serum transferrin saturation (%)
Wt/Wtb 36 27.41 (24.26–30.56) Reference 38 24.41 (21.65–27.17) Reference
H63D/Wt 37 31.16 (25.51–36.80) 0.003c 36 32.65 (23.45–33.60) 0.001
C282Y/Wt 36 34.93 (26.78–43.05) 0.11 35 27.86 (25.26–40.03) 0.1
C282Y/H63D 23 31.18 (23.35–39.00) o0.001 28 33.08 (20.93–34.80) o0.001
H63D/H63D 33 43.95 (27.20–45.63) 0.003c 27 43.29 (17.53–33.50) 0.001c

C282Y/C282Y 2 73.87 (55.74–99.99) o0.001 6 24.41 (32.50–54.09) o0.001

Serum iron (mmol/l)
Wt/Wt 36 16.67 (14.97–18.35) Reference 38 15.22 (13.68–16.75) Reference
H63D/Wt 37 18.46 (15.44–21.50) 0.009c 36 17.10 (14.28–19.91) 0.004c

C282Y/Wt 36 20.27 (15.90–24.64) 0.42 35 18.98 (14.87–23.08) 0.27
C282Y/H63D 23 17.69 (13.50–21.89) o0.001 28 16.52 (13.94–20.36) 0.007
H63D/H63D 33 24.43 (16.65–26.55) 0.009c 27 18.65 (11.03–19.90) 0.004c

C282Y/C282Y 2 33.50 (23.77–43.23) o0.001 6 21.84 (15.84–27.83) 0.004

Serum ferritin (ng/ml)
Wt/Wt 36 187.56 (128.58–246.53) Reference 38 145.52 (104.42–186.62) Reference
H63D/Wt 37 227.65 (120.05–333.23) 0.09 36 154.52 (79.00–230.03) 0.61
C282Y/Wt 36 267.74 (115.51–419.94) 0.96 35 163.52 (53.58–273.44) 0.16
C282Y/H63D 23 189.67 (43.30–336.03) o0.001 28 190.12 (89.99–293.24) 0.19
H63D/H63D 33 388.40 (173.88–518.51) 0.09c 27 189.60 (17.26–254.92) 0.61c

C282Y/C282Y 2 665.51 (326.59–1004.42) 0.001 6 357.17 (196.55–517.78) 0.001

aP-value of difference compared to wild type.
bWt=wild type.
cOne degree of freedom.
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C282Y to 37% for men heterozygous for H63D. For all HFE

genotypes, the PPV was 10% for men and 5% for women,

the sensitivity was 70% for men and 52% for women, and

the specificity was 62% for men and 64% for women. The

NPV for men as well as women was over 97%.

Discussion
In this population-based sample of the elderly, 0.3% were

homozygous and 10% were heterozygous for the C282Y

and 3% were homozygous and 23% were heterozygous for

the H63D mutation. These frequencies are very similar to

those observed in younger populations26,27 and in a sample

of elderly men.28 We did not find evidence for a significant

decrease in the frequency of the HFE C282Y mutation or

H63D mutation with age, suggesting that these mutations

may remain putative risk factors for chronic diseases

thoughout late age. Serum transferrin saturation and serum

iron levels were significantly increased in those homo-

zygotes or compound heterozygous for C282Y as well as

H63D in both men and women. Subjects heterozygous for

the H63D or C282Y mutation showed a modest but

statistically significant increase in serum transferrin when

combining the findings of men and women (adjusted for

age and sex). In those homozygous and compound

heterozygotes, the effect of HFE was significantly stronger

in men. Although the H63D mutation has been regarded as

nonfunctional, our results show that the H63D is asso-

ciated with increased serum iron and transferrin saturation

independent of the presence of the C282Y allele. This

finding is in line with previous reports of large population-

based studies.14,19,29 Serum ferritin showed the weakest

association with the two HFE mutations studied. A

significantly higher serum ferritin was observed only for

the C282Y homozygotes (men and women) and com-

pound heterozygous men. This is for a large part explained

by the fact that serum ferritin has by far the largest

standard deviation. Therefore, the power to assess a

relation between the HFE mutations and serum ferritin

was very low.

In this study, we considered patients with serum

transferrin levels above 45% as having subclinical hemo-

chromatosis. Earlier studies have shown that using this

cutoff point, 98% of patients with hereditary hemochro-

matosis may be detected.22 None of the patients with a

serum transferrin saturation level over 45% in our study

was known by themselves or their treating physician with a

clinical diagnosis of hemochromatosis. However, we found

increaed levels of liver enzymes in those with serum

transferrin saturation above 45%. Using serum transferrin

saturation above 45%, the PPV is high (100%) for men

homozygous for C282Y as well as women homozygous for

the C282Y mutation (67%). Thus, screening for C282Y

homozygosity is helpful to identify high-risk groups. These

carriers identified do have a high risk of diseases. These

findings appear to be at odds with those of Beutler et al,8

who reported that less than 1% of subjects C282Y

homozygous develop frank clinical hemochromatosis.

Several shortcomings of this study were already raised by

others.9–13 The contradictory finding of Beutler et al,8 may

be related to the case definition of hemochromatosis. As

pointed out by Poullis et al,9 accurate definition of the

phenotype is a key issue in estimating penetrance. When

studying subclinical hemochromatosis, our findings and

those of Beutler et al,8 are similar. Moreover, Beutler et al

studied only the C282Y mutation in a subset of the 152

homozygotes found. That this may have introduced bias in

their study is supported by the fact that the prevalence of

diabetes was significantly reduced in carriers of the C282Y

mutation (P¼0.02). This finding is biologically implausi-

ble and most likely resulted from selection bias. Finally,

several studies including ours have shown that the H63D

mutation is also an important mutation in the pathology

of hemochromatosis. As these subjects are included in their

‘control’ group, the power of the study of Beutler et al may

have been diminished.

Although our study suggests that screening for the

C282Y mutation may be effective to detect subjects with

increased transferrin saturation, whether the HFE C282Y

and H63D mutations can be used to detect all or most

persons with subclinical hemochromatosis in the popula-

tion depends not only on the PPV but also on the

sensitivity and the specificity. We found that screening

for hemochromatosis based on HFE genotypes has a

sensitivity of 70% for men and 53% for women and a

specificity of 62% for men and 64% for women. These

values suggest that many subclinical cases will be unde-

tected when screening based on the HFE genotypes. At

first, this observation is at odds with the findings that 85%

Table 4 Positive and negative predictive values, sensitiv-
ity and specificity of HFE genotypes

Genotype Men Women
n=167 n=170

NPVa

(%)
Specificity
(%)

NPV
(%)

Specificity
(%)

Wt/Wt 97.2 62 97.4 64

PPVb

(%)
Sensitivity
(%)

PPV
(%)

Sensitivity
(%)

H63D/Wt 8.1 36.6 2.8 18.2
C282Y/Wt 8.3 14.8 2.9 8.3
H63D/H63D 12.1 6.3 7.4 5.9
C282Y/H63D 34.8 8.1 17.9 11.1
C282Y/C282Y 100 3.6 66.7 7.9
All HFE
genotypes

9.8 69.5 4.7 51.5

NPV=negative predictive value; PPV=positive predictive value.
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of patients with hemochromatosis are explained by

homozygosity for the C282Y mutation. However, these

findings are based on patients with hereditary forms of iron

disease,6,30 and the number of patients with a genetic

(HFE) origin may therefore be high. The situation is very

different in the general population. Although our study

suggests that the HFE C282Y and H63D mutations are

determinants of physiological iron levels, the HFE geno-

types explained no more than 5% of the variability in

serum iron indices. This observation is in agreement with

estimates derived from a sample of twins14 and points

towards the existence of factors other than HFE genotypes

that account for the serum levels of iron. These may

concern genetic as well as environmental factors. Also,

there is strong linkage disequilibrium in the HLA region

where the HFE gene is located and other closely linked

genes may modify the phenotype.15

Our findings in the general elderly population suggest

that the value for screening for high iron based on HFE

genotypes is limited in that only a small percentage of

subjects with elevated levels of iron will be detected.

However, the aim of a population-based screening is to

identify at an early stage individuals at risk of developing

serious iron overload, to prevent organ damage. Although

not all patients may be found, the implication for those

who are found are high despite the controversy of the role

of HFE in disease. Indeed the study of Beutler et al8 does

show that increased serum iron and transferrin saturation

are associated with liver pathology and diabetes. This

implies that reducing iron load in carriers is relevant. If

anything can be learned from the population study of

Beutler et al and ours, it is that translating genetic findings

into preventive strategies in public health is not as

straightforward as anticipated.

In conclusion, our study shows that the HFE C282Y

and H63D are common mutations in the elderly. At late

age, these mutations are still determinants of serum

transferrin, iron and ferritin. Heterozygosity for the

C282Y and H63D mutations is associated with small effects

on serum iron parameters. Although the PPV is high in

C282Y homozygotes, the sensitivity is low. Thus, screening

will be helpful in identifying individuals at high risk of

developing frank iron loading, but a large number of

subjects with increased transferrin saturation will be

undetected.
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