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ABSTRACT

OBJECTIVE: Hemochromatosis is an inherited disease with iron overload and joint involvement resembling
osteoarthritis. To determine the rate of joint replacement surgery in patients with hemochromatosis, we
performed a cross-sectional cohort study.

METHODS: A total of 199 individuals with hereditary hemochromatosis were included. The prevalence of
joint replacement surgery in hip, knee, and ankle joints because of secondary osteoarthritis was assessed.
Data were compared with 917 healthy subjects from the population-based Bruneck study.

RESULTS: A total of 32 of 199 individuals with hemochromatosis received joint replacement surgery with
a total number of 52 joints replaced. Compared with expected rates in healthy individuals, patients with
hemochromatosis had a significantly higher risk for joint replacement surgery (odds ratio 9.0; confidence
interval, 4.6-17.4). Joint replacement occurred significantly earlier in life in patients with hemochroma-
tosis; 21.9% of the patients with hemochromatosis and 1.7% of healthy individuals required joint
replacement before the age of 50 years (P =.0027). Moreover, patients with hemochromatosis were more
likely to require multiple joint replacements (8.5%) than the control group (expected rate 0.3%; P = .0001).
CONCLUSION: Hemochromatosis is a risk factor for joint replacement surgery because of severe secondary
osteoarthritis.
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Hereditary hemochromatosis is characterized by progres-
sive iron overload confined to certain organs. Liver fibrosis
progressing to cirrhosis and hepatocellular carcinoma and
cardiomyopathy are potentially fatal conditions.' Early de-
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tection of hemochromatosis and phlebotomy treatment can
prevent excess morbidity and mortality.> Most patients with
clinically overt hemochromatosis harbor the C282Y ho-
mozygous mutation in the HFE gene and have high serum
ferritin levels at diagnosis.?
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In 1964, Schumacher” first described a specific arthrop-
athy in patients with hemochromatosis presenting as arthri-
tis of the second and third metacarpophalangeal joints and
clinically resembling osteoarthritis. However, the actual dis-
ease burden of arthritis in these patients is uncertain, al-
though it is often the initial clini-
cal manifestation of disease.’ This
study assessed the rate of joint re-
placement surgery as a hard end
point for joint failure in patients
with hemochromatosis.

MATERIALS AND METHODS

Design Overview

From 2005 to 2008, subjects with
hereditary hemochromatosis were
recruited from 7 centers for a
cross-sectional prospective study

ment surgery.

CLINICAL SIGNIFICANCE

e Individuals with hemochromatosis have
a higher risk for developing severe os-
teoarthritis of the large joints (knee,
hip, ankle) necessitating joint replace-

e Affected individuals undergo joint re-
placement surgery earlier in life and
have multiple joints replaced compared
with a healthy population.

joint replacement surgery was complete in 917 individuals
(>99%). Details on incident knee and hip replacement
surgery in the Bruneck Study and their predictive factors
have been described.’

Statistical Analysis

Descriptive cohort characteristics
are presented as mean * standard
deviation. Frequency of joint re-
placement because of osteoarthri-
tis in patients with hemochroma-
tosis and individuals from the
population-based Bruneck Study
with normal ferritin levels was
compared by multivariate analysis
adjusted for age, gender, meno-
pausal status, presence of diabe-
tes, C-reactive protein level, and
body mass index. All reported P

on the clinical phenotype of pa-
tients with hemochromatosis and
iron overload. Inclusion criteria
were as previously described.® Briefly, patients had to have
serologic signs of iron overload with an increased trans-
ferrin saturation (>55% for men, >45% for women). In-
dividuals were included when they had provisional iron
overload (serum ferritin > 300 ng/mL for men and post-
menopausal women, >200 ng/mL for premenopausal
women) or documented iron overload (serum ferri-
tin > 1000 ng/mL or hepatic iron overload on biopsy). By
using patient databases from each center, we identified 350
eligible subjects. A total of 219 subjects volunteered and
were screened, with 199 of them fulfilling inclusion criteria
and having a complete dataset. All subjects gave written
informed consent, and local ethics committees approved
this study.

Participants were administered a detailed questionnaire
including demographic data. Information on HFE genotype,
initial serum ferritin values, transferrin saturation, and the
number of phlebotomies was recorded, and ethylenediami-
netetraacetic acid blood for confirmatory HFE genotyping
was drawn. The number and type of joint replacement
surgeries for severe osteoarthritis were recorded. Non-rheu-
matologic disease manifestations of hemochromatosis, in-
cluding liver disease, cardiac involvement, diabetes, and
hypogonadism, were assessed.

As a reference cohort, the Bruneck Study, a prospective
population-based survey on the epidemiology and patho-
genesis of cardiovascular and musculoskeletal disease in-
cluding osteoarthritis, was used.” At the 1990 baseline, the
study population was recruited as a random sample, strati-
fied according to gender and age, of all inhabitants of
Bruneck (125 women and 125 men in each of the fifth to
eighth decades of age). Some 93.6% participated, with data
assessment completed in 919 subjects. Follow-up examina-
tions were performed every 5 years, and information on

values are 2 sided. Statistical anal-

ysis was performed using PASW
17.0.2 and SPSS 15.0 statistical software (SPSS Inc, Chi-
cago, IlI).

RESULTS

This cohort included 199 subjects with hemochromatosis, of
whom 134 were male (67.3%) and 65 were female (32.7%;
Table). Their mean age at inclusion was 55.9 years (stan-
dard deviation = 12.2 years, range 25-79). Hemochromato-
sis had been diagnosed at a mean age of 49.6 years (* 11.9
years) with a mean duration of symptoms of 3.8 years (*
12.0 years). Serum ferritin values at diagnosis were
2090 = 2173 ng/mL. The majority of subjects were C282Y
homozygous (88.4%). According to inclusion criteria,® 113
participants (56.8%) had documented iron overload, and 86
participants (43.2%) had provisional iron overload.

Thirty-two subjects (16.1%, 18 male, 14 female, ratio
1.3:1) underwent total joint replacement for severe osteoar-
thritis. The mean age at joint replacement surgery was
58.3*+10.4 years. A total number of 52 joints were re-
placed. Fifteen subjects (46.6%) had 1 joint replaced, 14
subjects (43.8%) had 2 joints replaced, and 3 subjects
(9.4%) had 3 joints replaced. The most common localization
was the hip (44 joints, 84.6%), whereas knee (6 joints) and
ankle joint replacements (2 joints) were less frequent.

To assess the specific contribution of hemochromatosis
to joint replacement, we performed a multivariate compar-
ison with healthy individuals (n = 824) with normal ferritin
levels (Bruneck cohort). After adjustment for potential con-
founders, a significantly increased risk for joint replacement
surgery among patients with hemochromatosis (odds ratio
9.0; confidence interval, 4.6-17.4; P =8.71 X 107”) was
found. When calculating age- and gender-specific intervention
rates on the basis of the data from the Bruneck cohort, the
expected prevalence for joint replacement because of severe
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Table Clinical Characteristics

Demographic Variables
No. of patients (N) 199
Gender male/female (No., %) 134 (67.3%)/65 (32.7%)
Age at inclusion (mean = SD, 55.9 +12.2, 25-79
range; y)
Body mass index (mean = SD)
Smoking (No., %)
Alcohol intake (No., %)
Disease-specific variables

26.6 = 3.9
105 (52.8%)
128 (64.3%)

Age at HFE diagnosis 49.6 £11.9
(mean £SD y)
Onset of symptoms 3.8+£12.0

(mean =SD y)

Highest ferritin (mean = SD, 2090 * 2173; 1218,

median/range; ng/mL) 261-14,080
Phlebotomy therapy (No., %) 182 (91.5%)
Start of phlebotomy therapy 49.7 = 11.6
(mean £SD; y)
Duration of phlebotomy 5.9+6.8
therapy (mean = SD; )
Total No. of phlebotomies 51.4 +62.0
(mean = SD)

Genotype

(282Y homozygous (No., %) 176 (88.4%)

Compound heterozygous 13 (6.5%)
(NO., %)

Others (No., %)? 10 (5.0%)

Organ involvement

Aminotransferase elevation 81 (41.5%)
Liver fibrosis/cirrhosis 36 (18.1%)
Diabetes 27 (13.6%)
Cardiomyopathy 22 (11.1%)

Patients with joint replacement
No. of patients (%)
Male/female (No., %)

Age at first joint replacement
(mean =SD y)

Total No. of joint 52
replacements

No. of joint replacements per

patient
1 (NO., 0/o)
2 (No., %)
3 (No., %)

Localization of joint replacement
Hip (No., %)

Knee (No., %)
Ankle (No., %)

SD = standard deviation.

4C282Y heterozygous 4 (2.0%), H63D homozygous 2 (1.0%), H63D
heterozygous 1 (0.5%), juvenile HFE 1 (0.5%), t+IVS2+4T/C+IVS2+
4T/C 1 (0.5%), R226W/C282Y 1 (0.5%).

32 (16.1%)
18 (56.3%)/14 (43.7%)
58.3 + 10.4

15 (46.9%)
14 (43.8%)
3 (9.4%)

4t (84.6%)
6 (11.5%)
2 (3.8%)

osteoarthritis was only 2.0% as opposed to 16.1% actually
affected in the hemochromatosis group (P <.000001). More-
over, patients with hemochromatosis were more likely to
require multiple joint replacement surgeries (8.5%) than the
control group (expected rate 0.3%; P = .0001). Finally, sub-

jects with hemochromatosis underwent joint replacement
surgery earlier in life (Figure); 21.9% (50.0%) of the
subjects with hemochromatosis and 1.7% (8.6%) of
healthy individuals required joint replacement before age
50 years (age 60 years) (P =.0027 and P=8.9X10°°,
respectively).

DISCUSSION

Hemochromatosis is associated with a high risk of joint
replacement surgery, highlighting the strong association be-
tween iron overload and degenerative joint disease. Our data
demonstrate that secondary osteoarthritis is not only a cen-
tral component of hemochromatosis but also a major disease
burden. We found that 16% of subjects with hemochroma-
tosis had at least 1 joint replaced, which indicates that a
substantial proportion of subjects with hemochromatosis
face progressive and severe osteoarthritis warranting joint
replacement surgery. This notion is further supported by a
highly increased risk for multiple joint replacements and a
substantially lower age at intervention. When comparing the
risk for joint replacement surgery in patients with hemo-
chromatosis and the general population, a 9-fold risk in
patients with hemochromatosis could be documented after
adjustment for potential confounders. Because the rate of
joint replacements in the Bruneck Study population corre-
sponds well to overall joint replacement rates in the general
population, hemochromatosis emerges as a strong enhancer
of the risk of osteoarthritis.

It is likely that some patients requiring joint replacement
have unrecognized hemochromatosis. This concept is not
only favored by the strong association of hemochromatosis
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Figure Age-related distribution of joint replacement surgery
in the hemochromatosis cohort (upper panel, light grey bars)
and the general community (lower panel, dark grey bars).
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with the prevalence of joint replacement surgery but also
supported by several other observations: arthritis is a com-
mon clinical manifestation in patients with hemochromato-
sis,® but knowledge on the distribution and severity of
arthritis in this patient group is so far scarce.” Arthritis, in
contrast with other clinical features of hemochromatosis, is
not considered to be reversible in the majority of patients,'”
and thus likely progresses to joint failure. Only a fraction of
patients with hemochromatosis have clinically overt organ
involvement despite iron overload. Such patients might eas-
ily escape diagnosis for hemochromatosis but clinically
show premature osteoarthritis as the sole clinical manifes-
tation of iron overload. It is noteworthy that iron overload is
a key pathognomonic feature of the disease, because indi-
viduals with HFE gene mutations but no iron overload do
not develop disease.'' We therefore included subjects with
HFE gene mutation and documented or provisional iron
overload in this cohort regardless of clinical manifestations
attributed to hemochromatosis.

STUDY LIMITATIONS

We attempted to eliminate bias leading to preferential in-
clusion of patients with HFE with arthropathy by recruiting
a significant proportion of subjects in non-rheumatology
centers (64.8% of all subjects). The prevalence of other
clinical manifestations related to hemochromatosis was sim-
ilar to previously published cohort and population-based
studies. Also, asymptomatic patients identified by an acci-
dental finding of pathologic iron metabolism parameters and
by screening of relatives of affected patients were not ex-
cluded from our study.® More important, the prevalence of
our primary end point (joint replacement) was not signifi-

cantly different between patients originating from rheuma-
tology and non-rheumatology centers (15.7% vs 16.3%).

CONCLUSIONS

These data show that hemochromatosis leads to secondary
osteoarthritis of multiple joints early in life, which results in
joint failure and a high rate of replacement surgery.
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