Musculoskeletal Complications of Hereditary
Hemochromatosis: A Case-Control Study
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ABSTRACT. Objective. Arthropathy that mimics osteoarthritis (OA) and osteoporosis (OP) is considered a clas-

sic complication of hereditary hemochromatosis (HH) but has never been investigated in a cross-sec-
tional study. We investigated whether HH is associated with increased prevalence of OA and OP and
related factors.

Methods. A self-administered questionnaire was completed by 306 patients with HH and 304 age
and sex-matched unaffected controls.

Results. The mean age of patients was 60.1 + 11.3 years, and 47.4% were women. More patients
with HH than controls had been given a diagnosis of OA: 50.5% vs 28.9% [adjusted OR (aOR) 2.5,
95% CI 1.8-3.6]. Compared with controls, patients with HH had a higher risk of knee (aOR 5.3,95%
CI 1.1-25.6) and hip replacement prosthesis (aOR 5.2, 95% CI 2.2-11.9). More patients than con-
trols had been diagnosed with OP: 23.3% vs 4.6% (aOR 7.3, 95% CI 3.2-17.0). Patients with HH
showed an increased prevalence, although not significant, of wrist (aOR 1.7,95% CI 0.9-3.0) or ver-
tebral fractures (aOR 1.7, 95% CI 0.8-3.8). The severity of iron overload, as defined by a ferritin
level > 1000 p g/l at diagnosis, was associated with OA (p = 0.0005), OP (p = 0.01), presence of hip
prosthesis (p = 0.04), wrist fractures (p = 0.002), and vertebral fractures (p = 0.02).

Conclusion. This case-control study strongly suggests a significant association among HH, OA, and
OP. Joint involvement can be severe, especially in patients with substantially elevated ferritin levels.

(J Rheumatol First Release August 1 2010; doi:10.3899/jrheum.100234)
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The most common form of hereditary hemochromatosis
(HH) is an autosomal recessive iron-overload disorder asso-
ciated with mutation of the HFE gene, located on chromo-
some 6. Approximately 90% of subjects with HH who are of
northern European descent are homozygous for a missense
mutation that results in the substitution of tyrosine for cys-
teine at position 282 of the HFE protein (C282Y)!. Another
mutation on the HFE gene can result in the substitution of
aspartate for histidine at aminoacid 63 (H63D). About 5% of
people with HH may show compound heterozygosity for
both the C282Y and H63D mutation' 2.

Large controlled studies showed that the penetrance of
the homozygous state for the HFE C282Y mutation is much
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lower than had previously been thought. These studies
showed that the classically nonspecific symptoms attributed
to iron overload in C282Y homozygotes were equally preva-
lent in controls, which led to a more specific definition of
penetrance based on the presence of liver disease?~.

Two rheumatological complications have been reported
in phenotypically expressed HH: an arthropathy that mimics
osteoarthritis (OA) but with a different joint distribution,
and osteoporosis (OP)*>9-78_ Schumacher was the first to
describe articular complications in patients with HH?. Since
then, numerous observational studies have reported that
affected individuals frequently show arthralgia in the hands
and large joints or severe arthropathy, typically involving
the second and third metacarpophalangeal (MCP) joints,
which may seriously affect quality of life*>-10-11.12.13 This
arthropathy was reported to occur in 30% to 80% of patients
with HH, depending on the study’-'4, and frequently coex-
ists with calcium pyrophosphate deposition'2. Chondro-
calcinosis may also cause severe attacks of inflammatory
arthritis and may also associate with intermittent or persist-
ent symptoms of pain, stiffness, and functional limitation'>.
The reported prevalence of OP ranges from 25% to 35%°%8
and seems to be associated with severity of iron overload®.
The risk of vertebral fractures has been reported to reach
20%1.

Descriptions of articular and bone involvement in pheno-
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typically expressed HH have involved highly selected sub-
jects, mainly from rheumatological departments in tertiary
care hospitals, and were mostly based on observational stud-
ies without an appropriate control group. Given that OA, joint
pain, and OP are frequent conditions within the general pop-
ulation, data from these studies do not allow definite conclu-
sions on the link between HH and rheumatological features.
In contrast to those descriptions in patients with pheno-
typically expressed HH, case-control studies that have com-
pared joint pain or arthritis in homozygotes for the HFE
mutation with controls yielded conflicting results. Some
studies found that arthritis or presence of abnormal second

and third MCP joints was more common in C282Y homozy-

gotes than in controls!”7-!3; others found that the prevalence

of joint pain or arthritis was similar in C282Y homozygotes
and controls!?20-212223 Moreover, a recent metaanalysis of
66,000 cases and 226,000 controls found the hemochro-
matosis genotypes (C282Y/C282Y or C282/H63D) not
associated with arthritis*.

The purpose of our national survey was to specifically
assess the prevalence of joint and bone involvement in
patients with HH and in age-matched and sex-matched
healthy controls. We also studied whether patients with sub-
stantially elevated ferritin levels at diagnosis were at risk for
rheumatological complications.

MATERIALS AND METHODS

Cases and controls. Patients who were members of the Association
Hémochromatose France (AHF), the French HH patient association, were
asked to participate in a national survey in 2006. AHF is a nonprofit sup-
port organization with 2284 members throughout France. AHF edits a
bimonthly journal that provides general information on the condition. A
self-administered questionnaire was inserted into the journal in June 2006,
and we invited all members to participate in our survey. A similar ques-
tionnaire was completed by a control group of healthy unrelated subjects
(blood donors or volunteers recruited from 2 different university-hospital
blood donor centers and from the local community, respectively). The con-
trol subjects were matched for age and sex to the patients with HH. Patients
and controls were informed of the purpose of the study and gave their
informed consent. This study was conducted in accord with the recommen-
dations of the Helsinki Declaration. Ethical approval was not required for
the study, in accord with national guidelines.

Method of enquiry. The self-administered questionnaire addressed articular,
lumbar spine, and bone involvement. The following data were collected:
demographic measurements (age, sex, weight, size, genotype, smoking
habit); details of HH history (ferritin level and transferrin saturation at diag-
nosis, method of detection of hemochromatosis and symptoms before diag-
nosis); general clinical measurements (asthenia, diabetes mellitus, liver dis-
ease, cardiac disease); joint and spine involvement (patients were asked if
they have been diagnosed with OA by a physician; if they complained of
joint pain, low back pain, or sciatica; if they had knee, hip, or ankle replace-
ment prosthesis); bone involvement (patients were asked if they had been
diagnosed with OP by a physician; if they had a history of fractures,
menopausal status, current treatment for OP, and maternal history of hip
fracture); and, finally, effect of phlebotomy on global joint pain, if present,
before the start of venesection therapy.

A pilot version of the questionnaire was administered to 15 patients
with HH not included in the study and was modified for comprehensibility
according to their remarks and suggestions.

Statistical analysis. Student’s t test or chi-square test was used to compare
quantitative or qualitative data, respectively. Prevalence of the clinical
symptoms or events was described by crude or adjusted OR (aOR) with
95% CI. Measurements for groups were compared by logistic regression.
The design of our study precluded the assessment of iron overload by liver
biopsy. We thus used the ferritin level as a surrogate marker, and we defined
the severity of iron overload by a ferritin level = 1000 ug/1 at diagnosis.
This cutoff was shown to be clinically appropriate®. All analyses used SAS
v 9.2 (SAS Institute, Cary, NC, USA). A 2-tailed p value < 0.05 was con-
sidered statistically significant.

RESULTS

Demographic characteristics. Our study consisted of 306
patients with HH who completed the questionnaire and 304
controls matched for age and sex (Table 1). The mean age of
patients was 60.1 + 11.3 years, and 47.4% were female.
Among the respondents, 87% were reported to be C282Y
homozygote and 13% compound C282Y/H63D heterozy-
gote. Mean ferritin level and transferrin saturation coeffi-
cient at diagnosis were 1556 + 1623 pug/l and 74.4% =+
19.2%, respectively.

Diagnosis of HH. When asked about the features that led to
the diagnosis of HH, 62.1% of respondents stated symptoms
related to HH. By contrast, 23.8% reported that their diag-
nosis resulted from a routine or ancillary laboratory test, and
13.7% were diagnosed by family screening. Half of the
respondents (49.2%) received a diagnosis from their gener-
al practitioner and only 12% from a rheumatologist.

Joint symptoms in patients with HH. At diagnosis, more than
half of the patients (51.5%) reported that they complained of
joint pain and 57.9% reported asthenia (Table 2). Among
respondents with joint pain attributed to HH by physicians,
the mean time between the start of complaints and diagnosis
of HH was 8.6 + 8 years. One-third of these patients stated
that their pain worsened following phlebotomy. Only 20%
reported that their articular symptoms improved with iron
removal, and 31% reported no effect. Prevalence of self-
reported global joint pain and asthenia at the time of the sur-
vey was higher in the HH group than in controls (p <
0.0001; Table 2). Joint pain was reported to greatly affect

Table 1. Characteristics of patients with hereditary hemochromatosis (HH)
and controls. Values are mean + SD or percentages.

Characteristics Patients with HH,  Controls, p
n =306 n = 304

Age, yrs 60.1 +11.3 596 +11.6 0.56
‘Women, % 474 422 0.2
Menopausal women, % 777 67.4 0.05
Body mass index, kg/m? 25+3.7 25+£3.6 0.98
Current smoker, % 123 16.5 0.14
Bisphosphonate use, % 92 1.6 < 0.0001
C282Y/C282Y, % 87 NA NA
C282Y/H63D, % 13 NA NA

NA: not applicable.
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Table 2. Self-reported symptoms at diagnosis and at time of survey in patients with hereditary hemochromato-

sis (HH) and controls.

Symptoms Patients with HH, n = 306 Controls, p*

At Diagnosis At Time of Survey n =304
Joint pain, % 515 86.9 43.1 <0.0001
Asthenia, % 579 79.7 319 < 0.0001
Diabetes, % 52 9.8 79 0.40
Liver disease, % 18.4 27.1 1.3 < 0.0001
Cardiac disease, % 10 15.8 9.2 0.01

* Symptoms in controls compared with symptoms in the HH group at time of survey.

the quality of life of patients with HH (57% of responders),
followed by asthenia (33%).

Painful joint sites in patients with HH. Patients were asked to
locate their current painful joints. The most common painful
joint in patients with HH was the knee, then the hand, ankle,
shoulder, wrist, hip, and foot. Crude and adjusted analysis
revealed a significantly higher prevalence of painful joints at
all individual sites in patients with HH than in controls. The
aOR for self-reported pain in hand, wrist, and ankle were
17.2 (95% CI 10.3-28.9), 12.2 (95% CI 6.5-22.9), and 11.3
(95% CI 6.3-20.0), respectively (Table 3).

Osteoarthritis, joint replacement, and back pain in patients
with HH. Prevalence of physician-diagnosed OA, joint
replacement, self-reported back pain, and sciatica in both
groups is indicated in Table 4. More patients with HH than

controls were diagnosed with OA: 50.5% vs 28.9% (aOR
2.5,95% CI 1.8-3.5). Compared with controls, patients with
HH showed a higher crude and adjusted risk of knee and hip
replacement prosthesis (aOR 5.3,95% CI 1.1-25.6 and aOR
52, 95% CI 2.2-11.9, respectively). Prevalence of self-
reported back pain and sciatica was also higher in patients
with HH (aOR 3.6, 95% CI 2.5-5.0 and aOR 2.1, 95% CI
1.5-2.9). The management of physician-diagnosed OA was
considered satisfying by 69% of controls but only 39% of
patients with HH (p < 0.0001).

Osteoporosis and fractures in patients with HH. In the crude
analysis, more patients than controls had been diagnosed
with OP: 23.3% vs 4.6% (OR 6.2, 95% CI 34-11.3,p <
0.0001; Table 5). This diagnosis was associated with an
increased crude risk of wrist fracture (OR 1.7, 95% CI

Table 3. Prevalence of self-reported joint pain for each site for patients with hereditary hemochromatosis (HH)

and controls.

Joint Patients with HH, Controls, Crude OR Adjusted OR p
n =306 n =304 (95% CI) (95% CI)*

Shoulder 40.8 122 5.0 (3.3-7.5) 5.1 (34-7.8) < 0.0001
Elbow 212 43 6.0 (3.2-11.2) 6.8 (3.6-12.8) <0.0001
Wrist 33.0 39 12.0 (6.4-22.4) 12.2 (6.5-22.9) < 0.0001
Hand 539 6.3 17.6 (10.5-29.4) 17.2 (10.3-28.9) < 0.0001
Hip 34.6 5.6 89 (5.2-154) 9.3 (53-16.2) < 0.0001
Knee 58.2 17.8 6.4 (44-9.3) 6.3 (4.3-9.2) < 0.0001
Ankle 36.3 49 11.0 (6.2-194) 11.3 (6.3-20.0) < 0.0001

* Adjusted for age, sex, and body mass index. P values are for adjusted OR.

Table 4. Association between hereditary hemochromatosis (HH) and osteoarthritis, joint replacement, back pain,

and sciatica.

Conditions HH, Controls, Crude OR Adjusted OR p

n =306 n =304 (95% CI) (95% CI)*
Osteoarthritis, % 50.5 289 2.5(1.8-35) 2.5(1.8-3.6) < 0.0001
Knee replacement, % 33 0.7 5.1(1.1-23.4) 5.3 (1.1-25.6) 0.03
Hip replacement, % 11.1 23 53 (2.3-12.1) 52(2.2-11.9) 0.0001
Ankle replacement, % 1.0 03 3.0 (0.3-30.0) 2.9 (0.3-284) 0.35
Back pain, % 715 40.8 3.6 (2.6-5.1) 3.6 (2.5-5.0) < 0.0001
Sciatica, % 472 30.0 2.1(1.5-29) 2.1(1.5-29) <0.0001

* Adjusted for age, sex, and body mass index. P values are for adjusted OR.
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1.0-3.0, p = 0.04). The difference in OP prevalence between
groups persisted after adjusting for confounding factors
(aOR 7.3,95% CI 3.2—-17.0). In the adjusted model, HH was
associated, although not significantly, with wrist or vertebral
fractures (aOR 1.7, 95% CI 0.9-3.0 and aOR 1.7, 95% CI
0.8-3.8, respectively).

Association between severity of iron overload and
osteoarthritis or osteoporosis. Finally, we searched for an
association between severity of iron overload, as assessed
by a ferritin level = 1000 pg/ml at diagnosis, and OA, spine
involvement, or OP (Table 6). Severity of iron overload was
associated with OA (OR 2.2,95% CI 1.4-3.6) and presence
of hip prosthesis (OR 2.1, 95% CI 1.0-4 .4), but not knee or
ankle prosthesis. No association was found with back pain
or sciatica.

OP was found associated with HH and severe iron over-
load (OR 1.9, 95% CI 1.1-3.3) and with wrist and vertebral
fractures (OR 3.0, 95% CI 1.4-6.2 and OR 2.8, 95% CI
1.1-7.0, respectively) but not hip fracture.

DISCUSSION
This is the first large case-control survey of the prevalence
of rheumatological diseases classically associated with HH.
Physician-diagnosed OA and OP, low back pain, and hip and
knee prosthesis were all associated with HH.

Our study included 306 cases, with mean age 60.1 years.
The proportions of homozygotes (C282Y/C282Y) and com-
pound heterozygotes (C282Y/H63D) were 87% and 13%,

respectively, similar to proportions reported in 2 large obser-
vational studies that specifically assessed articular compli-
cations of HH'!12,

The increased ease of diagnosis of HH since the discov-
ery of the HFE gene in 1996 has modified the phenotype of
diagnosed cases'”. Indeed, the classic triad of cirrhosis,
bronze skin, and diabetes is now rare in adult-onset HHZ3.
We found that circumstances leading to the diagnosis
included symptoms (62.1%) and an abnormal laboratory test
result (23.8%). The proportion of patients diagnosed after
family screening (13.7%) was lower than that found in 2
large surveys (20% and 31%)'8-21. About half of our patients
reported joint pain before diagnosis. Despite this, only 12%
received a diagnosis from a rheumatologist, and the mean
delay between the beginning of joint complaints and the
diagnosis of HH was 8.6 years. These data suggest that
physicians, including rheumatologists, understand HH poor-
ly. Rheumatologists should be better educated about the
prevalence of HH and the methods available for diagnosis to
improve care of patients with HH, because early diagnosis is
associated with better outcome'?>. Moreover, as in previous
reports*10:14.21.26 "\e found joint pain rarely alleviated by
phlebotomy treatment, which highlights the need for early
detection of HH in patients with articular complaints, before
severe structural damage occurs.

The 2 most commonly reported painful articular sites
were the knee and the hand, and any joint could be involved
in HH, which agrees with a previous survey involving the
US Hemochromatosis Research Foundation!# and with radi-

Table 5. Association between hereditary hemochromatosis (HH) and osteoporosis and fractures.

Conditions HH, Controls, Crude OR Adjusted OR p
n =306 n =304 (95% CI) (95% Cl)*

Osteoporosis, % 23.3 4.6 6.2 (3.4-11.3) 7.3 (3.2-17.0) 0.01

Hip fracture, % 2.6 2 1.3(0.5-39) 0.8 (0.2-2.5) 0.65

Wrist fracture, % 124 7.6 1.7 (1.0-3.0) 1.7 (0.9-3.0) 0.08

Vertebral fracture, % 72 3.6 2.1(1.0-4.3) 1.7 (0.8-3.8) 0.18

* Adjusted for age, sex, body mass index, use of bisphosphonate, smoking, menopausal status, and history of
maternal fracture of the hip. P values are for adjusted OR.

Table 6. Association between serum ferritin level at diagnosis and rheumatological complications in patients

with hereditary hemochromatosis (HH). n = 306.

Complications Serum Ferritin Serum Ferritin OR p
< 1000 pg/l = 1000 pg/l (95% CI)

Osteoarthritis, % 413 61.6 2.2 (14-3.6) 0.0005
Knee replacement, % 1.8 5.1 2.9 (0.7-11.5) 0.12
Hip replacement, % 7.7 152 2.1(1.044) 0.04
Back pain, % 749 674 0.6 (04-1.1) 0.15
Sciatica, % 49.1 449 0.8 (0.5-1.3) 046
Osteoporosis, % 18 29.7 1.9 (1.1-3.3) 0.01
Hip fracture, % 1.8 3.6 2.0 (0.4-8.8) 0.32
Wrist fracture, % 7.1 18.8 3.0(14-6.2) 0.002
Vertebral fracture, % 4.2 109 2.8 (1.1-7.0) 0.02
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ological findings from a recent observational study'!. Thus,
joint involvement may be widespread in HH, and HH should
always be considered in patients diagnosed with polyarticu-
lar OA or peripheral arthritis?’. Given this frequent diffuse
articular involvement, it is surprising that spine involvement
did not receive much attention in clinical studies of HH.
Disc degeneration and calcifications in the intervertebral
discs due to calcium pyrophosphate crystal deposits have
been reported in patients with HH?8-2°, and the prevalence
of spine arthropathy seen on radiography was 34% in a ret-
rospective study!!. The literature contains no data on the
prevalence of low back pain in patients with a clinical phe-
notype of HH. One survey found sole carriage of the HFE
gene mutation not associated with self-reported prevalence
of low back pain!®, which might be explained by the low
penetrance of the condition. We found a higher self-report-
ed prevalence of low back pain and sciatica in patients than
in controls, which shows that the lumbar spine might be
impaired during HH.

Because the arthropathy of HH mimics OA in most cases,
we assessed the prevalence of physician-diagnosed OA in
patients and controls. We found this prevalence was 2.5-fold
higher in patients with HH than in controls after adjusting
for confounders. To estimate the severity of this arthropathy,
we evaluated the prevalence of joint prosthesis of the lower
limbs in both groups, and found the proportion of patients
with hip and knee prosthesis about 5-fold higher at both
sites than in controls. Moreover, joint pain, rarely improved
by iron depletion (20%), was the prominent clinical factor
affecting quality of life in patients. These data strongly sug-
gest that the arthropathy of HH can be a severe and disabling
condition.

In vitro and experimental studies have suggested that iron
overload might lead to a decrease in bone formation sec-
ondary to inhibition of osteoblast activity!6931 and that
iron is capable of inhibiting hydroxyapatite crystal
growth32. Increased bone resorption might also occur in the
presence of hypogonadism, which is a rare complication in
HH33. Prevalence of OP and osteopenia, as assessed by
dual-energy x-ray absorptiometry, has been reported in
patient series, but again, without an appropriate group con-
trol®%-13. In the largest series, of 59 unselected patients
(C282Y/C282Y or C282Y/H63D), prevalence of OP as
assessed by bone mineral density was 20% at the lumbar
spine and 12% at the femoral neck®, which are close to the
23.3% we found. In our survey, the prevalence of physician-
diagnosed OP reported by patients was 6.2-fold higher than
that reported by controls, which strongly suggests that OP is
a complication of HH. Whether OP is associated with
increased risk of fracture in patients with HH has never been
specifically addressed. In a population-based study of 501
people with HH, the incidence rate of all fractures was not
significantly higher in the HH group than in the general pop-
ulation!”. We found increased aOR for wrist and vertebral

fractures, but these were not significantly associated with
HH, which might be due to an insufficient number of
patients to detect these rare events.

Recently, C282Y homozygotes with serum ferritin level
> 1000 pg/l were found to be at higher risk for symptoms
and diseases associated with the HFE gene, such as fatigue,
liver disease, and use of arthritis medication, than were
homozygotes with a lower level of ferritin'®. We thus
searched for an association between severity of iron over-
load, defined by ferritin level = 1000 p g/l at diagnosis, and
presence of joint and bone complications. Patients with
severe iron overload were at high risk for physician-diag-
nosed OA and OP, hip prosthesis, and wrist and vertebral
fractures. These findings confirm and extend the observa-
tion from previous studies of an association between degree
of iron overload and severity of arthropathy and OP%11-12,

Our study has several limitations that deserve attention,
and some results need to be interpreted cautiously. Indeed,
due to the relatively low number of respondents, participants
may not have been representative of all patients with HH.
For example, patients with joint pain, OA, or OP more like-
ly responded to the survey. Patients were asked to remember
symptoms and experiences attributed to hemochromatosis,
and recall bias may have occurred. Moreover, physicians
who are aware of rheumatological complications of HH
would have been more likely to search for OP and OA in
patients with HH. Finally, our control group may have been
unrepresentative, because blood donors could be healthier
than the general population.

This is the first case-control study that strongly suggests
a significant association between HH and OA, low back
pain, and OP. Joint involvement in patients can be a severe
condition, especially with serum ferritin levels = 1000 p g/l
at diagnosis. Our findings also suggest that rheumatological
complications are frequent in patients with HH and that
rheumatologists should be better aware of HH to achieve an
earlier diagnosis.
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