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ABSTRACT
The iron overload disorder hemochromatosis is primarily caused by the homozygous HFE p.C282Y variant, but the scale of excess
related musculoskeletal morbidity is uncertain. We estimated hemochromatosis-genotype associations with clinically diagnosed
musculoskeletal outcomes and joint replacement surgeries in the UK Biobank community cohort. A total of 451,143 European ances-
try participants (40 to 70 years at baseline) were followed in hospital records (mean 11.5-years). Cox proportional hazardsmodels esti-
mated HFE p.C282Y and p.H63D associations with incident outcomes. Male p.C282Y homozygotes (n = 1294) had increased
incidence of osteoarthritis (n = 52, hazard ratio [HR]: 2.12 [95% confidence interval, CI: 1.61 to 2.80]; p = 8.8 � 10�8), hip replacement
(n = 88, HR: 1.84 [95% CI: 1.49 to 2.27]; p = 1.6 � 10�8), knee replacement (n = 61, HR: 1.54 [95% CI: 1.20 to 1.98]; p = 8.4 � 10�4),
and ankle and shoulder replacement, compared to males with no HFEmutations. Cumulative incidence analysis, using Kaplan–Meier
lifetable probabilities demonstrated 10.4% of male homozygotes were projected to develop osteoarthritis and 15.5% to have hip
replacements by age 75, versus 5.0% and 8.7% respectively without mutations. Male p.C282Y homozygotes also had increased inci-
dence of femoral fractures (n = 15, HR: 1.72 [95% CI: 1.03 to 2.87]; p = 0.04) and osteoporosis (n = 21, HR: 1.71 [95% CI: 1.11 to 2.64];
p = 0.02), although the latter association was limited to those with liver fibrosis/cirrhosis diagnoses. Female p.C282Y homozygotes
had increased incidence of osteoarthritis only (n = 57, HR: 1.46, [95% CI: 1.12 to 1.89]; p = 0.01). Male p.C282Y/p.H63D compound
heterozygotes experienced a modest increased risk of hip replacements (n = 234, HR: 1.17 [95% CI: 1.02 to 1.33], p = 0.02), but this
did not pass multiple testing corrections. In this large community cohort, the p.C282Y homozygote genotype was associated with
substantial excess musculoskeletal morbidity in males. Wider HFE genotype testing may be justified, including in orthopedic clinics
serving higher HFE variant prevalence populations. © 2023 The Authors. JBMR Plus published by Wiley Periodicals LLC. on behalf of
American Society for Bone and Mineral Research.
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Introduction

The iron overload disorder hemochromatosis is an autosomal
recessive condition predominantly caused by mutations in

the HFE gene, particularly the p.C282Y mutation, and, to a lesser
extent, the p.H63D mutation. The p.C282Y mutation can cause
accumulation of iron, which builds up over time and is associated
with osteoarthritis (OA), diabetes, liver disease, liver cancer, and
other conditions,(1–3) although only a minority of community
populations with the p.C282Y homozygote genotype actually
develop associated clinical disease, meaning the clinical
penetrance is limited. The musculoskeletal impact of

hemochromatosis has been widely reported, and it has long
been recognized that patients with hemochromatosis experi-
ence joint pain at a relatively young age.(4) In addition, the pro-
gression to joint replacement surgery in this population has
also been reported. Previous analysis of UK Biobank data(2)

(mean 7-year follow-up) found that in male p.C282Y homozy-
gotes, the odds of hip replacement were raised (odds ratio
[OR]: 2.62 [95% confidence interval, CI: 1.97 to 3.49]; p < 0.001).
This incidence is similar to that of a previous study that found a
tripled risk of hip replacement in hemochromatosis patients.(5)

Another widely reported musculoskeletal impact of hemo-
chromatosis is osteoporosis (OP), with evidence suggesting
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�25% of patients with hemochromatosis will suffer from OP,(6)

and an even greater number from osteopenia.(7) A sequela of
OP is the risk of fracture, and researchers have observed higher
risks within hemochromatosis patients. Early case studies pre-
sented unusual fractures in relatively young patients with mark-
edly low bone mineral density (BMD) on dual-energy X-ray
absorptiometry (DXA) scanning ranging from �3 to �5 SDs in
the lumbar spine.(8,9) While increased odds of wrist fracture have
been demonstrated in hemochromatosis patients (OR: 1.7 [95%
CI: 1.0 to 3.0], p = 0.04),(10) the association of wider fragility frac-
ture presentation has not been proven.(11)

Although excess musculoskeletal disease and associated sur-
gical procedures clearly occur in clinically diagnosed hemochro-
matosis patients, less is known about outcomes in community
genotyped cohorts, especially at older ages when joint replace-
ments are common. Follow-up data over 11.5-years from the
largest study of community dwelling participants who have been
genotyped for HFE p.C282Y and p.H63D status were used to
examine associations between hemochromatosis genotypes
and musculoskeletal outcomes. The current analysis of UK Bio-
bank data advances our previous analyses(2) by including longer
follow-up and a wider range of musculoskeletal outcomes.

Methods

UK Biobank participants

The UK Biobank study includes 502,464 volunteers aged 40 to
70 years. Baseline assessments (2006 to 2010) included demo-
graphics, lifestyle, disease history, physiological measurements,
and collection of blood for genotyping.(12) Genotyping data were
available for 451,143 participants of European ancestry with HFE
p.C282Y (rs1800562) and HFE p.H63D (rs1799945) genotype
information (see Supplementary Methods for details). Partici-
pants were followed up via electronic hospital admissions data
until 2020. UK Biobank participants were notified of relevant
health-related findings at the time of the baseline assessment.
However, participants are not notified of subsequent findings,
including genotyping.

Baseline variables

Prevalent disease diagnoses were derived from self-reports at
baseline through a verbal interview with a trained nurse, plus
hospital inpatient data (National Health Service Hospital Episode
Statistics) from 1996 to the baseline assessment, coded using
International Classification of Diseases, 10th Revision (ICD-10).
We examined a range of prevalent musculoskeletal outcomes,
plus prevalent diagnoses of hemochromatosis or liver cirrhosis/
fibrosis. Height and weight weremeasured at baseline, and body
mass index (BMI) was calculated in kilograms per square meter
(kg/m2). Serum 25-hydroxyvitamin D (25[OH]D, a proxy for vita-
min D) was measured in nanomoles per liter (nmol/L). Partici-
pants (n = 259,529) had bilateral calcaneal Quantitative
Ultrasound Scanning (QUS) measurements obtained using a
Sahara Clinical Bone Sonometer (Hologic, Inc., Marlborough,
MA, USA). Broadband ultrasound attenuation (BUA) and speed
of sound (SOS) were derived and combined to calculate the
quantitative ultrasound index (QUI). All preventive maintenance,
routine servicing, and calibration of equipment within Biobank
assessment centers are managed by the center manager.(13)

Incident disease outcomes

Incident disease diagnoses, operations, and procedures were
identified during follow-up in hospital inpatient data, from base-
line assessment to December 2020. Disease outcomes were
coded using ICD-10. Operations and procedures were coded
using the OPCS Classification of Interventions and Procedures
version 4 (OPCS-4) (Supplementary Table S1). Incident musculo-
skeletal outcomes examined included OA, hip/knee/shoulder or
ankle replacement surgery, osteoporosis (OP), any reported frac-
ture, femoral fracture (including neck of femur), and wrist
fracture.

Statistical analysis

Cox proportional hazards regression tested associations
between genotypes and risk of incident musculoskeletal diagno-
ses/surgical procedures. Results are presented in each of the
p.C282Y-H63D genotype groups compared to those without
mutations. Incident outcomes excluded participants with each
baseline prevalent diagnosis/surgical procedure (from self-
reports at baseline, plus hospital inpatient data from 1996 to
baseline). Models were stratified by sex and adjusted for age,
assessment center, genotyping array, and 10 genetic principal
components generated in participants of European descent,
accounting for population genetics substructure. Excess muscu-
loskeletal outcomes are well documented in p.C282Y homozy-
gotes. However, for other genotype groups we performed
multiple testing corrections (Bonferroni-corrected p value of
0.006, dividing the 0.05 significance level by nine musculoskele-
tal outcomes). Cumulative incidence analysis, using Kaplan–
Meier lifetable probabilities, was applied to estimate hypotheti-
cal cumulative incident case numbers from age 40 to 75 years,
in 5-year bands by genotype and sex. Proportional hazards
assumptions for themusculoskeletal outcomes and replacement
surgeries were tested with Schoenfeld residuals, which did not
indicate violation of the assumption. Analyses were performed
in Stata 15.1.

Sensitivity analysis

Previous studies questioned the impact of liver disease on bone
quality in hemochromatosis patients,(7,14) so a sensitivity analysis
of the association between genotypes and OP and femoral frac-
ture was performed, excluding participants with a baseline liver
fibrosis/cirrhosis diagnosis, to determine any relationship
between liver disease and bone fragility. We also excluded par-
ticipants with a vitamin D deficiency (<25 nmol/L).(15)

To assess the impact of clinical hemochromatosis onmusculo-
skeletal outcomes, a sensitivity analysis was performed exclud-
ing those participants with diagnosed hemochromatosis at
baseline. In addition, we also excluded participants who had a
hip fracture code recorded within 5 days before the replacement
surgery to determine rates of hip replacement surgery unrelated
to trauma. Since a prior fracture significantly increases the risk of
a subsequent fracture, we carried out additional sensitivity anal-
ysis using logistic regression to assess the odds of ever having a
fracture by hemochromatosis genotype (combining baseline
self-reported data and follow-up data from hospital records).

Primary care follow-up data were available in a subset of par-
ticipants (n = 209,795) from baseline until 2016 to 2017. Incident
outcomes likely to be recorded in a primary care setting (OA and
OP) were categorized from primary care ‘Read codes’
(Supplementary Table S2).(16) In this subset of participants with
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primary care data, Cox proportional hazards regression were
repeated to test the association between genotypes and the risk
of OA and OP (combining diagnoses in hospital inpatient records
or primary care data).

For incident outcomes, we also used Fine and Gray competing
risk models, including death prior to diagnosis of the outcome as
a competing risk event (follow-up data available via death
records to December 2020). To check whether results were
biased due to the inclusion of related participants, we repeated
the primary analyses randomly excluding one of each pair of par-
ticipants related to the third degree or closer identified by KING
kinship analysis(17) (381,000 participants remaining).

Results

Characteristics of participants

Analyses included 451,143 European descent participants aged
40 to 70 years at baseline, 54% of the sample were women and
mean age was 56.8 years (SD 8.0). The mean follow-up period
was 11.5-years (max 14.8). There were 2890 p.C282Y homozy-
gotes (0.6%), with 12.1% of male (156/1294) and 3.4% of female
(54/1596) p.C282Y homozygotes diagnosed with hemochroma-
tosis at baseline, increasing to 406males (31.4%) and 302 females
(18.9%) by the end of follow-up. Mean BMI was slightly lower in
male p.C282Y homozygotes compared to those without muta-
tions (27.6 vs. 27.9 kg/m2, p = 0.02) but did not differ in females
(26.9 vs. 27 kg/m2, p = 0.21). Both male and female p.C282Y
homozygotes had slightly lower mean vitamin D levels com-
pared to those with no mutations (p = 0.006 and p = 0.01
respectively). There were no differences in BMD QUI scores in
either male (p = 0.07) or female (p = 0.80) p.C282Y homozy-
gotes compared to those without mutations. Male p.C282Y
homozygotes had higher odds of baseline liver fibrosis/cirrhosis
compared to those without mutations (1.7% vs. 0.12%, OR: 13.41
[95% CI: 8.49 to 21.17], p = 8.5 � 10�29), but this was not
observed in females (0.25% vs. 0.11% OR: 2.09, 95% CI: 0.77 to
5.65, p = 0.15) (Table 1).

Hazard ratios for incident musculoskeletal outcomes

During follow-up, bothmale (n = 52, hazard ratio [HR]: 2.12 [95%
CI: 1.61 to 2.80], p = 8.8 � 10�8) and female (n = 57 HR: 1.46
[95% CI: 1.12 to 1.89], p = 0.01) p.C282Y homozygotes had
increased risks of OA compared to those with neither variant.
Our analysis found increased risks of joint replacement surgery
in male p.C282Y homozygotes at the knee (n = 61, HR: 1.54
[95% CI: 1.2 to 1.98], p = 8.4 � 10�4), hip (n = 88, HR: 1.84
[95% CI: 1.49 to 2.27], p = 1.6 � 10�8), shoulder (n < 5, HR: 7.55
[95% CI: 1.79 to 31.86], p = 0.006), and ankle (n = 13, HR 20.08
[95% CI: 10.96 to 36.78], p = 2.7 � 10�22) compared to those
without mutations. However, increased risks of these four
replacement surgeries were not seen in female p.C282Y homozy-
gotes (Table 2).

There was a modest increased risk of hip and knee replace-
ment within male p.C282Y heterozygotes (knee: n = 841, HR:
1.08 [95% CI: 1.01 to 1.17], p = 0.04, hip: n = 1,083 HR: 1.09
[95% CI: 1.02 to 1.16], p = 0.02). Male p.C282Y/p.H63D com-
pound heterozygotes also demonstrated amodest increased risk
of hip replacement (n = 234, HR: 1.17 [95% CI: 1.02 to 1.33],
p = 0.02), and male p.H63D heterozygotes had a modest
increased risk of ankle replacement (n = 37, HR: 1.59 [95% CI:
1.05 to 2.39], p = 0.03). However, following Bonferroni correction

for multiple testing, none of the aforementioned findings in
p.C282Y heterozygous, p.H63D heterozygous, or p.C282Y/
p.H63D compound heterozygotes remained significant.

Analysis also demonstrated an increased risk of OP in male
p.C282Y homozygotes (n = 21, HR: 1.71 [95% CI: 1.11 to 2.64],
p = 0.02) and femoral fractures (n = 15, HR: 1.72 [95% CI: 1.03
to 2.87], p = 0.04). However, male p.C282Y homozygotes did
not demonstrate increased risks of any reported fractures or
wrist fractures, although number of wrist fractures was low at
n = <5. The incidence of OP and fractures in female p.C282Y
homozygotes when compared to those with no mutations was
not increased (Table 3).

Cumulative incidence analysis of incident musculoskeletal
outcomes during follow-up

In cumulative incidence analysis, using Kaplan–Meier lifetable
probability estimates, 10.4% (95% CI: 7.8 to 13.7) of male p.
C282Y homozygotes were projected to develop OA by age 75,
compared to 5.0% (95% CI: 4.7 to 5.3) in those without mutations
(excess proportion = 5.4%). For hip replacement, 15.5% (95% CI:
12.6 to 19.1) of male p.C282Y homozygotes were projected to
undergo hip replacement surgery, compared to 8.7% (95% CI:
8.5 to 9.0) of those without mutations (excess
proportion = 6.8%). In male p.C282Y homozygotes, by age
75, 9.6% (95% CI: 7.4 to 12.4) were projected to undergo knee
replacement surgery compared to 6.6% (95% CI: 6.3 to 6.8) in
those without mutations (excess proportion of 3.0%).

Overall, the numbers for both shoulder and ankle replace-
ment surgeries were low, and only small excess proportions were
identified; by age 75, male p.C282Y homozygotes were projected
to have an excess of 0.4% of shoulder replacement and 1.8%
excess of ankle replacements compared to those with no genetic
variation. When comparing genotypes relative to risk of inci-
dence rates for OP, the differences were relatively small: pro-
jected excess of 1% by age 75 in male P.C282Y homozygotes
(Tables 4, 5 and 6).

Sensitivity analyses

After excluding participants with a baseline diagnosis of fibrosis/
cirrhosis (n = 22), the association between male p.C282Y homo-
zygosity and OP was no longer significant (HR: 1.41 [95% CI: 0.87
to 2.28], p = 0.16), appearing to indicate that liver fibrosis does
impact bone health. Similarly, after exclusion of those partici-
pants with a baseline diagnosis of hemochromatosis, the associ-
ation between male p.C282Y homozygosity and OP was again
weakened (HR; 1.20 [95% CI: 0.70 to 2.08], p = 0.51) appearing
to indicate that clinically evident hemochromatosis is linked with
OP in male patients in particular. The associations between male
p.C282Y homozygosity and OA, joint replacements, and femoral
fractures remained significant after the exclusion of those with a
baseline hemochromatosis diagnosis. The increased risk of OP in
male p.C282Y homozygotes remained when those with a vita-
min D level of <25 nmol/L (n = 329 p.C282Y homozygotes) were
excluded from analysis. The increased risk of hip replacement in
male p.C282Y homozygotes remained after excluding hip frac-
ture codes recorded within 5 days prior to the replacement sur-
gery (n = 16, HR: 1.84 [95% CI: 1.48 to 2.2], p = 3.9 � 10�8),
appearing to indicate that OA is themost common causative fac-
tor for the hip arthroplasty seen within these male homozygotes.

In additional sensitivity analysis, examining the odds of ever
having a fracture (baseline self-reports and hospital follow-up
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combined), male p.C282Y homozygotes had significantly
increased odds of femoral fracture (OR: 2.03 [95% CI: 1.36 to
3.04], p = 0.001) and any reported fracture (OR: 1.32 [95% CI:
1.11 to 1.56], p = 0.001).

In the subset of participants with primary care data
(n = 209,795), the association between male p.C282Y homozy-
gosity and increased risk of OA (n = 82, HR: 1.41 [95% CI: 1.09 to
1.82], p = 0.01) and OP (n = 29, HR: 1.75 [95% CI: 1.05 to 2.92],
p = 0.03) remained. However, the association between female
p.C282Y homozygosity and increased risk of OAwas no longer sig-
nificant (n = 105, HR: 1.04 [95% CI: 0.83 to 1.32], p = 0.72).

In competing risk models, with death prior to the outcome as
a competing risk, the association between male p.C282Y homo-
zygosity and OA, joint replacements, and OP and the association
between female p.C282Y homozygosity and OA remained signif-
icant. However, the association between male p.C282Y homozy-
gosity and femoral fractures was no longer significant (HR: 1.63
[0.99 to 2.67], p = 0.06). We repeated the primary analysis of
OA and OP after excluding one of each pair of participants
related to the third degree or closer, to check whether results
are biased as related participants share genetic and environmen-
tal factors but also in the context of hemochromatosis are more
likely to be referred by screening independently of clinical sever-
ity. Unrelated male p.C282Y homozygotes still had increased
likelihood of diagnoses of OA and OP compared to unrelated
participants with no HFE p.C282Y or p.H63D alleles.

Discussion

We used the UK Biobank cohort study (the largest community
sample of hemochromatosis-genotype individuals to date) to

estimate hemochromatosis-genotype associations with a range
of musculoskeletal outcomes and joint replacement surgeries
in 451,143 participants of European ancestry. Over an 11.5-year
follow-up period, male p.C282Y homozygotes had increased
risks of OA and joint replacement surgeries (hip, knee, shoulder,
and ankle) and increased risks of OP and femoral fracture (includ-
ing neck of femur fracture) compared to those without muta-
tions. These increased risks of OA, joint replacement, and
femoral fracture remained after excluding participants with diag-
nosed hemochromatosis at baseline. There was a modest
increase in the risk of hip and knee replacement within male
p.C282Y heterozygotes and hip replacement within male p.-
C282Y/p.H63D compound heterozygotes. However, there were
no consistent increases in risk in OA in these genotype groups,
and results were no longer significant after correction for multi-
ple testing. Therefore, more work is needed to replicate these
findings. The female p.C282Y homozygotes in our analysis only
demonstrated an increased risk of OA compared to those with
no genetic mutation. Our results provide the first estimates of
cumulative risk to age 75 years; 10.4% of male p.C282Y homozy-
gotes were projected to develop OA and 15.5% to have hip
replacements by age 75, versus 5.0% and 8.7%, respectively,
without mutations.

The incidence of hemochromatosis-related arthropathy is well
established, with continued debate as to whether severity of iron
overload is the main contributory factor, given the lack of evi-
dence of any improvement in arthropathy symptoms or slowing
of disease progression following normalization of iron
levels.(4,18,19) We recently demonstrated that male p.C282Y
homozygotes carrying other alleles that increase serum iron
levels had a modestly increased likelihood of OA diagnosis,(20)

yet the effect is small and so the role of iron overload in OA onset

Table 1. Baseline Characteristics of UK Biobank Participants by p.C282Y/H63D Genotype and Sex

p.C282Y
homozygotes

p.C282Y
heterozygotes

Compound
heterozygotes

H63D
homozygotes

H63D
heterozygotes No mutations

Male
N (%) 1294 (0.6) 24,575 (11.9) 4954 (2.4) 4674 (2.3) 47,988 (23.3) 122,845 (59.5)
Diagnosed
hemochromatosis,
N (%)

156 (12.1) 27 (0.1) 29 (0.6) 8 (0.2) 17 (0.4) 30 (0.2)

Mean age, years (SD) 56.8 (8.2) 57.0 (8.1) 57.0 (8.1) 57.0 (8.1) 57.0 (8.1) 57.0 (8.1)
Mean QUI (SD)* 101.1 (23.5) 101.9 (23.6) 102.3 (22.3) 101.9 (23.3) 102.5 (23.3) 102.6 (23.7)
Mean BMI, kg/m2 (SD) 27.6 (4.1) 27.9 (4.2) 27.8 (4.2) 27.9 (4.2) 27.9 (4.3) 27.9 (4.2)
Mean vitamin D, nmol/L
(SD)

47.7 (19.6) 49.5 (21.2) 48.9 (21.2) 49.2 (21) 49.6 (21) 49.8 (21.1)

Fibrosis/cirrhosis (%) 22 (1.7) 36 (0.2) 6 (0.1) <5 (<0.1) 75 (0.2) 145 (0.1)
Female

N (%) 1596 (0.7) 29,157 (11.9) 5745 (2.3) 5584 (2.3) 57,023 (23.3) 145,708 (59.5)
Diagnosed
hemochromatosis,
N (%)

54 (3.4) 5 (0.02) 12 (0.2) <5 (<0.09) 6 (0.01) 8 (0.01)

Mean age, years (SD) 56.9 (8.0) 56.5 (8.0) 56.5 (7.9) 56.6 (8.1) 56.6 (7.9) 56.6 (7.9)
Mean QUI (SD)* 93.4 (19.5) 93.5 (18.9) 94.0 (18.6) 93.4 (18.6) 93.9 (19.0) 93.5 (18.9)
Mean BMI, kg/m2 (SD) 26.9 (5.1) 27 (5.1) 27.1 (5.2) 27.1 (5.3) 27 (5.1) 27 (5.2)
Mean vitamin D, nmol/L
(SD)

48.1 (20.3) 49.2 (21) 48.9 (20.7) 49.3 (20.6) 49.4 (21) 49.8 (20.9)

Fibrosis/cirrhosis (%) <5 (<0.3) 34 (0.1) 7 (0.1) 9 (0.2) 67 (0.1) 159 (0.1)

Note: QUI is a combined measurement including BUA and SOS, which provides an analog of BMD. Numbers presented are mean (SD) for continuous
variables and N (%) for categorical variables.
Abbreviations: BMD, bone mineral density; QUI, quantitative ultrasound index.
*QUI data were available for a subset of n = 259,529 participants.

JBMR Plus (WOA)n 4 of 11 BANFIELD ET AL.

 24734039, 0, D
ow

nloaded from
 https://asbm

r.onlinelibrary.w
iley.com

/doi/10.1002/jbm
4.10794 by U

niversity O
f E

xeter, W
iley O

nline L
ibrary on [10/08/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Ta
b
le

2.
A
ss
oc
ia
tio

ns
Be

tw
ee
n
p.
C
28

2Y
/H
63

D
G
en

ot
yp

es
an

d
Ri
sk

of
O
st
eo

ar
th
rit
is
an

d
Jo
in
t
Re

pl
ac
em

en
ts
,b

y
Se
x

O
st
eo

ar
th
rit
is

Kn
ee

re
pl
ac
em

en
t

H
ip

re
pl
ac
em

en
t

Sh
ou

ld
er

re
pl
ac
em

en
t

A
nk

le
re
pl
ac
em

en
t

H
R
(9
5%

C
I)

p
va
lu
e

H
R
(9
5%

C
I)

p
va
lu
e

H
R
(9
5%

C
I)

p
va
lu
e

H
R
(9
5%

C
I)

p
va
lu
e

H
R
(9
5%

C
I)

p
va
lu
e

N
o
ge

ne
tic

m
ut
at
io
ns

M
al
e

n
=

24
45

n
=

38
21

n
=

50
13

n
=

28
n
=

60
1.
00

1
1.
00

1.
00

1.
00

1.
00

Fe
m
al
e

n
=

35
68

n
=

49
25

n
=

79
46

n
=

95
n
=

55
1.
00

1.
00

1.
00

1.
00

1.
00

p.
C
28

2Y
ho

m
oz
yg

ot
es

M
al
e

n
=

52
8.
8
�

10
�
8

n
=

61
8.
4
�

10
�
4

n
=

88
1.
6
�

10
�
8

n
<
5

0.
00

6
n
=

13
2.
7
�

10
�
2
2

7.
55

(1
.7
9
to

31
.8
6)

20
.0
8
(1
0.
96

to
36

.7
8)

2.
12

(1
.6
1
to

2.
80

)
1.
54

(1
.2
0
to

1.
98

)
1.
84

(1
.4
9
to

2.
27

)
Fe
m
al
e

n
=

57
0.
01

n
=

63
0.
32

n
=

10
0

0.
12

n
<
5

0.
34

n
<
5

0.
65

1.
58

(0
.2
2
to

11
.4
2)

1.
97

(0
.4
9
to

8.
04

)
1.
17

(0
.9
6
to

1.
42

)
1.
14

(0
.8
9
to

1.
46

)
1.
46

(1
.1
2
to

1.
89

)
p.
C
28

2Y
he

te
ro
zy
go

te
s

M
al
e

n
=

51
1

0.
72

n
=

84
1

0.
04

n
=

10
83

0.
02

n
=

5
0.
86

n
=

16
0.
35

1.
30

(0
.7
5
to

2.
26

)
0.
92

(0
.3
5
to

2.
37

)
1.
02

(0
.9
2
to

1.
12

)
1.
08

(1
.0
1
to

1.
17

)
1.
09

(1
.0
2
to

1.
16

)
Fe
m
al
e

n
=

75
3

0.
24

n
=

10
01

0.
55

n
=

15
35

0.
49

n
=

15
0.
49

n
=

6
0.
14

0.
53

(0
.2
3
to

1.
24

)
1.
02

(0
.9
5
to

1.
09

)
0.
82

(0
.4
8
to

14
2)

0.
98

(0
.9
3
to

1.
04

)
1.
05

(0
.9
7
to

1.
13

)
C
om

po
un

d
he

te
ro
zy
go

te
s

M
al
e

n
=

96
0.
67

n
=

14
5

0.
34

n
=

23
4

0.
02

n
=

0
N
/A

n
<
5

0.
38

0.
92

(0
.7
8
to

1.
09

)
0.
41

(0
.0
6
to

2.
96

)
1.
17

(1
.0
2
to

1.
33

)
N
/A

0.
96

(0
.7
8
to

1.
17

)
Fe
m
al
e

n
=

16
4

0.
06

n
=

20
1

0.
54

n
=

31
2

0.
72

n
<
5

0.
21

n
<
5

0.
26

1.
78

(0
.6
5
to

4.
93

)
1.
04

(0
.9
1
to

1.
20

)
1.
02

(0
.9
1
to

1.
14

)
0.
28

(0
.0
4
to

2.
03

)
1.
16

(0
.9
9
to

1.
36

)
H
63

D
ho

m
oz
yg

ot
es

M
al
e

n
=

81
0.
21

n
=

13
4

0.
33

n
=

19
2

0.
85

n
<
5

0.
96

n
<
5

0.
86

0.
88

(0
.2
1
to

3.
60

)
0.
95

(0
.1
3
to

6.
95

)
1.
01

(0
.8
8
to

1.
17

)
0.
87

(0
.7
0
to

1.
08

)
0.
92

(0
.7
7
to

1.
09

)
Fe
m
al
e

n
=

14
6

0.
88

n
=

18
7

0.
90

n
=

28
6

0.
29

n
<
5

0.
83

N
<
5

0.
94

1.
12

(0
.4
1
to

3.
04

)
0.
94

(0
.2
3
to

3.
87

)
1.
08

(0
.9
1
to

1.
27

)
0.
99

(0
.8
6
to

1.
15

)
0.
94

(0
.8
3
to

1.
06

)
H
63

D
he

te
ro
zy
go

te
s

M
al
e

n
=

98
9

0.
41

n
=

15
48

0.
27

n
=

19
45

0.
79

n
=

13
0.
60

n
=

37
0.
03

1.
03

(0
.9
7
to

1.
10

)
1.
19

(0
.6
2
to

2.
30

)
1.
59

(1
.0
5
to

2.
39

)
0.
99

(0
.9
4
to

1.
05

)
1.
03

(0
.9
6
to

1.
11

)
Fe
m
al
e

n
=

14
05

0.
32

n
=

19
02

0.
71

n
=

30
71

0.
74

n
=

24
0.
06

n
=

21
0.
91

0.
65

(0
.4
2
to

1.
02

)
0.
97

(0
.5
9
to

1.
61

)
0.
99

(0
.9
5
to

1.
04

)
1.
01

(0
.9
5
to

1.
07

)
0.
99

(0
.9
4
to

1.
04

)

N
ot
e:
H
R
(h
az
ar
d
ra
tio

)c
om

pa
re
d
to

th
os
e
w
ith

ne
ith

er
H
FE

m
ut
at
io
n.
C
ox

pr
op

or
tio

na
lh
az
ar
ds

re
gr
es
si
on

m
od

el
s
ad

ju
st
ed

fo
ra

ge
,a
ss
es
sm

en
tc
en

te
r,
ge

no
ty
pi
ng

ar
ra
y,
an

d
ge

ne
tic

pr
in
ci
pa

lc
om

po
ne

nt
s
1
to

10
.E
xc
lu
di
ng

pr
ev
al
en

t
di
se
as
e
di
ag

no
se
s
at

ba
se
lin

e.

JBMR® Plus HEMOCHROMATOSIS AND MUSCULOSKELETAL OUTCOMES 5 of 11 n

 24734039, 0, D
ow

nloaded from
 https://asbm

r.onlinelibrary.w
iley.com

/doi/10.1002/jbm
4.10794 by U

niversity O
f E

xeter, W
iley O

nline L
ibrary on [10/08/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



remains to be fully elucidated. The male p.C282Y homozygotes
in this community study demonstrated a twofold increased risk
of developing OA; interestingly, OAwas the onlymusculoskeletal
outcome analyzed for this study that showed an increased risk in
female p.C282Y homozygotes. Given that previous studies dem-
onstrated a potential underreporting of OA diagnoses in primary
care,(21) this relationship may be an underestimate. In a large
multicohort genome-wide association study (GWAS) meta-
analysis of OA, p.C282Y was a risk locus for hip OA, and effects
were strongest in males, despite the GWAS assuming an additive
genotypic effect.(22)

The increased likelihood of patients with hemochromatosis
requiring joint arthroplasty is another key area of research. It is
thought that the excess iron in circulationmay have a toxic effect
on chondrocytes,(23) and this progressive degeneration results in
an increased need for joint arthroplasty in order to relieve

symptoms and improve quality of life. The increased likelihood
of this surgery was demonstrated in previous studies(24)

(HR 2.88 [95% CI: 2.39 to 3.43]) relative to primary hip arthro-
plasty, increasing when secondary hip replacements were
assessed,(5) echoing previous studies demonstrating an
increased risk of homozygotes requiring bilateral total hip
replacements (THR’s)(25) in comparison to those with no
p.C282Y mutation (OR: 5.86, 95% CI: 2.36 to 14.57).(26)

Our analysis returned a HR of 1.84 (95% CI: 1.49 to 2.27) for risk
of hip replacement, reinforcing the evidence of greater risk for
this type of surgery when compared to thosewithout the genetic
mutation. It did not show increased risk for female p.C282Y
homozygotes in contradiction to an earlier study that identified
a greater risk to young female homozygotes.(27) In an apparent
contradiction to our findings, a study by Oppl et al.(28) was
unable to establish a relationship between HFE genotype, OA,

Table 3. Associations Between p.C282Y/H63D Genotypes and Risk of Osteoporosis and Fractures, by Sex

Osteoporosis

Femoral fracture
(including neck of

femur) Wrist fracture Any reported fracture

HR
(95% CI) p value

HR
(95% CI) p value

HR
(95% CI) p value

HR
(95% CI) p value

No genetic
mutations

Male n = 1181 n = 824 n = 477 n = 5085
1.00 1.00 1.001.00

Female n = 5357 n = 1663 n = 2640 n = 8886
1.001.00 1.00 1.00

p.C282Y
homozygotes

Male n = 21 0.02 n = 15 0.04 n < 5 0.36 n = 66 0.09
1.24 (0.97
to 1.58)

1.71 (1.11
to 2.64)

1.72 (1.03
to 2.87)

0.59 (0.19
to 1.83)

Female n = 71 0.21 n = 18 0.72 n = 32 0.79 n = 105 0.80
1.05 (0.74
to 1.48)

1.02 (0.85
to 1.24)

0.92 (0.58
to 1.46)

1.16 (0.92
to 1.47)

p.C282Y
heterozygotes

Male n = 242 0.89 n = 179 0.43 n = 82 0.19 n = 1013 0.62
0.85 (0.68
to 1.08)

0.98 (0.92
to 1.05)

1.07
(0.426)

1.01 (0.88
to 1.60)

Female n = 1034 0.30 n = 335 0.91 n = 552 0.52 n = 1814 0.64
1.03 (0.94
to 1.13)

1.01 (0.92
to 1.06)

1.01 (0.90
to 1.13)

0.97 (0.90
to 1.03)

Compound
heterozygotes

Male n = 51 0.69 n = 39 0.39 n = 19 0.93 n = 197 0.49
0.95 (0.82
to 1.10)

0.98 (0.62
to 1.55)

1.15 (0.83
to 1.59)

1.05 (0.80
to 1.4)

Female n = 188 0.14 n = 72 0.39 n = 109 0.76 n = 350 0.82
1.11 (0.88
to 1.40)

1.03 (0.85
to 1.25)

0.99 (0.89
to 1.10)

0.90 (0.78
to 1.04)

H63D
homozygotes

Male n = 38 0.32 n = 32 0.91 n = 8 0.02 n = 189 0.75
0.44 (0.22
to 0.89)

0.98 (0.84
to 1.13)

1.02 (0.72
to 1.45)

0.84 (0.61
to 1.17)

Female n = 200 0.61 n = 54 0.19 n = 88 0.18 n = 311 0.10
0.86 (0.70
to 1.07)

0.91 (0.81
to 1.02)

0.83 (0.64
to 1.09)

0.96 (0.84
to 1.11)

H63D
heterozygotes

Male n = 457 0.84 n = 330 0.74 n = 167 0.23 n = 1942 0.38
0.90 (0.75
to 1.07)

0.98 (0.93
to 1.03)

1.02 (0.90
to 1.16)

0.99 (0.89
to 1.10)

Female n = 2017 0.16 n = 658 0.71 n = 1058 0.53 n = 3529 0.45
1.02 (0.93
to 1.11)

1.02 (0.95
to 1.10)

1.02 (0.98
to 1.06)

0.96 (0.92
to 1.01)

Note: HR (Hazard ratio) compared to those with neither HFEmutation. Cox proportional hazards regression models adjusted for age, assessment center,
genotyping array, and genetic principal components 1 to 10. Excluding prevalent operations/procedures at baseline.
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and hip joint replacement surgery. However, the mean age of
their cohort was 59.4 years, and our cumulative incidence analy-
sis data did not show a larger excess burden relative to OA until
66 years and older, with a similar picture when related to hip
replacements, potentially explaining the differing conclusions.

Increased risks were seen with respect to knee arthroplasty in
male p.C282Y homozygotes, again in line with previously pub-
lished studies,(10,27) and also an increase in the risk of ankle
replacement surgery. This ankle surgery risk estimate is much
larger than that reported in a previous meta-analysis (relative risk
[RR]: 8.94 [95% CI: 3.85 to 20.78]), although that was based on
hemochromatosis diagnosis, not by genotype as in our current
study.(29) It may be worth noting that ankle replacement surgery
is still a relatively specialist operation performed in highly spe-
cialized centers, ankle arthrodesis is a more likely procedure out-
side such centers, so our figures may underestimate true rate of
surgical intervention.

Of additional relevance were increased risks relative to shoul-
der arthroplasty, again seen within male p.C282Y homozygotes.

These increased risks have been reported in the literature, but
primarily as case reports rather than larger-scale cohort studies.
A recent study determined that there was a trend toward shoul-
der arthroplasty,(27) and although the number of shoulder
replacement surgeries in the current study was small (n = 2), this
appears to be the first to identify an increased risk of shoulder
arthroplasty associated with hemochromatosis genotypes.

Evidence linking OP with hemochromatosis has been accu-
mulating over a number of years; however, the cause of this rela-
tionship remains a subject of debate. Experimental studies have
suggested that iron overload inhibits osteoblastic activity and
hydroxyapatite growth, leading to reduced bone formation.
Hemochromatosis is linked with liver disease, diabetes, and
hypogonadism, and although the latter is a rare complication,
these conditions are all associated with bone loss,(10) making a
clear mechanism difficult to definitively establish. The two main
factors that appear to impact BMD relative to hemochromatosis
are severity of iron overload and liver cirrhosis, with BMI, alkaline
phosphatase (ALP) levels, and genetic status also potential

Table 4. Cumulative Incidence Analysis Using Kaplan–Meier Lifetable Probability Estimates of Musculoskeletal Outcomes by Sex andHFE
Genotypes (p.C282Y Homozygotes vs. No Mutations)

No p.C282Y/p.H63D mutations p.C282Y homozygotes

Outcome Cases Incident diagnosis (%) 95% CI (%) Cases Incident diagnosis (%) 95% CI (%) Difference (%)

Osteoarthritis
Male age group, years

40 to 45 18 0.37 0.20 0.68 0 0.00 0.00 0.00 �0.37
46 to 50 49 0.64 0.44 0.93 <5 0.42 0.06 2.97 �0.22
51 to 55 131 1.04 0.82 1.32 <5 1.30 0.48 3.47 0.26
56 to 60 210 1.58 1.34 1.86 6 2.87 1.54 5.31 1.29
61 to 65 420 2.43 2.18 2.71 12 5.28 3.48 7.98 2.85
66 to 70 634 3.55 3.29 3.84 10 7.13 5.06 10.00 3.58
71 to 75 629 4.98 4.69 5.28 14 10.36 7.82 13.67 5.38

Female age group, years
40 to 45 11 0.16 0.09 0.31 0.00 0.00 0.00 0.00 �0.76
46 to 50 72 0.48 0.37 0.63 0.00 0.00 0.00 0.00 �0.97
51 to 55 190 0.95 0.82 1.11 <5 0.87 0.33 2.31 0.09
56 to 60 338 1.64 1.49 1.81 9 2.68 1.57 4.57 2.84
61 to 65 625 2.70 2.53 2.89 15 5.13 3.56 7.35 4.55
66 to 70 940 4.18 3.99 4.39 11 6.74 4.96 9.13 6.06
71 to 75 917 6.14 5.91 6.38 12 9.18 7.03 11.95 4.71

Osteoporosis
Male age group, years

40 to 45 <5 0.05 0.01 0.28 0 0.00 0.00 0.00 �0.05
46 to 50 13 0.12 0.05 0.28 0 0.00 0.00 0.00 �0.12
51 to 55 35 0.22 0.14 0.35 0 0.00 0.00 0.00 �0.22
56 to 60 75 0.41 0.31 0.53 <5 0.48 0.12 1.91 0.07
61 to 65 152 0.70 0.59 0.83 <5 0.66 0.21 2.05 �0.04
66 to 70 251 1.11 0.99 1.24 7 1.76 0.94 3.28 0.65
71 to 75 354 1.85 1.71 2.01 5 2.82 1.69 4.69 0.97

Female age group, years
40 to 45 9 0.10 0.05 0.20 <5 0.87 0.12 6.01 0.77
46 to 50 28 0.21 0.15 0.31 <5 1.23 0.28 5.39 1.02
51 to 55 130 0.52 0.44 0.63 <5 1.43 0.38 5.23 0.91
56 to 60 347 1.19 1.08 1.32 <5 1.97 0.73 5.28 0.78
61 to 65 725 2.32 2.18 2.47 12 3.72 2.07 6.61 1.40
66 to 70 1283 4.13 3.96 4.30 20 6.27 4.29 9.13 2.14
71 to 75 1646 7.28 7.06 7.51 15 8.75 6.47 11.79 1.47

Note: “Difference (%)” is the percentage difference in diagnoses by each age group in male and female p.C282Y homozygotes compared to those with
no variants.
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contributory factors; however, the published data are contradic-
tory as to which of these has the strongest association.(7,30) While
studies have demonstrated an increased risk of OP independent
of cirrhosis and hypogonadism but that it is still related to sever-
ity of iron overload, in contrast, another more recent cross-
sectional analysis found that, while bone fragility was observed
in a fifth of patients with hemochromatosis, this was indepen-
dent of the severity of iron overload and instead strongly associ-
ated with hepatic cirrhosis (OR: 8.20 [95% CI: 1.74 to 38.68],
p = 0.008).(30) In this cohort of male p.C282Y homozygotes, there
was an increased risk of incident OP and incident femoral frac-
ture and increased odds of ever having a femoral fracture and
ever having any fracture.

The other contributory factor suggested as a potential cause
of the OP seen in this patient group is liver disease. In our cohort
of male p.C282Y homozygotes, when we excluded those with a
baseline diagnosis of liver fibrosis and cirrhosis, the association
of the genotype with OP was no longer significant. This would
appear to indicate that hepatocellular disease does contribute

to OP in the male p.C282Y homozygotes. Being diagnosed with
hemochromatosis could lead tomore investigations for osteopo-
rosis, but this seems to be only a possibility within those with
liver disease, given the attenuation of the estimate when the
liver disease group is removed. After exclusion of participants
with a baseline hemochromatosis diagnosis, the association
betweenmale p.C282Y homozygosity and OPwas also no longer
significant, suggesting that severity of iron overload may affect
risk of OP.

Given the increased risk of osteoporosis, we also reviewed
the BMD data by sex and by genotype to ascertain whether
there were any notable differences between homozygotes
and controls. There was no marked difference between homo-
zygotes and other genotypes with the mean QUI remaining
relatively comparable across all groups, albeit with the homo-
zygotes appearing at the lower end of the range. These BMD
results on the face of it appear to conflict with the increased
risk of osteoporosis in the homozygotes and needs further
investigation.

Table 5. Cumulative Incidence Analysis Using Kaplan–Meier Lifetable Probability Estimates of Hip and Knee Joint Replacement Surgery
by Sex and HFE Genotypes (p.C282Y Homozygotes vs. No Mutations)

No p.C282Y/p.H63D mutations p.C282Y homozygotes

Outcome Cases Incident diagnosis (%) 95% CI (%) Cases Incident diagnosis (%) 95% CI (%) Difference (%)

Hip replacements
Male age group, years

40 to 45 5 0.06 0.02 0.14 0 0.00 0.00 0.00 �0.06
46 to 50 70 0.41 0.32 0.52 <5 0.92 0.23 3.63 0.51
51 to 55 210 1.03 0.91 1.17 <5 1.97 0.86 4.46 0.94
56 to 60 378 1.96 1.81 2.13 8 3.89 2.28 6.59 1.93
61 to 65 771 3.44 3.25 3.63 12 6.03 4.08 8.88 2.59
66 to 70 1401 5.71 5.50 5.93 28 10.51 8.06 13.63 4.80
71 to 75 1465 8.69 8.48 9.00 25 15.52 12.55 19.10 6.83

Female age group, years
40 to 45 10 0.16 0.07 0.38 0 0.00 0.00 0.00 �0.16
46 to 50 69 0.45 0.32 0.63 0 0.00 0.0 0.00 �0.45
51 to 55 279 1.12 0.96 1.30 <5 0.82 0.31 2.18 �0.30
56 to 60 584 2.24 2.05 2.44 8 2.23 1.27 3.90 �0.01
61 to 65 1219 4.10 3.89 4.32 21 5.25 3.75 7.33 1.15
66 to 70 2140 7.02 6.78 7.26 25 8.40 6.54 10.75 1.38
71 to 75 2352 11.27 10.98 11.56 27 12.65 10.33 15.45 1.38

Knee replacement
Male age group, years

40 to 45 <5 0.01 0.00 0.06 0 0.00 0.00 0.00 �0.01
46 to 50 6 0.04 0.02 0.08 0 0.00 0.00 0.00 �0.04
51 to 55 105 0.35 0.29 0.42 <5 0.56 0.14 2.24 0.21
56 to 60 271 1.01 0.92 1.12 7 2.21 1.15 4.21 1.20
61 to 65 666 2.29 2.16 2.43 14 4.83 3.22 7.21 2.54
66 to 70 1119 4.12 3.95 4.30 23 8.42 6.35 11.13 4.30
71 to 75 1165 6.56 6.34 6.79 6 9.58 7.35 12.42 3.02

Female age group, years
40 to 45 <5 0.02 0.01 0.09 0 0.00 0.00 0.00 �0.02
46 to 50 25 0.12 0.08 0.18 0 0.00 0.00 0.00 �0.12
51 to 55 146 0.46 0.39 0.54 <5 0.86 0.32 2.28 0.40
56 to 60 369 1.17 1.07 1.28 <5 1.57 0.79 3.13 0.40
61 to 65 780 2.36 2.23 2.49 9 2.83 1.75 4.54 0.47
66 to 70 1406 4.29 4.13 4.46 14 4.57 3.21 6.48 0.28
71 to 75 1525 7.07 6.86 7.28 24 8.46 6.53 10.93 1.39

Note: “Difference (%)” is the percentage difference in diagnoses by each age group in male and female p.C282Y homozygotes compared to those with
no variants.
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Although there were very slightly increased HRs for females
with respect to OP and fracture (any), these were not significant.
With regard to fracture, this analysis again demonstrated an
increased risk for the male p.C282Y homozygotes with respect
to femoral fracture, including fracture of the femoral neck, and
increased odds of ever having a fracture. Several studies have
indicated a link between hemochromatosis and fragility frac-
ture(8-10,30,31); however, this remains an underresearched aspect
of hemochromatosis. While this increased likelihood of fracture
has previously been reported, there is variation in the degree
of significance attached to this risk. To date there do not appear
to be any previously published data specifically related to femo-
ral fracture and hemochromatosis. The data presented in this
paper provides evidence of increased risk, specifically of femoral
fracture in this patient group, and, given the morbidity and mor-
tality associated with femoral fracture, this is a clinically relevant
finding.

There are some limitations to consider. UK Biobank partici-
pants were healthier than the general population at

baseline,(32) but risk estimates are from incident disease/
operations during follow-up so should be less susceptible to this
bias at baseline. There is a small chance of misclassification bias
for self-reported disease outcomes at baseline, but this is mini-
mized by the fact a trained nurse conducted the interviews with
participants. No data were available on ferritin concentrations or
transferrin saturation in UK Biobank, so we were unable to exam-
ine iron loading within genotype groups. However, there are
many sources of error in ferritin levels, and genotyping is the
gold standard especially for p.C282Y homozygotes for diagnos-
ing hemochromatosis.(33) With widespread genotyping now
becoming available, many patients can now be identified as
being at risk of hemochromatosis based on genotype, and this
paper has quantified that risk. Also, Kieley et al. discussed the
nonresponse of arthritis to de-ironing treatment.(19) We did not
exclude those participants with a diagnosis of alcohol depen-
dency, either via self-report or through hospital or primary care
data; therefore, the risk and incidence of fracture relative to
excess alcohol intake need further research. Also, we did not

Table 6. Cumulative Incidence Analysis Using Kaplan–Meier Lifetable Probability Estimates of Shoulder and Ankle Joint Replacement
Surgery by Sex and HFE Genotype (p.C282Y Homozygotes vs. No Mutations)

No p.C282Y/p.H63D mutations p.C282Y homozygotes

Outcome Cases Incident diagnosis (%) 95% CI (%) Cases Incident diagnosis (%) 95% CI (%) Difference (%)

Shoulder replacements
Male age group, years

40 to 45 0 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00
46 to 50 <5 0.01 0.00 0.04 0 0.00 0.00 0.00 �0.01
51 to 55 0 0.01 0.00 0.04 0 0.00 0.00 0.00 �0.01
56 to 60 <5 0.01 0.00 0.04 <5 0.25 0.04 1.77 0.24
61 to 65 5 0.02 0.01 0.05 <5 0.42 0.10 1.72 0.40
66 to 70 <5 0.03 0.02 0.05 0 0.42 0.10 1.72 0.39
71 to 75 9 0.05 0.03 0.07 0 0.42 1.10 1.72 0.37

Female age group, years
40 to 45 0 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00
46 to 50 <5 0.00 0.00 0.02 0 0.00 0.00 0.00 0.00
51 to 55 <5 0.01 0.00 0.02 0 0.00 0.00 0.00 �0.01
56 to 60 <5 0.01 0.00 0.03 0 0.00 0.00 0.00 �0.01
61 to 65 12 0.03 0.02 0.05 0 0.00 0.00 0.00 �0.03
66 to 70 18 0.06 0.04 0.08 <5 0.12 0.02 0.88 0.06
71 to 75 33 0.12 0.09 0.15 <5 0.28 0.07 1.14 0.16

Ankle replacements
Male age group, years

40 to 45 0 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00
46 to 50 0 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00
51 to 55 <5 0.00 0.00 0.02 0 0.00 0.00 0.00 0.00
56 to 60 <5 0.01 0.00 0.03 0 0.00 0.00 0.00 �0.01
61 to 65 <5 0.02 0.01 0.04 <5 0.58 0.19 1.78 0.56
66 to 70 24 0.06 0.04 0.08 5 1.36 0.68 2.71 1.30
71 to 75 16 0.09 0.07 0.13 <5 1.90 0.15 3.41 1.81

Female age group, years
40 to 45 0 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00
46 to 50 0 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00
51 to 55 <5 0.01 0.00 0.03 0 0.00 0.00 0.00 �0.01
56 to 60 6 0.02 0.01 0.04 0 0.00 0.00 0.00 �0.02
61 to 65 7 0.03 0.02 0.05 0 0.00 0.00 0.00 �0.03
66 to 70 11 0.05 0.03 0.07 <5 0.12 0.02 0.88 0.07
71 to 75 17 0.08 0.06 0.11 0 0.12 0.07 0.88 0.04

Note: “Difference (%)” is the percentage difference in diagnoses by each age group in male and female p.C282Y homozygotes compared to those with
no variants.

JBMR® Plus HEMOCHROMATOSIS AND MUSCULOSKELETAL OUTCOMES 9 of 11 n

 24734039, 0, D
ow

nloaded from
 https://asbm

r.onlinelibrary.w
iley.com

/doi/10.1002/jbm
4.10794 by U

niversity O
f E

xeter, W
iley O

nline L
ibrary on [10/08/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



examine medication use such as corticosteroids or pain medica-
tion. Disease diagnosis may be an underestimate as primary care
data were only available for a subset of the cohort. In addition, as
the mean age of participants was 57 years, and this paper
focused on new incidence of OA, the overall burden of
hemochromatosis-related arthropathy, given its earlier onset,
might also be underestimated. Lastly, we studied a European
ancestry population, and results may not be generalizable to
more diverse populations.

Conclusions

Male p.C282Y homozygotes have an increased risk of OA, hip,
knee, shoulder, and ankle replacement, OP, and femoral fracture
compared to those without mutations. Female p.C282Y homozy-
gotes had an increased risk of OA only. This may have implica-
tions for possible earlier diagnosis of hemochromatosis by
testing for iron overload andHFE genotypes of at-risk individuals,
including at orthopedic and fracture clinics.
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