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Summary

AIMS OF THE STUDY: Hereditary haemochromatosis is
a genetic disease characterised by progressive accumu-
lation of iron in organs leading to many unspecific com-
plaints, but even today diagnosis may be delayed. We
aimed to identify symptoms associated with iron overload
and parameters typical in patients with hereditary
haemochromatosis which might help to facilitate detection
and diagnosis in daily clinical routine.

METHODS: We analysed the prospective Swiss
Haemochromatosis Cohort (SHC), including 163 patients
for whom serum ferritin levels at diagnosis were available.
The cohort was stratified according to the degree of iron
overload. Substantial iron overload was defined as serum
ferritin concentrations 21000 pg/ml.

RESULTS: Patients with substantial iron overload had sig-
nificantly higher liver enzymes (p <0.001) and more often
arthropathy of the metacarpophalangeal joints (p <0.001)
and upper ankle joint (p = 0.003). Elevated liver enzymes,
especially elevated alanine aminotransferase (ALT) levels,
were associated with a 10.1-fold (95% confidence interval
[CI] 4.8-21.2) increased the risk for serum ferritin levels
21000 pg/ml. Furthermore, metacarpophalangeal joint
arthropathy emerged as an important predictor for iron
overload with a 3.6-fold increased risk (95% CI 1.8-7.1;
p <0.001). Only elevated ALT levels and metacarpopha-
langeal joint arthropathy remained significantly associated
with elevated iron levels after adjustment for possible con-
founders in patients diagnosed with hereditary
haemochromatosis.

CONCLUSION: Elevated ALT levels and metacarpopha-
langeal arthropathy remained independently associated
with elevated ferritin levels in patients with haemochro-
matosis and should prompt clinicians to consider iron
overload in patients with hereditary haemochromatosis.

Keywords: haemochromatosis, symptoms, serum ferritin
levels, clinical practice, arthropathy

Introduction

Classic hereditary haemochromatosis is an autosomal re-
cessive iron overload disorder associated with mutation of
the HFE gene, located on chromosome 6. In the most cas-
es, the mutation is a change of a single base resulting in
the substitution of tyrosine for cysteine at position 282 of
the HFE protein (human homeostatic iron regulator pro-
tein, high Fe?* protein). All persons who are homozygous
for the C282Y mutation are genetically predisposed to a
chain of events that may culminate in severe damage to
multiple organs. In the Caucasian population, the preva-
lence of homozygosity for the C282Y mutation is approx-
imately 0.5% and the prevalence of heterozygosity about
10% [1-6].

The classic findings on presentation — diabetes, bronze
skin and cirrhosis — were first described in the 19th century
[7-9] and have become much rarer today thanks to in-
creasingly early diagnosis [10]. Nowadays, the onset of
symptoms occurs in middle-aged adults and symptoms are
unspecific, such as fatigue and arthralgia, sometimes as-
sociated with slightly increased liver enzyme levels. In
accordance with the diagnostic algorithm, patients suffer-
ing from hereditary haemochromatosis commonly present
with increased serum ferritin levels and increased trans-
ferrin saturation values, suggesting iron accumulation in
the tissues. In hereditary haemochromatosis, serum ferritin
levels above 1000 ng/ml may indicate substantial liver dis-
ease in persons homozygous for the C282Y mutation, re-
gardless of their age or serum liver enzyme levels [11, 12].
However, despite the wide range of end-organ toxicities
in haemochromatosis, patients are often diagnosed as a re-
sult of incidentally noted hyperferritinaemia without obvi-
ous organ damage [13]. Late complications such as liver
cirrhosis, heart disease, hypogonadism, destructive arthri-
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tis, insulin-dependent diabetes and hepatocellular carcino-
ma cannot be reversed, although their progression can be
slowed. Therefore, early diagnosis is important for progno-
sis of the patients.

In general, a screening for hereditary haemochromatosis is
theoretically attractive: in Caucasians, the disease is high-
ly prevalent and potentially fatal if untreated. Also, a safe,
effective and cheap symptomatic treatment is available in
form of phlebotomy. By simply measuring serum ferritin
levels or transferrin saturation, indications of the disorder
can be found, but unfortunately routine testing is uncom-
mon in the preclinical setting [10, 14].

Thus, we aimed to identify iron overload-associated symp-
toms and typical findings in patients with hereditary
haemochromatosis which might help to facilitate detection
and diagnosis in daily clinical routine.

Methods

This study reports data from the Swiss Haemochromatosis
Cohort (SHC). The detailed methods of the longitudinal
observational study of the SHC have already been pub-
lished [6]. The study was conducted in accordance with the
principles of the Declaration of Helsinki; approval was ob-
tained from the Ethics Committee of the Canton of Zurich,
Switzerland, (KEK 2010-0364).

The main methods are summarised here.

Study population and the diagnosis of hereditary
haemochromatosis

We contacted the patients during routine clinical visits at
the University Hospital Zurich, Hospital Linth or via the
Swiss haemochromatosis patient’s organisation, and sug-
gested that they participate in this study. The patients in-
cluded in this analysis were diagnosed between 1971 and
2019. The patients had been initially diagnosed as hav-
ing hereditary haemochromatosis on the basis of clini-
cal, biochemical or histological signs of iron overload, or
through family screening. Iron overload was defined as
elevated serum ferritin (>300 mg/l for men, >200 mg/l
for women) and/or elevated transferrin saturation (>50%
for men, >45% for women). The diagnosis of hereditary
haemochromatosis was genetically confirmed in all pa-
tients. Patients were registered in the Swiss haemochro-
matosis database, included in the prospective cohort and
offered routine examinations including a clinical assess-
ment, laboratory blood analyses and, if required, annual
liver imaging using ultrasound. The following features
were considered clinical manifestations of hereditary
haemochromatosis: metacarpophalangeal arthropathy, up-
per ankle joint arthropathy, diabetes mellitus and hepatopa-
thy, hypogonadism and cardiomyopathy. The presence of
arthropathy was assessed by history and clinical examina-
tion. Hepatopathy was defined as either elevated liver en-
zymes (aspartate and/or alanine transaminase [AST/ALT]
above the upper limit of 50 U/1) or positive liver histology.
Positive liver histology was defined as portal-portal bridg-
ing fibrosis or cirrhosis, corresponding to grade 3 and 4 on
a scoring system from 0 to 4 [0, 15, 16]. Cardiomyopathy
was specified as either dilated or restrictive cardiomyopa-
thy with documented cardiac iron overload. The diagnosis
of hypogonadism was based on typical clinical characteris-
tics in combination with low testosterone levels.

Swiss Med WKkly. 2020;150:w20294

Data assessment

The following data were collected at the time of diagnosis
of hereditary haemochromatosis and included into the pre-
sent analysis: type of HFE gene mutation, age, sex, serum
ferritin level, transferrin saturation, elevation of transami-
nases, histological result of liver biopsy (if available), sero-
logical testing for hepatitis B and C, and clinical mani-
festations. The following variables were recorded during
the progress of the disease and extracted from the medical
records for the present analysis: body mass index (BMI)
and the self-reported amount of alcohol consumption. Con-
siderable alcohol consumption was defined as intake of
>20 g (men) or >10g (women) of ethanol per day. If pa-
tients were followed up by primary care physicians, their
medical records were obtained for this study.

Treatment of hereditary haemochromatosis

All patients received treatment with intensive phle-
botomies from the time of diagnosis until depletion of iron
stores, followed by maintenance phlebotomies where nec-
essary.

Statistical analyses

Continuous variables are expressed as medians with the
corresponding interquartile ranges (IQRs). If a normal dis-
tribution was found through Kolmogorov-Smirnov testing,
variables were compared using Levene and t-tests; if a
non-normal distribution was found, the unpaired Mann-
Whitney U-test was used. Dichotomous variables are ex-
pressed as absolute numbers and percentages and were
compared using the Fisher’s exact test or chi-square test, as
appropriate, and categorical variables were compared us-
ing the Kruskal-Wallis test. Correlations between continu-
ous variables were tested using Spearman’s rho, and results
are presented as Spearman's coefficient r. The prognostic
relevance of serum ferritin levels regarding the primary
study endpoint of serum ferritin levels >1000 pg/ml was
tested using univariable logistic regression analysis and re-
sults presented as odds ratios (ORs) with the correspond-
ing 95% confidence intervals (95% Cls). Multiple logistic
regression was used to assess for the independent effects
of relevant variables on the outcome. A two-sided signif-
icance level of o <0.05 was defined to indicate statistical
significance. All statistical analyses were performed using
Statistics Package for Social Sciences (IBM SPSS Statis-
tics, Version 26, IBM Corp. Armonk, NY).

Results

Clinical characteristics of the patients with hereditary
haemochromatosis

From 185 patients included in the SHC database, 19 had
to be excluded because of a missing serum ferritin value
at diagnosis and 3 because of incomplete clinical data.
Overall, 163 patients with genetically and clinically con-
firmed hereditary haemochromatosis were included in the
present study (fig. 1). The baseline characteristics, clinical
symptoms, laboratory values and initial findings are shown
in table 1. The median age at the time of diagnosis was
48.0 years (IQR 37.0-57.0) and the cohort consisted of
54 (33.1%) female patients. The mutations were known in
all patients, 148 (90.8%) were C282Y homozygous and
15 (9.2%) C282Y/H63D compound heterozygous. Median
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serum ferritin levels on admission were of 1218.0 pg/
ml (IQR 624.0-2128.0). Liver disease was present in 84
(51.5%) patients at diagnosis and arthropathy complaints
in 88 (54.0%). Cardiomyopathy (n = 3; 1.8%), diabetes
mellitus (n = 13; 8.0%) and hypogonadism (n = 11; 6.8%)
were infrequent in the cohort.

Symptoms and laboratory findings in patients without
or with substantial iron overload (defined with serum
ferritin level 21000 pg/ml)

To determine the risk factors for higher serum ferritin lev-
els in the cohort, we divided the study population in two
groups according to serum ferritin levels >1000 pg/ml on
admission, based on previous studies [17]. Baseline char-
acteristics, symptoms and clinical findings are shown and
compared in table 2. Of 163 patients included in the study,
89 (54.6%) presented with serum ferritin levels >1000 pg/
ml.

Patients with higher serum ferritin levels were significantly
more frequently male (37 [59.0%] vs 72 [80.1%]; p
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<0.001), less frequently had the C28Y/H63D compound
heterozygous mutation (13 [17.6%] vs 2 [2.2%]; p <0.001),
had higher liver enzymes (AST >50 U/L: 4 [6.4%] vs 33
[40.2%]; p <0.001 and ALT >50 U/l: 15 [20.8%] vs 61
[72.6%]; p <0.001) and more often joint arthropathy (30
[40.5%] vs 58 [65.2%]; p = 0.002), especially metacar-
pophalangeal arthropathy (17 [23.0%] vs 46 [51.7%]; p
<0.001) and upper ankle joint arthropathy (8 [10.8%] vs 27
[30.4%]; p = 0.003), whereas there was no significant dif-
ference for elbow, hip and knee arthropathy.

Several predictors for the primary endpoint of serum fer-
ritin levels >1000 pg/ml could be identified in regression
analysis: elevated liver enzymes and arthropathy, respec-
tively, were associated with a 9.4-fold (95% CI 4.5- to
19.6-fold; p <0.001) and 2.7-fold (95% CI 1.5- to 5.2-fold;
p = 0.002) increased risk for serum ferritin levels >1000
pg/ml. ALT levels >50 U/l (10.1, 95% CI 4.8-21.2; p
<0.001) and AST levels >50 U/l (9.9, 95% CI 3.2-30.0;
p <0.001), as well as metacarpophalangeal joint arthropa-
thy (3.6, 95% CI 1.8-7.1; p <0.001), upper ankle joint
arthropathy (3.6, 95% CI 1.5-8.5; p = 0.004) and diabetes

Figure 1: Flow diagram of the Swiss Haemochromatosis Cohort.

Registered patients in the Database

n=185

Excluded from the analvsis:

Missing laboratory values: n=19

n=163

Included into the present analysis:

Missing anamnesis of joint arthropathy: n=3

Table 1: Baseline characteristics, symptoms and laboratory measurements for patients with hereditary haemochromatosis included in the present analysis.

All
(n=163)
Age (years), median (IQR) 48.0 (37.0-57.0)
Sex (female), n (%) 54 (33.1)
Body mass index (kg/m?), median (IQR) 23.9 (21.7 - 26.5)
n =159
Alcohol intake’, n (%) 36 (22.1)
HFE mutations
— C282Y homozygote, n (%) 148 (90.8)
— C282Y/H63D compound heterozygote, n (%) 15(9.2)

Serum ferritin (ug/ml), median (IQR)

1218.0 (624.0-2128.0)

Transferrin saturation (%), median (IQR)

85.0 (67.0-94.1)

n=113
Liver diseasef, n (%) 84 (51.5)
— Elevated liver enzymes¥, n (%) 78 (49.7)

n=157
— Liver fibrosis on biopsy$, n (%) 34 (53.1)

n =64
Arthropathy (total), n (%) 88 (54.0)
Cardiomyopathy, n (%) 3(1.8)
Diabetes mellitus, n (%) 13 (8.0)
Hypogonadism, n (%) 11 (6.8)

* Defined as consumption of more than 1 standard drink (10g ethanol) per day for women and >2 standard drinks for men 1 Cirrhosis or severe, portal-portal bridging fibrosis in
biopsy and/or elevated liver enzymes 1 aspartate and/or alanine aminotransferase >50 U/I § Either cirrhosis or severe, portal-portal bridging fibrosis
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mellitus (5.1, 95% CI 1.1-23.7; p <0.039) were significant
predictors for the primary endpoint of serum ferritin levels
>1000 pg/ml. Cardiomyopathy (0.3, 95% CI 0.0-3.8, p
= 0.356) and hypogonadism (2.6, 95% CI 0.6-10.8; p =
0.181) were not associated with hereditary haemochro-
matosis.

To assess for the independent effects of the most relevant
variables associated with serum ferritin levels >1000 pg/
ml, we performed multiple logistic regression analyses.
Through stepwise testing, we identified ALT levels >50 U/
1 and metacarpophalangeal joint arthropathy as the most
common findings associated with iron overload. Both re-
mained the only parameters highly significant throughout
multiple logistic regression and multiple logistic regres-
sion adjusted for age, sex and BMI. The results are shown
in table 3. Interestingly, elevated ALT levels >50 U/l were
also found in 15 (20.8%) patients and metacarpopha-
langeal joint arthropathy in 17 (23.0%) patients with serum
ferritin levels <1000 pg/ml; see also table 2.

Discussion

In this study analysing the prospective Swiss haemochro-
matosis cohort including 163 genetically confirmed hered-
itary haemochromatosis patients with a complete clinical
and laboratory assessment at the time of the diagnosis,
including measured serum ferritin levels, only elevated
ALT and metacarpophalangeal arthropathy remained in-
dependently associated with elevated ferritin levels in
haemochromatosis and should therefore be considered by
clinicians as important signs indicating substantial iron
overload. Elevated ALT and metacarpophalangeal
arthropathy were already found in patients without sub-
stantial iron overload, so they might be helpful in the time-
ly diagnosis of hereditary haemochromatosis. Importantly,
both elevated ALT and metacarpophalangeal arthropathy
can also be late findings in a patient with hereditary
haemochromatosis. This fact has potential implications for
the likelihood of advanced complications of the disease.
Thus, serum ferritin levels should be evaluated in order to

Table 2: Baseline characteristics, symptoms and laboratory measurements of patients with hereditary haemochromatosis included in the present analysis stratified according to

substantial iron overload.

Serum ferritin <1000 pg/ml Serum ferritin 21000 pg/ml p-value

(n=74) (n =89)

Age (years), median (IQR) 46.5 (32.8-57.3) 50.0 (43.0-57.0) 0.054

Sex (female), n (%) 37 (50.0) 17 (19.1) <0.001

Body mass index (kg/m?), median (IQR) 23.3 (21.4-26.3) 24.4 (22.2-26.9) 0.215
n=72 n =87

Alcohol intake’, n (%) 17 (23.0) 19 (21.4) 0.803

HFE mutations

— C282Y homozygote, n (%) 61(82.4) 87 (97.8) 0.001

— C282Y/H63D compound heterozygote, n (%) 13 (17.6) 2(2.2) 0.001

Serum ferritin (ug/ml), median (IQR) 590.0 (377.0-806.0) 2000.0 (1529.0-3659.0) <0.001

Transferrin saturation (%), median (IQR) 78.0 (57.5-91.9) 89.2 (79.9 — 94.5) 0.014
n =53 n =60

Liver disease, n (%) 15 (20.3) 69 (77.5) <0.001

— AST >50 U/, n (%) 4(6.4) 33 (40.2) <0.001
n =63 n =382

—ALT >50 U/l, n (%) 15 (20.8) 61 (72.6) <0.001
n=72 n=284

— Liver fibrosis in biopsy*, n (%) 15 (53.6) 19 (52.8) 0.950
n=28 n=36

Arthropathy (total), n (%) 30 (40.5) 58 (65.2) 0.002

— MCP joint, n (%) 17 (23.0) 46 (51.7) <0.001

— Elbow joint, n (%) 2(2.7) 8(9.0) 0.113

— Upper ankle joint, n (%) 8(10.8) 27 (30.4) 0.003

— Hip joint, n (%) 12 (16.2) 19 (21.3) 0.406

— Knee joint, n (%) 10 (13.5) 15 (16.9) 0.556

Cardiomyopathy, n (%) 2(2.7) 1(1.1) 0.591

Diabetes mellitus, n (%) 2(2.7) 11 (12.3) 0.039

Hypogonadism, n (%) 3(4.1) 8(9.0) 0.348

AST = aspartate aminotransferase; ALT = alanine aminotransferase; MCP = metacarpophalangeal * Defined as consumption of more than 1 standard drink (10g ethanol) per day
for women and >2 standard drinks for men 1 Cirrhosis or severe, portal-portal bridging fibrosis in biopsy and/or elevated liver enzymes % Either cirrhosis or severe, portal-portal

bridging fibrosis

Table 3: Univariate and multiple logistic regression analysis comparing patients with substantial iron overload (serum ferritin levels >1000 ng/ml).

Exp B (95% CI)

p-value
Univariate logistic regression Multivariate logistic regression Multivariate logistic regression adjusted for age, sex and
BMI"
Elevated ALT >50 U/I 10.08 (4.79-21.21) 10.22 (6.67-22.38) 12.43 (5.01-30.83)
<0.001 <0.001 <0.001
MCP joint arthropathy 3.59 (1.81-7.10) 3.94 (1.75-8.90) 3.63 (1.42-9.29)
<0.001 0.001 0.007

ALT = alanine aminotransferase; BMI = body mass index; Cl = confidence interval; MCP = metacarpophalangeal * Values for age, sex and BMI not shown
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estimate the degree of iron overload and to stratify the in-
dividual risk for the hereditary haemochromatosis patient.

Early diagnosis, monitoring and initiation of phlebotomy
treatment benefits the course of the disease, preventing or
at least slowing organ damage such as liver cirrhosis and
hepatocellular carcinoma, as already reported [6, 18]. In a
previous study of our hereditary haemochromatosis cohort,
we found that 9% of the patients developed hepatocellu-
lar carcinoma during the mean follow-up time of 14 years.
We found that higher age at diagnosis showed the strongest
association with the occurrence of hepatocellular carcino-
ma in Swiss haemochromatosis patients [6]. However, ear-
ly diagnosis can be challenging because disease manifes-
tations can vary from asymptomatic patients, in whom the
disease is discovered randomly in connection with rou-
tine blood sampling, to unspecific symptoms, such as fa-
tigue, arthralgia, abdominal pain and potency problems in
early disease stages [19]. Early studies emphasised focus-
ing on clinical signs of advanced iron overload with liv-
er cirrhosis, restrictive cardiomyopathy, diabetes mellitus
and progressive skin pigmentation, also called bronze di-
abetes [20]. Since then these manifestations have become
rarer as the time to diagnosis has shortened owing to in-
creased disease awareness by medical doctors and, partly,
to screening programmes [17]. Also, in our large real-life
time cohort, we found a low prevalence of cardiomyopa-
thy, diabetes mellitus and hypogonadism.

A late diagnosis based on presentation of overt iron over-
load leads to a delayed therapy initiation, which results in
irreversible organ damage [6, 18]. Thus, clinicians need to
be aware of signs and symptoms that raise suspicion of
hereditary haemochromatosis, which then can be further
elucidated by the measurement of iron indices and genetic
testing for the HFE mutations. Ideally, these signs and
symptoms should be routine, easy-to-assess and cheap to
measure. We found that metacarpophalangeal joint
arthropathy and elevated ALT, both broadly assessed in a
routine medical examination, have the potential to point
to the correct diagnosis. Importantly, joints are frequently
affected by hereditary haemochromatosis, and this signif-
icantly decreases quality of life and increases the risk for
need of joint replacement [21]. A clinically characteristic
arthropathy develops in two thirds of patients with heredi-
tary haemochromatosis and presents as arthritis of the sec-
ond and third metacarpophalangeal joints, which appears
similar to osteoarthritis or, more rarely, rheumatoid arthri-
tis [22, 23]. The mechanisms behind a pronounced in-
volvement of the metacarpophalangeal joints, which usu-
ally starts in the second and third joints with subsequent
bony enlargement, is still not completely understood. On
one hand, iron deposition in joints may lead to intra-ar-
ticular production of reactive oxygen species, particularly
the superoxide anion, which causes cartilage inflammation
and degeneration [24, 25]. Additionally, the crystal ferric
salt deposition stimulates intra-articular calcium pyrophos-
phate production, which further accelerates the inflamma-
tory and degenerative processes [23, 26]. On the other
hand, because humans intensively use their hands, the
metacarpophalangeal joints are particularly frequently
strained. This can lead to cumulative attrition and increas-
ing inflammation of these joints during the lifetime in pa-
tients with this inherited disease.

Swiss Med WKkly. 2020;150:w20294

These studies are limited by the fact that not all hereditary
haemochromatosis patients develop arthropathy, which
somewhat limits the sensitivity of the clinical joint exam-
ination for diagnosis [22]. On the other hand, metacar-
pophalangeal arthropathy appeared in our cohort to be a
finding highly specific for hereditary haemochromatosis.

The strength of these studies is that we analysed a large,
prospective, nation-wide, well-defined cohort of hereditary
haemochromatosis patients, all with a genetically proven
diagnosis, and included patients not only from a tertiary
care centre, but also from primary care. Thus, we consider
the cohort to reflect adequately the clinical picture of
hereditary haemochromatosis encountered in daily prac-
tice. Furthermore, we assessed patients regularly, and col-
lected complete clinical, biochemical, genetic and pheno-
typic information. However, the present study is a simple
association study without a control group and does not
give an answer to which patients are “truly” suffering from
hereditary haemochromatosis at initial presentation. The
diagnosis of hereditary haemochromatosis was based on
the known algorithm for the diagnosis of hereditary
haemochromatosis. Our analyses included patients with
iron overload disease due to hereditary haemochromatosis
and an HFE mutation. We did not test or compare data
from other primary types of hereditary haemochromatosis
or other secondary iron overload diseases such as thalas-
saemia. Other studies are needed to determine whether ele-
vated ALT levels and metacarpophalangeal arthropathy are
also associated with iron overload in those patients.

Conclusion

In conclusion, the results of the present observational study
found elevated liver enzymes and small joint arthropathy
to be associated with iron overload. Especially elevated
ALT levels and metacarpophalangeal joint arthropathy are
parameters easy to determine at low cost to identify pa-
tients with significant iron overload and therefore at risk
for hereditary haemochromatosis.
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