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ABSTRACT

Background. Genetic hemochromatosis is mainly related to the homozygous genotype for the HFE
p.Cys282Tyr (C282Y) mutation leading to hepcidin deficiency. Its low penetrance suggests the
involvement of cofactors modulating its expression. Aim. To describe the evolution of disease
presentation and of non-genetic factors liable to impact hepcidin production in the long term.

Patients & methods. Clinical symptoms, markers of iron load, and risk factors according to the year of
diagnosis were recorded over 30 years in a cohort of C282Y homozygotes > 18 years. Results. 2050

patients [1460 probands (804 males & 656 females) and 542 relatives (244 males & 346 females)]
were studied. Over time: (i) the proband-to-relative ratio remained roughly stable; (ii) the gender
ratio tended towards equilibrium among probands; (iii) age at‘diagnosis did not change among males
and increased among females; (iv) the frequency of diabetes and hepatic fibrosis steadily decreased
while that of chronic fatigue and distal joint symptoms remained stable; (v) transferrin saturation,
serum ferritin and the amount of iron removed decreased; and (vi) the prevalence of excessive
alcohol consumption decreased while that of overweight increased. Tobacco smoking was associated
with increased transferrin saturation. Conclusion. Genetic testing did not alter the age at diagnosis,
which contrasts with the dramatic decrease in iron load in both genders. Tobacco smoking could be
involved in the extent of iron loading. Besides HFE testing, which enables the diagnosis of minor
forms of the disease, the reduction of alcohol consumption and the increased frequency of
overweight may have played a role in the decrease of iron load in the long term, since these factors

are likely to improve hepcidin production.

LAY SUMMARY

e Genetic hemochromatosis is an inherited disorder secondary to progressive body iron loading. It
results in chronic fatigue and in potential liver (cirrhosis), pancreas (diabetes) and joint (arthritis)

damage at adulthood.

* The present study showed that tobacco smoking may aggravate iron loading, but that, as a whole,
hemochromatosis has became less and less severe over the last 30 years despite older age at
diagnosis, likely due to the protective effects of lower alcohol consumption and of increased weight

in the French population.
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INTRODUCTION

In Caucasians, most cases of genetic iron overload result from the homozygous genotype for the HFE
p.Cys282Tyr (C282Y) mutation, which leads to impaired production of hepcidin, the key regulator of
systemic iron.! This results in increased iron efflux from cells, mainly from enterocytes and
macrophages, and consequently in.increased serum iron levels and transferrin saturation, leading to
abnormal iron deposits in various parenchymas, especially the liver.! The clinical penetrance of the
HFE C282Y homozygous genotype is fairly low, estimated at 30% among males and 1% among
females.” Thus, C282Y homozygosity is a necessary, although not sufficient, condition for developing
clinical hemochromatosis. This suggests that genetic and environmental cofactors modulate its
expression in terms of both iron load and organ damage. Genetic polymorphisms have been
suggested as phenotypic modifiers but none has been found to be frequent enough to explain this
low penetrance. ** This suggests that non-genetic factors are likely to play a key role in disease
presentation, especially those liable to interfere with hepcidin production, i.e. alcohol consumption,

overweight and tobacco smoking.

The respective roles of the diagnosis bias resulting from the availability of HFE testing from 1997 and
of the environmental impact on disease presentation needed to be determined by a large-scale study
covering a long period of time before and after 1997. The aim of the present study was thus to
describe the evolution of disease presentation over 30 years, taking into account not only the
availability of HFE genotyping but also the evolution of exposure to common acquired factors liable

to affect hepcidin production in the long term.
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PATIENTS AND METHODS
Patients

All C282Y homozygous patients recorded between 1987 and 2016 in the database (LOGIFER) of the
Liver Unit in the University Hospital of Rennes, France, with a definite year of diagnosis, untreated

and over 18 years at the time of diagnosis, were included in the study.

Data collection was retrospective before 1989 and thereafter prospective. For patients referred
before 1997, the diagnosis of C282Y homozygosity was performed retrospectively either on fresh
samples obtained during follow-up or on DNA stored at -80°C. The diagnosis was prospective from
1997. Data was recorded from patient files by data-managers with double data entry. Quality control
was provided by the same clinical research assistant from 1990, and coherence control and statistical

analyses were regularly performed by the same bio-statistician (JM) from 2004.

According to French legislation, the LOGIFER survey was notified to the Comité National de
I'Informatique et des Libertés (CNIL n° 2005/1108633 - Personal privacy authority). Patients were
informed of the collection of their personal data in the database and the possibility of opposing it,
and they were asked to provide written informed consent at the time of their first contact with the

Liver Unit.
Data

All probands were attending the Liver Unit at the time of diagnosis. Family screening procedures
were conducted by the Liver Unit but the referral of relatives to our centre was not the rule, as data
was obtained from questionnaires completed by GPs at the time of screening and then handed in

together with the consent forms and the material for genetic testing.
The following data collected at the time of diagnosis was extracted from LOGIFER when available:

e Age (years), gender (M/F);

e History of symptoms compatible with hemochromatosis: chronic fatigue, distal / proximal
arthralgia, hypogonadism (erectile dysfunction or loss of libido, in males only),
cardiomyopathy (arrhythmia or cardiac failure), and diabetes (fasting serum glucose > 1,26
g/l or anti-diabetic therapy);

e History of risk factors: excessive alcohol consumption (males: > 30 g/d — females: > 20 g/d for
more than 5 years) and tobacco smoking (non- or current smoker);

e Weight (kg), height (cm) and body mass index (BMI — kg/m?);

Deugnier et al —Page 4



e Serum iron, transferrin and ferritin, transferrin saturation, and amount of iron removed

calculated from the volume of blood extracted during initial depletion therapy until the
achievement of low body iron reserves (serum ferritin < 50 pg/l), assuming that 500 ml of

blood contains 250 mg of elemental iron;

e Liver fibrosis, determined by a liver biopsy using the METAVIR scoring system (FO: no fibrosis
to F4: cirrhosis). ® In the absence of histological data, patients with serum ferritin <1000 pg/L
were considered to be free from F3—4 fibrosis (= severe fibrosis) according to Guyader et al. °
and the others as having missing data. The Guyader score, consisting in the non-invasive
prediction of severe fibrosis (range: 0-1), was calculated as previously reported; °

e Hepatic symptoms were defined as clinical signs of liver disease (including hepatocellular
carcinoma) and/or increased serum transaminase levels and/or hepatic fibrosis on liver

biopsy.

Analyses

Statistical analyses were performed on SAS version 9.4 (SAS Institute, Cary, NC) after dividing the 30-

year survey into 6 periods of 5 years. A p value <0.05 was considered significant.

Comparisons according to periods of time were made using ANOVA for quantitative variables. For
gualitative variables, trend significance according to period of time was assessed using the Cochran

Armitage test.

Then multivariate analyses adjusted on time periods were run to identify variables independently
associated with biochemical iron markers (divided into terciles). Terciles were calculated separately
for each gender: transferrin saturation (thresholds: 55 % and 75 % for women, 75 % and 90 % for
men), serum ferritin (thresholds: 250 pg/l and 600 pg/l for women, 800 pg/l and 1500 pg/l for men)
and.amount of iron removed (thresholds: 1.5 g and 3.5 g for women, 4.5 g and 8.5 g for men). Severe
iron overload was defined according to the relevant clinical thresholds: 75% for transferrin
saturation, " 2000 ug/| for serum ferritin, > and 10 g for the amount of iron removed. * Variables

with p <0.2 in univariate analyses were introduced into the multivariate models.
To assess whether the associations of iron markers with time periods were independent, Ordinal

Logistic Regression models were used to estimate Odds Ratios (OR) with a 95% confidence interval

(95%Cl) after verifying the Proportional Odds Assumption.
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A multiple imputation procedure was used for variables with missing data, assuming data to be
missing-at-random. Missing data was filled in 200 times to generate 200 complete data sets using the
MI procedure on SAS 9.4 to handle missing values for the covariates. Gender, age at diagnosis, year
of diagnosis, year of birth, proband/relative status, excessive alcohol intake, tobacco smoking, blood
pressure, BMI, chronic fatigue, diabetes, heart, liver and joint symptoms, hypogonadism, hepatic
fibrosis, serum iron, serum ferritin, serum transferrin, transferrin saturation, ASAT, ALAT, GGT, mean
corpuscular volume, HDL cholesterol, triglycerides, fasting glycaemia, amount of iron removed and
hepatic iron content on MRI were introduced into the MI procedure. The 200 complete data sets
were then analysed using an ordinal logistic regression procedure, and the results from these
datasets were combined for the imputation study using the MIANALYZE procedure on SAS 9.4 with
Rubin’s rule. Results were expressed as OR with a 95% Cl. Ordinal logistic regressions were also

conducted on data without imputation. The results were similar (data not shown).

The results are presented as mean (SD) in the tables and mean (MSD) in the figures or as n (% - 95%

confidence interval) in both tables and figures.

RESULTS

Demographic data

At the time of the study, LOGIFER comprised 11884 individuals, 2258 of whom were C282Y
homozygotes. Among these patients, 208 were not eligible because of uncertainty about the date of
diagnosis (n = 20), diagnosis before 1987 and/or phlebotomy therapy before the record in LOGIFER
(n = 135), or age younger than 18 years (n = 53). The study was thus conducted on 2050 individuals
(1048 males and 1002 females), 1460 of whom were probands (804 males and 656 females) and 590
were relatives (244 males and 346 females). The recruitment increased to reach 17 to 95
homozygotes per year from 1987 to 1992, reached a plateau between 1993 and 2008 (median 88 —
range 70-132) and then slowly decreased to fewer than 50. The median number of patients per year
was 70 (range: 17-132) and the median number of patients per period was 369 (range: 179-446).
Before 1997, most probands were males. Thereafter, the gender ratio among probands decreased,
tending towards a balance (Table 1). The proband-to-relative ratio was 1.5 to 2.9 higher for men than

for women, but with no significant difference according to the period of time (Table 1).

Age at diagnosis

At diagnosis, the males were younger than the females (44 + 13 versus 47 * 14 — p<0.0001). The

probands were older (all: 46.3 + 13.4 - males: 44.7 +11.9 - females: 47.9 + 14.6) than the relatives
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(all: 43.7 + 13.4 - males: 41.5 +13.2 - females: 45.2 + 13.4), these differences being significant
(p<0.0001, p=0.0001 and p=0.004 respectively). Age at diagnosis did not vary with time among

males, and increased significantly among females (Table 2).

Early symptoms

The circumstances of diagnosis varied over time but with no particular tendency. Systematic
biochemical assessments. family screening, clinical symptoms compatible with iron excess and
clinical symptoms unrelated to iron excess led to the diagnosis of hemochromatosis in respectively
30.3% (95%Cl: 28.3-32.4), 30.1% (95%Cl: 28.0-32.1), 29.1% (95%Cl: 21.1-31.1) and 10.5% (95%Cl: 9.1-
11.8) of cases among the 1960 subjects for whom the information was available. Chronic fatigue and
arthralgia were the most common initial iron-related symptoms. Their frequency did not vary

significantly with time.

Clinical expression

The most frequent symptom was chronic fatigue, present for 32 to 47% of males and for 26 to 43% of
females according to time period (variations not significant). The frequency of distal arthralgia
remained stable within the range of 25 - 33% among males and 27 — 30% among females through the
[02-06] period and then decreased to 17% among males (95%Cl: 9.4-23.9) and 25% among females
(95%Cl: 16.5-34.0) in the last period. Proximal arthralgia was present in 10 to 15% of patients of both
genders with no significant variation according to period of time. Between the first and the last
period, the frequency of hepatic symptoms significantly decreased from 33.0 to 17.5% among males
(95%Cl: 24.3-41.7 and 10.8-24.1 respectively) and from 16.4 to 0.8% among females (95%Cl: 7.5-25.3
and 0-2.5 respectively). The same was found for severe fibrosis and diabetes (Table 2 and figure 2).
Similarly, the number of cases of hepatocellular carcinoma detected at the time of diagnosis
decreased across the six periods (3.8%, 2.7%, 1.1%, 0.8%, 1.5% and 0.3% respectively). Cardiac
symptoms and hypogonadism were rare (5.4 and 5.2% respectively, in the whole population), making

it impossible to study their evolution over time.

Markers of iron excess and overall iron load

All markers of iron excess decreased over time (Table 2 and figure 1). Transferrin saturation
decreased in both genders, but the decrease began before 1997 and was linear and more marked
among females. Serum ferritin levels dropped in the [97-01] period and then remained globally
stable in both genders. The amount of iron removed decreased more regularly over time in males

than in females, and the reduction began before 1997.
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The number of cases with indicators of severe iron overload (transferrin saturation > 75% or serum

ferritin > 2000 pg/l or iron removed > 10 g) significantly decreased with time among both males and
females (Figure 1). Severe fibrosis was found in liver biopsies for 44% of patients with transferrin

saturation > 75%, 90.5% of patients with serum ferritin > 2000 pg/l and 93.8% of patients with iron

removed > 10 g compared to 12.1%, 7.2% and 8.5% among patients with transferrin.saturation <
75%, serum ferritin < 2000 pg/l and iron removed < 10 g respectively. Only 7% of the patients with

transferrin saturation > 75% had normal serum ferritin levels. None had severe fibrosis.

Alcohol, tobacco and body mass index

The frequency of excessive alcohol consumption dropped dramatically in the 3 early periods among
males and then reached a plateau (Table 2 and figure 2). It remained low with a decreasing but non-
significant trend among females. Tobacco use did not vary significantly with time (Table 2). Body
mass index increased over time, significantly among males and exhibiting a trend among females
(Table 2 and figure 2). The proportion of individuals with a body mass index exceeding 30 kg/m?

increased non-significantly among males (p = 0.06) and significantly among females (p = 0.006).

Multivariate analyses

Multivariate analyses were run to look for factors independently associated with markers of iron
excess (i.e. transferrin-saturation, serum ferritin and amount of iron removed) after adjustment on
period of time, in‘order to systematically take the availability of HFE testing into account. Because
the results differed according to gender in univariate analyses, males and females were studied
separately. As indicated in table 3 and figure 1, the decrease in markers of iron excess began before
the [97-01] period and continued thereafter for transferrin saturation in both genders and for the

amount of iron removed among males. Older age at diagnosis and proband status were associated

with an increase in all markers, but the age threshold differed between males (> 35 years) and

females (> 50 years). Body mass index had an opposite effect on transferrin saturation (decrease

among females) and serum ferritin (increase among males). Excessive alcohol intake was associated
with increased transferrin saturation among females, increased ferritin levels in both genders, and
increased amounts of iron removed among males only. Tobacco smoking was independently

associated with increased transferrin saturation in both genders.
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DISCUSSION

The present study confirmed that the phenotypic expression of C282Y homozygosity has
progressively changed over the last 30 years with a re-balancing of the gender ratio among probands
and reduced severity for both genders, despite older age at diagnosis, at least among females. This
was associated not only with the early implementation of family screening procedures and
subsequently with the availability of HFE testing, but also with the gradual increase in the frequency
of factors known to enhance hepcidin production, i.e. the reduction in alcohol consumption and
overweight. Finally, this study has shown that tobacco smoking was independently associated with
increased transferrin saturation, which suggests that tobacco is a putative aggravating factor for iron

overload in the long term.

The impact of the availability of HFE typing on disease presentation at the time of diagnosis was

2 studies, all indicating that patients

previously assessed in 3 French, 1 German, ** and Italian
diagnosed after 1996 were less symptomatic and older at the time of diagnosis. The patient samples
were small (n = 415, 269 and 414 respectively) precluding relevant subgroup analyses in long surveys
of 23, 30 and 40 year duration respectively. The Italian study ** was the only one to analyse the
impact of acquired factors on disease expression, but it studied a heterogeneous group of 269 C282Y
homozygotes and 69 compound heterozygotes who were later shown to be quite different with
regard to cofactors of morbidity. > In.addition, only 30 patients in this composite group had been

diagnosed before 1997, compromising the results of comparisons before/after the implementation

of HFE testing.

The strengths of the present study were the long period of time covered (30 years), the large number
of patients (> 2000) enabling analyses of subgroups according to period of time, gender and
proband/relative status, the homogeneity and the prospective collection of data, and the
thoroughness of the quality insurance process with standardization of biochemical data as early as
1989, a double entry process and regular coherence tests. Its main weakness was the amount of
missing clinical data, especially with respect to body mass index, excessive alcohol consumption and
tobacco smoking (Table 2). However, their frequency did not exceed 30% and did not vary
significantly according to period of time, which enabled the running of imputation procedures. In
addition, the results were similar with or without imputation procedures (data not shown). Periods
of time of 5-year duration were chosen in order to obtain 2 periods before the availability of HFE
testing, one period starting in 1997, when HFE testing was routinely made available, and samples of

sufficient size to enable separate analyses among males and females.
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The present findings confirmed that the availability of HFE testing has resulted in alterations in
disease presentation. The proband-to-relative ratio remained roughly stable in both genders over
time, but it was significantly higher among males (Table 1). The gender ratio decreased among both
probands and relatives, with a clear cut-off in 1997. This resulted in a gender balance among
probands and in lasting female predominance among relatives over recent years, which is not
surprising since females are much more responsive to family screening procedures. ** This female
bias was already found by Scotet et al '® when comparing the presentation of HFE hemochromatosis
in 415 C282Y homozygotes before and after 1996. In fact, the present data clearly indicates that
before the 1997 cut-off the gender ratio was already decreasing. This was probably related to the
awareness of both GPs and patients — especially females — towards hemochromatosis in an area with
high disease prevalence and the implementation of HLA-based family screening policy in the 1980s.
> The availability of genetic testing probably resulted in an amplification of the trend by enabling the

diagnosis of less severe cases mainly affecting females. ***2

The present study demonstrated that iron-related organ damage has become less and less severe
over time. The prevalence of diabetes steadily decreased between 1987 and 2016 among males,
halving despite the progressive increase in body mass index. It remained low with a non-significant
decrease among females. The decrease in the frequency of severe hepatic fibrosis began before the
availability of HFE testing and followed the same curve in both genders. Our findings indicate that
this was not due to earlier diagnosis by genotyping unlike what has been suggested previously. >
Because indications for liver biopsy were changed - and progressively restricted - in the time period
covered by the study, ° this should be interpreted with caution. However, the Guyader score
predicting severe fibrosis decreased over time, which makes a bias related to changes in biopsy
indications unlikely. Otherwise, it is interesting to note that the evolution of liver fibrosis and that of
alcohol consumption ran parallel, with a slight rebound in recent years. This is in line with previous

studies showing that alcohol is a major factor in disease severity. >’

Over the last thirty years, the
frequency of distal joint symptoms, a key feature of hemochromatosis not fully correlated with the
level of iron load, *® did not significantly decrease and remained higher than that of diabetes and
hepatic fibrosis. The present data illustrates that hemochromatosis is shifting from a metabolic and

hepatic disease to a rheumatologic disease.

Several criteria associated with severe iron overload were studied in the present study: transferrin
saturation exceeding 75%, shown to be associated with increased labile plasma iron, the most toxic
form of iron, ’ serum ferritin levels greater than 2000 pg/| reported to be associated with reduced
survival among C282Y homozygous patients, > and amount of iron removed greater than 10 g which

corresponds to marked iron excess.” All were less and less frequent as time went by, among females
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as well as males, and among probands as well as relatives, which demonstrates that iron overload

has genuinely decreased among French patients over the last thirty years.

In the present series, alongside the reduction in iron load, alcohol consumption decreased and body
weight increased, mainly among males who had stronger evidence of decreased phenotypic
expression than did females. Alcohol was demonstrated to inhibit hepcidin production ** making it
likely to increase iron overload in the long term. Conversely, more and more data is accumulating
demonstrating extrahepatic hepcidin production, mainly by visceral adipose tissue *° and by the
pancreas, alongside insulin synthesis. ** Indeed, serum hepcidin levels were significantly higher
among overweight females than among lean C282Y homozygous females. ** These findings suggest
that both the decreased frequency of excessive alcohol intake and the increased frequency of
overweight over time may have contributed to the partial correction of hepcidin deficiency, and thus
to reducing iron load. Paradoxically, serum ferritin levels, which had dramatically dropped in the [97-
01] period, remained stable while the amount of iron removed continued to decrease. This
dissociation between the two iron markers could be explained by the increase in body mass index,
since serum ferritin levels tend to overestimate iron excess in overweight patients compared to

22,23

C282Y homozygotes.

Tobacco smoking, another risk factor, was found to be independently associated with increased
transferrin saturation. This is not_surprising, since it has been shown to induce chronic hypoxia,

which inhibits hepcidin production. **

It could be hypothesized that tobacco use leads to an
aggravation of iron overload by increasing the levels of non-transferrin-bound iron, the form of iron
involved in the setting of parenchymal iron loading. ** Finally, other environmental factors not taken
into account in the present study nor in previous studies may have contributed to reducing the
severity of hemochromatosis, especially changes in diet. Iron excess is mainly related to heme intake,
i.e. to red meat consumption. In France, beef consumption regularly increased from 28 to 32

Kg/inhabitant/year between 1960 to 1980, and has thereafter been steadily decreasing to reach 24

Kg/inhabitant/year in 2014 (http://www.credoc.fr).

Surprisingly, age at diagnosis not only did not decrease with time, but on the contrary, increased
significantly among females and exhibiting a trend among males. This was also noted by Scotet et al.
% and by Triess et al. ** Several explanations could be suggested for this intriguing fact. First, the
mean age at diagnosis is between 40 and 50 years, corresponding to the age at which systematic
biochemical investigations are commonly offered to patients. Second, the decrease in iron load over

time is partially unrelated to the availability of HFE testing, as demonstrated here, resulting in

Deugnier et al —Page 11


http://www.credoc.fr/

delaying the moment of diagnosis. Third, there is an absence of correlation between iron burden and

age over 40 years, as previously reported by Adams et al. *®

CONCLUSION

This large overview of hemochromatosis over 30 years confirms the dramatic decrease in iron load in
terms of both iron excess and liver and pancreas damage. It shows that hemochromatosis is
becoming a rheumatologic disease, and suggests that tobacco smoking could aggravate iron
overload, possibly by an aggravation of hepcidin deficiency. Finally, it indicates that, besides the
implementation of HFE testing, which has enabled the diagnosis of minor forms of the disease, the
reduction in alcohol consumption and the increased frequency of overweight may have played a role
in the decrease of iron overload in the long term, probably as a result of the improvement in

hepcidin production.
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Table 1

Gender ratio and proband-to-relative ratio according to time period.

Table 2

Evolution of markers of iron overload, organ damage and risk factors according to time
period and to gender among 2050 C282Y homozygotes. ANOVA for continuous variables and
the Cochrane Armitage test for categorical variables.

Table 3

Results of multivariate analyses with adjustment on time period. All variables significantly
associated with the variables to be explained (transferrin saturation, serum ferritin and
amount of iron removed) were introduced into the models when p < 0.2 in univariate
analysis. Results expressed as odds ratio [95% confidence interval]

Figure legends

Figure 1
Evolution of markers of iron excess and severe iron overload according to time period and
gender. Severe iron overload was defined as transferrin saturation > 75% or serum ferritin >

2000 pg/l or amount of iron removed > 10 g. Results are expressed as mean (MSD) or %

(95%Cl).as appropriate. Statistics: ANOVA and the Cochrane Armitage test as appropriate.

Figure 2

Evolution of body mass index and of the prevalence of diabetes, excessive alcohol
consumption and severe liver fibrosis according to time period and to gender. Results
expressed as mean (MSD) or % (95%Cl) as appropriate. Statistics: ANOVA and the Cochrane
Armitage test as appropriate.
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Table 1

Years [87-91] [92-96] [97-01] [02-06] [07-11] [12-16]
(m=179) (mn=444) (n=440) (n=446) (n=297) (n=244) p*
Sex ratio (M/F)
All  1.67 1.44 0.91 0.83 0.84 1.07 0.32
Probands 2.16 1.80 1.01 0.98 0.97 1.18 0.88
Relatives 0.74 0.92 0.70 0.60 0.58 0.72 0.08

Proband to relative ratio

All 3.48 2:13 2.76 1.84 2.54 3.88 0.39
Males 5.59 2.85 3.38 2.42 3.39 5.00 0.88
Females 1.91 1.46 2.33 1.49 2.04 3.07 0.08

* Test of Cochrane Armitage
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Table 2

Variables Periods [87-91] [92-96] [97-01] [02-06] [07-11] [12-16] p* All periods
Patients Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
All 452 [11.8) 454 [12.8] 44.6 [13.4] 46.9 [13.4) 47.1 [14.6] 43.5 [13.9] 0.005 | 45.6 [13.4]
Age Males 43.9 [11.5) 4s5.1 [12.1] 427 [125] 45.8 [12.9] 433 [125] 43.2 [13.3] 0.1 442 [12.5)
(years) Females 473 [12.1) 45.7 [13.8] 46.3  [14.0] 47,9 [13.5) 504 [15.5] 43.9 [14.6] 0.0035 | 47,0 [14.2)
n tested (M/F) 112/67 262/182 210230 202/244 136/161 126/118 1048/1002
¢ All 744 [17.6) 742 [174) 722 [22.1) 719 [20.5) 68.1 [19.1] 66.1 [19.4] <0.0001 [ 71.3 [19.8)
Transferrin
: Males 76.8 [15.3] 78,0 [15.7) 79,0 [19.1] 77.8 [18.8) 749 [16.7) 725 [19.6] 0.026 | 76.9 [17.8)
sa"('";:;mn Females 712 [19.9] 68.9 [18.2] 66.3 [22.8] 67.2 [20.7) 62.5 [19.1] 59.5 [16.9] 0.0002 | 65.8 [20.2)
n tested (M/F) 75/57 226/159 1707200 1741215 120/147 118/112 883/885
All 1755 [1891] 1496 [1601] 1029 [1295] 914 [1573] 1033 [1154] 909 [941] <0.0001 | 1154 [1459)
Serum Males 2242 [2068] 1865 [1582] 1540 [1530] 1492 [2065] 1417 [1086] 1345 [1072] <0.0001 | 1642 [1644)]
ferritin (ng/l) Females 971 [1221) 974 [1483] 553 [772) 414 [632] 698 [1110] 443 [434) <0.0001 | 637 [1002]
n tested (M/F) 98761 2424171 1867200 1871216 129/148 123/115 965/911
All 7.7 [5.9] 81 [7.3] 52 [55) 4.9 [4.8] 45 [42] 36 [3.0] <0.0001 | 5.7 [5.7]
Iron removed Males 9.7 [6.3] 9.6 [7.6] 7.6 [6.4] 74 [5.6] 6.6 [5.0] 50 [3.3) <0.0001 | 79 [6.3]
(2) Females 47 [3.5] 57 [6.1] 29 [29] 2.6 [2.1] 29 [25] 20 [L.6] <0.0001 | 33 [3.6]
n tested (M/F) 64/42 145/93 125/128 1420151 76/94 60/56 612/564
All 244 [3.7] 24.1 [3.6] 247 [4.1] 249 [4.4] 254 [4.9] 25.1 [4.6] 0.01 | 248 [43]
Males 24.8 [3.7] 24.6 [3.2] 253 [3.5] 25.7 [3.5] 255 [4.2] 25.8 [4.4] 004 | 252 [3.7]
BMI (Kg/m2) Females 238 [3.7) 234 [4.1] 242 [4.5] 24.1 [4.9] 253 [5.5] 244 [4.7] 0.06 | 243 [4.7]
n tested (M/F) 72/39 188/129 155/171 149/175 117/135 114107 795/756
Variables Periods [87-91] [92-96] [97-01] [02-06] [07-11] [12-16] p* All periods
Patients %  [95%CI] Y [95%CI] Y [95%CI] Y [95%CI] Y% [95%CI] %  [95%CI] %  [95%CI]
All 9.4 [4.9-139] [ 98 [69-127] | 64 [4.0-858] 53 [3.1-7.5] 4.6 [2.2-7.0] 50 [22-7.8) 0.002 | 6.7 [5.6-7.8]
Diabetes (%) Males 122 [5.7-18.7) | 12.5 [8.2-16.8] | 9.8 [5.6-14.0] [ 7,0 [3.3-10.7) 6,0 [2.0-10.0] | 57 [1.6-9.8] 0.005 | 9.1 [7.3-10.9]
Females 48 [0.0-10.1] [ 6.4 [2.8-100] | 33 [0.9-57) 40 [1.5-6.5) 33 [0.5-6.1] 42 [0.6-7.8) 0.37 42 [29-55]
n tested (M/F) 98/62 193213 187228 133/153 123/118 958/947
; All 33.6 [26.1-41.1] [ 22.9 [18.8-27.0]| 14.6 [11.0-182] [ 10,0 [7.9-14.1] | 14.5 [10.2-18.8] [ 1.6 [7.4-15.8] | <0.0001 | 169 [15.2-18.6]
Se\er.e Males 47.8 [37.6-58.0] [ 29.3 [234-352]| 244 [18.1-30.7] [ 213 [15.1-27.5] | 25.6 [17.7-33.5] [ 21.8 [14.1-29.5] | 0.0003 | 27.3 [24.4-30.2)
fi?:z)sls Females 117 [3.6-19.8] | 14.2 [8.9-19.5] 57 [24-9.0] 2.8 [0.6-5.0] 55 [1.8-9.2] L8 [0.0-42] |<00001] 65 [4.9-81]
n tested (M/F) 92/60 232/169 176/193 169212 1174145 110/114 896/893
- All 26.2 [18.4-34.0] | 23.7 [18.7-28.7] [ 1400 [10.1-17.9]| 8,0 [5.0-11.0] [ 13.9 [9.3-185] | 128 [8.0-17.6] [<0.0001 | 154 [13.5-17.3)
Exces.sne Males 36.3 [25.8-46.8] [ 33.7 [26.8-40.6] | 26.2 [19.1-33.3] [ 124 [7.2-17.6] | 22.4 [14.5-30.3] [ 21.2 [13.3-29.1] | 0.0002 | 250 [21.9-28.1)
alcoh(ool/:)ntake Females 7.0 [0.0-149] [ 6.7 [1.9-11.5] 2.5 [0.1-4.9] 41 [L1-7.1) 55 [1.2-98] 24 [0.0-5.7) 0.31 43 [2.8-5.8]
n tested (M/F) 80742 178105 149/158 1534171 107109 104/84 7717669
All 28.1 [19.1-37.1] | 29.8 [23.6-36.0] [ 316 [25.9-37.3]| 28.8 [23.6-34.0] [ 30.7 [24.7-36.7]| 315 [25.1-37.9] o067 | 302 [27.7-32.7)
Tobacco Males 28,0 [17.8-38.2] | 29.5 [21.9-37.1] [ 40.4 [32.3-48.5]| 34,0 [26.3-41.7] [ 32.4 [23.6-41.2]| 37.6 [28.5-46.7] | 024 | 341 [30.6-37.6)
smoking (%) Females 28.6 [9.3-47.9] | 304 [19.5-41.3] [ 20.5 [13.0-28.0] | 23.7 [16.8-30.6] [ 29.2 [21.1-37.3] | 24.2 [154-33.0]| 093 | 253 [21.7-28.9)]
n tested (M/F) 7521 139/69 1414112 1471148 108120 10991 7194561

* ANOVA with Levene correction - ** Test of Cochrane Armitage -
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Table 3

Transferrin saturation Serum ferritin Amount of iron removed Severe iron burden
Males Females Males Females Males Females Males Females
Year of diagnosis
[87-91) 1.59(0.94-2.70] 3.43[1.87-6.32] 1.77[1.04-3.00] 2.58(1.40-4.74] 4.11(2.27-7.43] 4.00(1.97-8.12]  2.47[1.30-4.68] 4.69 (2.31-9.51)
[92-96) 1.66(1.09-2.52] 2.66(1.68-4.22]  1.56(1.01-2.40] 1.99(1.26-3.16]  2.83([1.74-4.60] 2.98(1.69-5.25]  2.51[1.534.13] 4.12(2.33-7.27]
[97-01) 1.85(1.18-2.89] 2.14(1.38-3.32) 1.14(0.73-1.77) 1.01[0.65-1.56] 1.84(1.10-3.09] 1.77[1.06-2.96) 1.78(1.07-2.95] 3.40(1.95-5.91)
[02-086]) 1.55(1.00-2.40] 2.31[1.50-3.57) 0.89[0.57-1.38) 0.75(0.48-1.16) 1.51[0.92-2.46) 1.44[0.87-2.37) 1.43[0.87-2.35] 3.28(1.89-5.68)
[07-11] 0.96 [0.60-1.56] 1.50 [0.95-2.38) 1.06 (0.66-1.71) 1.18[0.74-1.90] 1.57(0.91-2.73] 1.55[0.90-2.67] 1.08(0.63-1.83] 1.58[0.87-2.87|
[12-16) 1 1 1 1 1 1 1 1
Age at diagnosis
18-34 1 0.67 [0.47-0.95) 1 0.32[0.22-0.45) 1 0.47 [0.32-0.69) 1
3549 1.49[1.09-2.03]) 0.69(0.52-0.92] 2.88(2.09-3.97] 0.32(0.24-0.43]  2.28(1.62-3.22] 0.66[0.47-0.93] 1.69 [1.18-2.42]
250 1.44 (1.02-2.03) 1 3.52(2.44-5.07) 1 2.95 [2.00-4.36) 1 1.87(1.26-2.78)
Proband status
No 1 A 1 1 1 1 1 1
Yes 1.48(1.10-2.00] 1.61(1.24-2.09]  2.14(1.57-2.93] 2.98(2.26-3.92] 1.72(1.21-2.47] 1.56[1.13-2.15] 1.74[1.23-2.45] 1.63(1.21-2.21)
Tobacco smoking
No 1 h | 1 1
Yes 1.49(1.11-2.00] 1.79[1.23-2.62] 1.65(1.14-2.40] 1.67 [1.11-2.51]
Body massindex
<25 1 1
25-30 0.80(0.58-1.09]  1.12[0.84-1.48]
230 0.61[0.38-0.96) 1.61[1.00-2.60]
Excessve alcohol intake
No 1 1 1 1 1
Yes 2.86[1.13-7.27] 1.51[1.08-2.12] 1.98(1.20-3.27] 1.45 [1.00-2.10) 3.12[1.20-8.11)
Diabetes
No 1 1 1
Yes 2.51(1.70-3.71) 2.23(1.50-3.32] 1.64[1.04-2.59]

Significant resultsin bold characters
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85 —

80 +

75 4

70 +

65 +

60 +

55

Transferrin saturation (%)
Males [~—] p=0.0026 - Females [*#+] p=0.0002

2600

2200

1800

1400

1000

600

200

[87-91) [92-96) [97-01) [02-06) [07-11) [12-16)
Serum ferritin (pg/l)
Males [—] p<0.0001- Females [¢*+] p<0.0001
T g n
[87-91) [92-96) [97-01) [02-06) [07-11) {12-16)

80

60

40

20

A

ofironr d(g)
Males [—] p<0.0001- Females [¢#+] p<0.0001

[87-91)

[92-96)

[97-01]

[02-06] [07-11]  [12-16)

Severe iron burden
Males [—] p<0.0001- Females [¢#*] p<0.0001

[87-91)

[92-96)

[97-01)

[02-06] [07-11]  [12-16)

Deugnier et al —Page 19



Figure 2
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Table 1
Years [87-91] [92-96] [97-01] [02-06] [07-11] [12-16]

(N=179) (n=444) (n=440) (n=446) (N=297) (n=244) p*

Sex ratio (M/F)
All 167 1.44 0.91 0.83 0.84 1.07 0.32
Probands 2.16 1.80 1.01 0.98 0.97 1.18 0.88
Relatives 074 0.92 0.70 0.60 0.58 0.72 0.08

Proband to relative ratio

All 3.48 2.13 2.76 1.84 2.54 3.88 0.39
Males 559 2.85 3.38 2.42 3.39 5.00 0.88
Females 191 1.46 2.33 1.49 2.04 3.07 0.08

* Test of Cochrane Armitage
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WVariables Per_iods [87-91] [92-96] [97-01] [02-06] [07-11] [12-16] p* All periods
Patients Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
All 452 [11.8] 454 [12.8] 446 [134] 46.9 [13.4] 471 [14.6] 435 [13.9] 0.005 | 45.6 [13.4]
Age Males 439 [115] 451 [12.1] 427 [125] 458 [12.9] 433 [12.5] 432 [133] 0.1 442 [125]
(years) Females 47.3 [121] 457 [13.8] 46.3 [14.0] 47.9 [13.8] 504 [15.5] 439 [14.6] 0.0035 | 47,0 [14.2]
n tested (M/F) 112/67 262/182 210/230 202/244 136/161 126/118 1048/1002
. All 744 [17.6] 742 [17.4] 722 [221] 71.9 [20.5] 68.1 [19.1] 66.1 [19.4] <0.0001 | 71.3 [19.8]
Z;?S?;ig:]n Males 76.8 [15.3] 78,0 [15.7] 79,0 [19.1] 778 [18.8] 749 [16.7] 725 [19.6] 0.026 | 76.9 [17.8]
(%) Females 712 [19.9] 68.9 [18.2] 66.3 [22.8] 67.2 [20.7] 625 [19.1] 59.5 [16.9] 0.0002 | 65.8 [20.2]
n tested (M/F) 75/57 226/159 170/200 174/215 120/147 118/112 883/885
All 1755 [1891] 1496 [1601] 1029 [1295] 914  [1573] 1033 [1154] 909 [941] <0.0001 | 1154 [1459]
Serum Males 2242 [2068] 1865 [1582] 1540 [1530] 1492 [2065] 1417 [1086] 1345 [1072] <0.0001 | 1642 [1644]
ferritin (ug/l) Females 971 [1221] 974 [1483] 553 [772] 414 [632] 698  [1110] 443 [434] <0.0001 | 637 [1002]
n tested (M/F) 98/61 242/171 186/200 187/216 129/148 123/115 965/911
All 7.7 [5.9] 81 [7.3] 52 [5.5] 49 [4.8] 45 [4.2] 36 [3.0] <0.0001 | 57 [5.7]
Iron Males 9.7 [6.3] 9.6 [7.6] 7.6 [6.4] 74 [5.6] 6.6 [5.0] 50 [3.3] <0.0001 | 7.9 [6.3]
removed () Females 47 [35] 57 [6.1] 29 [29] 26 [21] 29 [25] 20 [16] <0.0001 | 33 [3.6]
n tested (M/F) 64/42 145/93 125/128 142/151 76/94 60/56 612/564
All 244 [3.7] 241 [3.6] 247 [4.41] 249 [44] 254  [4.9] 251 [4.6] 0.01 248 [4.3]
BMI Males 248 [3.7] 246 [3.2] 253 [3.5] 25.7 [3.5] 255 [4.2] 258 [4.4] 0.04 252 [3.7]
(Kg/m2) Females 238 [37] 234 [41] 242 [45] 241 [4.9] 253 [5.5] 244 [47] 006 | 243 [47]
n tested (M/F) 72139 188/129 155/171 149/175 117/135 114/107 795/756
Variables Periods [87-91] [92-96] [97-01] [02-06] [07-11] [12-16] D All periods
Patients % [95%CI] % [95%CI] % [95%CI] % [95%Cl] %  [95%CI] %  [95%CI] %  [95%CI]
All 94 [49-139] | 98 [6.9-12.7] | 64 [4.0-88] 53 [3.1-7.5] 46 [2.2-7.0] 50 [2.2-7.8] 0002 | 67 [5.6-7.8]
Diabetes (%6) Males 122 [5.7-18.7] | 125 [8.2-16.8] | 9.8 [5.6-14.0] 70 [33-10.7] | 60 [2.0-10.0] 57 [1.6-9.8] 0.005 | 91 [7.3-10.9]
Females 48 [0.0-10.1] | 64 [2.8-10.0] | 33 [0.9-5.7] 40 [15-6.5] 33  [05-6.1] 42 [06-7.8] 0.37 42 [2.9-55]
n tested (M/F) 98/62 224/173 193/213 187/228 133/153 123/118 958/947
All 336 [26.1-41.1]| 22.9 [18.8-27.0] | 146 [11.0-182] | 11,0 [7.9-141] | 145 [10.2-18.8] | 11.6 [7.4-15.8] | <0.0001 | 16.9 [15.2-18.6]
f?g\rlggii Males 478 [37.6-58.0] | 29.3 [234-35.2] | 24.4 [18.1-30.7] | 21.3 [15.1-27.5] | 25.6 [17.7-335] | 21.8 [14.1-29.5] | 0.0003 | 27.3 [24.4-30.2]
(%) Females 11.7 [36-19.8] | 142 [8.9-195] | 57 [2.4-9.0] 2.8 [0.6-5.0] 55 [1.8-9.2] 1.8 [0.0-4.2] <0.0001 | 65 [4.9-8.1]
n tested (M/F) 92/60 232/169 176/193 169/212 117/145 110/114 896/893
. All 262 [18.4-34.0] | 23.7 [18.7-28.7] | 14,0 [10.1-17.9] | 80 [5.0-11.0] | 139 [9.3-185] | 128 [8.0-17.6] | <0.0001 | 154 [13.5-17.3]
E:Ii?;:)\lle Males 36.3 [25.8-46.8] | 33.7 [26.8-40.6] | 26.2 [19.1-33.3] | 12.4 [7.2-17.6] | 224 [145-30.3] | 21.2 [13.3-29.1] | 0.0002 | 25,0 [21.9-28.1]
intake (%) Females 71 [0.0-149] | 67 [19-115] | 25 [0.1-4.9] 41 [11-7.1] 55 [1.2-9.8] 24 [0.0-5.7] 0.31 43 [2.85.8]
n tested (M/F) 80/42 178/105 149/158 153/171 107/109 104/84 771/669
All 281 [19.1-37.1]| 29.8 [23.6-36.0] | 31.6 [25.9-37.3] | 28.8 [23.6-34.0] | 30.7 [24.7-36.7] | 315 [251-37.9] | 067 | 302 [27.7-32.7]
Tobacco Males 28,0 [17.8-38.2] | 29.5 [21.9-37.1] | 40.4 [32.3-485] | 340 [26.3-41.7] | 32.4 [23.6-41.2] | 37.6 [285-46.7] | 0.24 | 341 [30.6-37.6]
smoking (%) Females 286 [9.3-47.9] | 304 [195413]| 205 [13.0-28.0] | 23.7 [16.8-30.6] | 29.2 [21.1-37.3] | 24.2 [154-330] | 093 | 253 [21.7-28.9]
n tested (M/F) 75/21 139/69 141/112 147/148 108/120 109/91 719/561

* ANOVA with Levene correction - ** Test of Cochrane Armitage -




Year of diagnosis

Transferrin saturation

Serum ferritin

Amount of iron removed

Severe iron burden

Males

Females

Males

Females

Males

Females

Males

Females

[87-91] 1.59 [0.94-2.70] 3.43[1.87-6.32] 1.77 [1.04-3.00] 2.58 [1.40-4.74] 4.11[2.27-7.43]  4.00 [1.97-8.12] 2.47[1.30-4.68]  4.69 [2.31-9.51]
[92-96] 1.66 [1.09-2.52] 2.66 [1.68-4.22] 1.56 [1.01-2.40] 1.99 [1.26-3.16] 2.83[1.74-4.60]  2.98 [1.69-5.25] 2.51[1.53-4.13]  4.12[2.33-7.27]
[97-01] 1.85[1.18-2.89] 2.14[1.38-3.32] 1.14[0.73-1.77] 1.01 [0.65-1.56] 1.84[1.10-3.09] 1.77[1.06-2.96] 1.78[1.07-2.95]  3.40[1.95-5.91]
[02-06] 1.55 [1.00-2.40] 2.31[1.50-3.57] 0.89[0.57-1.38] 0.75[0.48-1.16] 1.51[0.92-2.46] 1.44[0.87-2.37] 1.43[0.87-2.35]  3.28 [1.89-5.68]
[07-11] 0.96 [0.60-1.56] 1.50 [0.95-2.38] 1.06 [0.66-1.71] 1.18 [0.74-1.90] 1.57[0.91-2.73]  1.55[0.90-2.67] 1.08[0.63-1.83]  1.58[0.87-2.87]
[12-16] 1 1 1 1 1 1 1 1
Age at diagnosis
18-34 1 0.67 [0.47-0.95] 1 0.32 [0.22-0.45] 1 0.47 [0.32-0.69] 1
35-49 1.49 [1.09-2.03] 0.69 [0.52-0.92] 2.88[2.09-3.97] 0.32[0.24-0.43] 2.28[1.62-3.22]  0.66 [0.47-0.93] 1.69[1.18-2.42]
>50 1.44 [1.02-2.03] 1 3.52 [2.44-5.07] 1 2.95 [2.00-4.36] 1 1.87 [1.26-2.78]
Proband status
No 1 1 1 1 1 1 1 1
Yes 1.48 [1.10-2.00] 1.61 [1.24-2.09] 2.14[1.57-2.93] 2.98 [2.26-3.92] 1.72[1.21-2.47]  1.56[1.13-2.15] 1.74[1.23-2.45]  1.63[1.21-2.21]

Tobacco smoking
No
Yes

1
1.49[1.11-2.00]

1
1.79 [1.23-2.67]

1
1.65 [1.14-2.40]

1
1.67 [1.11-2.51]

Body mass index
<25
25-30
>30

1
0.80 [0.58-1.09]
0.61 [0.38-0.96]

1
1.12[0.84-1.48]
1.61 [1.00-2.60]

Excessive alcohol intake

No 1 1 1 1 1

Yes 2.86 [1.13-7.27] 1.51[1.08-2.12] 1.98 [1.20-3.27] 1.45 [1.00-2.10] 3.12[1.20-8.11]
Diabetes

No 1 1 1

Yes 2.51 [1.70-3.71] 2.23[1.50-3.32]  1.64 [1.04-2.59]

Significant results in bold characters
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Highlights

* HFE hemochromatosis has became less and less severe over the last 30 years despite older age
at diagnosis

¢ Chronic fatigue and distal arthralgias remain the most frequent opening symptoms

» Reduction of alcohol consumption and increased frequency of overweight resulting in
increased hepcidin production may explain the changing face of the disease

» Tobacco smoking may aggravate iron loading
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