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ABSTRACT 
 
Genetic hemochromatosis (GH) is an autosomal recessive disease caused by a C282Y 
mutation in the HFE-gene, and is characterized by excess iron accumulation in multiple 
organs. Classical manifestations of GH include liver cirrhosis, liver cancer, diabetes 
mellitus, cardiomyopathy, and arthritis. Heterozygous mutation is common (1/5-1/15), 
and is associated with increased iron stores. In particular, siblings and twins of GH-
patients have higher levels of iron compared to siblings and twins of preclinical GH-
patients. Genetic screening of first-degree relatives (FDR) of GH-patients is common 
practice but little is known about morbidity, premature mortality, or strategies for their 
management. The aim of this thesis was to investigate the risk of all cause mortality, 
and morbidity due to cancer, ischemic heart disease (IHD), and joint disease in GH-
patients and in their FDR using nationwide, population-based health and census 
registers.  
 
In the study on mortality (study II) a matched population-based cohort study of 3,832 
GH-patients and their 14,496 FDRs was performed. 940 patients and 1,978 FDRs died 
during follow-up. Mortality data was compared with that of population controls and 
their FDRs. A markedly increased risk for death in patients hospitalized with GH was 
confirmed, but the risk was only modestly increased in GH-patients identified through 
other means than hospitalization. Among FDRs, we observed only a marginal increase 
in risk of death, which did not differ substantially from that of spouses of patients. 
 
In the study on risk for cancer (study I) 1,847 GH-patients were identified. During 
follow-up, 190 cancers were registered. In total, 529 cancers were registered in 5,973 
FDRs. Standardized incidence ratio (SIR) was used as our measure of the relative risk 
(RR). The results for the patients and their FDRs were compared to specific cancer 
incidence rates from the general population. An elevated risk of primary liver cancer 
among GH-patients was confirmed. Among the FDRs, only a marginally increased 
(and historic) occurrence of liver cancer was observed, the histopathologic spectrum of 
which differed from that of the GH-patients. No support for increased occurrence of 
other cancers among GH-patients or their FDRs was provided. 
 
In the studies on risks for IHD, cardiomyopathy, joint disease, and joint replacement 
surgery among GH-patients and FDR 3,531; GH-patients and 11,794 FDRs were 
identified (study III and IV). The results were compared to controls and the FDRs to 
controls. An increased risk of cardiomyopathy among GH-patients was confirmed. By 
contrast, we found considerably weaker evidence of any altered risk of IHD among 
GH-patients and no evidence of any increased risks for cardiomyopathy or IHD among 
their FDRs. Besides the observation of an increased occurrence of arthropathy among 
GH-patients, our results indicate that patients were at particularly increased risks for 
joint replacement surgery. By contrast, there was no consistent pattern of increased or 
decreased risks of arthropathy, nor of joint replacement surgery, among their FDRs. 
 
In conclusion, patients with phenotypic GH are at increased risk for death, and diseases 
described above. FDRs of patients with GH, however, are neither at increased risk for 
death nor diseases associated with iron load or the most common diseases in the 
industrial world, IHD and malignancies. In the absence of other risk factors for liver 
disease and if their iron load is only moderately elevated this thesis did not find 
evidence to suggest monitoring these individuals on a regular basis.  
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1 INTRODUCTION 
 

1.1 IRON METABOLISM 
Iron absorption occurs in the crypt cells of duodenum and the first part of jejunum.  
In healthy individuals iron losses is kept in balance with iron absorption, and an 
approximate absorption of 1 mg/day in men, and 1.5-2 mg/dag is sufficient to keep 
homeostasis. In iron deficiency absorption may increase to 5 mg per day. Adult men 
normally have 35 to 45 mg of iron/kg of body weight. As a result of recurrent blood 
loss through menstruation women have lower iron stores 1. 
 
In humans, no active means of eliminating excessive iron exists. Instead, effective 
regulation of the absorption of dietary iron in the duodenum prevents the development 
of iron overload in healthy subjects.  
 
The iron regulation is not yet fully understood. The recently identified protein hepcidin 
is a hormone produced mainly in the liver, and functions as regulator of iron recycling 
and balance, and it is also a mediator of host defense and inflammation2. The synthesis 
of hepcidin is impaired by iron deficiency, hypoxia, anemia, and is induced by 
infection, inflammation, and excess dietary iron2. Plasma transferrin saturation 
regulates the expression of hepcidin via different signaling pathways (HFE-protein, 
hemojuvelin (HJV and transferrinreceptor 2 (TfR2)). Ferroportin is an iron-transport 
protein located in cellular membranes of reticuloendothelial cells and enterocytes. 
Hepcidin binds to ferroportin and causes the complex to be endocytosed and degraded. 
The loss of ferroportin prevents iron to be exported to the circulation resulting in 
progressive iron overload within macrophages and enterocytes3. Hepcidin also appears 
to regulate, at least partially, the export of stored iron from hepatocytes.!
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Consequently, decreased iron absorption resulting in low levels of iron bound to 
transferrin, but iron-loaded macrophages, are seen in infectious and inflammatory 
diseases. By contrast, in hemochromatosis macrophages are iron depleted but the iron 
that is bound to transferrin is highly available. Serum ferritin may however be identical 
in both conditions. 
 
 
1.2 IRON TOXICITY 
 
Iron is essential for a variety of processes in all cells, and for oxygen transport in red 
blood cells. When entering the blood, iron is bound to transferrin, which provides 
protection from the harmful effects of non-chelated iron. Iron is then stored bound to 
ferritin in the cytoplasm of the cell.  
 
In contrast to the non-toxic iron bound to transferrin, non-transferrin bound iron 
(NTBI) is toxic and may play an important role by forming free radicals thought to be a 
key cause for disease manifestations in iron overload4. In the absence of iron, hydrogen 
peroxide (H2O2) and superoxide radical (O2

-!), unavoidable byproducts of aerobic 
respiration, and also generated during enzymatic reactions, are weak oxidants that are 
eliminated by scavenger enzymes5, 6. Through the Haber-Weiss-Fenton reaction 
however, iron catalyzes the production of the highly toxic hydroxyl radical (OH!) from 
H2O2 and O2

-! 6.Hydroxyl radicals initiate modification of nucleic acids, and lipid 
peroxidation which leads to cellular damage and cellular death. Oxidation of protein 
sulfhydryl groups in the cell membrane result in deleterious effects6. In addition, 
hydroxyl radicals may contribute to the pathogenesis of many diseases. 
 

Fe2+ + H2O2 ! Fe3+ + OH! + OH" (Fenton) 
Fe3+ + O2-! ! Fe2+ + O2 

 
Net reaction: 

Fe 

H2O2 + O2
-! ! OH! + OH" + O2 (Haber Weiss) 

 
 

Figure 4. !"#$%&'(')*+,-%(.,%/"#01&(2#$%#3%.*0"#4*)%"'02&')-%56789%3"#:%-1/,"#420,%56;<89%'$0%
.*0"#=,$%/,"#420,%57;6;9>%
 
There is a long debated biochemical hypothesis that increased iron load may be linked 
to an increased risk for mortality and morbidity related to the ability of the iron 
molecule to form mutagenic hydroxyl radicals.  
Recently, a product of lipid peroxidation was measured in urine and the levels are 
estimates of the combined DNA and RNA oxidation in the body7. After treatment with 
phlebotomy of patients newly diagnosed with hemochromatosis, the excretion of the 
lipid peroxidation products was reduced significantly and the levels were correlated 
with ferritin levels8. 
%
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1.3 HEMOCHROMATOSIS 
 
The excessive iron uptake in hemochromatosis (8-10 mg/day) is associated with 
progressive accumulation of iron in parenchymal cells of the pancreas, the heart, and 
the liver, and may lead to clinically overt diabetes mellitus, cardiomyopathy, 
arrhythmias, liver cirrhosis, and hepatocellular carcinoma (HCC). These manifestations 
together account for an increased morbidity and mortality, not seen in iron-depleted 
patients identified at an early stage of disease 9, 10 10-13. When adequately treated with 
iron depletion, and in the absence of evidence of cirrhosis or diabetes, studies indicate 
a life expectancy similar to the general population12, 14. Clinical manifestation often 
occurs when 20-40 g of excess iron has accumulated. Hemochromatosis usually 
become overt in the fourth or fifth decade of life15. Women may present later in life, 
due the loss of iron during menstruation and pregnancy. Hemochromatosis should be 
suspected when the serum transferrin saturation exceeds 50 % in premenopausal 
women or 60 % in men and postmenopausal women1. A ferritin level above 1000 
µg/L suggests organ impairment16. 
Before the discovery of the C282Y mutation, hemochromatosis was diagnosed when 
iron index was increased. Liver biopsy was the gold standard for diagnosis and for 
quantification of iron load. The presence of at least two of the following is obligate 
for the diagnosis17:  

• hepatic iron concentration of > 80µmol/g dry weight 
• hepatic iron index (HII) of >2 
• stainable iron in the hepatocytes (grade 3-4) 
• >4 g of iron removed by quantitative phlebotomy. 

 
The treatment of hemochromatosis consists of weekly phlebotomies, removing 0.25 g 
iron/500 ml blood. When the iron stores are depleted, patients continue lifelong 
treatment with phlebotomies 4-6 times a year.  
 
Hemochromatosis can be divided into to three forms: 

1. Primary iron overload disorders 
i. HFE-hemochromatosis  

ii. Non-HFE hemochromatosis18 
a. Ferroportin disease 
b. TfR2 associated disease 
c. HJV associated disease 
d. HAMP (hepcidin antimicrobial 

peptide) associated disease 
 

2. Secondary iron overload disease 
i. Caused by transfusions, seen in Thalassemia 

ii. Increased iron absorption due to ineffective erytropoesis 
iii. Progressive liver disease resulting in inefficient hepcidin 

synthesis in the liver (e.g., chronic hepatitis, cirrhosis and 
excessive alcohol intake). 
 

3. Insulin resistance-associated hepatic iron overload 
 
 
In Sweden, HFE-hemochromatosis accounts for approximately 90 % of all cases of 
primary iron overload disorders19. The mutations seen in non-HFE hemochromatosis 
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are rare, and genetic testing for the mutations are not yet available in the clinical 
practice.  
 
In the literature several names and abbreviations are used referring to HFE-
hemochromatosis. Throughout this thesis patients with HFE related hemochromatosis 
are referred to as patients with genetic Hemochromatosis (GH) 
 
 
1.4 HFE-RELATED HEREDITARY HEMOCHROMATOSIS 
 
In the vast majority of cases of hemochromatosis around the world, the disorder is 
attributable to mutation in the HFE-gene. Today, in patients with signs of iron 
overload, the diagnosis can be confirmed by direct mutation analysis of the HFE 
gene; homozygosity for the C282Y mutation and biochemical evidence of iron 
overload makes the diagnosis of GH indisputable1. 
 
HFE-related genetic hemochromatosis is the most common autosomal recessive 
inherited disorder in individuals from Northern and Western European descent 
affecting 1/200 individuals20. The mutation C282Y in the HFE-gene located at 
chromosome 6 was discovered in 199621.  
HFE is expressed in the placenta, crypt cells of the duodenum, Kupffer cells, and 
macrophages22. The HFE-gene seems to be required for normal hepcidin regulation. 
Patients with GH have low hepcidin levels resulting in iron loading of hepatocytes, 
progressive tissue iron load, but lack of iron in the reticuloendothelial system as 
described above2. 
The C282Y mutation in the HFE-gene is most common in the British Isles. Its nascent 
is believed to be either in the Viking or Celtic population, 600-1100 AD. In the eighth 
to eleventh centuries the mutation was beneficial when dietary iron was limited and 
multiple childbirths were common. The lethality from the intracellular pathogen 
Yersinia pestis causing the Black Death in the 14th to the 19th century was dependent on 
the availability of iron in the macrophages 23. In this context, the iron depleted 
macrophages characteristic for patients with GH offered survival advantages if infected 
with Yersinia pestis24. Interestingly, the Black Death and the C282Y mutation share the 
same geographic distribution23. It is thus reason to believe that the mutation has been 
genetically selected. 
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with normal baseline serum ferritin, less than 15% develop serum ferritin more than 
1000 mg/l if left untreated 33. Cases identified through screening suggest a low 
probability of progression of iron load over time1, 33. 
 
Inheritance of only a single defective allele (C282Y) may result in mild to moderately 
increased iron load but typically does not result in phenotypic GH34, 35. Although 
complications such as liver fibrosis due to iron overload alone are rare 36, 1 out of 20 
heterozygous individuals still have iron overload in the range seen in GH. Although 
transferrin saturation in individuals heterozygous for a HFE-mutation is often within 
normal range, heterozygotes often have higher levels of NTBI than controls 37. A 
concordance for iron indices in relatives with GH has been shown4, 9. Siblings and 
twins of probands with phenotypic GH are known to have higher levels of iron 
compared to those related to probands with genotype alone 38, 39. Even though the iron 
content of macrophages in individuals heterozygous for the C282Y mutation is 
unknown, heterozygous individuals are confirmed to have an inappropriate hepcidin 
production the mechanism leading to iron depleted reticuloendothelial system and 
excess iron in hepatocytes 8. The reason for the variation in phenotypic expression in 
heterozygous individuals remains unknown but both exogenous (infectious hepatitis, 
concomitant liver disease, and excess alcohol intake) and endogenous factors are 
probably of importance.  
 
In conclusion, hemochromatosis may not be considered a monogenic but rather an 
oligogenic disease also affected by environmental factors, where homozygosity for the 
C282Y mutation makes an individual susceptive to excess iron uptake but C282Y 
mutation alone is insufficient to result in GH. First-degree relatives of patients with 
phenotypic GH are therefore not only heterozygous for the C282Y mutation but 
possibly also share genetic and environmental factors with their affected proband, 
which may augment the phenotypic expression of the C282Y mutation. 
 
 
1.4.3 Screening of populations versus FDRs of patients with 

phenotypic Genetic Hemochromatosis. 
 
Since GH is an autosomal recessive inherited disease and since a concordance for iron 
indices in relatives with GH has been shown38, screening for the GH genotype and/or 
increased iron load among first-degree relatives of patients diagnosed with phenotypic 
disease is now common practice. Through screening, a significant group of 
heterozygous individuals without the GH phenotype but with, on average, a 
supranormal iron load is thereby identified. In addition, since genetic testing is 
available in the clinical practice, an increasing number of individuals found to have 
increased iron load are investigated and found to be heterozygous. Information on their 
morbidity or mortality is, however, lacking in literature, and few evidence based 
recommendations for their follow-up after identification are yet available.  
 
Information on morbidity and mortality is also important for other reasons. Firstly, a 
non-negligible proportion of FDRs with signs of slight iron overload express concern 
for GH-related illness, especially if the proband was diagnosed with HCC. Secondly, in 
Sweden, otherwise healthy homozygous individuals diagnosed with GH are referred to 
blood donor centers and their blood is used for transfusion. On the other hand, an 
estimated 10% of blood donors are heterozygous individuals, although not yet 
identified. Individuals identified through family screening to be heterozygous are, 
however, refused to donate blood. Thirdly, information on the prognosis of 
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heterozygous individuals is important when evaluated for a life insurance. Evidence on 
mortality and morbidity are therefore needed in the process of changing current non-
evidence based recommendations. 
 
 
1.4.4 Mortality 
 
 
Patients with clinically identified disease, or phenotypic disease, are at increased risk of 
death 10-12, 40 (Table 1). However, in the absence of progressive disease and when 
adequately iron depleted, studies indicate a life expectancy similar to the general 
population10, 12. 
 
Table 1. Patients with phenotypic GH 
Author  Year Design Setting Assessment of 

outcome 
Result 

Crooks  
et al. 11 

2008 Cohort Great Britain. 501 pts, 
4,950 controls 
identified by the GP 

Age and sex 
specific rates for 
mortality.  

Crude mortality 
2.2 (95% CI, 1.6-3.0).  
Cirrhotic pts  
3.4 (95% CI, 1.6-6.9).  
Non cirrhotic pts  
1.9 (95% CI, 1.4-2.5) 

Milman  
et al.12 

2001 Cohort Denmark; 179 pts 
diagnosed 1948 -1985.  

Relative mortality 
rates in cirrhotic pts 
vs. non-cirrhotic 
patients. 

Cirrhotic pts HR = 2.7  
Non-cirrhotic pts: HR= 
similar to the general 
population. 

Niederau 
et al.10  

1996 Cohort Germany; 251 pts 
diagnosed 1947- 1991 
vs. matched general 
population.  

Relative mortality 
rates in cirrhotic pts 
vs. non-cirrhotic 
patients. 

Survival in the 251 pts 
significantly reduced. 
Life expectancy reduced 
in cirrhotic pts (4.3) vs. 
non-cirrhotic pts. 

Wojcik  
et al40 

2002 Cohort Canada; 261 pts from a 
tertiary care center. 16 
from a population 
screening study. 

Difference in 
survival compared 
with expected 
survival curve. 

Cumulative survival rates 
in all homozygous 
individuals 95% at five 
years. 

 
 
Individuals homozygous for C282Y, identified by population screening or in healthy 
blood donors rather than due to iron overload, have not been reported to have any 
excess mortality 41-44. Furthermore blood donors are healthy individuals; therefore it is 
not surprising that there is little evidence of clinical disease in this group (Table 2).  
 
Table 2. Homozygous individuals identified through screening 
Willis  
et al 44 

1999 Cross-
sectional 

Great Britain; 100 
participants. 58 from 
hospital and 42 from 
general practice. 

Age specific 
frequency of 
C282Y/C282Y 

No reduction in frequency 
of C282Y/C282Ywith age 

Jackson  
et al 42 

2001 Cross-
sectional 

Great Britain; 10,556 
blood donors.  

Age specific 
frequency of 
C282Y/C282Y 

No reduction in frequency 
of C282Y/C282Ywith age  

Beutler 
et al. 41 

2002 Cross-
sectional 

U.S; 41,038 
individuals at health 
appraisal clinic.  

Age specific 
frequency of 
C282Y/C282Y 

No reduction in frequency 
of C282Y/C282Ywith age  

Pancow  
et al43  

2008 Cohort U.S; 14,485 subjects 
from the (ARIC) 
study. 

All cause mortality 
C282Y/C282Y vs. 
wild type 

Risk for death 0.97 (95% 
CI, 0.39-2.00) 
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Six studies have assessed mortality in relation to heterozygosity for a HFE gene 
mutation 41, 43, 45-48. (Outlined in Table 3). In the majority of the studies, age-related 
reduction in the C282Y allele frequency was studied. Even though using similar 
settings and study designs, the results were mixed, and no firm conclusion can be made. 
Unexpectedly, a study conducted on blood donors showed a decrease in C282Y 
prevalence in elderly. In one population based cohort study, no excess risk was 
identified compared to wild type individuals. Common for all studies, genotypes were 
identified by population screening. Measures of iron were either not significantly 
different from that in the background population or unknown, and information on 
presence of phenotypic GH in the family was lacking. Again, considering the low 
penetrance of phenotypic GH even in homozygotes, and thus the presumed key role 
also for other factors than HFE mutations, the results of these studies are therefore not 
necessarily applicable to heterozygotes in the context of a positive family history.  
 
Table 3. Individuals heterozygous for the C282Y mutation. 
Bathum  
et al 45 

2001 Cross-
sectional 

Denmark; 1,784 
participants aged 45 to 100 
years from 4 population-
based studies. 

Age specific 
frequency of 
C282Y/wt 

A significant reduction 
in frequency of 
C282Y/wt with age. 
(p=.0005). 

Van Aken 
et al47 

2002 Cross-
sectional  

The Netherlands; 661 and 
552 subjects aged 85 years 
and over. 

Age specific 
frequency of 
C282Y/wt 

No reduction in 
frequency of C282Y/wt 
with age. 

Beutler  
et al. 41 

2002 Cross-
sectional 

The U.S; 41, 038 
individuals attending a 
health appraisal clinic. 

Age specific 
frequency of 
C282Y/wt. 

No reduction in 
frequency of C282Y/wt 
with age. 

Chambers 
et al. 46 

2003 Cross-
sectional 

Great Britain; 6,518 
individuals attending The 
Trent Regional blood 
transfusion Service. 

Age specific 
frequency of 
C282Y/wt. 

A reduction in frequency 
of C282Y/wt with age. 

Waalen  
et al. 48 

2005 Cross-
sectional 

U.S; 32, 820,health 
appraisal clinic population 
in California. 

Age specific 
frequency of 
C282Y/wt. 

No reduction in 
frequency of C282Y/wt 
with age. 

Pancow 
 et al43 

2004 Cohort U.S; 14,485 subjects from 
the (ARIC) study aged 45-
64 years. 

All cause 
mortality 
C282Y/wt vs. 
wt 

Risk for death 
1.01(95%CI, 0.86-1.19) 

 
 
One study assessed mortality in 700 first-degree relatives of 224 patients with 
clinically manifest GH showing a mortality among FDRs of patients similar to that in 
the relatives of matched controls49 (Table 4). The study was questionnaire based, and 
the number of patients included was fairly low compared to the size of the population 
of Netherlands approximated to 15 million. 
 
 
Table 4. FDRs of patients with Phenotypic GH 
Jacobs  
et al.49 

2007 Cohort The Netherlands; 224 
C282Y/C282Y probands 
with GH, 735 FDRs vs. 
9,371 age- and gender-
matched population 
controls  

Age and sex 
specific 
mortality 
rates in pts 
vs. matched 
controls. 

No excess mortality. 
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1.4.5 Morbidity 
 

1.4.5.1 Cancer 
Iron has long been suggested to play a role in carcinogenesis50. Except for lipid 
peroxidation and oxidative damage to DNA cell membranes it is assumed that iron 
also enhances tumor growth. A possible mechanism for iron carcinogenicity is 
inhibition of the functions of the immune system.  
Several studies support a correlation between proxy variables for iron load and cancer 
risk but the subject is controversial51, 52. Interestingly, in a recent case-control study 
an ad hoc analysis showed a decreased risk for malignancies in individuals 
undergoing phlebotomies on a regular basis53. 
 
Patients with GH have an increased risk of cirrhosis 10, 13, which in turn is a strong 
risk factor for HCC 10. All studies of patients with GH have reported highly increased 
risks of HCC, the most common type of primary liver cancer, with relative risks 
ranging from 20 to 200 10, 13, 54, 55. It is not clear whether the carcinogenic effect is 
directly related to the iron molecule or indirectly through the induction of chronic 
inflammation leading to cirrhosis, or both. 
 
With respect to extra-hepatic malignancies in patients with phenotypic GH, GH has 
been linked to certain non-hepatic malignancies including esophageal cancer, 
malignant melanoma, and lung cancer but the study-populations were too small to 
generate precise risk estimates 54, 56. Another three studies showed no increased risk 
for extra-hepatic cancer 11, 55, 57. The phenotypic expression among patients in these 
studies varies, which may explain the diversity of results (Table 5). 
 
Table 5. Patients with phenotypic GH 
Author Year Design Setting Assessment of 

outcome 
Results  (95%, CI) 

Niederau  
et al10 

1985 Cohort Germany; 163 
pts (69% 
cirrhotic) 

HCC  
Results vs. SIR 

RR HCC 219 for pts compared 
to general population. 
 

Tiniakos 
et al58 

1988 Cross-
sectional 

Greece, 71 pts, 
comparator 
population not 
described 

HCC HCC more common in GH than 
in other chronic liver disease. 
Extra-hepatic cancers more 
common than in normal 
population.  

Fracanzani 
et al59 

2001 Cohort Italy; Exp: 230 
pts with GH 
Unexp:230 pts 
with chronic liver 
disease. 

HCC  RR HCC=1,8 (1.1-2.9) for GH 
pts vs pts with chronic liver 
disease  
Crude extra-hepatic  
RR= 1,8 (0.8-4 ) 

Ammann 
et al56 

1980 Cohort Switzerland; 36 
pts  

Lung cancer 
Results vs. SIR 

RR Lung cancer 7,5 (CI not 
given) 

Bradbear  
et al55 

1985 Cohort Austalia; Exp: 
208 pts with GH. 
Unexp: 148 pts 
with chronic liver 
disease 

HCC, CRC, 
lung cancer 
Results vs. SIR 

RR for HCC 240 (138-390)  
RR for CRC 2.2 (0.61-5.8) 
RR for lung cancer  
0.89 (0.11-3.2)  

Hsing 
et al54 

1995 Cohort Danmark; 120 
hospitalized pts 
with GH. (19% 
cirrhotic) 

HCC-,Extra-
hepatic-, 
Esophagus-, 
Malignant 
melanoma 
Results vs. SIR  

RR HCC= 93(25-238) (n=4).  
RR Extra-hepatic cancer  
3,5 (1.9-6.0) 
RR esophagus 43 (4.8-155),  
RR malignant melanoma 
 28 (3-11) 
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Yang  
et al57 

1998 Cohort U.S; 
Exposed:4,858 
pts with GH. 
Unexposed: 

HCC,  
extra-hepatic 
cancer 
Results vs. SIR 

RR HCC 26(CI not given) 
RR extra-hepatic cancer 0,8 (CI 
not given)  

Crooks  
et al11 

2008 Cohort U.K; Exp: 501 
pts. Unexp: 4,950 
matched from the 
UK GP Research 
Database. 

HCC 
Extra hepatic 
cancer 
 

No increase in extra- hepatic 
malignancy, but an absolute 
risk excess of liver cancer of 
0.89% per year. 

 
Exp= exposed, unexp= unexposed; SIR= Standardized incidence rates, CRC= colorectal cancer  
 
Several genetic screening studies have been conducted on cohorts of patients with 
cancer. Since the rather low prevalence of the homozygous compared to the 
heterozygous mutation, these studies analyzed heterozygosity.  
 
Genetic screening in healthy individuals was performed on healthy individuals in 
Australia. 193 individuals homozygous for the C282Y mutation were identified 60. 
During 14 years of follow-up 36 were diagnosed with cancer. The relative risk for 
colorectal cancer and breast cancer were elevated however, the phenotype of the 
C282Ymutation was not known60 (Table 6). 
 

Table 6. Screening of general population 
Author Year Design Setting Assessment 

of outcome 
Results (95%, CI) 

Osborne 
et al 60 

2009 Cohort Australia, New 
Zealand, U.K, and 
Ireland; 28,509 
genotyped for C282Y. 
Incident cancers were 
ascertained from 
Australian cancer 
registries during an 
average of 14 years 
follow-up. 

CRC, breast- 
and prostate 
cancer 

C282Y/C282Y 
CRC  
(HR = 2.28(1.22- 4.25)  
breast cancer (HR = 2.39 
(1.24-4.61),  
prostate cancer (HR = 
0.96 (0.43-2.15). 
C282Y/H63D compound 
CRC (HR = 1.27 (0.80- 
2.01), breast cancer (HR = 
1.16 (0.74- 1.84), or 
prostate cancer (HR = 
1.08 (0.68-1.70). 

 
 
Approximately twenty studies of heterozygosity for the C282Y mutation in 
populations with different types of confirmed cancers have been conducted in the past 
years (summarized in table 7). However, there is nothing to suggest that the C282Y 
mutation per se could affect carcinogenesis, but iron load does seem to exert an effect 
on carcinogenesis. Iron load in the identified heterozygous individuals has however 
not been examined. The majority of the genetic screening studies have been 
conducted on patients with the most common malignancies in the general population, 
colorectal and breast cancer. Out of eighteen studies, only four found a positive 
association of C282Y with malignancy61-64. The relative risk for HCC was elevated in 
two61, 63 of six studies61, 63, 65-68. Even though the C282Y mutation is common the 
number of heterozygotes identified in the studies was too small to generate any 
reliable results.  
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Table 7 C282Y/wt genetic screening of patients with cancer 
Author Year Design Setting Assessment of 

outcome 
Results  

Shaheen 
et al64 

2003 Case-
control 

U.S; Cases: 475 pts 
with CRC. Controls: 
833 from medicare rolls 

CRC 
prevalence of 
C282Y mutation in 
cases vs controls 

Higher 
prevalence of 
C282Y in cases 
compared to 
controls  

Lauret  
et al63 

2002 Case-
control 

Spain; Cases:77 pts 
with HCC. Controls: 
159 healthy bone 
marrow donors 

HCC 
prevalence of 
C282Y mutation in 
cases vs controls 

The prevalence 
of C282Y/wt was 
significantly 
higher in HCC 
pts (n=43 vs 136; 
p=0.002) 

Kallianpur 
et al62 

2004 Case-
control 

U.S; Cases:168 pts 
treated with 
chemotherapy and 
blood cell 
transplantation (41 
breast cancer, 127 
hematological cancers) 
Controls 169 

Breast cancer 
prevalence of 
C282Y mutation in 
cases vs controls 

The likelihood of 
breast cancer in 
the transplant 
cohort increased 
with C282Y 
allele dose 
(P(trend) = 
0.010) 

Hellerbrand 
et al61 

2003  Case-
control 

Germany; cases: 137 
pts with HCC. Controls: 
126 healthy controls. 

HCC 
Prevalence of 
C282Y mutation in 
cases vs controls 

C282Y/wt more 
common in HCC 
pts and it is 
associated with 
increased 
intrahepatic iron 
deposition and 
systemic iron 
stores.  

MacDonald  
et al69 

1999 Case-
control 

Australia; Cases: 229 
pts with CRC. Controls: 
228 healthy individuals. 

CRC 
Prevalence of 
C282Y mutation in 
cases vs controls 

N. S difference  

Cauza  
et al67 

1999
. 

Case-
control 

Austria; Cases:162 pts 
with HCC. 
Controls:487 blood 
donors. 

HCC 
Prevalence of 
C282Y mutation in 
cases vs controls 

N. S difference  

Boige 
et al65 

2003 Case-
control 

France; 133 cirrhotic 
pts and HCC. 100 
cirrhotic controls 
without HCC 

HCC 
prevalence of 
C282Y mutation in 
cases vs controls 

N. S difference  

Barton  
et al64 

2004 Case-
control 

U.S;Cases:110 primary 
malignancies (52 
hematologic neoplasms, 
58 carcinomas) 
Controls: 100 adult pts. 

Extra-hepatic 
cancer 
prevalence of 
C282Y mutation in 
cases vs controls 

N. S difference 

McGlynn 
et al70 

2005 Case-
control 

U.S; 679 pts with 
advanced distal 
adenoma. 697 controls 

Advanced colon 
adenomas 
prevalence of 
C282Y mutation in 
cases vs controls 

N. S difference  

Abraham 
et al71 

2005 Case-
control 

Germany 688 breast 
cancer pts. 724 
population-based and 
age-matched controls.  

Breast cancer 
prevalence of 
C282Y mutation in 
cases vs controls  

N. S difference  

Willis 
et al66 

2005 Cross-
section
al 

UK; cases:144 HCC 
pts; Controls:1,508 
healthy individuals and 

HCC 
prevalence of 
C282Y mutation in 

N. S difference  
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other pts cases vs controls 
Robinson 
et al72 
 

2005 Case-
control 

UK; 327 pts with CRC. 
322 randomly selected 
controls 

CRC 
prevalence of 
C282Y mutation in 
cases vs controls 

N. S difference  

Chan  
et al35 

2005 Case-
control 

U.S; cases: 527 women 
with colorectal 
adenoma. Controls: 527 
matched controls not 
diagnosed with 
adenoma. 

Colorectal 
adenomas 
prevalence of 
C282Y mutation in 
cases vs controls 

N.S difference  

Kondrashov
a 
et al73 

2005 Case-
control 

Russia; 100 pts with 
breast cancer. 
40 pts with ovarian 
cancer. 53 pts with 
endometrial cancer. 
Controls: 260 healthy 
women 

Breast, ovarian, 
endometrial cancer 
prevalence of 
C282Y mutation in 
cases vs controls 

N.S difference  
 

Syrjäkoski 
et al 

2006 Case-
control 

Finland; 116 pts with 
male breast cancer, 843 
pts with prostate cancer. 
480 blood donors 

Male breast-, 
prostate cancer 
prevalence of 
C282Y mutation in 
cases vs controls 

N.S difference  

Hucl  
et al74 

2007 Case-
control 

Germany; Cases: 168 
with pancreatic 
adenocarcinoma  
And 958 pts with 
pancreatitis. Controls: 
681 healthy and 100 
with excessive alcohol 
intake. 

Pancreatic cancer 
prevalence of 
C282Y mutation in 
cases vs controls 

N.S difference  

Corley 
et al 75 

2008 Case-
control 

U.S; Cases: 317pts with 
Barrett´s esofagus, 306 
GERD pts, Controls: 
308 population controls. 

Barrett’s 
prevalence of 
C282Y mutation in 
cases vs controls 

N. S difference  

Shi 
et al 68 

2009 Case-
control 

China; Cases: 56 pts 
with HCC. Controls: 60 
blood donors. 

HCC 
prevalence of 
C282Y mutation in 
cases vs controls 

N. S difference  

 
 
Only one study has been conducted on first-degree relatives of patients with GH76. 
Heterozygosity for the C282Y mutation was found to be associated with increased 
risk for colorectal cancer, hematological malignancies and gastric cancer. The study 
was not population-based, but was based on questionnaires sent to the proband. 
Furthermore, the response rate was only around 30% (Table 8).   
 

Table 8. FDRs to patients with Phenotypic GH 
Author Year Design Setting Assessment of 

outcome 
Results (95%;CI) 

Nelson 
et al 76 

1995 cohort U.S; Exposed:1,950 
parents to pts with GH. 
Unexposed: 1,656 
parents of spouses to 
pts 

Questionnaire 
based  

RR gastric cancer 
1,37 (1.04-1.79), 
RR heamato-
logical 
malignancies 1,3 
RR CRC 1.28 
(1.07-1.53  
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In contrast to the documented increased risk of liver cancer in patients with GH and 
despite the fact that a large number of individuals heterozygous for the C282Y 
mutation and moderate iron load are currently being identified, the risk of cancer in 
heterozygous individuals with phenotypic expression is little studied. Even 
moderately increased cancer risks would be important from a public health 
perspective. In light of these findings, we believe that a large population-based study 
to estimate absolute and relative risk for liver cancer and other malignancies in 
patients with GH and their first-degree relatives, not only likely to be heterozygous 
for the HFE gene mutation but also sharing other genetic and environmental factors 
with the proband, is needed. 
 
 

1.4.5.2 Ischemic heart disease 
 
 
The biological evidence for the role of iron in ischemic heart disease (IHD) is 
compelling and pertain from atherosclerosis until death: First, iron-catalyzed free 
radicals cause oxidation of low density lipoprotein (LDL) cholesterol, which is 
accumulated in macrophages that turn into foam cells and fatty streaks characteristic of 
early atherosclerosis77. Secondly, free iron is also a catalyst in the formation of reactive 
oxide radicals produced during ischemia and reperfusion, both of which are important 
prognostic markers for IHD77.  
 
In 1981 the hypothesis was postulated that iron overload, in addition to myocardial iron 
repositioning would increase the risk of IHD. Several studies were performed trying to 
assess a causal relation between iron overload and atherosclerosis related diseases using 
proxy-variables for iron overload such as transferrin saturation or serum ferritin that 
may not only inaccurately reflect iron load but also be affected by concurrent 
malignancy, cardiovascular disease or inflammation. Most studies were conducted in 
different populations using different measures of iron overload and showed mixed 
results (reviewed in 78). 
 
Studies confirm the existence of iron deposit in macrophages in atherosclerotic lesions 
in animals and humans, and iron in arterial plaque seems to be a modifiable risk factor 
for atherogenesis (reviewed by Sullivan79). Because GH is characterized by iron 
loading of hepatocytes but a lack of iron in the reticuloendothelial system one might 
hypothesize that the iron overload in patients with GH (and their close relatives with 
the mutation and with other risk factors favoring development of the GH phenotype) 
might not lead to an increased risk of IHD.  
 
Only a few reports on risk of IHD in patients with phenotypic GH exist10, 11, 13, 14, 80. 
Half of them show an increased risk for death related to MI. The other studies do not 
support an association but report a non-significant reduced mortality risk of 0.4-0.8. In 
fact, a!large autopsy study examined the prevalence of coronary artery disease in 
patients with hemochromatosis and multiorgan hemosiderosis and found a reduced risk 
of coronary artery disease with iron overload (OR=0.18 (95% CI 0.04-0.73))80. Iron 
overload is known to cause cardiac manifestations related to iron deposition in the 
myocardium, leading to cardiomyopathy and conduction disorders in patients with GH 
81, 82. 
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Several studies have been conducted on non-phenotypic individuals homozygous for 
the C282Y mutation; however, due to small numbers the results were hard to interpret 
83-87(summarized in table 9) 
 
 
Table 9. Screening of general population for C282Y/C282Y and C282Y/wt  
Author Year Design Setting Assessment of 

outcome 
Results (95%, CI) 

Van Aken 
et. al 85 

2002 Cohort Netherlands; GP 
sample Exp:109 
C282Y/wt 
Unexp:1,104. 

MI and IHD related 
deaths.  

C282Y/C282Y:  
3.82 (0.06-261) 
C282Y/wt: 
0.5 (0.2-1.4) 

Fox 
et. al83 

2002 Cohort  Australia; Exp: 293 
C282Y/wt. Unexp: 
1,224 wt/wt 

MI, CHD C282Y/C282Y:  
0.18 (0.00-7.55) 
C282Y/wt:  
0.63 (0.36-1.08) 

Tuomaine
n et. al87 

1999 Cohort Finland; Exp: 76 
C282Y/wt. Unexp: 
1,073 wt/wt 

MI C282Y/wt : 
2.3 (1.1-4.8) 

Waalen 
et. al86 

2002 Cross- 
sectional 
/cohort 

U.S; Exp; 265 
C282Y/wt Unexp: 
1,200 wt/wt  

MI, IHD, angina 
pectoris 

C282Y/C282Y: 
0.46 (0.16-1.34) 
C282Y/wt: 
1.0(0.8-1.2) 

Rasmussen 
et. al84 

2001 Case-
cohort 

U.S; Cases: 243 
IHD. Controls: 535 
random stratified 
sample  

MI, IHD  C282Y/C282Y:  
0.70 (0.01-48.17) 
C282Y/wt:  
2.7 (1.2-6.1) 

 
The vast majority of studies investigating an association between heterozygosity for the 
C282Y mutation of the HFE-gene and risk of IHD were conducted using a case-control 
design investigating the prevalence of heterozygosity for the C282Y mutation in 
patients who died from, or had prevalent ischemic heart disease (CAD, MI, Table 10). 
Small numbers hampered inference in the majority of studies, and cases compared to 
controls may represent survivors, thus representing the combined effects of incidence 
and survival. Although most studies have failed to provide support for an association 
between the mutation and atherosclerosis, five found a hazardous association of C282Y 
mutation with IHD84, 87-90. Two of which were population based. Furthermore, the 
demographics of cases and controls were not comparable. Scrutiny of past studies 
(summarized in Table 9+10) suggests that firm conclusions cannot be drawn from the 
data available. 
 
Table 10. Screening for C282Y in IHD population 
Author Year Design Setting Assessment of 

outcome 
Results (95%,CI) 

Van der  
et. al91 

 
2006 

Case-
cohort 

Netherlands; 
Cases:211 CHD. 
Controls:. 1,526  

CHD 
Prevalence of 
C282/wt in cases vs 
controls 

N.S difference 
Crude HR  
1·16 (0·77–1·74). 
Adjusted HR  
1·25 (0·74–2·09) 

Roest 
et. al90 

1999 Nested 
case-
control 

Netherlands; 
Cases: 531 MI 
related deaths. 
Controls: 555.  

MI C282Y/wt 
Prevalence of 
C282/wt in cases vs 
controls 

C282Y/wt  
2.4 (1.3-3.5) 

Bozzini 
et. al92 

2002 Case-
control 

Cases: 546 
angiographically 
confirmed CAD. 
Controls: 303 
CAD-free, 

IHD Prevalence of 
C282Y/wt in cases 
vs controls.  

N.S difference  
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examined for 
valvular disease.  

Battiloro 
et. al93 

2000 Case-
control 

Italy; Cases: 174 
pts with 
angiographically 
documented ICH 
Controls 332. 

CAD. Prevalence of 
C282Y/wt in cases 
vs controls  

N.S difference 
4.44 (0.24-80.65) 

Surber 
et. al94 

2003 case-
control 

Cases: 1,279 with 
CAD. Controls: 
844  

CAD  
Prevalence of 
C282/wt in cases vs 
controls 

N.S difference OR  
=1.5 (0.9-2.5) 

Dunn 
et. al95 

2008 Cross 
sectional 

472 (387 with >= 
1 stenosis 85 
without)  

CAD. Prevalence of 
C282/wt in cases vs 
controls 

N.S difference 
OR=1.43(0.62-3.29) 

Zorc 
et. al96 

2004 Cross-
sectional 

Slovenia; 338 
type 2 diabetes. 
(156 patients with 
CAD, 182 
diabetics with no 
history of CAD.) 

CAD. Prevalence of 
C282/wt in cases vs 
controls 

N.S difference  

Franco 
et. al89 

1998 Case-
control 

Netherlands; 
Cases: 215 pts 
with CAD. 
Controls: 272 
background 
population 

CAD Prevalence 
Prevalence of 
C282/wt in cases vs 
controls 

C282Y/wt associated 
with CAD 
(p <0.05) 

Dijck-
Brouwer 
et. al88 

2004 Case-
control 

Curacao; 52 
patients with 
CAD. 82 matched 
controls. 

CAD prev 
Prevalence of 
C282/wt in cases vs 
controls 

C282Y/wt CAD  
8.8 (1.00- 77.8); 

Margaglio
ne 
et. al97 

2000 Case-
control 

Italy; Cases :132 
with IHD. 
Controls n=214, 
hospitalized for 
other reason than 
IHD.  

MI. Prevalence of 
C282/wt in cases vs 
controls 

N.S difference  
OR MI  
1.2 (0.4-3.7) 

Annichino
-Bizzacchi 
et. al 98 

2000 Case-
control 

Brazil; Cases: 172 
survivors from 
MI. Controls :172 
(healthy hospital 
staff or relatives 
of staff). 

MI Prevalence of 
C282/wt in cases vs 
controls.  

N.S difference  
OR 1.0 (0.13-7.57) 

Hetet 
et. al99 

2001 Case-
control 

France, U.K; 
Cases: 885 male 
MI survivors 
Controls: 809 
matched  

MI  
 
Prevalence of 
C282/wt in cases vs 
controls 

N.S difference 
1.11 (0.56-2.19) 

Claeys 
et. al100 

2002 Case-
control 

Switzerland; 
Cases:177 MI 
survivors 
Controls: 89 
healthy matched.  

MI Prevalence of 
C282/wt in cases vs 
controls. 

N. S difference OR 
1.15(0.5-2.6) 

Calado 
et. al101 

2002 Case-
control 

Brazil; 60 MI 
survivors 
Controls: 160 
matched healthy.  

MI/CAD Prevalence 
of C282/wt in cases 
vs controls. 

N. S difference 

Candore102 2003 Case-
control 

Italy; Cases: 249 
MI Controls: 379 
unrelated hospital 
laboratory staff 
and medical 
students  

MI  
Prevalence of 
C282/wt in cases vs 
controls. 
  

N. S difference 
6.63 (0.10-453.58) 
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Campbell 
et. al103 

2003 Case-
control 

Scotland; Cases: 
924 MI survivors. 
Controls: 1,009 
random chosen 
from GP registers.  

MI  
Prevalence of 
C282/wt in cases vs 
controls. 

N.S difference OR 
0.88 (0.48-1.04) 

Ellervik I 
et al 104 

2005 case-
control 

Denmark; 
Cases:9,178 
participants from 
the Copenhagen 
City Heart study 
Controls 8,080 
controls from 
Copenhagen city 
heart study.  

MI, IHD Prevalence 
of C282/wt in cases 
vs controls. 

N-S difference OR 
IHD=1.1(0.9-1.4) 
OR MI=1.1(0.8-1.4) 

Ellervik II 
et. al104 

2005 cohort 
study 

Denmark; 
Exposed: Cases: 
2,441 patients 
with IHD, 1,113 
MI.  8,080 
controls from 
Copenhagen city 
heart study.  

MI, IHD N.S difference RR 
IHD:1.1(0.9-1.4) 
RR MI:1.1( 0.8-1.5) 

Feeny et. 
al105 

2004 Case-
control 

England; Cases: 
630 pts with 
nitrate 
prescriptions. 
Controls: 774 
male blood 
donors  

angina pectoris. 
Prevalence of 
C282/wt in cases vs 
controls. 

N.S difference 

Gunn 
et. al106 

2004 Nested 
Case-
control,  

Scotland; 482 pts 
with MI. 
Controls: 1,160 
matched controls. 

Coronary events  
 
Prevalence of 
C282/wt in cases vs 
controls. 

N.S difference 
OR:1.03 (0.77-1.37) 

 
 

1.4.5.3 Joint disease 

 
Arthropathy in patients with GH was first described in 1964 107. Arthritis is the 
strongest factor affecting quality of life in patients with GH and joint pain is found in 
20-70% of GH patients108. 
 
The pathogenesis of arthropathy in GH is yet unknown. Interestingly, and unlike most 
other GH-related organ manifestations, arthropathy in GH appears not to be associated 
with total iron body stores. Synovial iron deposition remains in iron-depleted patients 
26, 109, 110.  
 
Iron deposition in joints promotes inflammation through catalyzing the production of 
hydroxyl radicals. Oxidative stress may impact cartilage aging and degeneration and 
affects chondrocyte function in joint cartilage 111. Furthermore, iron stimulates synovial 
cell growth and induces crystallization of calcium-pyrophosphate. In addition, iron 
decreases clearance of calcium pyrophosphate dehydrate crystals from the joint, which 
may contribute to the development of degenerative joint disease 111. Histologically, 
synovial changes in GH largely resemble a process reminiscent of OA. It shares some 
of the changes seen in inflammatory joint disease, although it can still be clearly 
differentiated from inflammatory joint disease. The histological joint changes seen in 
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GH are therefore neither typical for OA nor for inflammatory joint disease112. 
 
In terms of radiographic findings, GH arthropathy changes are similar to those seen in 
generalized OA except for the predilection for involvement of 2nd and 3rd 
metacarpaphalangeal (MCP) joints, typically seen in GH, and the occurrence of 
chondrocalcinos113. In the clinical setting, arthropathy in patients with GH thus may be 
mistaken for classical OA, calcium pyrophosphate dihydrate deposition disease 
(CPPD), or even rheumatoid arthritis (RA) 114-116.  
 
 
To our knowledge, only six studies on patients with phenotypic GH have been 
conducted. All but one is cross-sectional studies, or case series, and the majority have 
no comparison group 11, 108, 110, 115, 117, 118. In three of the studies, joints affected were 
specified (hand, wrist knee hip and pelvis) and radiologically investigated confirming 
affected joints. No comparison to healthy individuals was however made.  
 
Although joint pain is a common symptom and up to 55% of patients with phenotypic 
GH present joint changes with typical radiological findings 119 10, 109, 115, 120, studies of 
individuals homozygous for C282Y identified by screening, have not reported any 
excess risk of arthropathy-related complaints 41, 121, 122 123, 124 . Most studies were 
questionnaire based, investigating the prevalence of joint pain. One study, however 
reported more use of arthritis medication in those with 282Y/C282Y and ferritin >1000 
µg/L identified by screening 26 (table 11). 
 
Regarding joint replacement surgery in hemochromatosis little is known. In an Irish 
study, 2 of 116 patients undergoing primary hip replacement, the prevalence for C282Y 
homozygosity was similar to that of homozygosity in the background population. 
Interestingly, the prevalence of homozygous mutation in individuals undergoing 
revision of their hip was however six times higher 125.  
 
Since the discovery of the C282Y mutation several studies have studied individuals in 
the general population heterozygous for C282Y. Some126-129, but not all130-134, studies 
suggest an association with arthropathies. Available studies are, however, limited by 
small sample sizes. In the majority of the studies the comparator population is often not 
even evaluated for arthropathy but claimed to be healthy individuals (i.e., blood donors 
used as a comparator group for some other study), studies with positive findings 
included. The results may therefore be overestimated. Furthermore, the outcomes have 
been defined differently making comparisons among studies even harder. 
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Table 11. C282Y/C282Y identified by population-based screening 

Author Year  Design Setting Assessment of 
outcome 

Outcome Result 

Allen 
et al26 

2008 cohort 
study 

Australia; 
203 
C282Y/C282Y 
3.295 282Y/wt 

Physical 
examination of 
MCP joints. 
Questionnaires. 

Presence of 
abnormal 2nd -3rd 
MCP on physical 
examination and 
prevalence of 
arthritis medication.  

C282Y/C282Y 
and ferritin 
>1000 reported 
more use of 
arthritis 
medication 
Abnormal II, III 
MCP more 
common in men  

Beutler 
et al 41 

2002 Cross-
sectional 

U.S; 
152 
C282Y/C282Y 
616 
C282Y/H63D  
 

Questionnaires  
 

Prevalence of 
arthritis in patients 
with HFE mutations 
compared to wt 

N.S difference 

Waalen 
et al 122 
 

2002 Cohort U.S; 
141 
C282Y/C282Y 

Questionnaires 
and interview. 

Prevalence of joint 
pain in individuals 
with C282Y/C282Y 
compared to HFE- 
wild-type. 

N.S difference  

Alizadeh 
et al123 
 

2007 Cohort Netherlands; 
Exp:  
6 
C282Y/C282Y 
and 
235 C282Y/wt,  
Unexp wt/wt: 
1.806 
 

Examination OA 
in hand hip and 
knee. 
Questionnaire; 
joint pain? 
Random subset 
radiograph of hip 
and knee. 
 

Prevalence of 
arthralgia and joint 
pathology in HFE-
genotypes compared 
to wt.  

N.S difference  
 

Asberg 
et al124 

2002 Cohort Norway; Exp: 
297 
C282Y/C282Y. 
whereas 269 
were found to 
be phenotypic.  

Questionnaire; 
Examination 
Blood sample 

Prevalence of 
arthralgia HFE-
genotypes compared 
to wt. 

N.S difference 

Sherrington 
et al 121 

2006 Case 
control 

9 
C282Y/C282Y 
166 C282Y/wt 
 

Questionnaires  
General physical 
examination.  
 

Prevalence of 
arthritis in patients 
with HFE mutations 
compared to wt 

N.S difference.  

 
 
In addition to the population-based studies, at least eight studies have been performed 
on populations with existing joint disease. Three of the studies suggest an association 
with C282Y/wt mutation. Small numbers resulting in unreliable results limits them all. 
Also, the phenotype of the heterozygous individuals wass unknown. (Table 12) 
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Table 12. C282Y/wt identified by genetic screening of patients with joint disease 

Author  Year  Design Setting Outcome Result 

Cauza  
et al 127 
 

2005 Case-
control  

Cases: 206 pts at a 
Rheumatology diagnosed 
with RA, psoriasis arthritis 
and unknown. Controls: 487 
individuals, healthy blood 
donors.  

RA 
Psoriasis arthritis 
OA 
unknown  

Prevalence of C282Y 
mutation significantly 
higher in pts with arthritis 
of unknown origin (n=3) 
compared to controls. 

Rovetta 
et al 131 

2002 Case-
control 

Cases: Cases:24 RA Controls: 
24 spondarthritis and 
ankylosing spondylitis  

RA 
 

N.S difference 

Li 
et al 132 

2000 Case-
control 

Cases:92 RA 
Controls: 87  controls 

RA N.S difference  

Carroll 
et al 135 

2006 Case-
control 

Cases: 87 OA. 52 in 2nd -3rd 
MCP Controls: 3011 
individuals  

OA in 2nd -3rd 
MCP 
elbow ankle 
joint, IT, TMT 

HFE gene mutations 
associated with primary OA 
in the ankle joint.  
 

Ross et 
al 128 
 

2003 Case-
control 

Cases: 176 pt with OA of the 
hand Controls: .2138 
randomly selected controls  
 

OA C282Y/wt associated with 
radiographic hand OR  

Loughlin 
et al 130 

2005 Case-
control 

Cases: 557 OA. The cases 
had undergone total joint 
replacement of the hip, the 
knee for OA. Controls: 557 
general population  

OA N.S difference  

Willis 
et al 133 

2002 Case-
control 

Cases:1,000 arthritis 
Controls:1000. (373 
volunteers and 541 pt with 
full blood counts.)  

Arthritis N.S difference  

Timms 
et al 132 
 

2002 Case-
control 

Cases: 128 pseudogout or 
radiographic 
chondrocalcinosis of knee or 
other joints. Controls: 3011  

Crystal arthritis N.S difference  
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2 AIMS 
 
The overall aim of this thesis was to better understand the morbidity in patients with 
GH and in individuals who are likely to be heterozygous for the C282Y mutation and 
also share other endogenous and exogenous risk factors with their proband. 
 
The specific aims were to assess risks for all cause mortality (paper II), and morbidity 
from cancer (paper I), ischemic heart disease (paper III), and arthropathy (paper IV) in 
patients with GH and their FDRs. 
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3 MATERIALS AND METHODS 
 
3.1 SETTING 
The oldest preserved church registers in Sweden are from the early 17th century. In 
the middle of the 18th century, the predecessor of the Statistics Sweden began and has 
become the agency of the Swedish Government responsible for producing official 
statistics regarding Sweden. Statistics Sweden holds, among other registers, the register 
of population and population changes, and the Multi-Generation Register136. 
 
Swedish National Board of Health and Welfare is a government agency that supervises 
plans, coordinates and monitors health; medical and social care services in Sweden. It 
holds several registers, including the Cancer Register, the National Patient Register, 
and the register of Causes of Death. 
 
In 1947 the national registration number (NRN) was introduced, covering the total 
resident population of Sweden. The NRN is unique to all residents and is issued by the 
Swedish Tax Agency shortly after birth when the child is registered in the Census 
register. The NRN is needed in all future contacts with authorities, healthcare, social 
care during education and working life. Furthermore the NRN is recorded in virtually 
all health and census registers making register linkage possible. 
 
The NRN is a ten-digit number. The tenth digit is a checksum, which was introduced in 
1968 when the system was computerized.  
 
3.1.1 Health registers 
 

3.1.1.1 The National Patient registers 
 
In Sweden, virtually all inpatient care is public, and referral to hospital is based on 
county of residence rather than socio-economic factors. The Inpatient Register, 
sometimes referred to as the Hospital Discharge Register, contains information on all 
inpatient care since 1964 (nation-wide since 1987). Reporting is mandatory, and about 
99% of all hospitalizations are reported. The register includes 50 million discharges for 
the period 1964 to 2006137. 
 
The register contains information on the patient (NRN, gender, age, residency), 
geographical data (hospital/clinic, department, and county of the hospital/clinic) and 
information on the medical care given (date of admission and discharge, main and 
secondary diagnosis, external cause of injury, and procedures performed).  
 
From 2001, information on outpatient visits including day surgery and psychiatric care 
from specialized outpatient care units, are registered in the Outpatient Register. In 
2001-2006 a total of 53 million outpatient care visits were reported, and on a yearly 
basis, approximately 9 million visits were reported. The quality of the Outpatient 
Register gradually increases. In 2001, the main diagnosis was reported in only 63% of 
the outpatient visits. In 2006 the percentage of reported diagnosis increased to 85%. 
The private health care providers account for the majority of loss of data.  
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3.1.1.2 The Swedish Cancer Register 

 
The Cancer Register holds information on all incident cancers diagnosed after 1957. 
Information on site of the tumor, histological type, date of diagnosis, identification 
number for the tissue specimen and NRN is recorded. The reporting is mandatory for 
clinicians and pathologists for cancers diagnosed by clinical examination, 
morphological, other laboratory results as well as at autopsy. The estimated 
completeness for solid tumors is over 98% 138. 
 

3.1.1.3 The Death Register 
 
The Swedish Cause of Death Register contains information on all deaths of Swedish 
residents since 1961. For each of these deaths, the NRN, sex, date of birth, date of 
death, and the main and up to 19 underlying cause(s) of death (coded according to 
Internatioal classification of disease (ICD) are registered annually. Information on 
death is also available regarding deaths occurring abroad. In only 0.5 percent of all 
deaths, information about the cause of death is unavailable. Since 1997, data on those 
deceased with no death certificate are included in the register, however without 
information on cause of death. 
 

3.1.1.4 Clinical GH- Register 

 
The profession-based clinical GH-Register, referred to as the Regional Register in the 
studies, contain clinical information on consecutive individuals diagnosed with GH at 
any of eleven hospitals in Sweden, which serve a population-based catchment area of 
around 3 million inhabitants (one third of the population of Sweden). The register 
contains information for each individual on NRN, sex, date of birth and date of 
diagnosis of GH. In addition, liver biopsy findings and results from HFE-gene analysis 
are available in the great majority of the patients. Currently, the register holds data on 
up to 550 patients with confirmed GH, but the coverage is not complete. The number of 
patients included corresponds to 21% of the patients identified in the Outpatient 
Register.  
 
When study II was performed, 344 patients were available from this register. The 
diagnosis was validated by any of ten experienced physicians specialized in hepatology. 
Information on liver-biopsy was available in 279 individuals (81%); of these 20% had 
cirrhosis, 39% had fibrosis, and 41% had normal biopsies. HFE- gene analysis was 
performed in 187 patients (54,4%). Of these, 167 (89.3%) were homozygous for the 
C282Y mutation, 3 (1.6%) were heterozygous, 4 (2.1%) were combined heterozygous 
C282Y/H63D, 2 (1.1%) were homozygous for the H63D mutation, 5 (2.7%) were 
heterozygous for the H63D mutation and 6 (3.2 %) had no pre-specified mutation at 
all. Less than one percent of the patients did not have biochemical abnormalities and 
were identified by HFE-gene analysis only. Mean serum ferritin in homozygous 
patients with available information (n=155) was 1,207. Patients diagnosed with liver-
cancer (n available information=9) had a mean ferritin of 2,300 !g/L. 
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3.1.2 Census registers 
 

3.1.2.1 Register of Population and Population Changes. 
 
The Tax Agency receives information on all Swedish residents from other public 
agencies. The information is registered in the National Registration (“folkbokföring”). 
The National Registration contains information on all vital events of the residents (e.g. 
births, deaths, and marriages). To receive mail, to be able to vote, to pay tax, and to be 
entitled to social benefits and allowances, correct information in the National 
Registration is necessary. 
 
The first version of the register of Population and Population Changes was issued in 
31st of December 1968 and was named Total Population Register (TPR). The register 
contains information on demographic events relating to persons after 1968 onwards. 
Data is collected annually from the civil registration. Therefore all individuals included 
in the register can be followed longitudinally. In 1991, a re-creation position of the 
register was performed when responsibility for National Registration was moved from 
the parish offices to the local tax offices. Records for individuals deceased 1947-1991 
were not included and only individuals born before 1920 that emigrated during the 
same period were reported.  
The information recorded in the civil registration and in the Register of Population and 
Population Changes are: !

• Personal identity number  
• Place of birth, in Sweden or abroad 
• Citizenship 
• Civil status 
• Spouse, children, parents, guardian(s) and adoption 
• Immigration to and emigration from Sweden 
• Death. 

 
Dates of the information in the register are also registered. 
 

3.1.2.2 Multi-Generation Register 
 
The Multi-Generation Register is a part of the register of Population and Population 
Changes focusing on the child-parent (biological and adoptive) relationship. 
Supplementary data retrieval was performed in 2000 on data on biological parents of 
persons who died or emigrated, however, the data retrieved still needs to be 
complemented. The Multi-Generation Register therefore holds information on some of 
the individuals deceased 1947-1991, compared to the TPR. The data is however not 
complete resulting in limitations in identifying parent-child relationship for a children 
or parents who died between 1947-1991. 
 
The first version was produced in 2000 to replace the Second Generation Register 
(1994-1999). The aim of the register is to establish, maintain, and provide links 
between first-degree relatives living in Sweden, born 1932 or later, and alive in 1961. 
The register started in 1961 because no computerized census registers existed prior to 
that year. If a person was 15 or younger in 1947, their parents were recorded in their 
personal record. This means that parental information mainly exists for those persons 
born in 1932 or later. Every year, a new version of the register is created 139. 
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The information recorded in the Multi-Generation Register is: !
• Personal identity number 
• Place of birth, in Sweden or abroad 
• Citizenship 
• Immigration to and emigration from Sweden 

 
 
3.1.3 Study population 
 
Data was retrieved from the Statistics of Sweden and Swedish National Board of 
Health and Welfare at two separate occasions, and linkage procedures were performed 
twice resulting in different numbers of patients and FDRs. 
 
In the first linkage, data on patients (1965-1999) were assembled, and linked to the 
registers, holding data up to 1999 at the time (study I, linkage procedure described 
below). In the second linkage, data on patients (1965-2005) were assembled, and linked 
to the registers, holding data up to 1999, except for the Cause of Death Register 
containing data up to 2007 (study II, linkage procedures described below). 
 
 
3.1.3.1.1 Mortality (study II) 
 
Patients  
 
Patients with GH, defined as all individuals discharged with a main or contributory 
diagnosis of GH or recorded at an outpatient visit with the diagnosis, coded according 
to International Classification of Disease [ICD-7, 289.23; ICD-8, 273.20; ICD-9, 275A; 
ICD-10, E83.1]) were identified in the Inpatient and Outpatient Register. 2,099 patients 
were identified in the Inpatient Register, and 2,459 patients were identified in the 
Outpatient Register. In addition, 534 patients were identified in the Clinical GH-
Register. Because of a certain data source overlap, the total cohort of patients 
consisted of 3,832 individuals. (Table 13) 
 
Controls 
 
For each patient identified in the registers described above, 10 controls alive at the time 
the index patient was diagnosed, matched for sex, date of birth, county of residence, 
and marital status were randomly selected from the Register of Population maintained 
by Statistics Sweden. In total 38,969 controls to patients, and 143,349 controls to FDRs 
were identified. (Table 13) 
 
FDRs and Spouses 
 
Using the NRN as a linkage key, the cohort of patients was linked to the nationwide 
Multi-Generation Register 14,496 FDRs were identified.  
A cohort of 1,393 spouses was identified by linkage of the patient to register of 
Population and Population Changes (Table 13) (the linkage procedures are 
schematically described in figure 6). 
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Table 13. Description of patients with GH, controls, the FDRs to patients and the FDRs to 
controls.  
 Patients/ 

Controls 
Parents Siblings Offspring Spouses 

GH      
Overall 3,832 4,946 4,516 6,702 1,393  
Males/ Females 
(%) 65.3/34.7 42.7/57.3 51.3/48.7 50.9/49.1 29.9/70.1 

Year of Birth 
(median, Q1-Q3)  

1943 
(1931-1954) 

1925  
(1916-1937) 

1949  
(19431959) 

1969  
(1959-1981) 

1951  
1945-1959) 

Person-time of 
follow-up 
(person-years) 

27,776 48,721 76,762  109,797 24,099 

      
Population 
Controls 

     

Overall 38,969 33,972 39,916 69,461 13,153 
Males/ Females 
(%) 65.2/34.8 43.7/56.3 50.9/49.1 51.2/48.8 28.7/71.3 

Year of Birth 
(median, Q1-Q3)  

1942 
(1930-1953) 

1924  
(1915-1936) 

1950 
(19431960) 

1969 
(1959-1982) 

1951 
(1945-1959) 

Person-time of 
follow-up 
(person-years) 

332,042 469,769 695,219 1 156,577 230,054 

 
 
3.1.3.1.2 Morbidity; cancer (Study I)  
 
Patients 
 
Patients with GH, defined as all individuals discharged with a diagnosis of GH in 1965-
1999 coded according to International Classification of Disease [ICD-7, 289.23; ICD-8, 
273.20; ICD-9, 275A; ICD-10, E83.1]) were identified from the Inpatient Register and 
the Death Register. 1,704 patients were identified in the Inpatient Register, and 344 
patients were identified in the Clinical GH-Register. In addition, 155 patients were 
identified in the Death Register to identify to identify their first-degree relatives in the 
Multi-Generation Register 
Because of a certain overlap between these 3 data sources (194 individuals [56%] in 
the regional cohort was also found in the Inpatient Register cohort) and because each 
individual was only analyzed once, the total cohort of patients consisted of 1,847 
individuals (Table 14). 
 
FDRs and Spouses 
 
The FDRs and spouses were identified as described in study II. In total 5,973 FDRs and 
1,393 spouses were identified.  
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Table 14. Description of patients with genetic hemochromatosis and their first-degree 
relatives in Sweden 1958-1999. Characteristics of the total cohort and of its consisting 
sub cohorts.  
 Patients with GH n (%) First-degree relatives n (%) 
Total cohort  

Overall 1,847 (100%) 5,973 (100%) 
Male 1,267 (68.6%) 2,966 (49.7%) 
Female 580 (31.4%) 3,007 (50.3%) 

Mean age at entry (min-max) 55.3 (18-90) !  
Relation to patient     

Mother !  787 (13%) 
Father !  736 (12%) 
Full sibling !  1,279 (21%) 
Offspring !  3,171 (53%) 

Calendar year of entry     
1960-1969 / 1964-1969* 7 (0.4%) 4,880  
1970-1979 118 (6.4%) 603  
1980-1989 598 (32.4%) 301  
1990-1999 1,124 (60.8%) 189  

Follow-up (years) 6.7  33.8  
Person-years 12,398  201,864  
Cohort of origin  
Regional Register     

Overall 344 (100%) 1,310 (100%) 
Male 249 (72.3%) 640 (48.9%) 
Female 95 (27.6%) 670 (51.1%) 
Mean age at entry  (min-
max) 

48.1  (19-83)   

     
Inpatient Register      

Overall 1,704 (100%) 5,234 (100%) 
Male 1,168 (68.5%) 2,597 (49.6%) 
Female 536 (31.5%) 2,637 (50.4%) 
Mean age at entry (min-max) 56.3 (18-90)   

The Cause of Death Register     
Overall** 155 (100%) 279 (100%) 
Male 110 (71%) 128 (45.9%) 
Female 45 (29%) 151 (54.1%) 
Mean age at entry (min-max) 65.3 (21-90)   
 
*Patients were followed from 1964 and relatives from 1960 
** Patients identified only in the Cancer Register are not included in the RR analysis, 
however their FDRs are included 
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3.1.3.1.3 Morbidity; IHD and arthropathy (study III and IV) 
 
Patients 
 
The data received from the Swedish National Board of Health and Welfare and Statistics 
Sweden in 2005 was also used for study III and IV.  
Using the NRN as linkage key, 1,816 and 2,434 patients were identified in the Inpatient- and 
Outpatient Register respectively. In total 3,531 patients were identified (Table 15).  The 
distribution of biological FDRs identified was largely similar among patients with GH and 
their matched controls.  
 
Controls 
 
For each patient and FDR identified in the registers described above, 10 controls alive at 
linkage procedure, matched for sex, date of birth, county of residence, and marital status 
were randomly selected from the Register of Population maintained by Statistics Sweden. 
In total 37,369 controls to patients, and 129,291 controls to FDRs were identified (Table 
15). 
 
 
FDRs and Spouses 
 
11,794 FDRs were identified in the Multi-Generation Register (2,864 parents, 4,264 siblings 
and 6,038 offspring). A cohort of 1,305 spouses was identified by linkage of the patient to 
Register of Population and Population Changes.  
 

Table 15. Description of patients with GH, controls, the FDRs to patients and the FDRs to 
controls. (Study III and IV) 
 Patients/ Controls Relatives overall* Spouses 

Genetic hemochromatosis    
Overall 3,531 11,794 1,305 
Males/ Females (%) 65.0/35.0 48.8/51.2 29.1/70.9 
Year of Birth (median, Q1-Q3)  1944(1933-1955) 1957 (1942-1972) 1951 (1946-1960) 
Person-time of follow-up 16,270 98,935 6,122 
    
Population Controls    
Overall (n) 37,369 129,291 12,765 
Males/ Females (%) 64.9/35.1 49.2/50.8 28.3/71.7 
Year of Birth (median, Q1-Q3)  1943(1931-1954) 1957 (1942-1972 1951 (1945-1959) 
Person-time of follow-up 196,628 1 087,033 65,302 

* Unique individuals, including 771 FDRs who themselves were also found in the cohort of patients 
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postinfectious arthritides, reumatoid arthritis, crystal athritides, gout, non-gouty crystal 
arthritides, other athritides, osteoarthritis and osteonecrosis or listing with joint replacement 
surgery in shoulder, elbow, hand, hip, knee and ankle as the main or contributing diagnosis. 
(ICD-10 codes in appendix) 
 
 
3.4 STATISTICS 
 
Mortality; (study II) 
 
To assess the association between exposure (being a patient rather than a control, and being 
related to a patient with GH rather than to a control, respectively) and outcome (death), we 
used Cox proportional hazard regression using SAS software version 9.1 (PROC PHREG). 
Relative risks for patients vs. controls were assessed overall for all source-cohorts combined, 
separately for each source-cohort, and according to attained age at start of follow-up, sex, 
calendar period of and time since entry into (each) source cohort. Relative risks for relatives 
of patients vs. relatives of controls were assessed overall, and stratified according to patient 
source cohort, type of relation, sex, attained age, and calendar period. Separate analyses were 
also performed restricted to patients with a family history of GH, i.e., individuals who both 
occurred as first-degree relatives and as patients. 
 
Morbidity; cancer (study I) 
 
The standardized incidence ratio (SIR) was used, as our measure of the relative risk (RR), 
defined as the ratio of the observed to the expected number [or incidence]. Expected 
numbers were calculated by multiplying sex-, age-, and calendar period–specific cancer 
incidence rates from the general population with the corresponding person-years of follow-
up. The standardized mortality ratio was also calculated The incidence rates were retrieved 
from the National Board of Health and Welfare. SIRs were stratified according to sex, age, 
calendar period, and type of relation to the patient (FDRs only). We calculated 95% 
confidence intervals (CIs) assuming a Poisson distribution for the observed cases. Incidence 
proportions (“absolute risks”) were calculated using the Kaplan–Meier method in 
SAS/STAT software (SAS Institute Inc., Cary, NC). 
 
Morbidity-IHD; (study III) 
 
To assess the association between exposure and outcomes (heart diseases), we used Cox 
proportional hazards models.  
 
Relative Risks (RR) of outcomes for patients vs. controls were assessed overall and 
separately for patients identified through inpatient vs. outpatient care, and adjusted for year of 
birth, sex, marital status, and county of residency. Each patient could contribute to more than 
one source cohort.  
 
Crude RR and RRs adjusted for sex, year of birth and type of relation were assessed for FDRs 
of patients compared to FDRs of controls. A separate analysis restricted to FDRs related to 
more than one patient was performed. 
 
Individuals recorded with an event before start of follow-up were excluded from analysis. 
For outcomes cardiomyopathy and arrhythmias we performed additional sensitivity analysis. 
First, we further adjusted for a discharge or visit with diseases related to excess alcohol intake 
at any time during follow-up including psychiatric disorders, -neurological diseases and 



 

 32

gastrointestinal diseases. Second, we adjusted for IHD prior to cardiomyopathy or 
arrhythmias to account for IHD-related cardiomyopathy. 
 
Morbidity; arthropathy (study VI) 
 
To assess the association between exposure and outcome (arthropathy), we used Cox 
proportional hazard models using. Relative risks (RR) for patients vs. controls were assessed 
overall (all source-cohorts combined), separately for each source-cohort, and adjusted 
according to attained age at joint disease diagnosis, sex, and time since entry into (each) 
source cohort.  
RR for relatives of patients vs. relatives of controls were assessed overall, and also adjusted 
for sex, attained age at joint disease diagnosis, and calendar period. Sensitivity analyses 
restricted to relatives related to more than one patient, and analyses in which the outcome 
required at least two registrations with the same arthropathy diagnosis (and no other 
arthropathy-diagnoses during follow-up), were also performed. 
In addition to assessing the RR of arthropathy during follow-up, we also assessed the odds 
ratio (OR) of having a joint disease diagnosis prior to start of follow-up. These ORs were 
estimated using unconditional logistic regression adjusting for the matching factors. 
 
For the outcomes hip replacement surgery we performed additional sensitivity analyses 
adjusting for hip fracture to account for traumatic related hip joint replacement. 
 
 
The assumption of proportional hazards was examined with by stratifying the time of follow-
up into 12 months periods. The RRs were similar, thus the proportionality assumption was 
not violated.  
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4 RESULTS 
 
4.1 MORTALITY (PAPER II) 

 
4.1.1.1 Patients 

In total, the 3,832 patients and their 38,969 controls were followed for 27,776 and 332,042 
person-years, respectively. During follow-up, 940 patients and 6,810 controls died, resulting 
in an overall relative risk of 2.15 (95% CI, 2.00-2.31, Table 16). When assessed separately 
according to source cohort (each patient could contribute to more than one source cohort), 
patients identified on the basis of hospitalization with GH had a higher relative risk 
(RR=2.45, 95% CI, 2.27-2.64), than did patients identified on the basis of an outpatients visit 
(RR= 1.15, 95% CI, 1.00-1.33), or in the Regional GH Register (RR= 1.09, 95% CI, 0.85-
1.40). This difference was partly due to the particularly increased mortality during the first 
year of follow-up after hospital discharge with GH (Table 16). 
 
 

4.1.1.1 First-degree relatives 

 
In total, the 14,496 first-degree relatives of patients and the 143,349 relatives of controls 
were followed for 235,279 and 2,321,564 person-years, respectively.  
During follow-up, 1,978 FDRs of patients with GH, and 18,888 FDRs of controls died, 
resulting in an overall relative risk of 1.05 (95%CI 1.01-1.10, Table 17). Compared to the 
marked heterogeneity in relative risk among patients identified through different means, the 
relative risks of death among relatives of patients identified in the different source cohorts 
varied considerably less, if at all. There was no consistent pattern of particularly increased 
or decreased risks according to sex, attained age, or type of relative. Indeed, there was no 
striking difference in relative risk between spouses and biological relatives of patients. 
When relatives who were also identified as patients with GH were excluded from the cohort 
of relatives, the relative risk among the remainder of relatives was barely altered (RR=1.07, 
95% CI, 1.02-1.12). 
 
Relative risk of death among first-degree relatives who were also patients with GH 
 
1,059 first-degree relatives also occurred in the cohort of patients with GH. Compared to 
patients without a family history of phenotypic GH, these relatives/patients were on average 
8 years younger (47 compared to 55 years) at entry, and had an inconspicuous relative risk 
of death (RR= 1.08, 95%CI 0.85-1.36). These 1,059 patients formed "pairs" of one "index-
patient" and one "subsequent patient" in the same family. Whereas the "index-patient" had 
a relative risk of 1.25 (95%CI 0.92-1.71), the "subsequent case", who thus were diagnosed 
against the background of a family history, had a relative risk of 1.05 (95% CI 0.67-1.62, 
Table 18). 
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Table 16. Relative risks (RR) and Confidence intervals (CI) for all-cause m
ortality in patients with G

H
, overall 

and according of patients' cohort of origin. All analysis stratified for sex, age and county of residency. 
 O

rigin of 
cohort 

A
ll G

H
-sources com

bined 
G

H
 identified in Inpatient register 

G
H

 identified in Regional register 
G

H
 identified in O

utpatient register 

Type of 
relative 

Patients 
(n=deaths) 

Controls 
(n=deaths) RR (95%

 CI) 
Patients  
(n=deaths) Controls 

(n=deaths) RR (95%
 CI) 

Patients  
(n=deaths) 

Controls 
(n=deaths) RR (95%

 CI) 
Patients  
(n= deaths) 

Controls 
(n=deaths) 

RR (95%
 CI) 

A
ll patients 

940 
6,810 

2.15 (2.00-2.31) 
857 

5,902 
2.45 (2.27-2.64) 

72 
712 

1.09 (0.85-1.40) 
216 

1,856 
1.15 (1.00-

M
ale 

617 
4,487 

2.17 (2.00-2.38) 
562 

3,901 
2.47 (2.26-2.72) 

50 
464 

1.18 (0.88-1.59) 
144 

1,212 
1.18 (0.99-

Fem
ale 

323 
2,323 

2.09 (1.85-2.36) 
295 

2,001 
2.40 (2.11-2.73) 

22 
248 

0.93 (0.60-1.45) 
72 

644 
1.09 (0.85-

Y
ear of first G

H
 in patient  

1964-1994 
493 

4,542 
2.05 (1.86-2.56) 

488 
4,434 

2.12 (1.92-2.34) 
49 

512 
1.09 (0.81-1.47) 

48 
594 

0.70 (0.52-0.94)
1995-1999 

222 
1,063 

2.58 (2.18-3.06) 
219 

1,004 
2.68 (2.26- 3.19) 

17 
126 

1.38 (0.78- 2.42) 
27 

268 
0.84 (0.53-1.33)

2000-2005 
225 

1,205 
1.95 (1.67-2.27) 

150 
464 

4.03 (3.27-4.97) 
6 

74 
0.35 (0.11-1.12) 

141 
994 

1.49 (1.24-1.78)
Tim

e since start of follow
-up (years) 

<=1  
252 

523 
5.91 (5.13-6.81) 

234 
381 

8.12 (6.96-9.49) 
3 

37 
0.85 (0.26-2.74) 

33 
206 

1.58 (1.10-2.26)
1-<=5 

324 
2,294 

1.92 (1.71-2.16) 
279 

1,761 
2.46 (2.16-2.80) 

21 
180 

1.09 (0.69-1.70) 
97 

865 
1.14 (0.92-1.40)

>5 
364 

3,993 
1.59 (1.43-1.78) 

344 
3,760  

1.63 (1.46-1.83) 
48 

495 
1.12 (0.83-1.51) 

86 
785 

1.06 (0.85-1.32)
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Table 18: Patients with family history of GH 

 
 
 
4.2 MORBIDITY  
 
4.2.1 Cancer (paper I) 

4.2.1.1 Patients 
In total, 1,847 patients were followed for 12,398 person-years. During follow-up, 190 cancers 
were registered, corresponding to an SIR of 1.7 (95% CI 1.5-2.0, Table 19). Despite an 
increasing number of observed cancers but because of the low expected number of cancers 
in young patients, the relative risk of cancer overall declined with increasing age at entry. 
The highest relative risk was found in the first follow-up period (<1 year). Thereafter, the 
relative risk was constant (Table 19).  
 
We observed 62 cases of liver cancer, corresponding to a 20-fold increased risk (SIR, 21; 
95% CI, 16–27). The risk was 30-fold among men and 7-fold among women (SIR, 29; 95% 
CI, 22–38, SIR, 6.7; 95% CI, 2.7–14, respectively). The relative risk for liver cancer varied 
little with age at entry (data not shown) or time since entry but decreased over successive 
calendar periods of follow-up (P = 0.05; Table 19). The relative risk for liver cancer among 
patients identified in the Inpatient Register (SIR, 22; 95% CI, 17–28) was similar to that of 
patients identified in the Regional Register (SIR, 24; 95% CI, 12–43; n = 11 [5 registered 
with pre-existing cirrhosis, 5 with fibrosis, and 1 not evaluated with liver biopsy]). Also, 
the relative risk for primary liver cancer (ICD-7, 155) (SIR, 21; 95% CI, 16–27) was 
similar to that of non-primary liver cancer (ICD-7, 156) (SIR, 21; 95% CI, 9.6–40).  
 
A total of 79% of the registered cases of liver cancer were coded as HCC and 5% as 
cancers of biliary origin (Table 20). All patients died within 3.3 months following diagnosis 
of liver cancer. The standardized mortality ratio for liver cancer was in the same order of 
magnitude as the SIR (data not shown).  
 
The absolute risk of liver cancer increased with time of follow-up but more so among men 
(6% at 10 years of follow-up) than among women (1.5% at 10 years of follow-up). The 
standardized mortality ratio (all causes) among patients decreased from the 1960s to the 
1970s but was constant thereafter.  
 
Neither the relative risks for selected gastrointestinal cancers (cancers of the esophagus 
(SIR=0, 95% CI 0.0-3.2, n= 0), stomach (SIR=0.3 95% CI 0.0-1.5, n= 1) pancreas (SIR=1.0, 
95% CI 0.2-3.0, n= 3), and colon-rectum (SIR=1.3, 95% CI 0.7-2.0, n= 17)), nor the relative 
risk for the combined group of non-hepatobiliary cancers were markedly elevated (SIR= 1.2, 
95% CI 1.0-1.4, n= 128). 
 

 Patients with earliest entry.  Patients with subsequent entry.  

Type of 
relative 

Patients/ 
Deaths  

Controls/ 
Deaths RR (95% CI) Patients/ 

Deaths 
Controls/ 
Deaths RR (95% CI) 

All patients 345/42 38,969/6,810 1.25 (0.92-1.71) 446/21 38,969/6,810 1.05 (0.67-1.62) 



 

   37

4.2.1.2 First-degree relatives 
 
In total, 5,973 first-degree relatives were followed up for 201,864 person-years. During 
follow-up, 529 cancers were registered (SIR, 1.0; 95% CI, 0.9–1.1; Table 19). The relative 
risk for cancer overall was not elevated among male and female first-degree relatives, 
parents, siblings, and offspring (Table 19).  
 
In total, 21 cases of primary and non-primary liver cancer were registered (SIR, 1.5; 95% 
CI, 1.0–2.4). All cases occurred among parents (SIR, 1.8; 95% CI, 1.1–2.8 [paternal SIR, 
2.4; 95% CI, 1.3–4.1; maternal SIR, 1.3; 95% CI, 0.6–2.5]), and the increased risk was 
confined to calendar periods before 1980 (Table 19).  
Inclusion of the 196 first-degree relatives who themselves were found in either cohort of 
patients had little effect on the relative risk for liver cancer (data not shown).  
 
A total of 33% of the registered cases of liver cancer were coded as HCC and 38% as 
cancers of biliary origin (Table 20). All first-degree relatives died within 2.6 months 
following diagnosis of liver cancer. The standardized mortality ratio from liver cancer was 
similar to the SIR (data not shown). 
 
 
The relative risks for selected gastrointestinal cancers (cancers of the esophagus [SIR, 0; 
95% CI, 0–0.9; n = 0], stomach [SIR, 1.1; 95% CI, 0.7–1.7; n = 24], pancreas [SIR, 1.3; 
95% CI, 0.8–2.1; n =18], and colon-rectum [SIR, 1.0; 95% CI, 0.8–1.3; n = 55]) were not 
elevated 



 

 38

 
Table 19. Standardised incidence ratio (SIR) of cancer overall and liver cancer 
among patients with hemochromatosis and their FDRs. 

 Patients with GH First-degree relatives  
All sites Obs Exp SIR  (95% CI) Obs Exp SIR  (95% CI) 

Overall 190 109.5 1.7 (1.5-2.0) 529 514.6 1.0 (0.9-1.1) 
Male 136 75.5 1.8 (1.5-2.1) 240 241.3 1.0 (0.9-1.1) 
Female 54 34.0 1.6 (1.2-2.1) 289 273.4 1.1 (0.9-1.2) 
Relation to patient 
Parents ! ! ! ! 385 376.1 1.0 (0.9-1.1) 
Siblings ! ! ! ! 75 67.0 1.1 (0.9-1.4) 
Offspring ! ! ! ! 69 71.6 1.0 (0.7-1.2) 
Time since entry*(years) 
<1 45 14.4 3.1 (2.3-4.2) ! ! ! ! 
1-3 32 22.8 1.4 (1.0-2.0) ! ! ! ! 
3-5 34 17.6 1.9 (1.3-2.7) ! ! ! ! 
>5 79 54.7 1.4 (1.1-1.8) ! ! ! ! 
Attained age at follow-up ** 
"49 4 1.0 4.0 (1.1-10.1) 118 112.9 1.0 (0.9-13) 
50-64 57 18.7 3.1 (2.3-4.0) 150 156.0 1.0 (0.8-1.1) 
#65 129 89.8 1.4 (1.2-1.7) 261 245.8 1.1 (0.9-1.2) 
Calendar period at diagnosis 
1960/1964-1969 0 0.1 0 (0-46.7) 54 61.5 0.9 (0.7-1.1) 
1970-1979 7 2.5 2.8 (1.1- 5.7) 99 100.8 1.0 (0.8-1.2) 
1980-1989 42 22.5 1.9 (1.3- 2.5) 168 151.0 1.1 (1.0-1.3) 
1990-1999 141 84.4 1.7 (1.4- 2.0) 208 201.3 1.0 (0.9-1.2) 

Liver-cancer         
Overall 62 3.0 21.0 (16.1-26.9) 21 13.6 1.5 (1.0-2.4) 
Male 55 1.9 28.9 (21.7-37.6) 13 6.3 2.0 (1.1-3.5) 
Female 7 1.1 6.7 (2.7-13.7) 8 7.2 1.1 (0.5-2.2) 
Relation to patient 
Parents ! ! ! ! 21 11.7 1.8 (1.1-2.8) 
Siblings ! ! ! ! 0 1.0 0 (0- 3.6) 
Offspring ! ! ! ! 0 0.9 0 (0- 4.1) 
Time since entry * 
<1 12 0.4 30.2 (15.6-52.8) ! ! ! ! 
1-3 8 0.6 12.8 (5.5-25.3) ! ! ! ! 
3-5 12 0.5 24.9 (12.9-43.5) ! ! ! ! 
>5 30 1.5 20.6 (13.9-29.4) ! ! ! ! 
Attained age at end of follow-up (years) *** 
"49 0 0 0 - 1 1.2 0.8 (0.0-4.7) 
50-64  0.4 43.0 (25.0-68.7) 5 3.7 1.4 (0.4-3.2) 
#65 45 2.6 17.6 (12.9-23.6) 15 8.7 1.7 (1.0-2.8) 
Calendar period at follow-up 
1960/1964-1969 0 0.0 0 - 3 1.2 2.5 (0.5-7.2) 
1970-1979 3 0.1 33.0 (6.8-96.3) 9 2.9 3.1 (1.4-5.8) 
1980-1989 19 0.7 26.2 (15.8-40.9) 5 4.7 1.1 (0.3-2.5) 
1990-1999 40 2.1 18.7 (13.4-25.5) 4 4.7 0.8 (0.2-2.2) 
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Table 20. Liver cancer according to histopathological type in the patients with GH, in their 
FDRs, and in the Swedish general population (GP).  

 GH FDRs GP* 

 n % n % n % 
Total 62 100% 21 100% 7,361 100% 

HCC, Hepatoblastoma 49 79.0% 7 33.3% 2,544 34.6% 

Adenocarcinoma, combined hepatocellular 
cholangiocarcinoma 

3 4.8% 5 23.8% 545 7.4% 

Cholangiocarcinoma 1 1.6% 0 0% 276 3.7% 

Extrahepatic bile-duct 1 1.6% 8 38.1% 2,813 38.2% 

Biliary tract, not otherwise specified 1 1.6% 0 0% 600 8.2% 

Malignant liver tumors of non-hepatic, non-
biliary origin 

5 8.1% 1 4.8% 388 5.3% 

Undifferentiated carcinoma or cancer 2 3.2% 0 0% 195 2.6% 

NOTE. The total number of cases of liver cancer is subgrouped due to ICD and histologic findings.  
*Cases in the general population between 1993 and 1999 identified in the nationwide and population-based 
Cancer Register. 
 
 
 
4.2.2 Ischemic heart disease (paper III) 
 
In total, the 3,531 patients and their 37,369 controls were followed for 16,270 and 196,628 
person-years, respectively and 11,794 FDR of patients and the 129,291 FDRs of controls 
were followed for 98,935 and 1 087,033 person-years, respectively (table 15). 
 
 

4.2.2.1 Patients 
 
Ischemic heart disease 
 
During follow-up, 259 patients and 3,077 controls were registered with IHD during follow-up 
resulting in an overall relative risk of 1.17 (95% CI, 1.03-1.33, Table 21). The results for 
male and female were 1.12 (95% CI, 0.96-1.30) and 1.31 (95% CI, 1.04-1.65), respectively. 
When assessed separately according to source cohort, the relative risk for IHD for GH 
patients identified in the Inpatient Register was higher, 1.38 (95% CI, 1.20-1.58), than among 
those identified at outpatient visits (HR= 1.07 (95% CI, 0.88-1.30) (Table 21). The higher 
relative risk among inpatients was consistent in analysis of IHD subtypes. Adjustment for 
alcohol-related diseases did not appreciably change the HR nor for IHD, Angina Pectoris or 
MI. 
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Cardiomyopathy and arrhythmias 
 
During follow-up, 30 patients and 115 controls were registered with cardiomyopathy 
resulting in a relative risk of 3.21 (95% CI, 2.15-4.81). Men with GH appeared at higher risk 
(HR= 3.45, 95% CI, 2.19-5.43) than women with GH (HR= 2.60, 95% CI, 1.08-6.28). Five 
patients were diagnosed with IHD prior to cardiomyopathy. Adjusting for IHD prior to 
cardiomyopathy (in an attempt to exclude increased risks related to ischemic 
cardiomyopathy, did not appreciably change the results) (HR= 3.23 (95% CI 2.16-4.83). The 
highest relative risk for cardiomyopathy was seen among men, in the inpatient cohort 
(HR=4.30 (95% CI 2.55-7.26)). Diseases associated with excess alcohol intake were 
significantly associated with GH (HR=3.71, 95%, CI 3.01-4.59). In the outpatient cohort 
relative risk for diseases associated with excess alcohol intake was 2.31 (95%, CI 1.78-3.01) 
and for the inpatient cohort 3.61 (95%, CI 2.90-4.49). HRs for ischemia overall, angina 
pectoris, MI, cardiomyopathy and arrhythmias adjusted for alcohol-related diseases were 
decreased less than 5%. 
297 patients were registered with arrhythmia compared to 2,341 controls resulting in a 
relative risk of 1.83 (95% CI, 1.62-2.06). The risk of having a PM implant increased when 
adjusting for ischemia prior to the implant (HR=1.73 (1.30-2.30) compared to the crude result 
(HR=1.79 (95% CI, 1.34-2.38)). 
 
 

4.2.2.2 First-degree relatives 
 
Ischemic heart disease 
 
During follow-up, 582 FDR of patients with GH, and 6,197 first-degree relatives of controls 
were registered with IHD, resulting in an overall relative risk of 1.05 (95% CI, 0.97-1.15, 
Table 22). Subset analysis of Angina Pectoris and MI resulted in relative risks between 1.04-
1.05. There was no consistent pattern of particularly increased or decreased risks according to 
sex or attained age. When excluding relatives who themselves were identified as patients the 
results remained essentially unchanged (data not shown). 
 
When restricting the analysis to parents and siblings only, in attempt to exclude individuals 
not being heterozygous for the C282Y mutation, the relative risk remained close to 1.0 (data 
not shown). Furthermore, analyses restricted to relatives related to more than one patient with 
GH, yielded similar null results (any IHD HR= 1.05 (95%CI 0.88-1.24), Table 22).  
 
Cardiomyopathy and arrhythmias 
 
During follow-up, 28 first-degree relatives of patients and 291 first-degree relatives of 
controls were registered with a cardiomyopathy, and 470 first-degree relatives of patients and 
5,102 first-degree relatives of controls were registered with arrhythmias, resulting in relative 
risks of 1.06 (95% CI, 0.72-1.56), and 1.03 (95% CI 0.94-1.13), respectively (Table 22). 
There was no difference according to gender for cardiomyopathy (HR men= 1.12, 95% CI, 
0.71-1.78) (HR woman= 0.93, 95% CI, 0.45-1.92) or arrhythmias (HR men = 1.01, 95% CI, 
0.88-1.15). (HR woman= 1.06, 95% CI, 0.93-1.21). When adjusted for any first listing, during 
follow-up, with alcohol-related diseases or IHD prior to cardiomyopathy or arrhythmias, the 
relative risks remained the same. 
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4.2.2.3 Relative risks of IHD, cardiomyopathy and arrhythmias among spouses.  

 
Based on 45 vs. 348 events among spouses of patients and controls, respectively, the 
relative risk for IHD was 1.35 (95% CI 0.99-1.84) and not statistically significant. 
 
Based on 6 vs. 20 events among spouses of patients and controls, respectively, the relative 
risk for cardiomyopathies was 3.12 (95% CI 1.25-7.77). Similarly, the relative risk for 
arrhythmias was 1.77 (95% CI 1.27-2.48) comparing spouses of patients and controls, 
respectively (n=40 vs. n=244) (Table 22). 
 
 
4.2.3 Joint disease (paper IV) 
 

4.2.3.1 Patients 
 
During follow-up, 406 patients and 2,255 controls were registered with either of the diagnosis 
on the combined group of non-septic arthritides including osteoarthritis, corresponding to an 
overall RR of 2.38 (95% CI, 2.14-2.64, Table 23). Results were similar for patients identified 
in the Inpatient Register and the Outpatient Register, and between males and females. 
Elevated risks were observed for all outcomes in this group, with the highest relative risk 
estimate observed for osteonecrosis (RR= 6.99, 95% CI, 2.71-13.30, Table 23). The RR for 
rheumatoid arthritis was also increased compared to controls. The RR was, however, less 
increased than all other outcomes. 
Interestingly, the increase in RR for rheumatoid arthritis was not seen in those diagnosed at a 
medical- or a rheumatology department (RR=0.84 (95% CI, 0.54-1.31) and 0.60 (95% CI, 
0.309-1.15) respectively). 
 
 
In subset analysis of patients diagnosed with the same diagnosis at least twice and not having 
any other joint disease during follow-up, the RRs remained largely unchanged. 
When analyzing the prevalence of a joint disease prior to start of follow-up 358 patients were 
listed resulting in an OR of 2.10 (95% CI, 1.86-2.36) for any joint disease prior to start of 
follow-up compared to controls. When those 358 patients who had a registration with an 
arthropathy prior to start of follow-up were excluded from analysis during follow-up, the RRs 
remained largely unchanged (data not shown).  
 
During follow-up, 133 patients and 6,640 controls were listed with hip replacement surgery 
resulting in a RR of 2.9 (95% CI, 2.4-3.5). The results were similar after adjusting for 28 of 
the patients and 77 of the controls having hip replacements after traumatic fracture (RR= 2.6 
(95% CI, 2.1-3.2).  
 
 
The RR for secondary hip replacement surgery was even higher (Table 24). Similarly, the 
risk for ankle joint replacement was markedly elevated in patients with GH (RR=9.3, 95% 
CI, 5.0-17.2).  
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4.2.3.2 First-degree relatives 
 
In total, the 11,794 FRD’s of patients and the 129,291 FDRs of controls were followed for 
98,935 and 1 087,033 person-years, respectively.  
 
During follow-up, 633 FDRs of patients with GH, and 5,803 FDRs of controls were listed 
with non-septic arthritides including osteoarthritis, resulting in an overall RR of 1.21 (95% 
CI, 1.12-1.31). Subset analysis for the selected joint diseases resulted in RRs between 0.84-
1.68. When relatives also identified as patients with GH (n=771, 6.5% of all relatives 
identified) were excluded from these analyses, the slight overall increase in risk was 
essentially removed (overall RR= 1.09, 95% CI 1.00-1.19, Table 23).  
 
When further restricting the analyses to parents and siblings among the relatives (who were 
not themselves patients) the RRs remained largely unchanged (data not shown).  
There were no striking difference in RRs between spouses and biological first-degree 
relatives of patients. 
 
In subset analysis of FDRs diagnosed with the same diagnosis at least twice and without any 
other joint disease during follow-up, the RR (where small numbers did not preclude 
comparison) were similar to those of the crude analysis (data not shown) 
 
During follow-up, 155 FDRs of patients and 1,580 FDRs of controls were registered with a 
hip replacement surgery resulting in a RR of 1.09 (95% CI, 0.92-1.29). When excluding 
FDRs who also were listed as patients with GH, the RR estimate for hip replacement surgery 
decreased (RR=0.93, 95% CI 0.78-1.12, Table 24). Compared to the marked increased risks 
for hip, knee and ankle joint replacement surgery among patients with GH (Table 24), risks 
among their FDRs were not increased, and were similar to the risks observed among spouses 
of patients. 
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 Table 24. Relative risks (RR) and Confidence intervals (CI) for joint surgery in patients with genetic hem

ochrom
atosis, overall and in first-degree relatives. All analysis adjusted 

for gender, age, m
arital status and county of residency for patients and sex, age and relation to patient for FD

Rs.  

  D
iagnosis 

Patients, A
ll G

H
-sources com

bined 
FD

R
s 

FD
R

s, patients excluded  

Joint replacem
ent surgery 

Patients  
Controls 

RR (95 %
 CI) 

FD
Rs 

Controls 
RR (95%

 CI) 
FD

Rs 
Controls 

RR (95%
 CI) 

H
ip 

133 
664 

2.88(2.39-3.47) 
155 

1,580 
1.09(0.92-1.29) 

124 
1,578 

0.93(0.78-1.12) 

Prim
ary hip 

118 
610 

2.77(2.27-3.38) 
136 

1,435 
1.05(0.88-1.25) 

108 
1,433 

0.89(0.73-1.08) 
Secondary hip 

21 
74 

3.88(2.39-6.32) 
27 

196 
1.54(1.03-2.30) 

21 
196 

1.28(0.82-2.01) 
K

nee 
50 

317 
2.14(1.58-2.88) 

89 
747 

1.32(1.06-1.64) 
70 

747 
1.11(0.87-1.42) 

Prim
ary knee 

48 
300 

2.17(1.60-2.95) 
87 

715 
1.35(1.08-1.68) 

68 
715 

1.13(0.88-1.45) 
Secondary knee 

4 
26 

2.03(0.70-5.83) 
5 

62 
0.90(0.36-2.23) 

4 
62 

0.76(0.28-2.09) 
A

nkle  
19 

22 
10.54(5.69-19.52) 

7 
126 

0.61(0.28-1.30) 
2 

125 
0.19(0.05-0.76) 
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5 DISCUSSION 
 
In in vitro and in vivo studies, the biological potential for iron to cause disease has been well 
established. In an attempt to investigate a causal relation between iron overload and disease 
several studies have used proxy variables for iron overload. These are however affected by 
inflammation, in turn a risk factor or marker for several of the diseases of interest, and may 
not accurately reflect iron overload. In contrast to GH, inflammatory diseases are 
characterized by a reticuloendothelial system loaded with iron. The different ways of storing 
iron in different diseases possibly results in different iron toxicity. For this reason, it is 
important not to mix patients with increased proxy variables for iron overload with true iron 
overload, when studying morbidity and mortality in the two disease entities. 
 
After the identification of the C282Y mutation associated with GH, several cross-sectional 
studies have been conducted studying the distribution of the mutation across populations 
trying to establish an association of the mutation with complications related to GH. The 
phenotypic expression of the mutated HFE-gene is however different in different individuals. 
In fact there is nothing to suggest that the mutation in itself is associated with disease, but it 
rather affect the susceptibility to iron accumulation. The identification of the C282Y gene has 
also had clinical implications; A relatively large population of heterozygous individuals with 
moderately elevated iron load, predominantly higher plasma concentration of potentially 
catalytically active iron is today identified in screening programs of first-degree relatives of 
patients with GH and in genetic evaluation of individuals with increased iron indices. To 
conduct an observational study by collecting data at the time of diagnosis, and then following 
these individuals prospectively over time, not using existing registers is unjustifiably 
expensive and time-consuming, whereas register-based studies may present results in 
reasonable time and at reasonable costs.  
 
 
5.1 STUDY DESIGN 
 
A cohort is a group of people who share a common characteristic or experience (exposure). A 
cohort study is undertaken to investigate the existence of a suspected association between 
exposure and outcome. The occurrence of disease in the exposed cohort is compared with the 
occurrence of disease in an unexposed cohort. Importantly, in the cohort study, the study 
population is chosen on basis of the exposure, and then followed for the outcome. The 
cohorts are observed over a period of time to disease, and the design enables efficient studies 
of a wide-range of outcomes, which was recorded as it happened.  
The advantage of a prospective cohort study is the longitudinal observation of the individuals 
through time, and the collection of data at regular intervals, reducing recall bias. Even though 
the design of our cohort studies was retrospective, the exposure data was collected 
independently of the outcome.  
One of the disadvantages of the cohort study design is that the prevalence of exposure in the 
population studied must be high to collect a cohort of exposed large enough for the statistical 
analysis. Since GH is the most common autosomal recessive inherited disease the cohort 
design is well suited for studying the disease. In Sweden there is a tradition of maintaining 
high quality registers making it possible to trace and follow all residents over time. Even 
though a study using case-control design is possible to conduct using register data, the cohort 
design is conceptually more easily understood. Using a case-control design in the context of 
the studies performed in this thesis would render in an enormous amount of data since 
information on all deaths, cancers, IHD and joint diseases registered for all residents of 
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Sweden have to be collected. We therefore chose to conduct four cohort studies to obtain 
reliable results on the effect of being a patient or a first-degree relative to a patient with GH 
on diseases suggested being associated with iron.  
There are many pitfalls in cohort studies involving how the exposure is defined, who is 
eligible to be followed for outcome (population at risk), and when the population at risk exits 
the study. The exposure in our studies was defined as being a patient with GH or being a 
relative to a patient with GH possibly sharing the same genes and environmental factors as 
the proband. Cohort studies are often expensive to conduct and are sensitive to participant 
drop out. Again, since the Swedish registers already exist the costs were minimized and 
attrition rates were negligible. On the other hand the available information on residents 
registered was restricted to the information already recorded and additional needed 
information could not be supplemented. 
 
In cohort studies the induction period for the disease to develop after exposure and the latent 
period during which disease exists but has not yet been diagnosed is important to consider. 
The impact on our result of the induction- and latent periods will be described below. 
 
The exit of a study is, except for death or lost of follow-up, dependent on the occurrence and 
the definition of the outcome studied. A disease may recur several times and the diagnostic 
tools may wary resulting in different fulfilled diagnostic criteria as in IHD or it may be fatal 
and therefore only appear once as in most cases of HCC. In this regard death is the ultimate 
endpoint in a study. Since we could not fully distinguish between a new case of the outcome 
diseases studied and an exacerbation of an earlier diagnosed episode of the disease we chose 
to end the follow-up at the first event of the outcome studied. Individuals with events 
occurring before start of follow-up were identified and excluded from further analyses. 
 
 
5.2 SYSTEMATIC ERRORS 
 
When designing a study attempts are made to reduce both random and systemic errors (bias). 
In contrast to random error, systematic errors are not affected by the size of the study 
population. Biases can be classified as (i) selection bias, (ii) misclassification and information 
bias and (iii) confounding.  
 
 
5.2.1 Selection bias 
 
A selection bias occurs when the association between exposure and outcome is different 
between individuals included and followed, and those not included in the study. Our studies 
were population based and all individuals in Sweden registered with the diagnostic code for 
GH at hospitalization or at an outpatient visit, were included. The inclusion was not optional, 
and therefore there was no selection of individuals more compliant than others.  
 
 
5.2.2 Misclassification information and bias 
 
Misclassification and information bias represent the largest pitfalls in register-based studies, 
and is a systematic error arising when the data concerning the study subjects are incorrect. 
The information may be incorrect, incorrectly registered or the information may be falsely 
recalled as in recall bias. When misclassification is similar in the cohort of cases and in the 



 

 48

comparator cohort; the misclassification is non-differential, and will bias the effect toward the 
null value. By contrast, in a differential misclassification or information bias the 
misclassification is related to the exposure or outcome, and thus differs in the cohort of 
exposed and unexposed, exaggerating or understating any observed associations between 
exposure and outcome. 
 
Since the prevalence of homozygosity for the C282Y mutation in Sweden is estimated to be 
approximately 1/80-1/200 140 but the penetrance is likely to be low, our index patients 
diagnosed with GH therefore comprise only a minority of the total pool of homozygous 
individuals in Sweden. They moreover represent a subset of homozygotes with signs, 
symptoms, or biochemical abnormalities indicative of GH. Therefore, they are possibly at a 
higher risk of diseases associated with iron overload than pre-symptomatic homozygous 
individuals. Importantly, however, although our cohorts do not encompass all homozygotes 
in the background population, patients identified represent a valid population-based cohort 
of individuals diagnosed with GH for other reasons than mere genotype. Although we 
cannot be sure that all index patients were in fact homozygous for the C282Y mutation, the 
small proportion that were not (e.g., 10% of the tested patients in the regional cohort; there 
is nothing to suggest that this figure would be different in the inpatient or outpatient cohort) 
is unlikely to have substantially affected the observed relative risks among the supposedly 
heterozygous first-degree relatives. Furthermore, in a genotyping study of Swedish patients 
identified because of clinical GH from 1997 to 1998 indicated that as many as 92% of these 
subjects were homozygous for the C282Y mutation.19. 
 
The reliability of the discharge codes in the Inpatient Register has been tested for other 
medical (including gastrointestinal and rhematological) conditions and shown to be 
satisfactory (80%-90%) 137. Because of the rarity of diseases resulting in secondary 
hemochromatosis (such as thalassemia, rare hematological diseases) in Sweden, the risk of 
misclassification of secondary hemochromatosis as GH is low. Reassuringly, the results 
regarding liver cancer from the regional cohort (where misclassification was minimal), in 
which almost all of the observed liver cancers were diagnosed during routine surveillance, 
were strikingly similar to those derived from the inpatient cohort with respect to the 
magnitude of the risk, the sex difference, and the distribution of primary and secondary liver 
cancer (paper I). The mortality in patients in the Regional Register and patients identified in 
the Outpatient Register was not significantly different (paper II). The patients identified for 
study III and IV were the same as used in the analyses for study II. I addition, alternative 
explanations for a spurious GH diagnosis was only found for minority of the patients 
diagnosed with GH when analyzing data in the Outpatient Register. 
 
In accordance with the inheritance pattern of GH, all parents and all children of patients are 
supposedly heterozygous for the disorder. Among siblings, however, approximately 25% 
will neither be heterozygous nor homozygous. Six percent of the FDRs of patients were 
also listed with the diagnostic code for GH. We cannot exclude that there were additional 
relatives than those identified who had clinical GH, which might explain their 5% increased 
mortality rate (but would not explain the similarly marginal increase in mortality rate 
among the spouses, which instead would point to a presence of other risk factors for 
increased morbidity and premature mortality in these families). 
 
The setting of the study allowed an unbiased identification and follow-up of the first-degree 
relatives and spouses. Differential misclassification cannot be ignored since the possibility of 
having a positive family-history of GH may result in an awareness of symptoms associated 
with GH, otherwise not noticed.  
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Observation bias must be considered in the cohort of patients. Cirrhotic patients with GH 
attend HCC surveillance programs and the high immediate cancer risks (paper I) are, most 
likely a result of symptoms or signs of hemochromatosis leading to a medical investigation 
during which a cancer was diagnosed (or vice versa). However, survival following diagnosis 
of liver cancer was poor, arguing against substantial bias due to early detection and 
misdiagnoses (as in liver cancer) of changes in the liver. The increase in RR for death in the 
inpatient cohort after year 2000 likely is explained by changed routines for the performance 
of liver biopsy, which up until 2000 typically were performed on an inpatient basis. 
Therefore, healthier patients being admitted for diagnostic procedures probably dilute the 
risk for death in the inpatient cohort before 2000. 
Joint disease and cardiomyopathy are assumptive clinical manifestations of GH possibly 
leading to an overestimated prevalence, or lower detection/reporting threshold of arthropathy 
and cardiomyopathy compared to the general population.  
The observation bias described above is related to the diagnosis of GH and is therefore 
differential and may in this case exaggerate an effect that must be accounted for when 
interpreting the results.  
 
Misclassification of outcome may also have occurred. Liver cancer may be primary or 
secondary and are not always evaluated histopathologically. However, all individuals 
diagnosed with liver cancer, died within three months after diagnosis indicating the diagnosis 
to be correct. The results regarding deaths were not specified in the main or underlying cause 
of death but as all cause mortality since the validity of the cause of death often is hard to 
establish. Different joint diseases may present with similar symptoms and co-occur signs. The 
same also apply to heart diseases. The validity of MI however has been established to be as 
high as 95%141. 
 
 
5.2.3 Confounding 
 
Confounding is a major threat to the validity of inferences on the association between 
exposure and outcome. A confounder is a factor that is closely associated (positively or 
negatively) with the exposure, and a risk factor for the outcome, but not an intermediate. 
There are various ways to modify a cohort study design to actively exclude or control 
confounding variables.  
 

• By only allowing certain age groups, a certain gender or individuals having some 
other factor in common into the study populations by restriction, some of the possible 
confounding are handled. Restriction cannot control for unknown confounding and 
restriction reduces the generalizability of the results.  
 

• Matching is possible in cohort studies. In our mortality and morbidity studies (paper 
II-IV), the controls selected from the background population were matched by gender, 
year of birth, county of residency and marital status. In our studies, if a control 
couldn’t be matched for the year of birth, we allowed the less strict matching criteria 
of first five years prior to or after the year of birth of the patient and then ten years 
prior to or after the year of birth of the patient in order to keep a high number of 
controls, however, resulting in the potential for residual confounding.  
 

If confounding is not controlled in the study design, it may still be possible to control in the 
data analysis by stratification and through multivariate analyses 
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• If a factor is assumed to be a possible confounder the data could be stratified for that 
particular factor, for instance age, analyzing the association between exposure and 
outcome per each age group. A stratified analysis proceeds under the assumption that 
within the categories of stratification variable there is no meaningful variability of the 
potential confounding factor. In the cancer study and in the mortality study (paper I-
II) having matched controls (paper II) we stratified for matching factors. A drawback 
in stratification is the risk of ending up with to thin strata, each containing few or no 
events. 

• A possible way to control confounding is to include confounders as covariates in 
multivariate analyses. In the studies of morbidity, the strata achieved when stratifying 
for confounding variables contained few study subjects. We therefore chose to use 
multivariate analyses adjusting for potential confounders, resulting in more reliable 
results.  

 
A major problem when handling confounding is that the confounding variables may be 
unknown or immeasurable. An association found between the exposure and the outcome may 
therefore be explained by other factors that have yet not been identified. This leads to 
incompletely controlled confounding called residual confounding. 
In our studies information about contributing risk factors for phenotypic expression of the 
C282Y mutation such as viral hepatitis or alcohol consumption was not available. 
 
 
5.3 RANDOM ERROR 

Statistics is used to estimate association after correcting for confounding described above and 
to assess variability in the data i.e. the spread of a variable. The goal of the analysis is to 
obtain an accurate result with as little error as possible.  

Confidence Interval (CI) is a range of values around the estimated effect indicating the 
amount of random error in the estimate. A wide CI indicates low precision in contrast to a 
narrow CI indicating high precision of the results. A major factor determining the width of a 
CI is the size of the sample used in the estimation procedure. In all studies comprising the 
thesis the study population was large; in fact the largest population of phenotypic GH patients 
or FDRs ever studied. Also the number affected by the outcome was the largest ever reported. 
The long and almost complete follow-up further contributed to high precision. 
 
 
5.4 INTERNAL AND EXTERNAL VALIDITY 
 
Validity is an expression of the degree to which a study is able to measure what it is intended 
to measure. If a association between exposure and outcome is properly demonstrated, in the 
absence of bias, confounding and random error, the internal validity is high.  
 
A study is said to possess external validity if the results may be generalized from the study 
setting to other populations and conditions. The most common loss of external validity comes 
from the fact that studies use participants often obtained from a single geographic location or 
with specific features (e.g. volunteers or blood donors). Because of this, one cannot be sure 
that the conclusions drawn about cause-effect-relationships do actually apply to people in 
other geographic locations or without these features. Our studies were population based 
including patients from all areas of Sweden. The enrollment of the study population was not 
optional increasing the generalizability of the results. Still the results concerning patients with 
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GH apply to those with phenotypic disease. In Sweden, according to the results from an 
autopsy study 27 approximately 9000 patients in Sweden may have GH. In our studies we 
have identified 3,800 patients registered with the GH-diagnosis. 

Patients identified in the Outpatient Register are unselected and most likely have, on 
average, milder disease with less co-morbidity than those requiring hospitalization. As 
expected, we observed the highest RR for death and disease among patients identified when 
hospitalized with GH. The higher risks noted could be due to the presence of risk factors 
leading to hospitalization and death but unrelated to liver disease. The results from previous 
studies on mortality and morbidity vary but there are differences in phenotypic expression 
in patients studied. The inclusion of cohorts of different origin also made it possible to 
compare findings between the cohorts and thus indirectly assess the validity of our results. 
The results concerning the patients identified in the Regional Register in paper I-II is very 
similar to those of the patients identified in the outpatient clinic.  

 
5.5 FINDINGS AND IMPLICATIONS 

 
The possible effect of iron on mortality and morbidity has been studied extensively in recent 
years. In general, previous studies have been conducted in different settings studying; 
individuals with increased iron load, patients with phenotypic GH and individuals with 
genetic markers for iron overload identified by screening. Only a handful studies have been 
conducted on individuals with genetic markers, such as C282Y, in combination with 
phenotypic expression.  
 
Patients with phenotypic GH. 
 
Patients with phenotypic GH are known to suffer from increased premature mortality 
compared to controls 10-12, 40. If adequately treated with iron depletion, and if liver cirrhosis or 
other secondary diseases can be excluded the life expectancy is however similar to the 
general population. There is a great variation in the phenotypic expression in GH- patients.  
 
In study II, the overall results of mortality and the results of mortality among patients 
identified on the basis of hospitalization with GH correspond to the result from a study 
conducted in patients (most similar to ours compared to other studies), identified in a primary 
care database in U.K. during approximately the same calendar period. By contrast, our results 
indicated only a marginally increased risk of death for patients identified on the basis of 
outpatient visits (RR, 1.15; 95% CI, 1.00 –1.33). The difference in result between our 
outpatient cohort and the UK primary care database study might to some extent be explained 
by some differences in GH severity. For instance, the prevalence of GH in our study was 
approximately 40 patients per 100,000 Swedish residents compared with 17 in the primary 
care database study, despite similar prevalence of the disease in the countries. (Age 
differences also may have had an impact on the RRs, with our subjects being younger than 
the UK subjects). 
 
Malignancy and IHD are diseases accounting for the great majority of premature deaths in 
developed countries. In study I, we observed a 20-fold risk of liver cancer among clinically 
identified patients with GH, but no or only a marginally increased risk for all other cancers 
combined. The previously reported relative risk estimates in phenotypic patients have varied 
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between 20 and 200 10, 13, 54, 55 and the corresponding prevalence of cirrhosis has varied from 
53% to 69%10, 54 indicating a selection of clinically severe cases in previous investigations.  
In our study, the relative risk was similar in the regional cohort (with an estimated prevalence 
of cirrhosis of 20%–25%) and in the inpatient cohort, which not only suggests a similar 
prevalence of cirrhosis in the 2 groups but also a generally less clinically severe study 
population than those of previous studies.  
 
Our study indicates, however, that although the relative risks were lower, the absolute risk 
gives reasons for concern (at least among men). Both in relative and absolute terms, female 
patients had a markedly lower yet increased risk than men. Childbirth and blood loss due to 
menstruation decrease excessive iron and may postpone the development of cirrhosis and 
subsequent liver cancer. Because alcohol abuse, which increases the prevalence of cirrhosis 
in GH142, is more common among men than women in Sweden143, differences in alcohol 
intake may also have contributed to the observed sex difference.  
 
The decrease in relative risk of liver cancer among patients over successive calendar periods 
of follow-up may be a result of increased recognition of patients with mild phenotypic GH. 
Furthermore, for unknown reasons, the incidence of liver cancer has declined in Sweden. If 
the factors underlying this decline interact with the risk conferred by GH, the secular trend 
might have been more pronounced in patients with GH. 
 
With respect to extra hepatic malignancies in patients with phenotypic GH the results are 
conflicting 54, 55, 57, 58, 64.  GH has been linked to esophageal cancer, malignant melanoma, 
colorectal cancer and lung cancer and extra hepatic malignancies overall in some but not in 
all studies. Common findings among studies presenting positive results are few cases of 
cancer, and the results are not adjusted for confounding. Interestingly, in one of the studies, 
five of the six extrahepatic cancers were localized in the oral cavity, and all affected patients 
were heavy smokers.  
 
Iron load is known to cause cardiac manifestations related to iron deposition in the 
myocardium leading to cardiomyopathy and conduction disorders. In contrast to the extensive 
iron deposition in the myocardium in GH-patients, iron deposition in coronary arteries is 
lacking 144. In fact, the role of iron in the process involved in atherosclerotic plaque formation 
is largely dependent on iron-loaded macrophages suggesting the distribution of body iron to 
be highly important in promoting IHD development145.  In contrast to the markedly altered 
distribution of body iron in GH, the body iron in patients with inflammatory diseases is 
confined to the reticuloendothelial system24. Inflammation promotes IHD in several ways but 
atherosclerotic plaques do contain iron-loaded macrophages, a mechanism that in part 
involves iron and hepcidin-mediated mechanisms. Theoretically, iron overload as seen in GH 
or in inflammatory processes or secondary iron overload may result in opposite risks for 
atherosclerosis possibly explaining the existing contradictory results regarding IHD and iron.  
 
In study III, we confirmed the well-known increased risk of cardiomyopathy among clinically 
identified patients with GH (presumably related to iron overload) strengthening our 
confidence that our study population represents a valid group of patients with phenotypic 
disease. By contrast, we found considerably weaker evidence of any altered risk of IHD.  
With regards to risks of IHD and cardiomyopathy among patients with GH, the results of our 
study are broadly in line with the findings from mortality-studies conducted during the 1970s 
to 1990s, in which GH patients had a reduced risk for death from IHD but a fivefold 
increased risk of death from cardiomyopathy13. In a cohort study by Niederau et al 
phenotypic GH patients had an increased mortality ratio for MI10. However, in an autopsy 
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study of patients with GH, coronary disease was less common in cases of iron-overload than 
in controls80,again, well conform with the findings of iron depleted macrophages. 
Consistent with our expectations in a population with co morbidity, the hazard ratios for most 
cardiovascular outcomes were higher among patients identified on the basis of hospitalization 
rather than outpatient visits with GH.  
 
The counterintuitive high risk of cardiomyopathy in spouses of patients with GH, especially 
in women, possibly is caused by risk factors, e.g. alcohol. Interestingly, women are shown to 
be more sensitive to ethanol-induced cardiac damage than men 146, 147. No excess risk for 
being diagnosed with somatic diseases or psychiatric disorders caused by excessive alcohol 
intake were identified in the cohort of spouses. This does not by any means exclude excessive 
alcohol consumption as an exogenous risk factor in the families studied. 
 
Joint changes in MCP- joints, a kind of arthritis characteristic for GH, are commonly found 
but the results have not been compared to the general population in most studies. 26, 108, 110, 115, 

118. Since the radiological findings may be similar to the findings seen in OA, it is difficult to 
assess whether symptoms are related to GH or not. Recently, however, histopathology 
changes characteristic of GH-related joint disease have been identified. The results in study 
IV of arbitrary sub groups of joint diseases indicated an increased prevalence of joint disease 
among patients with GH. Although, the estimated RRs may be overestimated due to lower 
detection/reporting threshold of arthropathy in patients since joint disease is an assumptive 
clinical manifestation of GH. The risk however for having a joint replacement surgery 
performed, serving as a more reliable measure of a destructive joint disease, was also 
increased. In the clinical setting, arthropathy in patients with GH may be mistaken for 
osteoarthritis, calcium pyrophosphate dehydrate arthropathy, or even rheumatoid arthritis 114-

116, which may explain the increased (albeit lower than risks for other joint diseases) risks for 
rheumatoid arthritis observed in our study.  
 
Phenotypic heterozygous individuals and FDRs to patients with phenotypic GH 
 
Siblings and twins of probands with phenotypic GH have higher levels of iron compared to 
sibilings and twins of individuals with non-phenotypic GH, indicating the importance of 
factors other than HFE mutations for phenotypic expression of the gene. 
Currently, individuals identified with elevated body iron or individuals identified to be related 
to a patient with GH are recommended genetic C282Y screening. Despite the large number of 
studies conducted on heterozygous individuals for the C282Y mutation, only a few studies, 
except for ours, study 49, 148 studied FDRs to patients with GH.  
 
In all studies on mortality in heterozygous individuals, the HFE mutation was identified 
without relation to iron indices or phenotypic GH in the family. Therefore, the results of these 
studies are not necessarily applicable in the clinical situation with a positive family screening 
around a newly diagnosed index case with phenotypic GH. In the study by Jacobs et al 49 
first-degree relatives of patients with GH were not found to be at increased risk for death. The 
study was however based on self-reporting questionnaires, the FDRs were identified by 
asking their proband and 24% of the identified FDRs refused to participate49. 
 
In study II, we observed a 5% increased risk of death among the first-degree relatives of 
patients with clinically diagnosed GH. After excluding first-degree relatives who themselves 
were diagnosed with GH, the marginally increased risk remained unchanged. When we 
assessed mortality in relation to order of clinical appearance, there was no statistically 
significant difference between the RR of death in the index patient (RR, 1.25) and the 
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mortality in the subsequent patient (RR, 1.05), although the latter point estimate of RR was 
lower, which might reflect family screening identifying milder cases, or benefits of early 
treatment (of screening-detected cases).  
 
Only two studies concerning malignancies among relatives of patients with phenotypic GH 
have been performed but the results are contradictory49, 76. Using history of cancer reported 
by relatives (with the accompanying risk of information bias), Nelson et al. suggested that 
heterozygosity for C282Y is associated with increased risk for colorectal cancers, 
hematologic malignancies, and gastric malignancies76. In contrast, in an Australian report, 
heterozygosity for the C282Y mutation was not overrepresented in patients with colorectal 
carcinomas49.  
 
In our first study, the relative risk was not elevated for several gastrointestinal cancers, 
including colorectal cancer. We observed a marginally increased risk of liver cancer (SIR, 
1.5; all cases occurred among parents). However, this increased risk of liver cancer must be 
interpreted in light of the following. Since most patients with GH are homozygous for the 
C282Y mutation, we would expect a higher prevalence of C282Y homozygosity among the 
parents of our index patients with GH than in the general population. Therefore, even in the 
absence of an association between heterozygosity and risk of liver cancer, we would expect to 
find an increased risk caused by an increase in the prevalence of homozygous parents.  
All liver cancers occurred in the earlier calendar periods of follow-up, and there was little to 
suggest an increased risk among the first-degree relatives in recent calendar periods. 
Screening of first-degree relatives has been common in Sweden ever since the discovery of 
the inheritance of hemochromatosis, which may have led to a decrease in the number of 
unidentified homozygous relatives over the years. Furthermore, the increased recognition of 
patients with mild phenotypic GH makes it plausible that the first-degree relatives of “recent” 
patients have a milder phenotype. Finally, the histopathologic spectrum of liver cancers was 
different among patients and their relatives.  
 
Whereas 25 studies (often based on screening in the general population) have been performed 
on IHD in individuals heterozygous for the C282Y mutation of the HFE-gene20-44, only three 
studies have assessed risks for cardiovascular diseases among close relatives of patients with 
phenotypic GH. Nelson et al demonstrated no increased risk of heart disease in two studies 
but in a study by Jacobs et al a significant difference in prevalence of cardiovascular 
disease was noted. The studies were all questionnaire based and the cardiovascular diseases 
were not specified resulting a major risk for both misclassification and information bias.  
 
We did not find any increased risks for IHD combined, angina pectoris, MI, arrhythmias or 
for having an pacemaker implant in FDRs of patients, or any increased risks of 
cardiomyopathy. Nor were any gender difference in risk of IHD noted.  
 
No study on joint disease in heterozygous individuals with increased iron load or in FDRs of 
patients with GH has previously been performed. We found no consistent pattern of increased 
or decreased risks of non-infectious arthritides or osteoarthritis, nor of joint replacement 
surgery, among their FDRs 
 
Clinical implications 
 
According to the existing literature and to our findings, phenotypic heterozygous individuals 
and FDRs of patients supposedly being heterozygous for the C282Y mutation and sharing 
other risk factors with their proband are not at increased risk for diseases associated with GH 
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nor with diseases accounting for the majority of deaths in the developed countries, at least not 
on a population level. The results regarding premature death show no increased risk 
compared to the general population. On the individual level however the risks for disease, 
and death is not known. The knowledge of what endogenous or exogenous factors that are of 
importance for phenotypic expression of the C282Y mutation is only scarcely known. Viral 
hepatitis, other liver disease and excess alcohol intake though, seem to be of importance. 
Therefore, in the clinical setting, on an individual basis, investigating viral hepatitis in all 
heterozygous FDRs of patients with GH, or in individuals identified as heterozygous for the 
C282Y mutation with concomitant signs of increased iron load, can be recommended. Excess 
alcohol consumption may be difficult to identify, also indicated in our study of IHD, and the 
possibility that iron accumulates in heterozygous individuals throughout life make it prudent 
to recommend heterozygous individuals to check their iron levels, on a regular basis.  
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6 CONCLUSIONS 
 
In the four studies described, the hitherto largest population based follow-up studies of 
patients with GH and their first-degree relatives,  
 
-we confirm the existence of an elevated risk of primary liver (hepatocellular) cancer 
among patients with GH. Among the first-degree relatives, we observed only a marginally 
increased and historic occurrence of liver cancer, the histopathologic spectrum of which 
differed from that of the patients. Furthermore, our study provided little support for the 
proposed increased occurrence of other cancers, colorectal cancer in particular, among 
individuals homozygous or heterozygous for GH. 
 
-we could confirm a markedly increased mortality rate in patients hospitalized with GH, but 
we detected only a modestly increased risk of death in patients with GH identified through 
other means than hospitalization with the disease. Among close relatives of patients with 
GH, we observed only a marginal (5%) increase in risk of death among the first-degree 
relatives of patients with GH, which did not differ substantially from that of non-biological 
family members (9%); and patients with a family history of GH were not at any particularly 
increased risk of death. 
 
-we could confirm the well known increased risk of cardiomyopathy among patients with 
GH (presumably related to increased iron overload). By contrast, we found less evidence of 
any altered risk of IHD among patients with GH, and no evidence of any increased risks for 
cardiomyopathy or IHD among their first-degree relatives.  
 
-we could confirm an increased occurrence of non-septic arthritides and osteoathritis among 
patients with GH, besides that observation our results indicate hat among these risks; patients 
were at particularly increased risks for orthopedic joint surgery, with little variation across 
proxies for severe GH (gender, and inpatient vs. outpatient care). By contrast, there was no 
consistent pattern of increased or decreased risks of non-septic arthritides or osteoathritis, nor 
of orthopedic surgical procedures, among their FDRs.  
 
In summary patients with phenotypic GH are at increased risk for death, and diseases 
described above. FDRs of patients with GH however are neither at increased risk for death 
nor diseases associated with iron load or the most common diseases in the industrial world, 
IHD and malignancies. In the absence of other risk factors for liver disease and if their iron 
load is only moderately elevated this thesis did not find evidence to suggest monitoring these 
individuals on a regular basis.  
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8 APPENDIX 
 
ICD-codes used when identifying events in patients, FDRs, spouses and controls. 

Diagnosis ICD-code 

IHD overall I20-I23, I25 

Angina Pectoris I20 

MI  I21-I22 

Cardiomyopathy  I420-I422, I429 

Arrhythmia  I44-I45, I47-I49 

Pacemaker implant FPE, TFP, FJP, FPF, FPH96, ZXG40, ZXG50, 
DFO13, DFO16 

All non-infectious arthritides including OA M02-M03, M05-M07, M10-M11, M13, M15-M19 

Reactive and postinfectious arthritides M02-M03 

Rheumatiod arthritis M05-M06 

Crystal arthritides M10-M11 

Gout M10 

Non-gouty crystal arthritides M07, M11 

Other athritides M12-M14 

Osteoarthritis M15-M19 

 
NOMESCO- codes used when identifying events in patients, FDRs, spouses and controls 

Joint reconstruction 
NOMESCO-code joint 
replacement overall 

NOMESCO-code primary 
procedure 

NOMESCO-code secondary 
procedure 

Shoulder NBB, NBC NBB NBC 

Elbow NCB,NCC NCB NCC 

Hand  NDB 09-59, 89, 99, 
NCB 09-49, 59, 89, 99, 
NDG, NDH 

NDB 09-59, 89, 99 NCB 09-49, 59, 89, 99 

Hip NFB, NFC, NFG NFB NFC 

Knee NGB, NGC, NGG NGB NGC 

Ankle NHB, NHC, NHG NHB NHC 
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9 SUMMARY IN SWEDISH FOR LAYMEN 
(Sammanfattning på svenska för lekmän) 
 
Ärftlig Hemokromatos är en sjukdom som karaktäriseras av järninlagring i organ som lever, 
hjärta, bukspottkörtel. Järninlagring kan också ses i leder. 
 
Sjukdomen orsakas av en defekt i arvsanlaget, en s.k. C282Y mutation i HFE-genen och 
sjukdomen nedärvs autosomalt recessivt. Detta innebär att en mutation måste ärvas från 
båda föräldrarna för att sjukdomen ska kunna utvecklas. Alla med dubbel uppsättning av 
mutationen utvecklar inte sjukdomen. Ytterligare någon faktor tycks krävas för att 
sjukdomen ska blomma ut. 
 
Klassiska manifestationer av ärftlig Hemokromatos är skrumplever, levercancer, diabetes 
mellitus, hjärtsvikt orsakad av kardiomyopati och ledbesvär. Järn tros även ha betydelse för 
uppkomsten av andra sjukdomar som hjärt- och kärlsjukdom samt cancer. 
 
Individer som endast ärvt en mutation är vanligt förekommande i Nordeuropa (1/5-1/15). 
Dessa utvecklar sällan ärftlig Hemokromatos men har ofta större järndepåer i kroppen än 
individer som saknar mutationen. Framförallt syskon och tvillingar till patienter med ärftlig 
Hemokromatos har högre järnvärden än syskon och tvillingar till individer med genetisk 
förutsättning för men ej utvecklad sjukdom. 
 
Om patienter med ärftlig Hemokromatos behandlas med blodtappning drabbas de inte av de 
beskrivna följdsjukdomarna till Hemokromatos. Då mutationen är identifierad kontrolleras 
alla förstagradssläktingar (föräldrar, syskon och barn) till patienter med Hemokromatos för 
att klargöra om de har dubbel uppsättning av mutationen. Detta leder till att såväl patienter 
med Hemokromatos som individer med en C282Y mutation identifieras. Kunskapen om 
risken att drabbas av förtidig död eller sjukdom för dessa individer jämfört med 
bakgrundsbefolkningen är dock liten. Det finns av denna anledning inga rekommendationer 
om hur och om dessa individer bör kontrolleras. 
 
Syftet med denna avhandling var att klarlägga hur stor risk det är för patienter med ärftlig 
Hemokromatos och framförallt deras förstagradssläktingar att drabbas av för förtidig död 
eller av sjukdomar som cancer, hjärtsjukdom relaterad till åderförkalkning, ledbesvär eller 
behov av ledoperationer jämfört med bakgrundsbefolkningen. Patienter och deras 
förstagradssläktingar identifierades därför med hjälp av svenska nationella hälso- och 
sjukvårds register samt Flergenerationsregistret. Genom länkning av de identifierade 
individernas personnummer till andra register såsom folkbokföringen, Dödsorsaksregistret, 
Cancer registret och Patient registret kunde alla de som avlidit, drabbats av sjukdom eller 
flyttat utomlands identifieras och resultaten jämföras med resultat för 
bakgrundsbefolkningen. 
 
I studien om risk för förtidig död (studie II) identifierades 3 832 patienter med ärftlig 
Hemokromatos och 14 496 av deras förstagradssläktinger. 940 patienter och 1 978 
förstagradssläktingar avled under uppföljningstiden. Resultaten för patienterna jämfördes 
med de antal dödsfall som konstaterades bland 38 969 kontroller som slumpvis valts ur 
folkbokföringsregistret och resultaten för patienternas förstagradssläktingar jämfördes med 
143 349 förstagradssläktingarna till kontrollerna. Vi kunde bekräfta en ökad dödlighet 
bland patienter med ärftlig Hemokromatos som identifierats i samband med sjukhusvård. 
Endast en lätt ökad risk för förtidig död sågs bland de patienter som kontrollerats för sin 
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sjukdom på öppenvårdsmottagningar. Denna skillnad i risk kan troligen förklaras av att de 
individer som kontrolleras i öppenvård generellt sett är friskare än de som vårdas på 
sjukhus. Bland förstagradssläktingarna konstaterades också en lätt ökad risk för förtidig död 
men denna var i paritet med den risk som make eller maka till patienten med ärftlig 
Hemokromatos . Detta talar snarare för att det finns andra riskfaktorer i familjen för tidig 
död än ärftlig Hemokromatos. 
 
I studien om risk för cancer (studie I) identifierades 1 847 patienter med ärftlig 
Hemokromatos. Under uppföljningstiden drabbades 190 av cancer. 5 973 
förstagradssläktingar identifierades och av dem drabbades 529 av cancer. Resultaten 
jämfördes därefter med ålders- och könsspecifika tal för cancerförekomst i den svenska 
befolkningen. Vi kunde bekräfta en förhöjd risk för levercancer hos patienter med ärftlig 
Hemokromatos. Hos förstagradssläktingarna fanns under nutid ingen ökad risk för 
levercancer. Ingen ökad risk för andra cancerformer än levercancer sågs varken hos 
patienter med ärftlig Hemokromatos eller hos deras förstagradssläktingar. 
 
I studierna om risken för att drabbas av hjärt- och kärl sjukdom som är relaterad till 
åderförkalkning, kardiomyopati, ledsjukdom samt risken att behöva genomgå ledoperation 
bland patienter med ärftlig Hemokromatos och hos deras förstagradssläktingar 
identifierades 3 531 patienter med ärftlig Hemokromatos och 11 794 förstagradssläktingar 
(studie III-IV). Resultaten för hjärt- och kärlsjukdom, ledbesvär och ledoperation hos 
patienterna jämfördes med resultaten för 37 369 kontroller och resultaten för 
förstagradssläktingarna jämfördes med resultaten för 129 291 förstagradssläktingarna till 
kontrollerna. Vi kunde bekräfta en förhöjd risk för kardiomyopati hos patienter med ärftlig 
Hemokromatos. Däremot kunde vi inte se någon entydigt ökad risk för hjärt- och 
kärlsjukdom relaterad till åderförkalkning bland patienterna eller hos 
förstagradssläktingarna. Förstagradssläktingarna hade heller inte någon ökad risk för 
kardiomyopati. 
 
Bland patienterna kunde vi konstatera en ökad risk för ledsjukdom och behov av led 
operation. Däremot såg ingen ökad risk för detta bland förstagradssläktingarna. 
 
Sammanfattningsvis löper patienter med ärftlig Hemokromatos en ökad risk för förtidig död. 
De löper också en ökad risk för att drabbas av de ovan beskrivna sjukdomarna. 
Förstagradssläktingar löper däremot varken ökad risk för en förtidig död eller för sjukdomar 
som är associerade till järninlagring. Inte heller risken för de två vanligast sjukdomarna i I-
världen, cancer och hjärt- och kärlsjukdom, är ökad hos förstagradssläktingarna. Under 
förutsättning att förstagradssläktingarna inte har andra riskfaktorer för leversjukdom som 
virus hepatit eller alkohol överkonsumtion behöver de inte följas med regelbunden 
provtagning eller regelbundna kontroller.  
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