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HEMOCHROMATOSIS

Nomenclature attributed to German pathologist 
Friederich von Recklinghausen (1889(: Abnormal 
pigmentation (“chrom”) in the tissues of patients 

with this disorder was related to factors circulating 
in the blood (“hemo”)



How does iron enter the body?

https://www.niddk.nih.gov/health-information/digestive-diseases/digestive-system-how-it-works

Iron absorption usually occurs at 
a low rate (1–2 mg/day)



The liver regulates iron through hormone signals
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Transferrin carries iron in the blood

Ferroportin is a transmembrane iron exporter. 

In the intestinal epithelium ferroportin allows dietary 

iron that is taken up by absorptive cells to enter the 

circulation. In macrophages ferroportin serves to 

recycle used iron from red cells.

Hepcidin, a small peptide produced by the 

liver, controls the activity of ferroportin by 

attaching to it and targeting the protein for 

destruction in the lysosome. Hepcidin levels 

fluctuate in response to the body's iron needs.

Ferroportin

reduction of Fe from 3+ to 2+

divalent-metal transporter 1



Andrews NEJM 2012;366:376-377

Hepcidin binds to an extracellular 

loop on ferroportin to trigger 

internalization and lysosomal 

degradation

The physiologic response to iron deficiency is 
decreased hepcidin production at the level of 

transcription. Hepcidin production can also be induced 
by inflammatory cytokines. As such, chronic 

inflammation can lead to anemia secondary to increased 
hepcidin levels (anemia of chronic disease). By contrast, 

most cases of HH are due to inappropriately low 
expression of hepcidin relative to circulating iron and 

body iron stores.



Hepcidin: A hormone made by the liver 
that is released into the blood in response 
to circulating iron levels. Hepcidin blocks 
iron absorption from the intestine.

HEPCIDIN Iron Excess

Inflammation

Iron 
Deficiency



• Inherited 

• Gene mutations that impact 
regulation of iron absorption 
(low hepcidin or abnormal 
binding of hepcidin to 
ferroportin)

Primary 
Iron 

Overload

• Excess IV iron (blood 
transfusions)

• Dysfunction of iron regulation 
caused by other conditions

Secondary 
Iron 

overload

The American Journal of Gastroenterology: August 2019 -
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Iron storing 
proteins 
become 
saturated

Free iron 
species 
accumulate 
in plasma

Uptake into 
cells to form 
Labile Iron 
Pools

N Engl J Med. 2012 Jan 26;366(4):348-59.

Non-
transferrable 
Bound Iron 

(NTBI)

Labile 
Plasma 

Iron (LPI)

Free iron catalyzes 
production of Free 

Radicals

DNA destruction 
and cellular 

damage

Inhibits oxidative 
phosphorylation in 

mitochondria

There are no physiological mechanisms to rid the body of excess iron



Hereditary Hemochromatosis Gene Testing: 
HFE Gene (Type 1 HH)

C282Y H63D S65C

C282Y C282Y C282Y

C282Y/C282Y 
Homozygote

C282Y/H63D 
Compound 

Heterozygote

Approximately 80–85% of patients with marked iron overload will demonstrate a 
C282Y/C282Y genotype and approximately 5% a C282Y/H63D phenotype



Prevalence of HH (Type 1)

The homozygous C282Y mutation

Non-Hispanic whites (0.44%)
Native Americans (0.11%)

Hispanics (0.027%)
African- Americans (0.014%)

Pacific Islanders (0.012%)
Asians (0.000039%)

The prevalence among non-Hispanic whites in the 
United States is 1 in 300



Genotype versus Phenotype

https://evolution.berkeley.edu/evolibrary/article/side_0_0/genovspheno_01

An organism’s GENOTYPE is the set 
of genes that it carries.

An organism’s PHENOTYPE is all its observable 
characteristics, which are influenced both by its 
genotype and by the environment.



Does everyone with the same HFE mutations 
develop the same problems with iron? 

Clinical symptoms usually appear 
after menopause, due to iron loss 

during menstruation, pregnancy, and 
lactation offsetting the increased 

absorption of iron during this time

Biochemical penetrance (an increased transferrin saturation with or without elevation in serum ferritin) has been 
estimated to be 75% in men and 50% in women, based on 2 large studies done in the United States and Australia. If 
iron overload + iron related organ damage is used to define penetrance, rates are <30% in men and <5% in women. 

NEJM 2005; 352(17):1769–78.; NEJM 2008;358(3): 221–30. 

Disease manifestations usually occur 
earlier than in women, most 
commonly in the fourth to fifth 
decades of life 



Variable Penetrance 

Modern Pathology volume 20, pagesS31–S39 (2007)

The percentage of individuals with a given 
GENOTYPE who exhibit the PHENOTYPE associated 
with that genotype. Expression of phenotype may be 
modified by both genetic and environmental factors

https://www.ncbi.nlm.nih.gov/books/NBK22090/

pen·e·trance

There is considerable variation in the clinical expression of at risk 
(C282Y/C282Y and C282Y/H63D) HFE genotypes.

There appear to be modifier genes (TF, HIF1A) which impact the 
expression of HFE mutations.

https://www.nature.com/modpathol


Are there other types of primary (genetic) 
iron overload?

Juvenile HH
• Hemojuvelin

• HAMP

Ferroportin
Disease

• Iron in the 
spleen

• May be 
anemic

Transferrin 
receptor 2

• Looks similar 
to HFE

The estimated frequency of iron overload 
caused by pathogenic variants of 

hemojuvelin and transferrin receptor 2 is 1 
in 5–6 million people; pathogenic variants 

arising from mutations in the hepcidin gene 
are even less common



The American Journal of Gastroenterology: August 2019 
- Volume 114 - Issue 8 - p 1202-1218



Primary Iron Overload Summary

Category Age of Onset Gene Mutated Genotypes

Type 1 Adult HFE C282Y/C282Y
C282Y/H63D

Type 2A Juvenile Hemojuvelin

Type 2B Juvenile Hepcidin

Type 3 Adult Transferrin Receptor 2

Type 4 Adult Ferroportin

Among patients with marked iron overload (phenotypic 
hemochromatosis), HFE mutations dominate (Type 1 HH).



What conditions can result in problems with 
iron regulation (secondary iron overload)?

Certain 
Anemias

IV Iron or 
blood 

transfusions

Chronic Liver 
Disease

Chronic 
Inflammation

Sickle Cell
Thalassemia major

Rheumatoid arthritis
Systemic Lupus 

erythematosus (SLE)

Aplastic anemia
Long-term hemodialysis

Chronic viral hepatitis
Alcoholic liver disease
Nonalcoholic fatty liver



How is iron metabolism disordered in other CLD?

• Increased intestinal iron absorption

• low hepcidin levels due to ethanol-induced 
downregulation of the transcription factor 
regulating hepcidin expressionALD

• “dysmetabolic” or “insulin-resistance hepatic 
iron overload syndrome”

• high SF levels and normal serum iron, related 
to hepcidin downregulation from insulin 
resistance

NAFLD

• 30%–40% of HCV-infected patients have 
elevated serum iron, SF, and TS

HCV
AUD or NAFLD are far 

more common than non-
HFE hemochromatosis



What organ systems are affected by iron overload?

Liver

Skin

HeartJoints

Endocrine

Elevated liver enzymes
Hepatomegaly
Fibrosis
Cirrhosis
HCC

Arthralgia 
Arthritis 

Hypermelanotic pigmentation (bronze skin) 
Hyperglycemia 
Diabetes mellitus 
Hypogonadism 
Testicular atrophy 
Amenorrhea
Loss of libido 
Hypopituitarism

Fatigue and arthralgias
are the most common 

symptoms encountered 
early in the disease 

Cardiomyopathy
Arrhythmia

Heart failure *Prevalence 
is low in 
Type 1 HH



Endocrine

Diabetes ~13%–23%Iron accumulation injures islet cells

• Impotence

• Loss of libido

• Osteoporosis
MEN

• Amenorrhea

• Early 
menopause

WOMEN

Hypogonadotropic Hypogonadism

Hypothyroidism:
80 X increased risk in men 
compared to general 
population

Up to 25% develop 
osteoporosis



Joints

Arthropathy is generally 
symmetrical and can be 
mono- or polyarticular

2nd/3rd

metacarpophalageal
joints

Proximal 
interphalangeal 

joints

HH- associated arthritis can be 
distinguished from certain 

other forms of arthritis based 
upon features seen on x-rays

wrist, elbows, 
shoulders, and hips 

may also be involved

*hook-shaped osteophyte of the metacarpal head



Cardiac

The overall prevalence of cardiac manifestations among patients with HH is 
relatively low (1-3%). Accumulation of iron in the heart can result in 
cardiomyopathy, both restrictive and dilated, arrhythmias including sick sinus 
syndrome and atrial fibrillation, and heart failure.



How does hemochromatosis affect the health of the 
liver?

The liver is the 
most commonly 
affected organ 

in type 1 HHHH. 

Lifetime risk of cirrhosis 
approaches 10% among 
untreated men with HH 

Asymptomatic 
LFT or Iron 

study 
abnormality

Incidental 
imaging with 
iron overload

Complications 
of advanced 
liver disease

The risk of developing cirrhosis rises significantly with serum ferritin levels of 1,000 ng/mL at diagnosis.



Is it safe to drink alcohol with 
hemochromatosis?

>80 g of daily alcohol consumption can 
significantly reduce survival in HH

HH

>60 
grams/day

9x 
increased 

risk for 
cirrhosis

https://www.niaaa.nih.gov/alcohols-effects-health/overview-
alcohol-consumption/what-standard-drink



What is the risk of liver cancer for people with HH?

Disease staging in HH is important to identify those at risk for HCC.
Once cirrhosis is identified in HH, appropriate screening for HCC is critical.

45% of HH cirrhosis deaths

Cause of Mortality
6-10%, men > women

10-Year Incidence in 
HH Cirrhosis

Ferritin >2000 ng/mL 

Serum ferritin as 
marker of risk



What diagnostic testing should be done in patients with 
suspected iron overload?

Iron overload may also be 
present with an elevated SF 
level and a normal TS level, 

particularly in non–HFE-
related iron overload 

C282Y/C282Y in combination 
with elevated ALT/AST levels 

and a low platelet count, 
predicts cirrhosis in more 

than 80% of patients 

Transferrin 
Saturation

Serum 
Ferritin

TS 
>45%

Ferritin 
<200/300 

ng/mL

Ferritin 
>1000 
ng/mL

Identifies 97.9%–100% 
of C282Y homozygotes 

With TS<45% NPV of 
97% for excluding 

iron overload 

Iron panel
HFE testing
LFTs
Platelets
MRI
Liver Biopsy



How can we demonstrate iron excess in the liver?

https://www.webpathology.com/image.asp?case=234&n=4

https://www.niddk.nih.gov/health-
information/diagnostic-tests/liver-biopsy

Prussian Blue Staining (Perl’s reaction)

Hepatic iron index (HII) and Hepatic iron concentration (HIC)



Pathologic findings in iron overload disorders
(a) HFE hemochromatosis (type 1): parenchymal 

iron overload with porto-central gradient; 
(b) Tfr2 hemochromatosis: parenchymal, periportal 

iron overload; 
(c) juvenile hemochromatosis: panlobular iron 

overload; 
(d) ferroportin disease: predominant Kupffer cell 

iron overload; 
(e) African siderosis: parenchymal cell iron 

overload; 
(f) thalassemia major: massive iron overload in the 

hepatocytes and Kupffer cells.

The American Journal of Gastroenterology: August 2019 -
Volume 114 - Issue 8 - p 1202-1218



How can we identify iron excess in the liver? 
MRI T2*

MRI is the most sensitive imaging 
modality for the diagnosis of 
hemochromatosis and can estimate 
iron concentration within the liver

(a) Iron deposition in the liver 
from type 1 hereditary 
hemochromatosis; 

(b) Iron deposition in the liver 
and spleen on the MRI, 
consistent with secondary 
iron overload.

The American Journal of Gastroenterology: August 2019 - Volume 114 - Issue 8 - p 1202-1218



If an MRI can measure iron in the liver, what is 
the role for liver biopsy in HH?

• HH + other CLD

• Secondary iron 
overload

Diagnosis

• How much 
fibrosis*

• Elastography in HH
Staging

*Especially C282Y homozygotes with ferritin 1,000 ng/mL or higher 



When does HH need to be treated?

C282Y/C282Y

Elevated serum 
ferritin (300/200) 
and iron saturation 
(45%)

C282Y/C282Y

Normal serum 
ferritin

C282Y/H63D

Low risk for iron 
overload or liver 
fibrosis absent other 
factors (such as 
NAFLD, DM, alcohol)

Treat

Monitor

Monitor

The American Journal of Gastroenterology: August 2019 - Volume 114 - Issue 8 - p 1202-1218



Therapeutic Phlebotomy 

https://www.hopkinsmedicine.org/health/conditions-and-diseases/hemochromatosis

• 500ml blood weekly

• Monitor Hgb (goal >11g/dL)

• Monitor ferritin (goal 50-100 
ng/mL)

Initial Phase

• Maintain ferritin near 50 
ng/mL

• Typical frequency 4x per year

• Proton pump inhibitors

Maintenance 
Phase



Can blood donation be used to treat HH?

https://www.fda.gov/vaccines-blood-biologics/blood-blood-products/donating-blood-questions-and-answers

The Red Cross does not currently accept blood donations from individuals who have hereditary hemochromatosis or from those who require 
treatment for iron overload by therapeutic phlebotomy.

Call to schedule 877-659-2001

3636 Gateway Center Avenue, Suite 100

San Diego ǀ CA 92102

Office: 619-400-8251

donorservices@sandiegobloodbank.org
www.sandiegobloodbank.org

1. label such blood with the donor's 
disorder 

2. have a physician examine the 
donor at the time of donation if 
less than eight weeks has passed 
since the previous donation.

mailto:donorservices@sandiegobloodbank.org
https://gcc02.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.sandiegobloodbank.org%2F&data=04%7C01%7C%7Cb235612fc45848fa2e2f08d9253302b8%7Ce95f1b23abaf45ee821db7ab251ab3bf%7C0%7C0%7C637581724178982220%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=wyRz2%2FLKKxU3RAhQ%2FEAza5AoXNBOjtDDFVeEf%2BLNuas%3D&reserved=0


What about patients with HH who cannot tolerate 
TP?

Chelator 
Drugs

What’s a chelator?

What are the downsides?

Who is a candidate?



Iron Chelation Therapy

Chelation is not recommended as 
first line therapy in HH due to 
inferior efficacy compared to 

phlebotomy along with 
considerations for cost, 

safety/tolerance.  

Chelation  [ kee-ley-shuhn ]

Deferoxamine 
(Desferal)

• IM/IV/SQ Administration

• Binds free plasma iron and 
iron from intra-lysosomal 
ferritin

• Water-soluble Ferrioxamine 
excreted in urine and bile

Deferiprone 
(Ferriprox)

• Iron overload with 
Thalassemia major (second 
line)

• PO Administration, urinary 
excretion

• Binds to ferric (Fe3+) iron

Deferasirox
(Exjade, 
Jadenu)

• PO Administration, excreted 
in feces

• Binds to ferric (Fe3+) iron



Dietary Precautions with HH

Elimination of red meat and other 
sources of dietary iron is not 

necessary in the patient undergoing 
phlebotomy, although dietary iron 
restriction may reduce the amount 

of blood needed to be 
phlebotomized.

Patients with HH should be advised to 
avoid vitamin C supplements because 
ascorbic acid increases iron absorption 

The American Journal of Gastroenterology: August 2019 - Volume 114 - Issue 8 - p 1202-1218



Patients with HH may have a 
compromised immune system as iron 

overload is associated with 
dysregulation of CD81 T cells, which 
can facilitate the growth of certain 

bacteria including Listeria 
monocytogenes, Yersinia enterocolitica, 

Escherichia coli, and Vibrio vulnificus 

Gastroenteritis

Sepsis

Necrotizing fasciitis

The American Journal of Gastroenterology: August 2019 - Volume 114 - Issue 8 - p 1202-1218



Liver Transplant

ESLD or HCC

Survival similar to 
other etiologies

Normalizes 
Hepcidin and iron 

metabolism

Pre-LT treatment 
of iron overload 

not requisite



Wang S, Toy M, Hang Pham TT, So S (2020) 

Causes and trends in liver disease and 

hepatocellular carcinoma among men and 

women who received liver transplants in the 

U.S., 2010-2019. PLoS ONE 15(9): e0239393. 
https://doi.org/10.1371/journal.pone.0239393

a1AT, HH, WD



Selective screening of 
first-degree relatives of 
patients affected with 
type 1 HH is suggested.



Thank You

Heather.Patton@VA.gov

hpatton@health.ucsd.edu
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