
www.wjpr.net     │    Vol 11, Issue 12, 2022.     │     ISO 9001:2015 Certified Journal      │ 

Shah et al.                                                                            World Journal of Pharmaceutical Research 

958 

 
 

 

HEREDIATRY HEMOCHROMATOSIS “AN ETIOLOGICAL 

CONCEPT” 

 

Priya Shah*
1
, Ankit Verma

1 
and Lalit Rana

1 

 

IIMT College of Pharmacy, Knowledge Park-3, Greater Noida. 

 

ABSTRACT 

Hemochromatosis is now considered as an inherited autosomal 

recessive disorder. In 1935 it was identified as inherited disease. It 

mainly occur in caucasian with a prevalence of 1 in 300 to 500 

individual. In this disorder iron is deposited in many organ and due to 

this, various complication arises like cirrhosis and fibrosis. HFE gene, 

which is located on chromosome no. 6 is responsible for the absorption 

regulation of iron in the body. HFE gene produce a protein called HFE 

protein that is bound to transferrin and thus regulate the absorption of 

iron from intestine. Mutation in the HFE gene cause production of 

altered protein, this can ultimately lead to the disruption in the 

absorption of iron. Low hepcidin secretion leads to increased duodenal absorption of dietary 

iron, most commonly in C282Y homozygous individual. 
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INTRODUCTION 

Hemochromatosis is an autosomal inherited disease. It was first identified in 1800s and then 

in 1935 it understood to be an inherited disease.
[1]

 Hemochromatosis is the common disorder 

in united state and it affect people approx 1 million. Northern European people was mainly 

affected by this disorder. Hemochromatosis happpened due to continuously absorption of iron 

through small intestine from daily diet. Normal iron absorption rate is 1-2 mg per day, it 

occur throgh small intestione. In hemochromatosis person this absorption rate reaches upto 4-

5 mg per days. So, it causes increase the quantity of iron in the body and too much iron 

causes toxicity. It accumulated into various organ/tissue and damage the organ this can lead 

to the development of disease like diabetes mellitus and cirrhosis.
[2]

 Liver is the most affected 

organ by hemochromatosis because of it’s high blood flow. Cirrohis is developed when iron 
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deposited and accumulated in the liver tissue.
[3]

 Hemochromatosis also called as bronze 

diabetes because iron damage the pancreatic cell, which is responsible for the production of 

insulin. Damaged pancreas does not produced insulin properly.
[4]

 Hepcidin protein is 

responsible for the regulation of iron in the body, development of hemochromatosis is due to 

the failure of regulation of iron by hepcidin protein found in liver.
[5]

 

 

Etiology 

Hereditary Hemochromatosis is an autosomal recessive genetic disorder that occur in 

approximately 1 in 300 people, it is mainly associated with the deficiency of iron regulatory 

hormone called hepcidin. it can damage various types of organ like liver, pancreas, joints, 

heart, skin and gonad. In hereditery hemochromatosis, deposition of iron in parenchyma cell 

although transfusional Hemochromatosis deposition of iron in the reticuloendothelial cells. 

Iron is deposited on different organs of body and can cause organ damage.
[6]

 Mutation in the 

hemochromatosis gene(HFE) results in occurance of hereditary hemochromatosis.  Most 

common mutation seen in the gene are C282Y and H63D. mutation in the gene leads to 

increase the absorption of iron content despite a normal dietary iron intake.
[7]

 

 

Hereditary Hemochromatosis must be distinguished from secondary forms of iron overload, 

such as those caused by repeated red blood cell transfusion or anaemia owing to ineffective 

erythropoiesis. The european association for the study of the liver (EASL) define hereditary 

Hemochromatosis as C282Y homozygosity and increase body iron store  in organ without 

any symptom shown.
[8]

 A report of meta analysis of 2802 european people had seen clinical 

iron overload found that 81% were homozygous for the C282Y mutation in the HFE gene on 

the short arm of chromosome 6. A smaller portion of like 5% were compound heterozygous 

for the C282Y mutation. Other mutation is also seen in the gene but it is rare.
[9]

 Prognostic 

review found that 75% of homozygous people have raised iron parameter like ferettin and 

transferrin in blood. The clinical penetrance in men is about 40% and female in about 

10%
[10]

, the lower penetrance in female is due to iron loss through menstrual bleeding and 

childbirth.
[11] 
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Figure 1. Diagramatic representation shows Base pair substitution mutation (C282Y) in 

the chromosome no. 6. 

 

 

Figure 2. Diagramatic representation shows Base pair substitution mutation (H63D) in 

the chromosome no. 6. 

 

Balance and Regulation of Iron 

Body iron content is regulated by the complex regulation of dietary iron absorption from G.I 

tract. No any pathway present in the body for the removal of excess iron. Daily involuntary 

losses of ~1 mg occur via desquamation of cell in G.I tract. Additional iron loss occur in 
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female due to menstrual loss and pregnancy, so this can result to require to absorb 1-2 

mg/days of dietary iron to maintain normal iron balance. Iron is mostly present in 

haemoglobin with some amount (300mg) in myoglobin. Iron containing enzymes involved in 

respiration present in all tissue and there is a small amount of iron bound to transferrin (Tf) at 

any one time in the plasma and extravascular circulation. Transferrin is a glycoprotein, 

produced in liver and it regulated by body iron stores. In iron deficiency condition production 

of transferrin is increases and in iron overload condition production of transferrin is 

decreases. Two iron binding domain is present in each transferrin molecule. In the course of 

24hr transferrin will transport 20-40 mg of iron to the tissue from body stores unit. Cell 

accepts iron from transferrin via interaction with their cell surface transferrin receptor. Iron 

will accept more readily in diferric state rather than monoferric state.
[12]

 Ferritin is 

responsible for the safe storage of iron in a readily accessible soluble form. Ferritin is present 

in all cells. In case of intracellular excessive iron form, ferritin molecule may aggregate to 

form insoluble haemosiderin. Macrophage of RES is the largest body iron store, which in 

health may store upto 1g of iron in either ferritin or haemosiderin.
[13]

 

 

Epidemiology and Prevalence 

The major cause of spreading hemochromatosis is lack of awareness, long latency period and 

non-specific symptoms. Hereditary hemochromatosis is the major common autosomal 

recessive disorder occur in caucasian with a prevalence of 1 in 300 to 500 individual.
[14]

 Type 

2,3 and 4 hereditary hemochromatosis is seen worldwide but type1 form is mostly seen in 

people of northern european descent.
[15]

 Symptoms of hereditary hemochromatosis in female 

are seen later than men due to blood loss and consequent iron excertion associated with 

mensuration. 

 

Prevalence of C282Y homozygosity is approximately one out of 250 in population of 

predominantely northern european descent.
[16-18]

 Feder et al. in 1996 initially reported the 

presence of mutation in large proportion of patient.
[19]

 Two types of mutation i.e C282Y and 

H63D mutation seen in HFE gene in most of Hemochromatosis patient (especially those of 

north european origin). These mutation are characterized by replacement of cysteine with 

tyrosine at position 282 and histidine with aspartic acid at position 63.  

 

The mean prevalence of C282Y allele varied is approximately 6%.
[20]

 The frequency varies 

between 5-10% in other northern european countries.
[21-22]

 It is seen less frequent in ~1-2% in 

southern Europe
[23]

 and extremely rare in nonwhite population.
[24]

 Approx 90% of individual 
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with hereditary hemochromatosis are C282Y homozygotes while 5% or less are 

C282Y/H63D compound heterozygotes.
[25-26]

 

 

Role of HFE gene In Absorption of Iron 

HFE gene make a protein called HFE protein, this protein is associated with transferrin 

receptor/transferrin complex in the duodenal epithelia. The role of HFE protein in this 

complex is to modulate the uptake of transferrin bound iron into epithelial cells. HFE protein 

allow the transferrin complex to act as sensor of body iron stores. mutation in the HFE gene 

leads to production of Mutated protein, that leads to up-regulated, increased iron absorption. 

Increased intracellular iron causes peroxidative injury to phospholipid of organelle membrane 

such as lysosomes, mitochondria and microsomes. Free iron content is the important in the 

formation of highly reactive hydroxy radical, which ultimately initate lipid peroxidation. 

Lipid peroxidation induces cell degeneration, cell death, and collagen synthesis that results in 

fibrosis and cirrhosis.  

 

 

Figure 3. Diagramatic representation shows the production of HFE protein. 
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Figure 4. Diagramatic representation shows the transport of transferrin bound iron 

through the transferrin receptor mediated through HFE protein. 

 

Role of hepcidin in balance of iron 

Hepcidin is a protein product produced by hepatocyte. It is a 25 amino acid peptide which is 

cleaved from prohepcidin and released into the circulation. It control the iron metabolism by 

binding to ferroportin. Ferroportin is a major cellular iron exporter.
[27]

 Ferroportin is degraded 

by via lysosomal pathway, thus it leads to reducing iron efflux from cell.
[28]

 Reduction in no. 

of hepcidin mediated ferroportin in the enterocyte leads to decrease in intestinal absorption of 

iron and this consequently reduced body iron stores.
[29]

 Human body does not have any other 

mechanism for removing the excess iron, so hepicidin mediated reduction of iron absorption 

is the major way by which body regulate iron stores. So, in case of iron deficiency, hepcidin 

expression is reduced leading to increase iron absorption.
[30]

 In reverse condition like excess 

of iron, excessive concentration of iron is sensed by hepatocyte via increased serum TS, 

production of hepcidin is increased leading to iron with holding within cells, thus ultimately 

reducing iron efflux from iron storage site and intestinal iron absorption.
[31]

 

 



www.wjpr.net     │    Vol 11, Issue 12, 2022.     │     ISO 9001:2015 Certified Journal      │ 

Shah et al.                                                                            World Journal of Pharmaceutical Research 

964 

 

Figure 5. Diagramatic representation shows the body balance the iron concentration 

through hepcidin mediated ferroprotein. 

 

Types of Hemochromatosis 

 

 

Clinical Outcomes 

Hemochromatosis is related to the accumulation of iron in different body parts like liver, 

pancreas, heart, pitutary, skin and joints. The accumulation of iron on these organ leads to the 

development of other complication like fibrosis, cirrohsis, hepatocellular carcinoma, diabetes, 

cardiomyopathy, impotence, hypogonadotrophic hypogonadism, abnormal increased skin 

pigmentation and arthritis involving the second and third metacarpophalangeal joints.
[32-33]

 

 Cirrhosis is present in about 75% of patient with hemochromatosis, it occur due to the 

accumulation of iron in the liver. it leads to the major cause of death. 
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 Diabetes is developed because of iron deposition on the beta cell of pancreas that cam 

ultimately damaged the insulin producing beta cell. The incidence of diabetes is 

approximately 50% in symptomatic patient. 

 Dilated cardiomyopathy and cardiac arrhytmias are the clinical manifestation related with 

cardiac system arised due to accumulation of iron in the cardiac muscle fibers and cells of 

the conduction system. 

 Arthropathy related with the joint pain without joint destruction. Calcium pyrophosphate 

crystal can be found in the synovial fluid, it can still progress after normalization of iron 

stores. 

 Deposition of iron in the thyroid gland causes hypothyroidism. The chances of 

hypothyroidism is 80 times greater than normal for men with hemochromatosis. 

 

There are 3 ways by which iron overload that cause hemochromatosis:- 

1. Massive oral intake of iron 

2. Increased iron absorption with normal iron intake 

3. Excessive production or massive transfusion of red blood cells. 

 

 

Figure 6. Demonstrate the iron deposition in the liver cell cause fibrosis. 
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Figure 7. Demonstrate the iron deposition in the pancreas cell cause beta cell necrosis. 

 

Diagnosis 

Hemochromatosis is diagnosed through patient history, physical examination, blood test and 

liver biopsy. Patient who have shown the symptom of  hemochromatosis should be evaluated 

for screening and diagnosis. High serum iron demonstration, transferrin saturation(greater 

than 60% in men and post menopausal women or 50% in premenopausal women) 

demonstration and elevated serum ferritin value (>300ʋg/L in male and >200ʋg/L in 

premenopausal female) suggest hereditary hemochromatosis.
[34]

 A liver biopsy is 

recommended in patient with elevation of both serum transferrin saturation and serum ferritin 

to evaluate the extent of iron overload and hepatic damage.
[35]

 HFE testing is needed only in 

those condition where the patient transferrin saturation level is increased. These increased 

saturation of transferrin is diagnosed by excluding the cause of hyperferritinaemia like 

inflammation, alcohol consumption, liver cell necrosis, metabolic syndrome(blood pressure, 

body mass index, triglyceride, and glucose).
[36]

 People who have symptom of 

Hemochromatosis and who are C282Y homozygous typically have higher than normal 

transferrin saturation and ferritin, as a result of disrupted iron homeostasis. So, in this case 

diagnosis of HFE can be established. 

 

Transferrin Saturation 

It is the proportion of iron transport protein that is saturated with iron. It is calculated as:- 

serum iron(ʋmol/L):25/ transferrin(g/L)*100%. In hemochromatosis condition, the level of 

transferrin is generally increased throughout the day. Transferrin saturation level increases 

results in innately low hepcidin level which leads to increased iron uptake from intestine and 

iron release by reticuloendothelial macrophage.
[37]

 People who have iron loading anaemias 

and who take iron tablet or multivitamin that contain iron has also increased level of 

transferrin saturation. 
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Serum ferritin 

Serum ferritin is an indication of body iron store and is increased in patient with iron 

overload, viral infection, other inflammatory condition, the metabolic syndrome, cancer, and 

chronic liver disease. Serum ferritin level can be measured by various immuno-chemical 

methods. 

 

Genetic testing 

When patient show similar symptoms and iron overload then genetic testing is needed for the 

confirmation of hemochromatosis. A systematic review found sensitivity and specificity of 

C282Y homozygosity to be almost 100% respectively for the presence of an iron overload 

phenotype in white northern Europeans.
[38]

 If patient are C282Y homozygotes then screening 

of first degree relatives for the presence of the genotype may be indicated.
[39]

 

 

MRI and Liver biopsy 

Magnetic resonance imaging is a helpful technique in diagnosis of hemochromatosis. It is 

used when diagnosis is still unsure after blood analysis and testing for the C282Y and H63D 

polymorphism of HFE gene. MRI is a very reliable technique for the detection of iron in the 

liver.
[40]

 In liver biopsy the cell of iron deposited liver is withdrawn and it can be analysed to 

look iron deposit. If the conc. Of iron deposition is below the cutoff value, the 

hemochromatosis can be excluded.
[41]

 

 

Prognosis of patient with hemochromatosis 

The risk of development of liver disease and hepatocellular carcinoma is more in patient with 

C282Y homozygous hemochromatosis.
[42]

 A population screening survey of 65278 people 

shown that the absolute risk of liver damag is about 5% in homozygous men and less than 1% 

in women.
[43]

 These complication reduces the life expectancy of patient. However patient 

who take proper treatment and routinely follow chekup shows low mortality rate than general 

population.
[44-45]

 

 

Prevention approach 

Population screening: 

Population screening is recommended by several authors due to the relatively high prevalence 

of C282Y homozygous genotype in european population.
[46]

 Due to the incorrect diagnosis of 

hemochromatosis, many of the people found low clinical penetrance which not clinically 
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unwell which could be harmful and could lead to problem with obtaining medical 

insurance.
[47]

 

 

Screening of people with positive family history: 

Relatives screening of patient family is the another best option for the prevention of disease 

hemochromatosis. A study shows that a patient with two children, the more cost effective 

approach is to test the patient spouse first and test the children only if the spouse is 

heterozygous.
[48]

 Due to unkown risk of development of of symptom and clinical sign of 

hemochromatosis in homozygous, the value of test for C282Y mutation is still unknown. 

 

Management Approach 

Phlebotomy 

Phlebotomy is now considered as the best approach in the management of primary 

hemochromatosis. In phlebotomy, red blood cell is drawn off, which is a major transporter of 

iron in the body. So, this approach can minimize iron toxicity. It is performed only once 

/twice in a week. The main objective is to maintain ferritin level less than 50 mcg/L.
[49]

 Each 

500ml of blood contain 0.25g of iron. The concentration of iron upon which phlebotomy is 

indicated is not clear. A meta analysis report shows that serum ferritin conc. Above 1000ʋg/L 

cause cirrhosis.
[50]

 Phlebotomy treatment start when serrum ferritin level rises above local 

reference value (about 300ʋg/L and 200ʋg/L for men and women).
[51]

 It is not clear that how 

much quantity of blood drawn but expert consensus suggest that 500ml blood should be taken 

each week in depletion state.
[52]

 If the patient have anaemia or any other complication, the 

frequency of blood withdrawn should be adjusted accordingly patient conditions. 

 

Iron chelation 

Iron chelation is the alternative way to phlebotomy. It is more costly and it has several many 

side effects. It is done with desferrioxamine in which ferric iron bound to ferrioxamine 

complex and eleminated form body via urine. Side effects includes gastrointestinal 

symptoms, dizzines, visual and auditory impairment, muscle cramps, tachycardia are 

observed. Iron chelation is used when phlebotomy is contraindicated. 

 

Therapeutic erythrocytapheresis 

Therapeutic erythrocytapheresis is just like phlebotomy in which removal of erythrocytes 

instead of whole blood.
[53]
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CONCLUSION 

Hemochromatosis is an inherited autosomal recessive iron disorder. It is associated with 

deposition of iron on different tissues of organ like liver, pancrease, kidney, heart etc. it occur 

due to mutation cause in HFE that is responsible for the absorption and storage of iron in the 

human body from intestine. HFE gene are present on the chromosome no. 6. Mutation is 

mainly associated with the replacement of cysteine with tyrosine at position 282(C282Y) and 

histidine with aspartic acid at position 63. It can be managed by treatment like phlebotomy, 

iron chelation and therapeutic erythrocytapheresis. Newly emerging technique is also helpful 

in the treatment of this disorder. 
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