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Abstract


H63D syndrome is a phenotype of a homozygous mutation of the HFE gene H63D, which is 
otherwise known to cause at most mild classical hemochromatosis. H63D syndrome leads to an iron 
overload in the body (especially in the brain, heart, liver, skin and male gonads) in the form of non-
transferrin bound iron (NTBI) poisoning. Hallmark symptoms and causal factor for H63D 
syndrome is a mild hypotransferrinemia with transferrin saturation values >50%. H63D syndrome is 
an incurable multi-organ disease, leading to permanent disability. Our objective was to detect the 
prevalence of narcolepsy and narcolepsy with cataplexy in patients with H63D syndrome.




Introduction


HFE mutation H63D is a mutation of the HFE gene characterized by the replacement of histidine by 
aspartic acid at site 63 of the HH protein. It occurs in about 5% to 10% heterozygous in the normal 
population, homozygous - regionally different - between 0.2% and 1.5% of all individuals are 
affected. The effects of this mutation are manifold. In 10% of the carriers of a homozygous 
mutation an H63D syndrome is found. This is a formation of iron not bound to transferrin (NTBI) 
caused by hypotransferrinemia and transferrin saturation levels >50%, which causes free iron 
molecules to penetrate into and damage brain and parenchymal cells. The result is a progressive 
multi-organ syndrome, mainly affecting the substantia nigra, parts of the basal ganglia, the heart, 
the liver and the testes. Regarding the causes and other aspects of the syndrome, reliable papers 
already exist. This small study reports the results of an investigation of the prevalence of the 
symptoms "narcolepsy" and "narcolepsy with cataplexy" in the context of a clinically manifest 
H63D syndrome and its role in the diagnosis and course of the disease.2, 7, 26


Narcolepsy and Cataplexy


Narcolepsy is a hypersomnia of central nervous origin. It belongs to the group of sleep disorders. It 
is divided into narcolepsy with cataplexy ("classic narcolepsy"), narcolepsy without cataplexy 
("monosymptomatic narcolepsy") and secondary narcolepsy (as a symptom of brain-organic 
diseases or brain damage due to accidents or physical trauma). Classic narcolepsy is a neurological 
disorder and is characterized by the main symptoms of excessive daytime sleepiness and 
cataplexies. The waking state, NREM and REM sleep and their transitions are affected, with 
correspondingly complex symptoms. First of all, the attacks of falling asleep, which are irresistible 
for the affected persons and which can occur during the day in the context of excessive daytime 
sleepiness, are conspicuous. Furthermore, partial or complete loss of muscle tone may occur in 
cataplexies, causing falls. This loss of tone occurs when the patient is fully conscious and is 
triggered primarily (but not exclusively) by strong emotions. Often, in addition, night sleep is not 
restful due to persistent sleep disturbances through the night, so that sleepiness in the sense of a 
tendency to fall asleep is compounded by sleep deprivation. Current studies investigate the 
consequences of chronic sleep deprivation in narcoleptic patients and its effects on metabolism and 
also on body weight.30-33


Method


We had fully anonymized access to the patient records of 210 patients with confirmed H63D 
syndrome through the members and institutions active in the framework of the International H63D 
Syndrome Research Consortium. Those records were systematically screened for symptoms which 
are consistent with narcolepsy or narcolepsy with cataplexy. Inconclusive data was rated as negative 
for narcolepsy.




Results


67% of the 100 male patients and 56% of the 110 female patients could be diagnosed with 
narcolepsy based on their clinical records. The rate was higher in older patients than in younger 
ones, consistent with the progressive nature of H63D syndrome. 


1) H63D syndrome patients retrospectively diagnosed with narcolepsy:


Males	 	 67%

Females	 56%


2) H63D syndrome patients diagnosed with narcolepsy and cataplexy


Males	 	 59%

Females	 43%


3) H63D syndrome patients diagnosed with any kind of chronic sleep disorder


Males	 	 93%

Females	 97%


4) H63D syndrome patients who suffered from at least one severe injury due to cataplexy


Males	 	 21%

Females	 17%


5) Onset of narcolepsy (no significant difference between the genders)


3rd decade	 03%

4th decade  	 17%

5th decade 	 45%

6th decade  	 31%

7th decade  	 04%


6) Number of narcoleptic episodes per day


0-1	 28%

2-4	 49%

>5	 23%


7) H63D syndrome patients with and without damages substantia nigra in TCS brain scan

    (TCS results were available for 68 patients with H63D and narcolepsy)


With abnormal findings in substantia nigra in TCS scan 	 95.5%

Without damages in abnormal findings in TCS scan	 	  4,5%




Discussion


Once again, it has been shown that narcolepsy with or without cataplexy is a typical symptom of 
H63D syndrome. It becomes clinically relevant mainly in the 5th and 6th decade of life. To that 
point, this finding is not surprising to clinicians who treat patients with H63D syndrome. However, 
the essential new finding that there is a strict correlation with signs of brain injury in our patient 
population has significance on a broader level. High-quality transcranial ultrasound (TCS) scans or 
even less reliable scintigraphy are not available in many low-income countries. CT and MRI are 
without informative value in this case. If our data could be confirmed in a larger study in which 
patients are actively involved, narcolepsy in H63D syndrome may be used as surrogate marker to 
confirm brain damage (mainly in substantia nigra and basal ganglia) even without a scan, indicating 
progression of H63D syndrome from a state with functional symptoms to one with structural 
damage.  Although this does not change the therapeutic approach, structural damage in the brain 
and/or heart and/or liver and/or testis are important markers of disease progression.


Conclusion


In genetically and clinically confirmed cases of H63D syndrome, the presence of narcolepsy with or 
without cataplexy is strongly correlated with substantial brain damage, particularly in the substantia 
nigra and basal ganglia. If confirmed in larger studies, the occurrence of secondary narcolepsy 
(narcolepsy as a symptom, not as a disease in its own right) could be a reliable surrogate marker for 
the presence of structural brain damage in patients with H63D syndrome. 
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Acknowledgements


We thank all individuals who were willing to volunteer for this study. 


Source of funding and conflicts of interest


No external funding. 

No conflicts of interest.


Ethical standards, data safety compliance, patient’s rights, and nature of this 
scientific work


This article is about the scientific classification of defined medical parameters to identify specific 
symptom clusters. It is not reporting on a clinical trial (or anything similar), especially not a 
prospective one. All participating subjects gave informed consent for their inclusion. The study was 
conducted in accordance with the Declaration of Helsinki. Ethical, data protection, and patient 
rights requirements of the countries from which data were provided or in which these data were 



used for research purposes were complied with. The examination results of the participating patients 
were completely anonymized and transmitted to the study personnel with codes that could not be 
traced. Thus, at no time were personal data generated that could allow conclusions to be drawn 
about identities.


Raw data


While this study is in preprint status, raw data from this study is available upon request.


References


1. Kostas Pantopoulos: Inherited Disorders of Iron Overload. Front. Nutr. 5:103. doi: 10.3389/
fnut.2018.00103


2. Wint Nandar, James R. Connor: HFE Gene Variants Affect Iron in the Brain. The Journal of 
Nutrition, Volume 141, Issue 4, April 2011


3.Dekker MC, Giesbergen PC, Njajou OT, van Swieten JC, Hofman A, 127. Breteler MM, van 
Duijn CM. Mutations in the hemochromatosis gene (HFE), Parkinson’s disease and parkinsonism. 
Neurosci Lett. 2003;348:117–119.


4. Steven M. LeVine, James R. Connor, Hyman M. Schipper: Redoxactive Metals in Neurological 
Disorders. New York Academy of Sciences, 2004.


5. Sareen S. Gropper, Jack L. Smith, Timothy P. Carr: Advanced Nutrition and Human Metabolism. 
Cengage Learning, 7th edition, Boston 2016.


6. Bartzokis G, Lu PH, Tishler TA, Peters DG, Kosenko A, Barrall KA, Finn JP, Villablanca P, Laub 
G, Altshuler LL, Geschwind DH, Mintz J, Neely E, Connor JR: Prevalent iron metabolism gene 
variants associated with increased brain ferritin iron in healthy older men. J Alzheimers Dis. 2010 
Apr;20(1):333–341.


7. Brissot P, Ropert M, Le Lan C, Loreal O. Non-transferrin bound iron: a key role in iron overload 
and iron toxicity. BBA Gen Subjects (2012) 1820:403–10. doi: 10.1016/j.bbagen.2011.07.014


8. Athiyarath R, Arora N, Fuster F, Schwarzenbacher R, Ahmed R, George B, et al. Two novel 
missense mutations in iron transport protein transferrin causing hypochromic microcytic anaemia 
and haemosiderosis: molecular characterization and structural implications. Br J Haematol. (2013) 
163:404– 7. doi: 10.1111/bjh.12487


9. Akbas N, Hochstrasser H, Deplazes J, Tomiuk J, Bauer P, Walter U, Behnke S, Riess O, Berg D.: 
Screening for mutations of the HFE gene in Parkinson’s disease patients with hyperechogenicity of 
the substantia nigra. Neurosci Lett. 2006;407:16–19.




10. Borie C, Gasparini F, Verpillat P, Bonnet AM, Agid Y, Hetet G, Brice A, Durr A, Grandchamp 
B.: Association study between iron-related genes polymorphisms and Parkinson’s disease. J Neurol. 
2002; 249: 801–804.


11. Dekker MC, Giesbergen PC, Njajou OT, van Swieten JC, Hofman A, 127. Breteler MM, van 
Duijn CM. Mutations in the hemochromatosis gene (HFE), Parkinson’s disease and parkinsonism. 
Neurosci Lett. 2003;348:117–119.


12. Guerreiro RJ, Bras JM, Santana I, Januario C, Santiago B, 120. Morgadinho AS, Ribeiro MH, 
Hardy J, Singleton A, et al.: Association of HFE common mutations with Parkinson’s disease, 
Alzheimer’s disease and mild cognitive impairment in a Portuguese cohort. BMC Neurol. 
2006;6:24.


13. Fujii H, Takagaki N, Yoh T, Morita A, Ohkawara T, Yamaguchi K, Minami M, Sawa Y, 
Okanoue T, Ohkawara Y, Itoh Y: Non-prescription supplement-induced hepatitis with 
hyperferritinemia and mutation (H63D) in the HFE gene. Hepatol Res. 2008 Mar;38(3):319–323.


14. Castiella, Urreta, Zapata et al.: H63/H63D genotype and the H63D allele are associated in 
patients with hyperferritinemia to the development of metabolic syndrome. Eur J Intern Med. 2019 
Nov 30. doi:10.1016/j.ejim.2019.11.021.


15. Gkouvatsos K, Papanikolaou G, Pantopoulos K. Regulation of iron transport and the role of 
transferrin. Biochim Biophys Acta (2012) 1820:188–202. doi: 10.1016/j.bbagen.2011.10.013


16. Mitchell RM, Lee SY, Simmons Z, Connor JR: HFE polymorphisms affect cellular glutamate 
regulation. Neurobiol Aging. 2009.


17. Wint Nandar, James R. Connor: HFE Gene Variants Affect Iron in the Brain. The Journal of 
Nutrition, Volume 141, Issue 4, April 2011, 729S–739S, doi:10.3945/jn.110.130351


18. Borie C, Gasparini F, Verpillat P, Bonnet AM, Agid Y, Hetet G, Brice A, Durr A, Grandchamp 
B.: Association study between iron-related genes polymorphisms and Parkinson’s disease. J Neurol. 
2002; 249: 801–804.


19. Steven M. LeVine, James R. Connor, Hyman M. Schipper: Redoxactive Metals in Neurological 
Disorders. New York Academy of Sciences, 2004.


20. Valenti L, Fracanzani AL, Bugianesi E, Dongiovanni P, Galmozzi E, Vanni E, Canavesi E, 
Lattuada E, Roviaro G, Marches G, Fargion S.: HFE genotype, parenchymal iron accumulation, and 
liver fibrosis in patients with nonalcoholic fatty liver disease. Gastroenterology. 2010 
Mar;138(3):905–912.


21. P. Adams, P. Brissot, L. W. Powell: EASL International Consensus Conference on 
Haemochromatosis. Journal of Hepatology 2000;33:485–504.

Iron Disorders Institute nanograms: H63D - Other Mutation. April 2010


23. de Valk, Addicks, Gosriwatana et al.: Non-transferrin-bound iron is present in serum of 
hereditary haemochromatosis heterozygotes. Eur J Clin Invest. 2000 Mar;30(3):248-51.




24. G. M. Bishop, T. N. Dang, R. Dringen, S. R. Robinson: Accumulation of Non-Transferrin-
Bound Iron by Neurons, Astrocytes, and Microglia. In: Neurotoxicity Research. 19, 2011, S. 443–
451, doi:10.1007/s12640-010-9195-x.


25. Jakeman A, Thompson T, McHattie J, Lehotay DC: Sensitive method for nontransferrin-bound 
iron quantification by graphite furnace atomic absorption spectrometry. Clin Biochem. 2001 
Feb;34(1):43-7


26. Diamandis C, Adams J, Seideman D, et al.: H63D-Syndrome: A phenotype caused by a 
homozygous mutation of HFE gene H63D. April 2021.


27. M. Kelley, N. Joshi, Y. Xie, M. Borgaonkar: Iron overload is rare in patients homozygous for 
the H63D mutation. In: Canadian Journal of Gastroenterology & Hepatology. April 2014, S. 198–
202, doi:10.1155/2014/468521, PMID 24729993, PMC 4071918


28. A. Finkenstedt, M. Schranz, N. Baumgartner et al.: HFE Genotypen, Eisenstatus und Überleben. 
In: Zeitschrift für Gastroenterologie, Vol. 52 – P65, 2014, doi:10.1055/s-0034-1376049.


29. L. Valenti, A. L. Fracanzani, E. Bugianesi, P. Dongiovanni, E. Galmozzi, E. Vanni, E. Canavesi, 
E. Lattuada, G. Roviaro, G. Marchesini, S. Fargion: HFE genotype, parenchymal iron 
accumulation, and liver fibrosis in patients with nonalcoholic fatty liver disease. In: 
Gastroenterology. Vol. 138, No 3, March 2010, S. 905–912, doi:10.1053/j.gastro.2009.11.013, 
PMID 19931264


30. Bassetti, C.L.A., Adamantidis, A., Burdakov, D. et al.: Narcolepsy - clinical spectrum, 
aetiopathophysiology, diagnosis and treatment. Nat Rev Neurol 15, 519–539 (2019), doi.org/
10.1038/s41582-019-0226-9


31. Bassetti, C., Aldrich, M.: Narcolepsy. Neurol. Clin. 14, 545–571 (1996)


32. Yoss, R., Daly, D. D.: Criteria for the diagnosis of the narcoleptic syndrome. Mayo Clin. Proc. 
32, 320–328 (1957)


33. Ohayon, M., Priest, R. G., Zulley, J., Smirne, S., Paiva, T.: Prevalence of narcolepsy 
symptomatology and diagnosis in the European general population. Neurology 58, 1826–1833 
(2002)


