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BPGM Bisphosphoglycerate mutase 
CE Chuvash erythrocytosis 
EPO Erythropoietin 
EPOR Erythropoïetin receptor 
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Hct Hematocrit 
HIF Hypoxia inductible factor 
HOAH High oxygen affinity hemoglobin 
IQR Interquartile range 
JAK2 Janus kinase 2 
OMS Organisation mondiale de la santé 
OR Odds ratio 
PHD Prolyl hydroxylase domain 
SGLT2 Sodium-glucose transport protein 2 
VHL Von Hippel Lindau 
VT Venous thrombosis 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  



  

Plan 

SERMENT D’HIPPOCRATE 

CONTEXTE 

OBJECTIFS 

ABSTRACT 

INTRODUCTION 

METHODS 

1. Search strategy 
2. French cohort of individuals with HOAH variants 
3. Data collection 
4. Statistical analysis 

RESULTS 

1. Studies included 
2. Patient characteristics 
3. Thrombotic complications 
4. Hyperviscosity symptoms 
5. External validation in the French cohort 

DISCUSSION 

CONCLUSION 

ACKNOWLEDGMENTS 

AUTHORSHIP CONTRIBUTIONS 

DISCLOSURE OF CONFLICT OF INTEREST 

BIBLIOGRAPHY 

FIGURE LEGEND 

TABLE LEGEND 

TABLE DES MATIERES 

SUPPLEMENTAL DATA 

  



    XVI 

CONTEXTE 

Physiopathologie  

 

La molécule d’hémoglobine 

 

La molécule d’hémoglobine est un tétramère possédant deux sous-unités de type alpha 

(alpha1 et alpha2) et deux sous-unités de type beta (beta1 et beta2) globine. [1] Chaque sous-

unité est constituée d’une chaine polypeptidique de globine, repliée sur elle-même en 8 hélices 

(A à H).[2] Proche de la surface de chaque sous-unité se trouve une poche à hème, contenant 

une molécule d’hème et un atome de fer. C’est sur les hèmes que sont fixés les atomes d’oxygène 

dans la forme oxyhémoglobine. 

 

Par le biais d’une coopération entre les sous-unités de globine, l’hémoglobine peut évoluer 

entre ses deux conformations stables : la forme oxyhémoglobine, relâchée (R) qui est très affine 

pour l’oxygène, et la forme déoxyhémoglobine, tendue (T) qui est moins affine.[3] 

Lorsqu’une sous-unité fixe un atome d’oxygène, l’affinité des autres sous-unités pour l’oxygène 

augmente, ce qui explique la forme sigmoïdale de la courbe de dissociation de l’oxyhémoglobine, 

ou courbe de Barcroft, représentée ci-dessous.[4] Ce phénomène est dit allostérique.  
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L’affinité de l’hémoglobine pour l’oxygène augmente dans un milieu riche en oxygène, et 

diminue dans un milieu pauvre en oxygène, ce qui permet la captation, le transport et la 

délivrance de l’oxygène aux tissus. L’augmentation du CO2 est à l’origine d’une baisse du pH par 

libération d’ions H+. L’hémoglobine fait alors action de tampon et fixe les cations dans sa 

structure déoxygénée. En libérant les ions H+, l’hémoglobine passe en forme oxygénée (effet 

Bohr).[2] 

D’autres facteurs influencent l’affinité de l’hémoglobine pour l’oxygène, tels que le pH, la 

température du milieu, ainsi que la présence de 2,3-diphosphoglycérate (2,3-DPG).[3] 

Le 2,3-DPG est un polyanion régulateur allostérique qui stabilise la molécule de 

déoxyhémoglobine lorsqu’il se fixe dans sa cavité centrale. Il est éjecté de la forme 

oxyhémoglobine. 

Les contacts alpha1beta2 et alpha2beta1 sont ceux subissant le plus de modifications au moment 

de la fixation de l’oxygène, tandis que les contacts alpha1beta1 et alpha2beta2 sont les plus 

stables.[5] 
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D’autres régions jouent des rôles fonctionnels essentiels : les résidus entourant l’hème et les 

sites où se fixent les ligands régulateurs comme le 2,3-DPG.  

 

La polyglobulie 

 

La polyglobulie se définit comme une augmentation de la masse sanguine supérieure à 

125% des valeurs théoriques définies selon l’âge et la masse corporelle, associée le plus souvent 

à une élévation de l’hématocrite (Hct) et/ou de l’hémoglobine (Hb). Dans le cas de la polyglobulie 

de Vaquez, l’OMS définit en 2022 des seuils d’hémoglobine et d’hématocrite respectivement 

supérieurs à 16.5 g/dL et 49% chez l’homme et supérieurs à 16.0 et 48% chez la femme comme 

évocateurs de polyglobulie. Dans le cas d’un hématocrite supérieur à 60% chez l’homme et 56% 

chez la femme, la polyglobulie est certaine sans nécessité de mesurer la masse sanguine.[6]  

Sur la base de la physiopathologie, les polyglobulies peuvent être classées comme étant d’origine 

primaire, dans le cas d’une anomalie des précurseurs érythroïdes à l’origine de la production 

accrue d’érythrocytes ; ou secondaire, dans le cas d’une sur-production d’érythrocytes liée à un 

facteur extrinsèque à la moelle osseuse, le plus souvent une sécrétion accrue d’érythropoïétine 

(EPO).  

 

La cause la plus fréquente de polyglobulie est la polyglobulie de Vaquez, liée à une 

expansion clonale des précurseurs hématopoïétique par le biais d’une mutation de JAK2 à l’origine 

d’une activation constitutive de la voie de signalisation JAK-STAT, normalement induite par la 

fixation de l’EPO sur son récepteur. 

Au sein des polyglobulies sans mutation JAK2, on distingue les polyglobulies secondaires 

acquises, induites par à une sécrétion accrue d’EPO liée à une pathologie pulmonaire ou cardiaque 

responsable d’une hypoxie, ou par une sécrétion d’EPO autonome tumorale. 
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Dans le cadre des polyglobulies constitutionnelles, il existe une cause de polyglobulie primaire, 

liée aux mutations du gène codant pour le récepteur à l’EPO (EPOR) le rendant hypersensible à 

l’EPO.[7] 

Les polyglobulies constitutionnelles secondaires incluent plusieurs entités incluant les mutations 

des gènes de la voie de signalisation de l’hypoxie  (VHL, HIF2A et de PHD2). En situation 

physiologique et de normoxie, les prolyl hydroxylases PHD agissent sur HIF (hypoxia-inductible-

factor ; principalement l’isoforme HIF2A) qui fixe alors VHL. Ce complexe est reconnu par 

l’ubiquitine ligase E3 puis dégradé dans le protéasome. En situation d’hypoxie, HIF2A n’est plus 

hydroxylé par PHD, il va alors activer la transcription du gène codant pour l’EPO. La polyglobulie 

de Chuvash est liée à la présence à l’état homozygote d’une mutation de VHL responsable d’une 

baisse de son activité de régulation négative de HIF. Différentes mutations de HIF2A ont été 

décrites dans des familles différentes, à l’origine d’une augmentation de son activité. Des 

mutations perte de fonction de PHD2 ont été décrites dans des familles présentant une 

polyglobulie.[7,8] 

Les autres causes de polyglobulie constitutionnelle comprennent les hémoglobines hyperaffines 

pour l’oxygène et les mutations de BPGM, le gène codant pour l’enzyme à l’origine de la présence 

de 2,3-DPG dans les érythrocytes. Le déficit en 2,3-BPGM est une cause de polyglobulie où 

l’affinité de l’Hb pour l’oxygène est augmentée tout comme dans les Hb hyperaffines.[9] 

Enfin, les mutations de PIEZO1 responsables de stomatocytose déshydratée, ainsi que les 

méthémoglobinémies peuvent être pourvoyeuses de polyglobulie.[8] 

 

Hemoglobine hyperaffine pour l’oxygène 

 

Les variants d’hémoglobine hyperaffines sont liés à des mutations des gènes HBB, HBA1 

et HBA2 codant pour les chaines beta ou alpha de globine, de transmission autosomique 

dominante. Elles affectent la transition de la forme hyperaffine « relâchée » (R) à la forme 
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hypoaffine « tendue » (T) de l’hémoglobine en favorisant la forme R. [10] La courbe de 

dissociation de l’oxyhémoglobine est alors décalée sur la droite. La haute affinité pour l’oxygène 

du variant diminue sa capacité à le délivrer aux tissus, à l’origine une hypoxie. L’activation des 

voies de signalisation de l’hypoxie stimule la production d’EPO et entraine une polyglobulie 

secondaire.[10] 

Les mutations responsables d’une augmentation de l’affinité de l’hémoglobine modifient le plus 

souvent des acides aminés au niveau de zones cruciales dans la transition oxy-

deoxyhémoglobine. [5,11]. La zone de fixation du 2,3-DPG peut être affectée, comme dans l’Hb 

Syracuse [12]. La structure protéique de la poche à hème peut être modifiée (Hb Saint Nazaire 

[13]), tout comme les zones de contacts alpha1beta2 and alpha2beta1 (Hb Radcliffe [14]), ou le 

site de fixation des ions H+ (modification le plus souvent à l’extrêmité terminale de la chaine 

beta comme dans l’Hb Cowtown [15]). D’autres mutations affectent néanmoins des zones moins 

impliquées dans la modification de conformation, et les raison de l’apparition d’une hyperaffinité 

ne sont pas toujours élucidées. La transmission des mutations est autosomique dominante.[16] 

 

Le premier variant d’hémoglobine hyperaffine pour l’oxygène a été découvert en 1966 

par S. Charache, chez un patient présentant un taux d’hémoglobine à 19.9 g/dL et des signes 

d’angor, dont plusieurs membres de la famille présentaient une polyglobulie. Les analyses 

biochimiques ont permis d’identifier l’Hb Chesapeake, du nom du lieu de naissance du 

patient.[17]  

Les variants d’hémoglobine hyper-affines sont désormais répertoriés dans la base de données 

« HbVar » où ils sont au nombre de 103 en 2024. Le nombre annuel de nouveau diagnostic est 

estimé entre 1 et 5 en moyenne dans 6 laboratoires spécialisés de Belgique et de France.[18] 
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Présentation clinique 

 

Les manifestations cliniques et biologiques en lien avec une Hb hyperaffine sous forme 

hétérozygote sont variables. La polyglobulie n’est présente que chez 1/3 des patients.[19] 

Néanmoins, elle représente la cause la plus fréquente de polyglobulie constitutionnelle. La 

proportion de l’Hb hyperaffine par rapport à l’Hb totale varie selon la chaine mutée : les mutations 

d’une chaine alpha auront souvent moins de conséquences que celles d’une chaine beta, en raison 

de la présence de 3 chaines alpha non mutées résiduelles, contre 1 seule chaine beta non mutée 

résiduelle. De la même manière, la mutation peut conférer à l’Hb hyperaffine un certain degré 

d’instabilité, à l’origine d’une dégradation accrue de l’Hb pathologique. Ces deux cas sont souvent 

responsables d’un degré de polyglobulie moins important ou d’une absence de polyglobulie, voire 

même d’un phénotype d’anémie hémolytique dans le cas d’une Hb instable. [3] A l’inverse, en 

cas de co-occurrence d’une thalassémie sur un allèle non-muté, le phénotype polyglobulique peut 

être plus sévère par augmentation de la proportion de chaine mutée. 

De rares cas de mutations sous forme homozygote ont été décrits, responsable d’un phénotype 

sévère.[10] 

L’anémie fonctionnelle dépend également du degré d’affinitié et de coopérativité restante entre 

les chaines de globine.[3] 

 

Les répercussions cliniques de la polyglobulie sont variables, certains patients étant 

asymptomatiques, d’autres présentant des signes d’hyperviscosité (céphalées, vertiges, douleurs 

thoraciques, acouphènes, mauvaise tolérance de l’effort) et des complications 

thromboemboliques graves. L’incidence des thromboses est difficile à évaluer en raison de la 

rareté de la pathologie. Dans une sériée publiée récemment, sur 41 patients suivis sur une durée 

moyenne de 10 ans, 24% ont présenté une complication thrombotique.[19] L’association avec 

une comorbidité associée à un sur-risque de thrombose accentue d’autant plus le risque 
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thrombotique des patients, comme chez une patiente présentant une Hb Milledgeville et une 

mutation hétérozygote du facteur V Leiden ayant présenté une thrombose veineuse profonde 

compliquée d’embolie pulmonaire. Sa fratrie, porteuse de l’Hb hyperaffine ou de la mutation du 

facteur V Leiden sans que les deux conditions soient associées, n’avait pas présenté de 

complication thrombotique.[20] L’âge étant à l’origine d’une altération de la microcirculation 

responsable d’une moins grande capacité d’extraction de l’oxygène par les tissus, pourrait être à 

l’origine d’une aggravation des symptomes liés à l’hypoxie.[3] 

 

Méthodes diagnostiques 

 

Le diagnostic est le plus souvent posé lors de l’exploration d’une polyglobulie inexpliquée 

à caractère familial. Au cours de la démarche diagnostique, il est d’abord éliminé une polyglobulie 

de Vaquez, par la recherche sanguine d’une mutation de JAK2 (V617F ou de l’exon 12). 

Il convient également d’éliminer les polyglobulies secondaires à une sécrétion d’EPO en lien avec 

une hypoxie liée à des pathologies cardiaques ou respiratoires, un tabagisme responsable de taux 

élevés de carboxyhémoglobine, des pathologies rénales ou à une sécrétion d’EPO tumorale. De 

plus, certains médicament tels les dérivés de la testostérone [21] ainsi que les inhibiteurs de 

SGLT2 (glifozines) sont pourvoyeurs de polyglobulie.[22,23] Ces pathologies sont recherchées 

par l’interrogatoire, et des examens tels le dosage sanguin de carboxyhémoglobine, la 

polysmonographie et les épreuves fonctionnelles respiratoires ainsi que l’imagerie abdominale. 

 

Le groupe des polyglobulies constitutionnelles comprend un large éventail de pathologies 

rares, dont le diagnostic parfois difficile peut être à à l’origine d’une errance diagnostique. [24] 

L’orientation se fait par le biais du dosage de l’EPO plasmatique, qui sera normal ou élevé dans 

le contexte d’une Hb hyperaffine.  
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La mesure de la p50 est un outil de dépistage des Hb hyperaffines. Il s’agit de la pression 

partielle sanguine en oxygène pour laquelle 50% de l’hémoglobine est saturée en oxygène, dont 

la valeur est abaissée, < 24 mmHg dans la plupart des cas d’Hb hyperaffine. Sa mesure est 

réservée aux laboratoires possédant des automates le permettant, mais elle peut être estimée 

sur un examen facile d’accès et rapide : le gaz du sang veineux. Dans une large cohorte 762 

patients présentant une polyglobulie idiopathique, Oliveira et al. retrouvaient une p50 < 24 

mmHg dans 99% des cas d’Hb hyperaffine.[25]  

Néanmoins, cette estimation n’est pas toujours conforme à la mesure de la p50. Surtout, la p50 

peut etre faussement normale pour plusieurs raisons : présence d’air dans la seringue, pO2 

veineuse  non comprise entre 30 et 55 mmHg, réalisation par erreur d’un gaz du sang 

artériel.[26]  

Ainsi, la normalité de la p50 ne permet pas d’exclure formellement une Hb hyperaffine et la 

réalisation des tests phénotypiques et le séquençage des gênes HBB et HBA1 et HBA2 est donc 

indiquée. Le variant hyperaffin n’est pas toujours détectable sur les tests phénotypiques, mais 

l’association de 4 tests (technique électrophorétique, technique de chromatographie liquide à 

haute pression, iso-électrofocalisation et test d’instabilité) permettait de détecter 87% des Hb 

hyperaffines décrites dans HbVar.[18] Le séquençage des gènes HBB, HBA1 et HBA2 confirme le 

diagnostic et constitue un examen crucial dans l’enquête étiologique des polyglobulies familiales, 

y compris en cas de normalité de la p50 et des tests phénotypiques. [8,26] 

Ces données peuvent être résumées par l’algorithme diagnostique des polyglobulies sans 

mutation JAK2 proposé par Gangat at al. et exposé ci-dessous.[8] 
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Proposition de prise en charge diagnostique d’une polyglobulie, d’après Gangat et al.[8] 

 

Pour certains auteurs, les résultats du dosage de l’EPO et de la p50 permettent de 

s’affranchir des tests phénotypiques et orientent vers les gènes responsables de polyglobulie 

congénitale à séquencer.[7] Avec l’avènement du séquençage à haut débit, des panels de gènes 

comprenant les principaux gènes impliqués dans les polyglobulies congénitales ont été 

développés et sont d’une grande aide diagnostique en cas de polyglobulie d’origine non élucidée. 

[7,24] 

 

Prise en charge thérapeutique 

 

Il n’existe pas de recommandations consensuelles de prise en charge thérapeutique en 

raison du faible nombre de données dans la littérature. Afin de diminuer la viscosité sanguine et 

l’Hct, des saignées peuvent être proposées aux patients. Néanmoins, la polyglobulie étant un 

mécanisme compensateur de l’hypoxie tissulaire chez les patients atteints d’Hb hyperaffine, le 

risque est de favoriser un métabolisme anaérobie et d’aggraver ou de provoquer des symptomes. 
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Des aggravations cliniques après saignées ont été décrites dans la littérature, comme dans un 

cas d’Hb Zoeterwoude, où les saignées furent responsables de vertiges à l’orthostatisme sans 

améliorer une symptomatologie de claudication intermittente. [27] Des patients ont a l’inverse 

rapporté une amélioration de symptomes rattachés à la viscosité sanguine une fois les saignées 

débutées. [28,29] 

Chez les patients asymptomatiques, il n’existe pas de données permettant d’évaluer l’intérêt des 

saignées dans la prévention du risque thrombotique.[10] 

Certains auteurs suggèrent la réalisation de saignées pour cibler un hématocrite à 52%, pour les 

patients présentant des signes d’hyperviscosité, des complications thrombotiques, ou dont un 

membre de la famille atteint de la pathologie a présenté un épisode de thrombose.[30]  

L’intérêt d’un traitement antiagrégant préventif de la thrombose n’est pas connu. De même, il 

n’existe pas de consensus sur la durée de traitement d’un épisode thrombotique lié à une Hb 

hyperaffine.[10] 

 

Il semble nécessaire de préconiser l’arrêt du tabac chez ces patients, permettant une 

baisse de la carboxyhémoglobine et une augmentation de la p50, ainsi qu’une diminution du 

risque thrombotique associé au tabagisme.[3,31] 
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OBJECTIFS 

Peu de données permettent de caractériser cliniquement les patients porteurs d’une 

hémoglobine hyperaffine pour l’oxygène. Leur évolution clinique et leur risque de présenter un 

épisode thrombotique sont mal connus. La recherche ciblée sur la base de données Pubmed 

retrouve plus de 500 résultats concernant les hémoglobines hyperaffines, comprenant 

majoritairement des case-report. 

Par le biais d’une revue systématique de la littérature, ce travail possède plusieurs objectifs. Le 

premier est de mieux définir le phénotype clinique des patients porteurs d’une hémoglobine 

hyperaffine. Le second est d’identifier les paramètres associés à la thrombose dans cette 

population. Le dernier est de rechercher s’il existe des mesures prophylactiques utiles dans la 

prévention de la thrombose. 
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ABSTRACT 

Introduction 
High oxygen affinity hemoglobins (HOAH) can cause secondary erythrocytosis that may be 

responsible for thrombosis and/or hyperviscosity symptoms. The incidence of these complications 

is however unknown, as how to best manage them. 

Methods 

We conducted a systematic review of literature on patients with HOAH to better understand their 

clinical course while identifying variables associated with erythrocytosis-linked complications. 

Findings from this systematic review were confirmed in a retrospective multicentric cohort of 58 

patients. 

Results 

We identified 677 patients with HOAH reported in the literature with a median age at diagnosis 

of 33 years. Erythrocytosis was observed in 82% of the patients with median hemoglobin (Hb) 

of 17.3 g/dL and median hematocrit (Hct) of 52%. Thrombosis at/or before diagnosis occurred 

in 38 patients (6.8%). After multivariable adjustment, age (odds ratio [OR]=4.20, p<0.001), 

hematocrit (OR=3.91, p=0.008), and congenital thrombophilia (OR=63.56 p<0.001) were 

associated with thrombosis. No statistical difference in thrombosis onset during follow-up was 

observed between phlebotomized patients and those who were not (p=0.9). Hyperviscosity 

symptoms were reported in 88 (16%) patients with Hct as sole independent variable associated 

with this manifestation (OR=3.41, p=0.012). There was significatively less hyperviscosity 

symptoms recurrence during follow-up in phlebotomized patients (p=0.012). 

In contrast, in our validation cohort of 58 patients with a median follow-up of 59 months, age 

(p=0.006), overweight (p=0.039), and sleep apnea syndrome (p=0.023) were associated with 

thrombosis. 
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Conclusion 

Hct is predictive for thrombosis in HOAH patients while phlebotomy did not reduce the risk of 

recurrence. More studies with systematic follow-up or with a prospective design are needed to 

assess the role of phlebotomy in individuals with HOAH. 
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INTRODUCTION 

High-oxygen-affinity hemoglobins (HOAH) are rare conditions, yet the most prevalent cause of 

constitutional erythrocytosis [25] with 103 identified variants in the HbVar database 

(http://globin.bx.psu.edu/hbvar). In one third of patients with HOAH variant, the impairment of 

oxygen delivery to peripheric tissues leads to mild to severe secondary erythrocytosis.[5] Despite 

erythrocytosis, the majority of patients is asymptomatic.[10] Nonetheless, thrombosis and 

hyperviscosity symptoms can occur in patients with HOAH variants, but their actual incidence is 

unknown.[14] As most data derive from individual and small case series, there is no consensus 

on optimal therapeutic management. 

Patients with polycythemia vera benefit from Hct reduction below 45% to prevent thrombosis, 

but it is unclear if the same Hct reduction is necessary in HOAH linked erythrocytosis.[32] On the 

other hand, as erythrocytosis is a compensatory mechanism to tissues hypoxia in HOAH, 

phlebotomy may worsened some patients symptoms.[27,33] Phlebotomies have been suggested 

to target Hct of 52% for patients with hyperviscosity symptoms, patients with thrombotic 

complication, and patients who have affected family members with thrombotic complications.[30] 

Others recommend to lower Hct below personalized levels so that patients are asymptomatic. It 

has also been suggested that antiplatelet therapy may help preventing thrombosis such as in 

myeloproliferative neoplasms.[30,34]  

To better understand thrombosis in patients with HOAH, we conducted two distinct studies 

reported herein: a systematic review of literature and a retrospective multicentric study. In both 

these studies we focused on clinical and biological presentations, thrombotic complications, and 

treatment strategies at diagnosis and during follow-up. 
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METHODS 

1. Search strategy 

To conduct this review, we led a systematic search of the PubMed database with terms 

“hemoglobin”, “variant”, “high affinity”, “oxygen” and “erythrocytosis”. A Pubmed search with all 

HOAH variants described in the HbVar database was also conducted. Two reviewers (ML and CO) 

independently screened all identified studies. Exclusion criteria included animal studies, 

publications reporting hemoglobin variants other than HOAH (sickle cell disease, low oxygen 

affinity hemoglobins, unstable hemoglobins, hemoglobin variants of unknown clinical 

significance), studies lacking clinical data (at least one Hb or Hct value per patient was needed 

to include the article in our study; biochemical and genetic studies were excluded) and review 

articles focused on best diagnosis and therapeutic practices. We also excluded non-English 

studies, studies without full text availability, and multiple reports of the same case. 

2. French cohort of individuals with HOAH variants 

The second part of the study focused on HOAH carrying patients followed at 13 French institutions 

(Amiens, Angers, Clermont-Ferrand, Dijon, Grenoble, La Roche-sur-Yon, Lille, Limoges, Lyon, 

Montpellier, Poitiers, Rennes, Rouen). It is noteworthy that some patients from the French cohort 

may have been described in published articles included in the systematic review. 

3. Data collection 

We collected biological data regarding erythrocytosis (defined by Hb level above 16.5 g/dL for 

men and 16.0 g/dL for women or Hct level above 49% for men and 48% for women)[6], venous 

p50 level (<24 mmHg in case of oxygen affinity elevation), serum erythropoietin (EPO), and 

serum iron. P50 level assessment could have been measured or estimated with venous blood 
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gas. We collected clinical data regarding arterial and venous thrombosis and symptoms related 

to high blood viscosity at diagnosis and during follow-up if available. The following comorbidities: 

high blood pressure, diabetes, congenital thrombophilia (including prothrombin gene G202101A 

mutation, factor V Leiden mutation, antithrombin deficiency, protein S and protein C deficiencies), 

tobacco use, alcohol use, arteriopathy, sleep apnea syndrome, atrial fibrillation/flutter, 

overweight, and dyslipidemia. Data regarding pregnancy was collected among women. 

Phlebotomy use, therapeutic targets and efficacy, as other therapeutic strategies such as 

antiplatelet or anticoagulant therapies were also collected. 

4. Statistical analysis 

Categorical variables are presented as numbers with proportions and compared using the Chi² 

test or the Fisher’s exact test (for small subgroups with expected values < 5). Continuous 

variables are presented as medians with interquartile range (IQR) and compared using the non-

parametric Mann and Whitney or Kruskal-Wallis tests, as appropriate. Variables associated with 

thrombosis were analyzed by univariate and multivariable logistic regression analysis. Results 

were all expressed as odds ratios (OR) with 95% confidence intervals (95% CI). All tests were 

two-sided with a significant level p<0.05. Statistical analyses were performed with R (R 

Foundation for Statistical Computing, Vienna, Austria; http://www.r-project.org). 
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RESULTS 

1. Studies included 

The search identified 780 articles of which 552 were assessed for eligibility after removal of 

duplicates. After removal of 141 articles lacking clinical or biological data, 88 articles describing 

hemoglobin variants without high oxygen affinity, 24 non-human hemoglobin variants, 10 

reviews, 17 articles not published in English, 6 articles without affinity studies processed, 7 

articles concerning patients described in a previous article included in the study, 6 articles whose 

full text was not available, and 3 gamma chain variants, we included 250 articles in our study. In 

the event of multiple case reports in one single publication, every patient was added individually 

to the database used for the analysis. With this method, a total of 677 reports were included for 

analysis (Figure 1).  

The articles identified for analysis were published between 1966 and 2024 in 31 countries and 

described 133 different variants. With 229 patients described, the United States of America is the 

country where the most HOAH variants were diagnosed (Figure 2).The most frequent variant 

was Hb San Diego (37 patients in 16 studies, representing 5.5% of the total patients), followed 

by Hb Johnstown (27 patients in 7 studies, representing 4% of the total patients) and Hb Malmö 

(24 patients in 9 studies, representing 3.5% of the total patients). The characteristics of the 

studies included are detailed in Table I.  

 

2. Patient characteristics 

We identified 677 patients with HOAH reported in the literature with a median age at diagnosis 

of 33 years (interquartile range [IQR]: 21-51) with 55% males and 45% females. Patient 

characteristics at diagnosis are detailed in Table II and Supplementary table S1. 
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We recorded 546 (81%) beta-chain and 124 (19%) alpha-chain variants. HOAH was present at 

heterozygous state in 661 (98%) patients and the variant was considered stable in 187 (76%) 

patients. 

Erythrocytosis was observed in 82% of the patients with median Hb of 17.3 g/dL (IQR: 16.0-

18.8) and median Hct of 52% (IQR: 48.0-56.0). Median erythropoietin serum level was 12 UI/L 

(IQR: 8.0-22.0) while median p50 was 17.0 mmHg (IQR: 13.6-20.0).  

Diabetes (17 patients, 5%), high blood pressure (28 patients, 8%), tobacco use (43 patients, 

20%), dyslipidemia (8 patients, 2.3%), congenital thrombophilia (9 patients, 2.6%) were 

concomitant conditions noted in some patients. Splenomegaly was reported in 13 patients (4.5% 

; 8 with co-existing ß-thalassemia and 1 with homozygous slightly unstable HOAH) and 

hepatomegaly in 10 (3.4%) patients. Pregnancy occurred in 129 (82%) of women with safe 

delivery for 121 (96%) of them. For 517 (91%) patients there was at least one family member 

known as carrying the same HOAH, with median number of family members of 3 (2-6). 

 

3. Thrombotic complications 

Thrombosis at diagnosis occurred in 38 patients (6.8%), with 30 (61.2%) venous thrombosis 

(VT; 16 deep VT, 7 pulmonary embolisms, 3 superficial VT, 2 retinal vein occlusions, 1 temporal 

vein occlusion and 1 cerebral VT) and 19 (38.8%) arterial thrombosis (6 strokes, 7 myocardial 

infarctions, 4 transient ischemic attacks, 1 acute leg arterial occlusion and 1 renal artery 

obstruction).  

 

 In univariate analysis, age (55 years [IQR: 40-65] versus 32 years [IQR: 20-49], p<0.001), 

male gender (71% versus 53%, p=0.036), arterial hypertension (23% versus 7%, p=0.013), 

thrombophilia, (22% versus 1.3%, p<0.001; heterozygous factor V Leiden mutation [FVL] and 

heterozygous protein S [PS] deficiency), Hb (18.3 g/dL [IQR: 17.6-19.8] versus 17.2 g/dL [15.9-
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18.9], p=0.002), and Hct (56% [IQR: 53-62] versus 52% [IQR 48-57], p<0.001) were 

associated with increased thrombosis (Table II and Figure 3).  

 After multivariable logistic regression, age (odds ratio [OR]=4.20, p<0.001), hematocrit 

(OR=3.91, p=0.008), and constitutional thrombophilia (OR=63.56 p<0.001) were associated 

with thrombosis (Figure 4). 

 

Antiplatelet therapy was initiated in 45 patients (27%) and anticoagulant therapy in 25 patients 

(14%). Phlebotomy was started in 130 patients (29%) with missing data for 222 patients. Follow-

up was available in 127 patients (18.7%). 

Among the 122 patients for whom follow-up data regarding thrombosis was available, 12 (9.8%) 

developed thrombosis during follow-up. Thrombophilia was significantly higher in this population: 

3 patients (25%; heterozygous prothrombin gene G202101A and FVL mutations, heterozygous 

PS deficiency) versus 3 patients (3.6%; heterozygous FVL mutations) without thrombosis 

(p=0.025). Hypertension was also significantly higher in this population: 5 patients (42%) versus 

13 patients (14%) without new-onset thrombosis (p=0.031). Patients with thrombosis during 

follow-up were more likely to receive anticoagulants (5 patients [42%] versus 12 patients [15%] 

without thrombosis, p=0.036). No statistical difference in thrombosis onset during follow-up was 

observed between patients under aspirin and those who were not: 5 patients (45%) with 

thrombosis, 30 (39%) without thrombosis (p=0.75). 

No statistical difference in thrombosis onset during follow-up was observed between 

phlebotomized patients and those who were not: 7 patients (58%) phlebotomized with 

thrombosis; 56 (51%) patients phlebotomized without thrombosis (p=0.63; Table III). 

After multivariable logistic regression, constitutional thrombophilia (OR=8.89, p=0.03), and 

arterial hypertension (OR=6.05, p=0.02) were associated with thrombosis during follow-up 

(Table III). 
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Focusing on patients with thrombosis at or before diagnosis, there was no significant difference 

between phlebotomy (p>0.99), aspirin (p>0.99), and anticoagulant (p=0.48) use between 

patients with a new thrombotic complication and those without (Supplementary table S2). 

 

4. Hyperviscosity symptoms 

Symptoms related to high blood viscosity, reported in 88 (16%) patients, are described in Figure 

5. Headaches were the most prevalent symptoms, described in 48 (54%) patients with 

hyperviscosity symptoms. Fatigue (24 patients, 27%) and dizziness (22 patients, 25%) were the 

two others more prevalent symptoms. 

Hb and Hct were significantly higher in these patients (median Hb: 18.9 g/dL [IQR: 17.6-20.0] 

versus 17.0 g/dL [IQR: 15.6-18.5], p<0.001; median Hct 57% [IQR: 53-60] versus 51% [IQR: 

48-56], p<0.001). Tobacco use was also significantly higher in patients with hyperviscosity 

symptoms (18 [32%] versus 23 [18%], p=0.032). Additionally, patients with hyperviscosity 

symptoms were more likely to have splenomegaly (5 [9.6%] versus 7 [3.0%)], p=0.047) 

(Supplementary Table S3).  

After multivariable logistic regression model, hematocrit was independently associated with 

hyperviscosity symptoms (OR=3.41, p=0.012).  

 

Phlebotomy was started among 54 symptomatic patients (61.4%), resulting in symptoms relief 

among 35 of them (64.8%). Symptoms were persistent or worsened among 8 phlebotomized 

patients (22.9%). No statistical difference in hyperviscosity symptoms during follow-up was seen 

between phlebotomized patients and those who were not, with 10 symptomatic patients (56%) 

phlebotomized, and 47 asymptomatic patients (49%) phlebotomized, (p=0.61). However, there 

was a significative difference among patients with hyperviscosity symptoms at diagnosis in 

hyperviscosity symptoms recurrence during follow-up between phlebotomized patients (54 
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patients, 10 with symptoms recurrence) and those who were not (20 patients, 8 with symptoms 

recurrence), (p=0.012). 

 

5. External validation in the French cohort 

 

A total of 58 HOAH patients were diagnosed at 13 French institutions between 1983 and 2024 

(median age 41 years [IQR: 31-53]; 59% males). Fifty-one patients had beta-chain variants 

(89%) and 6 patients had alpha-chain variants (11%). A total of 17 variants were individualized: 

13 Hb San Diego (23%), 7 Hb Saint Nazaire (12%), 6 Hb Malmö (11%), 6 Hb Olympia (11%), 5 

Hb Little Rock (8.8%), 4 Hb Abruzzo (7%), 3 Hb Columbia Missouri (5.3%), 2 Hb Nancy (3.5%), 

2 Hb Pierre Bénite (3.5%), 2 Hb Angers (3.5%), 1 Hb Hafnia (1.8%), 1 Hb Hotel Dieu (1.8%), 1 

Hb J Cape Town (1.8%), 1 Hb Linköping (1.8%), 1 Hb Poissy (1.8%), 1 Hb Venissieux (1.8%) 

and 1 Hb Vila Real (1.8%). The variant was unknown in one patient. All patients presented HOAH 

variant at heterozygous state. 

The diagnosis was fortuitous in 28 (52%), during familial study in 20 (37%), and because of 

clinical signs in 6 (11%) cases. 

Erythrocytosis was observed in 40 patients (78%) with median Hb of 17.4 g/dL (IQR: 16.5-18.4) 

and median Hct of 52.3% (IQR: 49.0-54.2). Median EPO serum level was 9.5 UI/L (IQR: 8.0-

12.2) while median p50 estimation was 19.4 mmHg (IQR: 17.1-21.8) and median p50 measure 

was 18.9 (IQR:15.9-19.3). Median leukocyte count was 6.0 G/L (IQR: 4.8-7.7) and median 

platelet count at 189 G/L (IQR: 154-225). 

Sleep apnea syndrome (5 patients, 8.6%), atrial flutter (1 patient, 1.7%), diabetes (3 patients, 

5.3%), overweight (10 patients, 17%), alcohol use (2 patients, 3.4%), tobacco use (15 patients, 

26%), high blood pressure (11 patients, 19%), dyslipidemia (1 patient, 1.8%), congenital 

thrombophilia (1 patient presenting prothrombin gene polymorphism, 1.8%) were concomitant 
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conditions noted in studied patients. Splenomegaly was observed in 3 (5.8%) patients. A total of 

11 patients (19%) had hyperviscosity symptoms.  

 

With a median follow up of 59 months (IQR: 5-113), thrombosis occurred in 9 patients (16%), 

with 10 (71.4%) venous thrombosis and 4 (28.6%) arterial thrombosis. Therapeutic strategies 

at time of thrombotic event relied on aspirin for 3 thrombosis, anticoagulation for 3 thrombosis 

and phlebotomies for 3 thrombosis. Nine patients were not on any therapy at time of thrombosis, 

all having occurred before or at diagnosis time. (Table IV). 

 

 After univariate analysis, age (63 years [IQR: 45-68] versus 38 years [IQR: 26-49], p=0.006), 

sleep apnea syndrome (33% versus 4.1%, p=0.023), and overweight (44% versus 12%, 

p=0.039) were associated with thrombosis. 

Neither Hb (17.7 g/dL [IQR: 17.5-18.0] versus 17.2 g/dL [16.4-18.6], p=0.40) nor Hct (52.6% 

[IQR: 50.6-53.7] versus 51.7% [IQR 49.0-54.2], p=0.73) were associated with increased 

thrombosis. (Supplementary table S4). 

 

There was no significant reduction in thrombosis incidence among phlebotomized patients (24/47 

(51%) without thrombosis and 3/8 (37.5%) with thrombosis, p=0.7). In addition, antithrombotic 

therapy did not result in a significant reduction in thrombosis incidence, with 22/46 (47.8%) 

patients without thrombosis and 4/9 (44.4%) having experienced thrombosis (p=1). 

 

After multivariable logistic regression, age was independently associated with thrombosis 

(OR=3.00, p=0.02) but there was no significant association between overweight (OR=1.86, 

p=0.63) and sleep apnea syndrome (OR=6.9, p=0.22) and thrombosis onset (Supplementary 

figure S1). 
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DISCUSSION 

HOAH is the most prevalent cause of congenital erythrocytosis, yet remains a rare disease lacking 

consensual guidelines about its management. Main clinical manifestations include thrombosis and 

hyperviscosity symptoms albeit their incidence is unknown. Data regarding the usefulness of 

phlebotomies, as of antithrombotic agents, is needed to guide the management of these patients.  

 

To this date, the prevalence of thrombosis among HOAH carrying patients is heterogenous in 

literature.[35] A Spanish study of 34 HOAH patients did not report any thrombosis in the patients 

history and at diagnosis.[36] In a recent study of 41 HOAH cases with a median follow-up of 10 

years, Gangat et al. described thrombotic complications among 24% of their patients.[19] 

With the systematic review conducted in this study we could analyze the largest series of patients 

with HOAH variants published in literature, with a total of 677 patients. On the one hand, a vast 

majority of patient was asymptomatic, with 84% without hyperviscosity symptoms and 93% 

without thrombosis before or at diagnosis. On the other hand, thrombosis was observed in 7% 

of the patients at diagnosis and in 10% of patients during follow-up in those for whom follow-up 

data was available. In a French validation cohort of 58 patients, thrombosis occurred in 16% of 

the patients. 

 

Comparatively to other diseases responsible for erythrocytosis, the rate of thrombosis is lower in 

HAOH. In polycythemia vera, the incidence of thrombosis at diagnosis has been ranked from 12% 

to 39% [37,38]. In a prospective study of 155 patients with Chuvash erythrocytosis (CE), 

thrombosis was observed in 27 (17%) patients at enrollment and occurred in 33 (21%) after a 

median follow-up of 11 years.[39] In another prospective study focused on CE, thrombosis rate 

was 0.031 events/patient/years.[40] It is noteworthy that Hct was not associated with 

thrombosis in both studies. Among other rarer causes of congenital erythrocytosis, two studies 

described respectively 3/6 and 5/8 patients experiencing thrombosis in HIF2A pathogenic 
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variants.[39] Moreover, one of these studies focused on 2 patients with PHD2 variants, 2 with 

EPOR variants and 2 with BPGM variants, and did not describe thrombosis among them.[41] 

Platelets and leukocytes counts, as well as inflammation mediators, are all known to contribute 

to the risk of thrombosis in polycythemia vera [42]. In CE mononuclear cells, HIF-regulated genes 

that are potentially thrombogenic are up-regulated, therefore leading to thrombotic risk 

independent from cardiovascular risk factors or hematocrit rise.[40] In case of HOAH, hypoxia-

sensing is not up-regulated, and neither leukocytes nor platelets are increased, thus it may 

explain the lower thrombosis risk in HOAH patients and adding to the hypothesis of hematocrit 

as thrombosis risk factor. 

 

We identified a significant association between Hct levels and thrombosis at diagnosis. 

Thrombophilia and age were also strong independent risk factor for thrombosis while 

thrombophilia and arterial hypertension were independently associated with new-onset 

thrombosis during follow-up. While Hct levels were not associated with thrombosis, age, 

overweight, and sleep apnea syndrome were in our retrospective cohort of 58 French patients.  

Our results are the first to observe an independent association between Hct levels and thrombosis 

onset. Despite this association, we did not found a reduction in thrombosis onset during follow-

up among phlebotomized patients, with regards to missing follow-up data for 550 patients. 

Thrombosis incidence was not significantly different between patients receiving antiplatelet 

agents and those who did not. A sus-cited study by Gangat et al. did not find an association 

between Hct and thrombosis, neither at diagnosis time nor at time of thombosis, in a smaller 

effective of 41 patients, but with a long follow-up of 10 years.[19] In this study, phlebotomy and 

aspirin were not protective from thrombosis. 

Several cardiovascular risk factors were identified in our review and French cohort as associated 

with thrombosis. Similarly, Gangat et al. found an association between arterial thrombosis and 

older age, male gender, and cardiovascular risk factors.[19] Taken together, these data underline 



16 

the importance of cardiovascular risk factors management, especially since they are known to 

increase thrombotic risk in general population.[31,43] As congenital thrombophilia was 

significantly associated with thrombosis in our results, we wonder about a greater involvement 

of thrombophilia than HAOH in the onset of thrombotic complication among patients with both 

conditions. Whether systematic screening for constitutionnal thrombophilia could be of interest 

in every patient carrying an HAOH is however unknown. 

 

As higher hematocrit levels were associated with increased thrombosis, this could argue in favor 

of hematocrit reduction to prevent thrombosis in HOAH, as recommended by McMullin et al. in 

the British guidelines[30]. However, phlebotomy does not appear to prevent thrombosis, and we 

could not recommend a specific target hematocrit, as done in the British guidelines. For Gangat 

et al., based on the results of their study in which Hct was not associated with thrombosis, 

phlebotomies had limited therapeutic value in HOAH. [8,19] 

Phlebotomies might be conducted without a stringent hematocrit target, but personalized for 

every patient according to symptom resolution and tolerance. Our results confirm that 

phlebotomies are however helpful in patients with hyperviscosity symptoms. Despite limited 

follow-up data in the review of literature, antiplatelet or anticoagulant therapies were not 

associated with a reduction in the incidence of thrombosis. These findings underline the actual 

need of prospective studies with long follow-up duration to clarify the role of phlebotomies and 

of antithrombotic agents to prevent thrombosis. 

The heterogeneity of supportive strategies have already been underlined in HOAH, in terms of 

treatment and in terms of follow-up.[44] In our French cohort, 5 patients have not been followed 

by a physician after diagnosis. We think it would be of interest to harmonize follow-up practices, 

as we see that an individualized management of these patients is needed, as well as treatment 

of cardiovascular risk factors and detection of eventual vascular complications. 
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We acknowledge several limitations in this systematic review including a vast majority of case 

reports, with heterogenous clinical cases descriptions, leading to missing data. Furthermore, 

follow-up data were rare in reports, and we could not evaluate a median follow-up. Publication 

bias could not have been avoided. Due to the rarity of the condition, this was however the best 

methodology to have sufficient statistical power to lead association studies. In the retrospective 

study of the French cohort, potential bias due to the small patient numbers and heterogenous 

follow-up durations should be noted. This is however to our knowledge the largest case series 

reported so far in the literature. 

 

CONCLUSION  

Due to the rarity of HOAH, with limited individual data available, we led a systematic review of 

the literature to gain insight on thromboembolism in these patients. While many patients were 

asymptomatic and did not have any complication at diagnosis or during follow-up, thrombosis 

was observed in 7% of the patients at diagnosis and in 10% of patients during follow-up. Although 

Hct level was associated with thrombosis, phlebotomies did not modify the risk of complications 

during follow-up. Because of the inherent risk of bias of our study design, more studies with 

systematic follow-up or with a prospective design are needed to assess the role of phlebotomy in 

individuals with HOAH. 
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Figure 1. Summary of search results 
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Figure 2. Number of cases diagnosed per country
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Figure 3. Hematocrit, hemoglobin and age according to the presence of thrombosis at 
diagnosis 
 
 

 
Multivariable analysis was only carried out for variables with statistical significance in the univariable analysis 

Figure 4. Variables associated with thrombosis in multivariable analysis  
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Figure 5. Repartition of symptoms related to high blood viscosity
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Table I. Variants included in the review with number of cases described associated with corresponding articles references. 
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Variant Publication  Country of diagnosis Cases Variant Publication Country of diagnosis Cases 

Hb Abruzzo Tentori 1972, Zhao 1990, Mosca 1993, 
Venkateswaran 2005, Shrikhande 2016  

Italy, USA, Italy, USA, 
India 

1, 4, 1, 4, 2 Hb Milledgeville Honig 1980, Hanss 2002 USA, France 3, 3 

Hb Albany Suma Iuchi 1984 Japon 1 Hb Mito Harano 1985 Japan 1 

Hb Alberta Mant 1977, Wong 1978 Canada, Canada 1, 1 Hb Miyano Ohba 1989 Japan 1 

Hb Alcorn County Luu 2019 USA 2 Hb Montefiore Wajcman 1996 France 1 

Hb Andrew 
Minneapolis 

Zak 1974, Hebbel 1977, Ahmed 1989, 
Tasheva 1990, Gomi 1992, Zur 2012, 
Ropero 2013, Aykut 2015, Mehta 2017, 
Kuramoto 2020    

USA, USA, Germany, 
Bulgaria, Japan, 
Germany, Spain, 
Turkey, India, Japan 

1, 2, 1, 1, 3, 
1, 1, 1, 2, 2 

Hb Montfermeil Kister 2005,  Gangat 2021 France, USA 3, 1 

Hb Angers Orvain 2021 France 2 Hb Moriguchi Ohba 1989 Japan 2 

Hb Aurillac Boursier 2013 France 1 Hb Nancy Gacon 1975 France 1 

Hb Aurora Lafferty 1995 Canada 1 Hb Nantes Wajcman 2003, Artuso 2015, Gangat 2021 France, Italy, USA 1, 11, 1 

Hb Badalona Junca 2002 Spain 3 Hb Natal Jogessar 1988 South Africa 2 

Hb Baden Abdulmalik 2010, Gangat 2021 USA, USA 1, 1 Hb Nebraska Hoyer 2011, Gangat 2021 USA, USA 1, 1 

Hb Bakersfield Brunner-Agten 2017 Switzerland 4 Hb New Mexico Moo-Penn 1985 USA 1 

Hb Bethesda Bunn 1972, Adamson 1972, Schmidt 1976, 
Kawashima 1994, González Fernández 
2009, Tamura 2015, Gangat 2021 

USA, USA, Canada, 
Japan, Spain, Japan, 
USA 

1, 4, 1, 3, 2, 
2, 1 

Hb New Plymouth Brennan 2012 New Zealand 1 

Hb Bologna St 
Orsola 

Ivaldi 1999, Gilbert 2000, Lee 2008 Italy, Australia, South 
Korea 

1, 2, 1 Hb Norfolk Cohen-Solal 1975 France 1 

Hb Brie Comte 
Robert 

Wajcman 1999 France 1 Hb North Chicago Rahbar 1985 USA 1 

Hb Brigham Lokich 1973, Mollan 2012 USA, USA 10, 1 Hb Nunobiki Shimazaki 1985, Kazanetz 1996 Japan, USA 1, 1 

Hb Brisbane Brennan 1981 New Zealand 2 Hb Ohio Moo-Penn 1980 USA 3 

Hb British 
Columbia 

Jones 1977, Gangat 2021 Canada, USA 1, 1 Hb Old Dominion Elder 1998 UK 4 

Hb Bunbury Como 1983, Ballas 1992, Walker 2007 Australia, USA, 
Canada 

1, 2, 3 Hb Olomouc Indrak 1987, Tagawa 1992 Czechia, Japan 2, 1 

Hb Cambridge Oliveira 2010 USA 1 Hb Olympia Stamatoyannopoulos 1973, Nute 1978, 
Berlin 1989, Nakatsuji 1983, Weaver 1984, 
Percy 2009, González Fernández 2009, 
Kalotychou 2010, Gangat 2021, Filser 2022 

USA, USA, Sweden, 
USA, USA, UK, 
Spain, Greece, USA, 
France 

3, 2, 2, 1, 1, 
2, 1, 1, 4, 2 

Hb Cardarelli Pagano 2004 Italy 8 Hb Osler Charache 1975, Kleckner 1975, Butler 
1982, Winslow 1983, Hutt 1996, Kattamis 
1997 

USA, USA, USA, 
USA, USA, USA 

11, 1, 5, 1, 
1, 2 

Hb Cemenelum Wajcman 1994 France 1 Hb Palmerston 
North 

Brennan 1982 New Zealand 1 

Hb Chemilly Rochette 1984 UK 1 Hb Pierre-Bénite Baklouti 1988, Beard 2001, Percy 2009 France, New Zealand, 
UK 

1, 1, 2 

Hb Chesapeake Charache 1966, Jones 1979, Harano 1983, 
Granel 2001 

USA, USA, Japan, 
France 

16, 1, 1, 1 Hb Pitié-Salpétrière Blouquit 1980 France 2 

Hb Coimbra Tamagnini 1991, Santos 2019 Portugal, Brazil 2, 10 Hb Potomac Charache 1978, Rubin 1978, Yudin 2019, 
Gangat 2021 

USA, USA, Canada, 
USA 

9, 1, 1, 1 

Hb Columbia 
Missouri 

Perry 1991, González Fernández 2009, 
Gangat 2021 

USA, Spain, USA 2, 4, 1 Hb Puttelange Wajcman 1995, Galanello 1997 France, Italy 2, 2 

Hb Cowtown Schneider 1979 USA 1 Hb Radcliffe Weatherall 1977 UK 3 

Hb Crete Maniatis 1979,  Papassotiriou 2005,  
Komninaka 2024 

USA, Greece, Greece 3, 6, 4 Hb Rahere Lorkin 1975, Sugihara 1985 UK, Japan 1, 2 

Hb Créteil Poyart 1978, Gangat 2021 France, USA 1, 1 Hb Rainier Adamson 1970, Najfeld 1978, Dingle 1979, 
Rochette 1986, Francina 1989, Berruyer 
1994, Carbone 1999 

USA, USA, Canada, 
UK, France, France, 
Italy 

7, 1, 4, 1, 1, 
5, 3 

Hb Cubujuqui Moo-Penn 1981 USA 1 Hb Regina Devaraj 1985, Bissé 1991, Gaudreau 2009 Canada, Germany, 
Canada 

2, 3, 1 
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Hb Dallas Gangat 2021 USA 4 Hb Roanne Kister 1995 France 1 

Hb Deer Lodge Sobreira 2023 Brazil 1 Hb Rouen Wajcman 1992 France 1 

Hb Dunn Charache 1980 USA 4 Hb Safi Rumi 2009 Italy 1 

Hb Frauenfeld Hochuli 2009 Switzerland 3 Hb Saint Jacques Rochette 1984 UK 1 

Hb Fuchu-II Son 2016 Japan 1 Hb Saint Nazaire Wajcman 1993, Bobée 2019, Filser 2022 France, France, 
France 

4, 2, 1 

Hb Fukutomi Hidaka 1990 Japan 1 Hb San Cataldo Vinciguerra 2016 Italy 2 

Hb Gambara Ivaldy 1997 Italy 3 Hb San Diego Nute 1974, Chanarin 1975, Harkness 1981, 
Nakatsuji 1983, Rochette 1984, 
Loukopoulos 1986, Coleman 1993, 
Williamson 1995, Gerli 2002, González 
Fernández 2009, Rumi 2009, Keskin 2017, 
Boster 2019, Xiong 2019, Oo 2020, Gangat 
2021    

USA, UK, USA, 
Japan, UK, Greece, 
USA, UK, Italy, 
Spain, Italy, Turkey, 
USA, China, USA, 
USA 

6, 1, 1, 1, 1, 
2, 1, 1, 1, 6, 
4, 1, 1, 6, 1, 
3 

Hb Geldrop St. 
Anna 

Harteveld 2005,  Dunset 2020 Netherlands, USA 5, 1 Hb San Francisco Tavakoli 2021 USA 1 

Hb Grange-
Blanche 

Baklouti 1987 France 2 Hb Santa Clara De Rosa 2007,  Percy 2009 Italy, UK 1, 1 

Hb Great Lakes Rahbar 1981 USA 1 Santa Giusta 
Sardegna 

Fais 2012 Italy 3 

Hb Hallamshire Leach 1996 UK 1 Hb Saratoga Springs Hoyer 2003 USA 1 

Hb Hanamaki Orisaka 1992, Rahbar 1994 Japan, USA 3, 3 Hb Sassari Masala 1987, Paglietti 1998 Italy, Italy 2, 3 

Hb Headington Rochette 1994 UK 3 Hb Sherwood 
Forrest 

Williamson 1994, Raghunathan 2017 UK, USA 1, 1 

Hb Heathrow White 1973, Marsh 1991, David 2002, 
Percy 2009, Shin 2017, Gangat 2021 

UK, UK, Italy, UK, 
South Korea, USA 

5, 1, 1, 1, 1, 
1 

Hb South 
Milwaukee 

Honig 1990 USA 1 

Hb Helsinki Ikkala 1976, Lee 2017 Finland, Malaysia 8, 1 Hb Sparta Hoyer 2003 USA 1 

Hb Hinwil Frischknecht 1996, Cuccia 2008 Switzerland, Italy 3, 2 Hb Strasbourg Bissé 1998, González Fernández 2009 Germany, Spain 5, 1 

Hb Hiroshima Hamilton 1969, Nishimori 2012, 
Komninaka 2012 

Japan, Japan, Greece 8, 1, 1 Hb Sunnybrook Ali 1988 Canada 1 

Hb Hotel-Dieu Blouquit 1981, Cadilla 1998 France, Puerto Rico 3, 1 Hb Suresnes Poyart 1976, Gravely 1978 France, USA 3, 2 

Hb Howick Owen 1993 New Zealand 1 Hb Syracuse Jensen 1975, González Fernández 2009, 
Riaz 2023 

USA, Spain, USA 1, 1, 1 

Hb Hyden Gangat 2021 USA 1 Hb Tak Hoyer 1998, Charoenkwan 2003, 
Tanphaichitr 2003, Teawtrakul 2010, 
Prakobkaew 2010, Tongprasert 2017, Amran 
2017, Gangat 2021 

USA, Thailand, 
Thailand, Thailand, 
Thailand, Thailand, 
Malaysia, USA 

1, 3, 2, 2, 1, 
1, 1, 1 

Hb Jackson Gangat 2021 USA 1 Hb Tarrant Ibarra 1981, Perea 1999, Ip 2016 Mexico, Mexico, 
China 

10, 2, 5 

Hb J Calabria David 2002 Italy 1 Hb Tende Wajcman 1998 France 1 

Hb J-Cape Town Botha 1978, Harano 1983, Pagano 2007 South Africa, Japan, 
Italy 

5, 1, 1 Hb Trollhättan Landin 1994 Sweden 3 

Hb Johnstown Jones 1990, Ropero 2000, Feliu-Torres 
2004, Agarwal 2007, Petrides 2008, 
González Fernández 2009, Inoue 2012,  

USA, Spain, 
Argentina, USA, 
Germany, Spain, USA 

3, 4, 2, 2, 6, 
9, 1 

Hb Tsurumai Ohba 1996 Japan 2 

Hb Kanagawa Miyashita 1992 Japan 1 Hb Ty Gard Bursaux 1978 France 1 

Hb Kawachi Harano 1982 Japan 1 Hb Uxbridge Wajcman 1996 UK 1 

Hb Kempsey Reed 1968, David 2002, Australia, Italy 10, 2 Hb Vanderbilt Paniker 1978, Goodyer 2011, Shomali 2019, 
Gangat 2021 

USA, Ireland, USA, 
USA 

1, 1, 2, 1 

Hb Kennisis Nabhani 2020 Canada 1 Hb Vexin Wajcman 2003 France 1 

Hb Kochi Miyazaki 2005 Japan 1 Hb Vila Real Bento 2000, Salzano 2002 Portugal, Italy 2, 2 

Hb Kodaira II So 2002, Ngiwsara 2003 China, Thailand  1, 1 Hb Villaverde Wajcman 1993 France 2 
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Hb La Coruna Ropero 2006 Spain 2 Hb Waikato Moore 2021 New Zealand 2 

Hb Legnano Mavilio 1978 Italy 4 Hb Wayne Huisman 1984, Gangat 2021 USA, USA 4, 1 

Hb Linköping Jeppsson 1984, Länsimies 1985, Jones 
1986, Wada 1987, Berlin 1987, Ali 1988, 
Wranne 1991, Ward 1992, Bard 1998 

Sweden, Finland, 
USA, Japan, Sweden, 
Canada, Sweden, 
Australia, Canada 

1, 2, 1, 1, 2, 
1, 10, 1, 2 

Hb Wood Gangat 2021 USA 2 

Hb Little Rock Bromberg 1972, Francina 1987, Perroud 
2023 

USA, France, 
Switzerland 

1, 1, 2 Hb Yakima Jones 1967, Grace 1992 USA, UK 3, 5 

Hb Loire Baklouti 1988 France 2 Hb York Misgeld 2001, Monaca 2012 Germany, Germany 5, 1 

Hb Luton Williamson 1992, El-Sharkawi 2012 UK, UK 1, 4 Hb Ypsilanti Glynn 1968, Mais 2008, Nygaard 2013  USA, USA, Denmark 17, 2, 2 

Hb Malmö McCormack 1976, Adachi 1984, Girino 
1988, Landin 1996, Giordano 1996, 
González Fernández 2009, Rumi 2009, 
Santbergen 2014, Gangat 2021     

USA, USA, Italy, 
Sweden, Netherlands, 
Spain, Italy, 
Netherlands, USA 

1, 1, 1, 1, 3, 
1, 2, 1, 13  

Hb Zoeterwoude Harteveld 2005 Netherlands 1 

Hb McKees Rocks Winslow 1976, Rahbar 1983 USA, USA 6, 1 Unknown Wade 1980 Canada 6 
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Table II. Patient characteristics according for thromboembolic event at diagnosis 

Characteristic Overall, N = 5581 No, N = 5201 Yes, N = 381 p-value2 

Age 33 (21, 51) 32 (20, 49) 55 (40, 65) <0.001 

Unknown 63 61 2  

Gender    0.036 

Female 247 (46%) 237 (47%) 10 (29%)  

Male 294 (54%) 269 (53%) 25 (71%)  

Unknown 17 14 3  

Diabetes 17 (5.2%) 15 (4.9%) 2 (7.7%) 0.63 

Unknown 228 216 12  

Thrombophilia 9 (2.7%) 4 (1.3%) 5 (22%) <0.001 

Unknown 228 213 15  

High blood 
pressure 

28 (8.2%) 22 (7.0%) 6 (23%) 0.013 

Unknown 216 204 12  

Dyslipidemia 8 (2.4%) 6 (1.9%) 2 (8.7%) 0.10 

Unknown 219 204 15  

Tobacco 41 (20%) 36 (19%) 5 (38%) 0.15 

Unknown 357 332 25  

Splenomegaly 12 (4.2%) 11 (4.1%) 1 (5.6%) 0.55 

Unknown 270 250 20  

Hematocrit 52 (48, 57) 52 (48, 57) 56 (53, 62) <0.001 

Unknown 39 37 2  

Hemoglobin 17.40 (16.00, 19.00) 17.20 (15.90, 18.90) 18.30 (17.60, 19.80) 0.002 

Unknown 16 15 1  

 
Significative values are in bold. 
1Median (IQR); n (%) 
2Kruskal-Wallis rank sum test; Pearson's Chi-squared test; Fisher's exact tes
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Table III. Variables associated with new-onset thrombosis in 122 individuals with high oxygen affinity hemoglobin variants and available follow-up data. 

Characteristic Overall, N = 1221 No, N = 1101 Yes, N = 121 p-value2 (univariate) OR3 (multivariate) p-value (multivariate) 

Age 39 (25, 55) 39 (24, 55) 42 (28, 51) 0.70   

Unknown 1 1 0    

Gender    >0.99   

Female 46 (38%) 41 (38%) 5 (42%)    

Male 74 (62%) 67 (62%) 7 (58%)    

Unknown 2 2 0    

Diabetes 7 (6.7%) 5 (5.4%) 2 (17%) 0.18   

Unknown 17 17 0    

Thrombophilia 6 (6.3%) 3 (3.6%) 3 (25%) 0.025 8.89 (1.15, 70.28)  0.03 

Unknown 27 27 0    

Hypertension 18 (17%) 13 (14%) 5 (42%) 0.031 6.05 (1.30, 29.76) 0.02 

Unknown 17 17 0    

Dyslipidemia 7 (6.8%) 5 (5.5%) 2 (17%) 0.19   

Unknown 19 19 0    

Tobacco 25 (29%) 19 (25%) 6 (60%) 0.058   

Unknown 37 35 2    

Splenomegaly 1 (1.8%) 1 (1.9%) 0 (0%) >0.99   

Unknown 65 56 9    

Hematocrit 55.0 (51.6, 58.0) 55.0 (51.0, 58.0) 54.9 (52.9, 57.8) 0.49   

Unknown 4 4 0    
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Baseline characteristics according to the development of new thrombosis during follow-up. Odd ratio for new thrombosis with 95% confidence interval. Multivariable 
analysis was only carried out for variables with statistical significance in the univariable analysis. Significative values are in bold. 
1Median (IQR); number (N) (%) 
2Kruskal-Wallis rank sum test; Pearson's Chi-squared test; Fisher's exact test 
3Binary logistic regression  

Hemoglobin 18.55 (17.20, 19.80) 18.60 (17.18, 19.83) 18.45 (17.90, 19.43) 0.86   

Unknown 2 2 0    

Thrombosis 16 (13%) 12 (11%) 4 (33%) 0.053   

Unknown 1 1 0    

Phlebotomy 63 (52%) 56 (51%) 7 (58%) 0.63   

Aspirin 35 (40%) 30 (39%) 5 (45%) 0.75   

Unknown 35 34 1    

Anticoagulant 17 (19%) 12 (15%) 5 (42%) 0.046 2.90 (0.60, 13.25) 0.17 

Unknown 32 32 0    
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Table IV. Detail of thrombotic episodes in 9 patients with high oxygen affinity hemoglobin variants 

 
Abbreviations: DVT, deep venous thrombosis; Hb, hemoglobin; Hct, hematocrit; SVT, superficial venous thrombosis

Patient Age at 
diagnosis 

Gender Variant Cardiovascular risk 
factors/thrombophilia 

Thrombosis before 
/at diagnosis 

Hb/Hct at 
diagnosis 
 

Thrombosis 
during follow-
up 

Age at 
thrombosis 

Aspirin before 
thrombosis 

Anticoagulation 
before 
thrombosis 

Phlebotomy 
before 
thrombosis 

Treatment 
modification at 
thrombosis 

1 44 Female Little 
Rock 

Prothrombin G20210A None Unknown Pulmonary 
embolism 

59 None Warfarin Yes None 

2 63 Male Malmö Obesity, tobacco, 
hypertension 

Stroke  18.0 / 54.3 None 
 

63 None None None Aspirin 160 mg 
start 

3 68 Male Columbia 
Missouri 

Tobacco, Hypertension Immobilization 
induced superior limb 
DVT 

17.7 / 52.6 None Unknown None None None Aspirin 100 mg 
and phlebotomy 
start 

4 45  Female San Diego Sleep apnea, syndrome, 
obesity 

Lower limb DVT 17.4 / 48.8 SVT post 
varicose surgery 

41 / 46 Aspirin None Yes Unknown 

5 78 Female Abruzzo Sleep apnea, syndrome, 
overweight, hypertension 

Pulmonary embolism 18.0 / 53.0 2 strokes 78 / 80 / 82 Aspirin 160 mg Calcium heparin 
7500 UI 

Unknown Aspirin stopped 
at 80 years 
because of 
allergy 

6 63 Male Abruzzo Sleep apnea, syndrome, 
overweight, hypertension 

Pulmonary embolism 19.4 / 57.0 None 61 None None None Apixaban start 

7 54 Male Columbia 
Missouri 

None Lower limb DVT 16.0 / 48.0 None 51 None None None Apixaban and 
phlebotomy 
start 

8 23 Female San Diego None None Unknown Yes, not 
detailed 
 

28 Aspirin 160 mg None Yes Unknown 

9 79 Male Olympia Diabetes 
 

Multiple DVT, stroke 17.6 / 52.3 None 40 / 77 None None None Aspirin 75 mg 
start 



 37 

TABLE DES MATIERES 

SERMENT D’HIPPOCRATE ........................................................................................... IV 

CONTEXTE ............................................................................................................ XVI 

OBJECTIFS ......................................................................................................... XXVI 

ABSTRACT ................................................................................................................ 3 

INTRODUCTION ....................................................................................................... 5 

METHODS ................................................................................................................. 6 

1. Search strategy ............................................................................................ 6 
2. French cohort of individuals with HOAH variants .......................................... 6 
3. Data collection ............................................................................................. 6 
4. Statistical analysis ....................................................................................... 7 

RESULTS .................................................................................................................. 8 

1. Studies included ........................................................................................... 8 
2. Patient characteristics .................................................................................. 8 
3. Thrombotic complications ............................................................................ 9 
4. Hyperviscosity symptoms ........................................................................... 11 
5. External validation in the French cohort ..................................................... 12 

DISCUSSION .......................................................................................................... 14 

CONCLUSION ......................................................................................................... 17 

ACKNOWLEDGMENTS ............................................................................................. 18 

AUTHORSHIP CONTRIBUTIONS .............................................................................. 18 

DISCLOSURE OF CONFLICT OF INTEREST ............................................................... 18 

BIBLIOGRAPHY ...................................................................................................... 19 

FIGURE LEGEND ..................................................................................................... 23 

TABLE LEGEND ....................................................................................................... 28 

TABLE DES MATIERES ............................................................................................ 37 

SUPPLEMENTAL DATA .............................................................................................. I 



 I 

SUPPLEMENTAL DATA 

Table S1. Patients characteristics at diagnosis and during follow-up 



 II 

Characteristic N = 6771 Characteristic N = 6771 

Age 33 (21, 51) Unknown 447 

Unknown 82 Reverse phase HPLC  

Gender  No 7 (5%) 

Female 295 (45%) Yes 137 (95%) 

Male 358 (55%) Unknown 533 

Unknown 24 Ion exchange chromatography  

Diabetes  No 57 (24%) 

No 320 (95%) Yes 181 (76%) 

Yes 17 (5.0%) Unknown 439 

Unknown 340 Ion exchange HPLC  

Hypertension  No 84 (31%) 

No 326 (92.1%) Yes 187 (69%) 

Yes 28 (7.9%) Unknown 406 

Unknown 323 Instability  

Tobacco use  No 187 (76%) 

No 170 (80%) Yes 58 (24%) 

Yes 43 (20%) Unknown 432 

Unknown 464 Alpha chain variant  

Dyslipidemia  No 546 (81%) 

No 343 (97.7%) Yes 124 (19%) 

Yes 8 (2.3%) Unknown 7 

Unknown 326 Beta chain variant  

Thrombophilia  No 124 (19%) 

No 333 (97,4%) Yes 546 (81%) 

Yes 9 (2.6%) Unknown 7 

Unknown 335 Heterozygote  

Arteriopathy  No 12 (2%) 

No 352 (100%) Yes 661 (98%) 

Unknown 325 Unknown 4 

Erythrocytosis  Homozygote  

No 119 (18%) No 661 (98%) 

Yes 558 (82%) Yes 12 (2%) 

Hemoglobin 17.30 (16.00, 18.83) Unknown 4 

Unknown 17 Alpha thalassemia  

Hematocrit 52 (48, 56) No 646 (97.4%) 

Unknown 66 Yes 17 (2.6%) 

Erythropoietin (UI/L) 12 (8, 22) Unknown 14 

Unknown 571 Beta thalassemia  

Serum iron (umol/L) 17 (10, 27) No 641 (96.7%) 

Unknown 623 Yes 22 (3.3%) 

P50 measure (mmHg) 17.0 (13.6, 20.0) Unknown 14 

Unknown 351 Phlebotomy  

P50 estimation (mmHg) 18.2 (16.1, 20.4) No 325 (71%) 



 III 

(IQR); n (%) 

Unknown 655 Yes 130 (29%) 

Hyperviscosity symptoms  Unknown 222 

No 457 (84%) Phlebotomy efficacity on symptoms  

Yes 88 (16%) No 12 (24.5%) 

Unknown 132 Yes 37 (75.5%) 

Thrombosis at diagnosis  Unknown 81 

No 520 (93.2%) Phlebotomy efficacity on erythrocytosis  

Yes 38 (6.8%) No 5 (5.4%) 

Unknown 119 Yes 87 (94.6%) 

Pregnancy  Unknown 38 

No 28 (17%) Hematocrit target (%)  

Yes 129 (82%) 42,0 2 (10%) 

Unknown/NA 520 45,0 8 (40%) 

Pregnancy until delivery  50,0 5 (25%) 

No 5 (4%) 50,0-55,0 1 (5.0%) 

Yes 121 (96%) 50,0-60,0 1 (5.0%) 

Unknown 3 52,0 1 (5.0%) 

Splenomegaly  60,0 2 (10%) 

No 278 (95.5%) Unknown 110 

Yes 13 (4.5%) Antiplatelets agent  

Unknown 386 No 124 (73%) 

Hepatomegaly  Yes 45 (27%) 

No 280 (96.6%) Unknown 508 

Yes 10 (3.4%) Anticoagulant  

Unknown 387 No 149 (86%) 

Affected family member  Yes 25 (14%) 

No 52 (9%) Unknown 503 

Yes 517 (91%) Follow-up  

Unknown 108 No 546 (81%) 

Number of affected family members 3.0 (2.0, 6.0) Yes 127 (19%) 

Unknown 163 Unknown 4 

Acid electrophoresis detection  Hyperviscosity during follow-up  

No 185 (60%) No 96 (84%) 

Yes 122 (40%) Yes 18 (16%) 

Unknown 370 Unknown 13 

Alkaline electrophoresis detection  Thrombosis during follow-up  

No 214 (49%) No 110 (90.2%) 

Yes 223 (51%) Yes 12 (9.8%) 

Unknown 240 Unknown 5 

IEF    

No 65 (28%)   

Yes 165 (72%)  
 
 

 



 IV 

 Table S2. Characteristics of patients with thrombotic antecedent according to the recurrence of 

thrombosis. 

 
Characteristic Overall, N = 161 No, N = 121 Yes, N = 41 p-value2 

Hematocrit 57 (54, 65) 58 (56, 65) 55 (54, 59) 0.40 

Unknown 1 1 0  

Hemoglobin 18.40 (18.15, 19.53) 18.35 (17.45, 19.53) 18.45 (18.40, 19.13) 0.47 

Aspirin 6 (50%) 4 (44%) 2 (67%) >0.99 

Unknown 4 3 1  

Anticoagulant 13 (87%) 10 (91%) 3 (75%) 0.48 

Unknown 1 1 0  

Phlebotomy 7 (44%) 5 (42%) 2 (50%) >0.99 

 

1Median (IQR); n (%) 

2Kruskal-Wallis rank sum test; Fisher's exact test 
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Table S3. Variables associated with presence of hyperviscosity symptoms in 545 individuals with high oxygen affinity hemoglobin variants 

Characteristic Overall, N = 5451 No, N = 4571 Yes, N = 881 p-value2 OR3 (multivariate) p-value (multivariate) 

Age 33 (21, 51) 32 (20, 51) 35 (24, 46) 0.75   

Unknown 63 61 2    

Gender    0.23   

female 240 (45%) 206 (46%) 34 (39%)    

male 294 (55%) 241 (54%) 53 (61%)    

Unknown 11 10 1    

Diabetes 16 (5.1%) 13 (5.4%) 3 (4.0%) 0.77   

Unknown 230 217 13    

Hypertension 25 (7.6%) 17 (6.7%) 8 (11%) 0.26   

Unknown 218 205 13    

Tobacco 41 (22%) 23 (18%) 18 (32%) 0.032 0.70 (0.20, 2.27) 0.6 

Unknown 357 326 31    

Dyslipidemia 7 (2.2%) 4 (1.6%) 3 (4.0%) 0.20   

Unknown 221 208 13    

Thrombophilia 5 (1.5%) 4 (1.6%) 1 (1.3%) >0.99   

Unknown 220 207 13    

Splenomegaly 12 (4.2%) 7 (3.0%) 5 (9.6%) 0.047 0.41 (0.01, 10.3) 0.6 

Unknown 259 223 36    

Hemoglobin 17.30 (15.90, 19.00) 17.00 (15.60, 18.50) 18.90 (17.55, 20.00) <0.001 1.14 (0.42, 2.76) 0.8 

Unknown 16 15 1    
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Hematocrit 52 (48, 57) 51 (48, 56) 57 (53, 60) <0.001 3.41 (1.38, 10.4) 0.012 

Unknown 45 40 5    

 
Significative values are in bold. 
1Median (IQR); n (%) 
2Kruskal-Wallis rank sum test; Pearson's Chi-squared test; Fisher's exact test 
3Binary logistic regression 
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Table S4. Patient characteristics according for thromboembolic event at diagnosis (series of 

French cases) 

 
Significative values are in bold. 
1Median (IQR); n (%) 
2Kruskal-Wallis rank sum test; Pearson's Chi-squared test; Fisher's exact test  

Characteristic Overall, N = 581 No, N = 491 Yes, N = 91 p-value2 

Age 41 (31, 53) 38 (26, 49) 63 (45, 68) 0.006 

Gender    >0.99 

Female 24 (41%) 20 (41%) 4 (44%)  

Male 34 (59%) 29 (59%) 5 (56%)  

Sleep apnea syndrome 5 (8.6%) 2 (4.1%) 3 (33%) 0.023 

Atrial flutter 1 (1.7%) 1 (2.0%) 0 (0%) >0.99 

Diabetes 3 (5.3%) 2 (4.2%) 1 (11%) 0.41 

Unknown 1 1 0  

Overweight 10 (17%) 6 (12%) 4 (44%) 0.039 

Alcohol 2 (3.4%) 2 (4.1%) 0 (0%) >0.99 

High blood pressure 11 (19%) 7 (15%) 4 (44%) 0.059 

Unknown 1 1 0  

Tobacco 15 (26%) 12 (25%) 3 (33%) 0.69 

Unknown 1 1 0  

Dyslipidemia 1 (1.8%) 1 (2.1%) 0 (0%) >0.99 

Unknown 1 1 0  

Thrombophilia 3 (5.3%) 2 (4.2%) 1 (11%) 0.41 

Unknown 1 1 0  

Splenomegaly 3 (5.8%) 3 (6.8%) 0 (0%) >0.99 

Unknown 6 5 1  

Hematocrit 52.3 (49.0, 54.2) 51.7 (49.0, 54.2) 52.6 (50.6, 53.7) 0.73 

Unknown 7 5 2  

Hemoglobin 17.40 (16.45, 18.40) 17.20 (16.38, 18.55) 17.70 (17.50, 18.00) 0.40 

Unknown 7 5 2  

Platelets 189 (154, 225) 189 (151, 225) 188 (179, 222) 0.74 

Unknown 10 7 3  

Leukocytes 6.00 (4.80, 7.70) 5.85 (4.80, 7.43) 7.00 (5.65, 8.73) 0.20 

Unknown 10 7 3  
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Figure S1 Predictive of thrombosis in a French cohort of 58 HOAH after multivariate logistic 

regression. 
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La thrombose chez les patients présentant une polyglobulie secondaire à une hémoglobine 

hyperaffine pour l’oxygène : présentation clinique et facteurs de risque 

 

 Mots-clés : Hémoglobine hyperaffine pour l’oxygène, polyglobulie, thrombose, saignées, syndrome 
d’hyperviscosité 
 

Thrombosis in patients with erythrocytosis due to high oxygen affinity hemoglobin variants: clinical 
presentation and risk factors  

 

 Keywords : High oxygen affinity hemoglobin, erythrocytosis, thrombosis, phlebotomy, hyperviscosity 
symptoms 

 

R
ÉS

U
M

É Introduction 
Les hémoglobines hyperaffines pour l’oxygène (HOAH) sont une cause de polyglobulie secondaire, potentiellement 
responsable de thromboses et de symptomes d’hyperviscosité. Néanmoins, l’incidence de ce type de complications est 
inconnue, de même que la meilleure manière de les prendre en charge. 
Méthodes 
Par le biais d’une revue systématique de la littérature comprenant toutes les publications concernant les patients porteurs 
d’une HOAH, nous avons cherché à mieux comprendre leur évolution clinique en identifiant les variables associées aux 
complications liées à la polyglobulie. Pour confirmer les résultats de cette revue systématique de la littérature, nous avons 
étudié une cohorte multicentrique rétrospective de 58 patients. 
Résultats 
Nous avons identifié 677 patients porteurs d’une HOAH décrits dans la littérature, avec un age médian de 33 ans au 
diagnostic. Une polyglobulie était observée chez 82% des patients avec une hémoglobine médiane (Hb) de 17.3 g/dL et 
un hématocrite (Hct) médian de 52%. Une thrombose était survenue au diagnostic ou avant celui-ci chez 38 patients 
(6.8%). En analyse mumtivariée, l’âge (odds ratio [OR]=4.20, p<0.001), l’hématocrite (OR=3.91, p=0.008), et la 
thrombophilie congénitale (OR=63.56 p<0.001) étaient associés avec la thrombose. Il n’y avait pas de différence 
significative dans la survenue d’une thrombose entre les patients traités par saignées et ceux ne l’étant pas (p=0.9). Les 
symptômes d’hyperviscosité concernaient 88 (16%) patients, l’Hct étant la seule variable associée de manière 
indépendante à leur survenue (OR=3.41, p=0.012). Il y avait significativement moins de récurrence de symptômes 
d’hyperviscosité durant le suivi chez les patients traités par saignées (p=0.012). 
De manière différente, dans notre cohorte de validation de 58 patients, avec un suivi médian de 59 mois, l’âge (p=0.006), 
le surpoids (p=0.039) et le syndrome d’apnées du sommeil (p=0.023) étaient associés à la thrombose. 
Conclusion 
Alors que l’hématocrite est prédictif de la thrombose chez les patients porteurs d’une HOAH, la saignée ne réduit pas leur 
risque de récurrence. Des études prospectives ou avec un suivi systématique seraient nécessaires pour déterminer le rôle 
des saignées chez les patients porteurs d’une HOAH. 
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Introduction 
High oxygen affinity hemoglobins (HOAH) can cause secondary erythrocytosis that may be responsible for thrombosis 
and/or hyperviscosity symptoms. The incidence of these complications is however unknown, as how to best manage 
them. 
Methods 
We conducted a systematic review of literature on patients with HOAH to better understand their clinical course while 
identifying variables associated with erythrocytosis-linked complications. Findings from this systematic review were 
confirmed in a retrospective multicentric cohort of 58 patients. 
Results 
We identified 677 patients with HOAH reported in the literature with a median age at diagnosis of 33 years. Erythrocytosis 
was observed in 82% of the patients with median hemoglobin (Hb) of 17.3 g/dL and median hematocrit (Hct) of 52%. 
Thrombosis at/or before diagnosis occurred in 38 patients (6.8%). After multivariable adjustment, age (odds ratio 
[OR]=4.20, p<0.001), hematocrit (OR=3.91, p=0.008), and congenital thrombophilia (OR=63.56 p<0.001) were 
associated with thrombosis. No statistical difference in thrombosis onset during follow-up was observed between 
phlebotomized patients and those who were not (p=0.9). Hyperviscosity symptoms were reported in 88 (16%) patients 
with Hct as sole independent variable associated with this manifestation (OR=3.41, p=0.012). There was significatively 
less hyperviscosity symptoms recurrence during follow-up in phlebotomized patients (p=0.012). 
In contrast, in our validation cohort of 58 patients with a median follow-up of 59 months, age (p=0.006), overweight 
(p=0.039), and sleep apnea syndrome (p=0.023) were associated with thrombosis. 
Conclusion 
Hct is predictive for thrombosis in HOAH patients while phlebotomy did not reduce the risk of recurrence. More studies 
with systematic follow-up or with a prospective design are needed to assess the role of phlebotomy in individuals with 
HOAH. 
 
 

 


