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ABSTRACT 

 

Background: Hemophilia is a genetic bleeding disorder resulting from a deficiency of specific 

coagulation factors. The most common forms, hemophilia A and B, are X-linked and mainly 

affect males, with females usually being asymptomatic carriers. Some females may experience 

clinically significant bleeding due to reduced clotting factor activity or other genetic or 

biological aspects.  

Aim: The aim of this study was to address hemophilia in women, including its clinical 

manifestations, associated challenges, and the genetic mechanisms underlying symptomatic 

individuals, such as Turner Syndrome, X-chromosome abnormalities, or a 46, XY karyotype.  

Materials and methods: A comprehensive literature review was conducted using major 

databases, including PubMed, Google Scholar, ResearchGate, and  ScienceDirect, covering 

publications from 1975 to March 2026, as well as educational materials and reports from 

hemophilia-related platforms and organizations. 

Results: Symptomatic hemophilia in women may be caused by a variety of factors, such as 

Turner syndrome, mutations on the X chromosome, or a 46, XY karyotype. In most cases, 

further genetic diagnostics reveal the alterations responsible for this phenotype. 
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Conclusions: Regardless of the phenotypic presentation, in cases of fully symptomatic 

hemophilia in women, extended diagnostic evaluation for genetic disorders should be 

considered. 

 

Keywords: Female hemophilia, hemophilia carriers, Turner syndrome, disorders of sex 

development, X-chromosome inactivation, bleeding disorders  

 

1. Introduction 

Hemophilia is a hereditary bleeding disorder caused by a deficiency of specific coagulation 

factors. The two most prevalent forms, hemophilia A and hemophilia B, are inherited in an X-

linked recessive pattern and are characterized by deficiencies of factor VIII and factor IX, 

respectively. Consequently, the clinical manifestation of these disorders occurs predominantly 

in males, whereas females are typically asymptomatic carriers. In contrast, hemophilia C, 

which is characterized by factor XI deficiency, follows an autosomal pattern of inheritance and 

therefore affects both males and females. [1] Hemophilia may also develop later in life as 

acquired hemophilia which represents an autoimmune condition rather than an inherited 

bleeding disorder. The majority of the cases occur in middle-aged or elderly individuals and 

women in late pregnancy or the postpartum period. [2] Based on residual factor activity, 

hemophilia is classified as mild, moderate, or severe. The severity of hemophilia is determined 

based on the residual activity of the deficient clotting factor measured in the patient’s plasma. 

Factor levels are expressed as a percentage of normal activity or in international units per 

milliliter (IU/mL), with the normal range defined by the World Federation of Hemophilia as 

50-150% (0.50-1.5 IU/mL). [3]  According to data from national patient registries and reports 

from the World Federation of Hemophilia, approximately 1,125,000 men worldwide are 

estimated to have hemophilia, with a substantial proportion remaining undiagnosed. The 

condition affects about 1 in 10,000 live births. Hemophilia A accounts for the majority of cases 

(approximately 80-85%), whereas hemophilia B constitutes the remaining 15-20%. In Poland, 

30-50% of cases are attributed to de novo mutations, occurring in the absence of a positive 

family history. The prevalence of hemophilia A and B in Poland has been estimated at 

approximately 1 in 12,300 inhabitants. [4] Although the precise prevalence of hemophilia 

carriers remains unknown, current estimates suggest that there may be up to five potential 

female carriers for every male diagnosed with hemophilia. [5] 

Despite growing clinical awareness, hemophilia A and B continue to be viewed primarily as 

male disorders, with women often characterized merely as asymptomatic or mildly affected 

carriers, an assumption that does not fully reflect the spectrum of clinical manifestations 

observed in females. Women carrying pathogenic variants in the F8 (factor VIII) or F9 (factor 

IX) genes may have reduced factor levels and clinically significant bleeding symptoms.  

It should also be emphasized that a fully symptomatic clotting factor deficiency may occur in 

women with skewed X-chromosome inactivation, in individuals with Turner syndrome 

(monosomy X), and in daughters born to an affected father and a carrier mother. The diagnosis 

of hemophilia is established through the assessment of FVIII activity and confirmed by 

molecular analysis of the F8 gene. Determining mutation status is important for identifying 

carriers and guiding clinical management. [6] In addition, karyotype evaluation may be 

necessary, as in rare cases, hemophilia in females can be associated with chromosomal 



abnormalities or disorders of sex development. [6, 7] Although awareness of the 

underdiagnosis and undertreatment of bleeding symptoms in women with hemophilia has 

increased in recent years, substantial gaps remain in the understanding of their clinical 

presentation, diagnostic approaches, and epidemiological data. This review aims to underline 

that hemophilia among women cannot be viewed solely as a carrier condition. 

 

2. Materials and Methods  

A comprehensive literature review in Polish and English was conducted, through a search of 

major electronic databases, including PubMed, Google Scholar, ResearchGate, and 

ScienceDirect, using keywords related to hemophilia among women and its genetic 

background, covering the period from 1975 to March 2026. Additionally, educational 

materials, annual reports, and clinical resources from professional medical platforms and 

hemophilia-related organizations were also analyzed. Various types of publications were 

included in the analysis, such as case reports, systematic reviews, narrative reviews, qualitative 

studies, survey-based studies, and observational cohort studies. 

 

3. Research results 

3.1. Hemophilia in Female Carriers 

Hemophilia in women has traditionally been addressed primarily in terms of carrier status, due 

to its X-linked pattern of inheritance. While much attention has focused on the genetic 

background of hemophilia carriers, significant gaps remain in understanding the full spectrum 

of clinical and psychosocial challenges they face. Many of these issues have not been fully 

recognized and addressed yet. [8] Increasing evidence suggests that focusing solely on carrier 

status may underestimate the clinically relevant bleeding manifestations experienced by this 

population. In 2019 a new nomenclature for hemophilia in women and girls was proposed. The 

updated classification is based on factor levels and bleeding phenotype, differentiating five 

categories: mild, moderate, and severe hemophilia (according to residual factor activity), as 

well as symptomatic and asymptomatic carriers, depending on the presence or absence of 

bleeding symptoms, despite factor levels above 40%. It is important to underline that the term 

“asymptomatic carrier” does not fully reflect the true psychological and clinical impact of 

carrier status. The introduction of this new nomenclature supports a shift toward more inclusive 

and gender-equitable hemophilia care, ensuring that women and girls are no longer 

marginalized within comprehensive care models. [9] Bleeding manifestations in female carriers 

include an increased tendency to bruise, prolonged bleeding after surgery or dental procedures, 

prolonged nosebleeds, bleeding from minor wounds, gum bleeding, joint and muscle 

hemorrhages, and, more frequently, heavy and prolonged menstrual bleeding, which can lead 

to iron deficiency and an increased likelihood of hysterectomy. [10-14] Current data also 

highlight the need for further research on musculoskeletal complications, including joint and 

muscle bleeding, and the potential effects on bone density. [13,15] Awareness of carrier status 

may have a meaningful impact on women’s physical and psychological health, career choices, 

and social functioning. It may also have a significant influence on reproductive planning and 

related decision-making. [10, 16-21] A considerable proportion of women, even from heavily 

affected families, remain unaware of their condition, and girls are generally diagnosed at an 

older age than boys. Delayed diagnosis may result from insufficient awareness among both 



affected individuals and health professionals. [10] Furthermore, carriers with clotting factor 

deficiency differ from male patients in having higher average factor levels, and in the factors 

that prompt their diagnosis. [22] Consequently, all confirmed and potential carriers should 

undergo measurement of their FVIII or FIX levels. Individuals with factor levels below 60% 

should be regarded and managed as patients with mild hemophilia. Carriers exhibiting clotting 

factor activity below 30% require regular follow-up at a dedicated hemophilia treatment center. 

[10] Symptomatic hemophilia carriers should undergo extended genetic evaluation, as 

additional X-linked mutations may underlie their clinical symptoms. [23]. In addition, factors 

beyond baseline clotting levels should be identified to better guide treatment decisions. 

Continued improvements in diagnosis and care, and conducting large cohort studies, are 

essential to optimize care and understand the diversity of bleeding manifestations in women 

and girls with hemophilia. [24] The study by Renault et al. suggests that hemophilia carriers 

are at risk of receiving inadequate care, often due to healthcare professionals minimizing their 

symptoms and concerns. Such experiences may arise both during the diagnostic process and in 

decisions regarding treatment and preventive plans. Systemic medical errors, insufficient 

communication, and limited awareness of bleeding disorders in women may compromise the 

quality of care and adversely affect patients’ psychological and overall well-being. [25] 

Moreover, women’s perceptions and emotional reactions regarding their health may change 

over time, shaped by familial experiences, the information they acquire, and individual life 

circumstances. [18] A well-organized programme is essential to provide women with bleeding 

disorders with timely access to specialist care, facilitate multidisciplinary collaboration, and 

ensure that treatment remains current and of the highest quality. [26] Specialized hemophilia 

centres and peer support networks may significantly improve counselling, empowerment, and 

psychosocial outcomes in women and girls with bleeding disorders. [10] Expanding the 

inclusion of women and girls with hemophilia in clinical trials and patient registries is essential 

to guide clinical decision-making. At the same time, reducing disparities in healthcare access 

and promoting gender equity in bleeding disorder care remain crucial for improving outcomes. 

Recognizing women as more than carriers and developing gender-specific diagnostic and 

therapeutic strategies may ultimately improve the quality of life of women living with 

hemophilia and other bleeding disorders. [27] 

 

3.2. X-Linked Mutations Associated with Hemophilia in Females 

Other, rarer genetic variants may also predispose women to the development of hemophilia. 

These include extreme lyonization (i.e., skewed X-chromosome inactivation), deletions, 

translocations, large chromosomal rearrangements affecting the F8 or F9 genes, and germline 

or somatic mosaicism. Di Paola et al. reported the case of a 4 months old girl diagnosed with 

severe F9 deficiency. Genetic testing identified the underlying cause of this condition as a 

balanced translocation between one of the X‐chromosomes and chromosome 14, with 

breakpoints at bands Xq27.1 and 14q32.3. No chromosomal abnormalities were detected in 

either parent and there was no family history of the bleeding disorders. She had a history of 

multiple hemarthrosis. [28] The other report shows a history of a girl with balanced de novo 

translocation t(X;1). Genetic studies revealed that the translocated X was preferentially active 

and according to methylation analysis of the DXS255 locus, skewed X-chromosome 

inactivation was present, with the paternal allele remaining functional. This chromosomal 



alteration led to partial deletion of the factor IX gene. [29] Schröder et al. described a female 

patient with a de novo translocation 46,X,t(X;15)(q27.1;p11.2), which is consistent with a 

probable break near the factor IX gene. High-resolution R-banding demonstrated that the 

structurally normal X chromosome was late replicating and inactivated in all metaphases. The 

breakpoint region on the X chromosome and the involvement of the factor IX gene were further 

characterized by fluorescence in situ hybridization (FISH) using YAC and cosmid probes. [30] 

In another study, Windson et al. described a 2-year-old girl with severe hemophilia. Family 

history of bleeding disorders was negative. Cytogenetic evaluation showed an interstitial 

deletion of the X chromosome involving the Xq26–q28 region. It was also revealed that the 

patient’s F8 gene was inherited from the father, so the deletion of X chromosome had occurred 

de novo in the maternal germ line. Additional investigation of the paternally inherited factor 

VIII gene in the proband identified a de novo inversion mutation (type 1, distal pattern). 

Therefore, the blood clotting disorder presented in this girl is a result of two de novo mutations, 

both affecting the F8 gene. [31]  

Another article describes various genetic mechanisms leading to hemophilia based on seven 

female cases. In two of the women, homozygous missense mutations (Arg593Cys and 

Tyr1680Phe), resulting from consanguineous marriages, were identified. The third patient was 

a compound heterozygote, carrying a missense mutation (Leu412Phe) inherited from her 

carrier mother together with a de novo deletion spanning exons 9-22, most likely of paternal 

origin. In the subsequent three cases, heterozygous mutations in the F8 gene (Arg1781His, 

Arg327His, small deletion in exon 10) were observed in combination with non-random X-

chromosome inactivation. The final case involved the coexistence of hemophilia A and Coffin-

Lowry syndrome within the same family. In this case, hemophilia resulted from a heterozygous 

deletion in the F8 gene (c.6872 del CT leading to Thr2272fs) together with inactivation of the 

maternal X chromosome. [32] Coleman et al. reported a female infant whose mother had 

incontinentia pigmenti and father had haemophilia A. She inherited both diseases. Analysis of 

peripheral blood DNA showed a highly skewed pattern of X inactivation. The child's sisters 

were healthy. Selective inactivation of the X chromosome harboring the IP mutation, 

presumably as a result of negative selection, appears to have revealed the factor VIII mutation 

present on the infant’s alternate X chromosome. [33] Several other articles presented cases of 

fully symptomatic hemophilia in women resulting from the phenomenon of lyonization. It is a 

process that involves the inactivation of one of the two X chromosomes in female cells. It 

serves to equalize the level of expression of genes located on the X chromosome between males 

and females. The process occurs at an early stage of embryogenesis, and the inactivated 

chromosome is subsequently transmitted to the daughter cells. Acquila et al. described two 

women with a positive family history of hemophilia A. The first one, with a 46, XX karyotype, 

had a hemophilia carrier mother and a healthy father. Diagnostic analysis showed that the 

paternal X chromosome was inactive, which explains the occurrence of symptoms in the 

patient. The second reported case represents a different situation. The described patient was the 

child of consanguineous parents. Her father and brother were affected by hemophilia A, as was 

most likely her maternal grandfather. Further analysis of the patient’s DNA demonstrated 

balanced lyonization. [34] The occurrence of hemophilia may also result from skewed X-

chromosome inactivation, as illustrated in the study by Reunault et al. In this case, the cause of 

the disease was investigated in three heterozygous women from the same family. A positive 



linear relationship was found between factor VIII activity and the proportion of the activated 

normal X chromosome. Each of the affected women had an XCIR skewed toward activation 

of the mutant X-chromosome. These findings demonstrated that fully symptomatic hemophilia 

may also occur in women who are heterozygous for a hemophilia-causing mutation if skewed 

X-chromosome inactivation takes place. [35] Another rare genetic condition which leads to the  

manifestation of a bleeding disorder in women is SHAM (Severe Hemophilia A and 

Moyamoya syndrome), which is resulting from microdeletions at the Xq28 locus. These 

deletions affect a specific region of the X chromosome that includes the F8 and BRCC3 genes. 

[36] In the case reported by Janczar et al. a patient with that syndrome presented phenotypically 

hemophilia A, moyamoya angiopathy, hypertension, and dysmorphic features. Genetic testing 

revealed that both her mother and sister were carriers of the mutation. The mother was 

asymptomatic, whereas the sister exhibited mild hemophilia A, coarctation of the aorta, 

hypertension, and ventricular arrhythmia. Further evaluation of the women in this family 

demonstrated a skewed pattern of X-chromosome inactivation, resulting in preferential 

inactivation of the X chromosome without the Xq28 deletion in the patient’s sister. Among the 

described family members, differential expression of genes from the deleted region was 

observed, which was reflected in the phenotypic variability. [37]  

 

3.3. Hemophilia in women with Turner Syndrome  

Another condition in which hemophilia may be clinically expressed in women is Turner 

Syndrome. It is a genetic disorder characterized by partial or complete monosomy of the X 

chromosome affecting all of the body’s cells or occurring in a mosaic form. Given that 

hemophilia A and B is inherited as an X-linked recessive disorder, a patient with Turner 

syndrome requires only one mutant allele to develop clinical symptoms. The coexistence of 

these two conditions is extremely rare, but several cases have been reported in the literature. In 

the study by Al Khudari et al., authors described a case of a girl with Turner syndrome and the 

deficiency of factors V and VIII, the combination of which has been never reported in the 

literature. In this case, a 5-year-old girl was diagnosed because of the hematologic symptoms 

such as epistaxis and hemorrhage of gum and associated with short stature, spaced nipples and 

winged neck, which led to clinical suspicion of Turner syndrome. There was no family history 

of blood clotting disorders. This highlights the importance of karyotyping in females with 

hemophilia, even when there are no obvious manifestations of Turner syndrome or other 

genetic disease. Another important conclusion is that when factor VIII deficiency is detected, 

evaluation of the other coagulation factors should be performed. [38] Berendt et al. described 

a case of a preterm girl diagnosed due to prolonged bleeding from injection sites. Due to 

negative paternal family history, the female sex and dysmorphic features, the diagnostic 

evaluation was expanded to include genetic testing, which confirmed the diagnosis of Turner 

syndrome. [39] This case highlights that hemophilia should be included in the differential 

diagnosis even in the absence of a family history of bleeding disorders, especially when the 

clinical presentation is unusual. Williams et al. described the diagnostic pathway that may 

separate the recognition of excessive bleeding after trauma from the diagnosis of a genetic 

syndrome. In the reported situation, hemarthrosis following minor trauma in a two-year-old 

girl raised suspicion of a coagulation disorder. Subsequent diagnostic evaluation suggested that 

the girl was homozygous for a missense mutation in exon 14 of the F8 gene, which led to the 



development of symptomatic hemophilia A. In order to determine the cause of this apparent 

homozygosity, the patient was referred for genetic evaluation, where Turner syndrome was 

ultimately diagnosed. [40] In a case report by Panarello et al., a woman with Turner syndrome 

and moderate hemophilia A was described. The patient’s karyotype was 46,X,idic(X)(p11). 

The idic(X) chromosome contained alleles from both maternal X chromosomes; however, it 

was inactivated. Therefore, the patient’s hemophilia was most likely caused by a de novo 

mutation arising on the normal paternal X chromosome. [41] Weinspach et al. described a 3-

month-old girl with severe hemophilia A who developed an intracranial hemorrhage three 

weeks after a fall from an infant carrier. Recurrent bleeding following neurosurgery prompted 

physicians to investigate possible bleeding disorders, which ultimately led to the diagnosis of 

hemophilia A. This case demonstrates that establishing a final diagnosis requires correlation of 

the patient’s clinical presentation with laboratory and genetic findings. Furthermore, when a 

patient presents with concerning symptoms, less likely diagnoses should also be considered 

and excluded, such as hemophilia in a female patient in this instance. [42] 

 

3.4. Hemophilia Associated with Disorders of Sex Development 

Hemophilia can appear in individuals with a female phenotype and karyotype 46, XY, which 

can occur in some cases of disorders of sex differentiation. There are reported cases in which 

hemophilia coexist with complete androgen insensitivity syndrome (Morris syndrome; CAIS; 

testicular feminization syndrome), which is a disorder of sex differentiation caused by a 

mutation in the androgen receptor gene on the X chromosome, leading to complete tissue 

insensitivity to androgens. [43]. A case of hemophilia A coexisting with testicular feminization 

syndrome was described by Andrejev et al. in an 18-year-old phenotypically-female individual, 

with both conditions showing a familial pattern and transmission through the female line. The 

patient presented with a very low factor-VIII level (1.66%) and a history of recurrent joint 

bleeding, requiring major surgery for a haemophilic thigh pseudotumor at the age of 18. Despite 

severe factor VIII deficiency,  the clinical manifestation of haemophilia was milder than that 

observed in affected males in her family and in the general population. [44] In the study by 

Janczar et al., which aimed to analyze genetic variants in female patients with hemophilia, a 

55-year-old patient with a 46, XY karyotype was also reported. [45] Huisse et al. reported a 

case of mild hemophilia A in a 40-year-old phenotypically female patient with a 46, XY 

karyotype and clinical features consistent with complete androgen insensitivity syndrome. The 

diagnosis was established prior to thoracic surgery, and laboratory findings showed reduced 

factor VIII activity (4%) with normal von Willebrand factor parameters, and no personal or 

family history of bleeding. [46] Martín-Salces et al. presented two sisters with Morris syndrome 

(46, XY), who were hemizygous for a novel F8 mutation (p.Phe2127Ser) and exhibited mild 

to moderate hemophilia A. [47] In a report by Sánchez Lucero et al., a  2-year-old 

phenotypically female patient presented with spontaneous hematomas and severe bleeding was 

described. Laboratory testing revealed FVIII deficiency (<1%), and genetic analysis identified 

a type I intron 22 inversion, also present in her mother. Karyotype analysis showed 46, XY,  

and the patient was referred for further investigation of her sexual development. [6] Sitalakshmi 

et al. reported a case of hemophilia in a phenotypically female patient who was found to have 

a male sex chromosome pattern. [48] In addition to complete androgen insensitivity syndrome, 

Swyer syndrome (46, XY; pure gonadal dysgenesis), characterized by female external and 



internal genitalia and hypergonadotropic hypogonadism [49], has also been associated with 

hemophilia. Loreth et al. described a 33-year-old phenotypically female patient diagnosed with 

Swyer syndrome and mild hemophilia A, with no personal or family history of abnormal 

bleedings. This rare coexistence demonstrates that chromosomal abnormalities may contribute 

to the expression of hemophilia in individuals with a female phenotype. [50]. Such cases 

highlight the importance of considering sex development disorders in the diagnostic and 

genetic evaluation of affected women. An accurate identification of underlying genetic and 

hematologic abnormalities enables tailored treatment, genetic counseling, and 

multidisciplinary care that integrates medical management, psychological support, and 

consideration of potential chromosomal or developmental issues, ensuring comprehensive care 

for both physical and mental health. 

 

4. Limitations 

This review is limited by the heterogeneity of the included studies (e.g., case reports, systematic 

and narrative reviews), with a predominance of case reports that typically describe rare and 

more complex presentations. Moreover, available data on hemophilia in women remain limited 

due to variability in the interpretation of carrier status, as well as underdiagnosis and 

underreporting, partly related to low awareness among both patients and healthcare 

professionals. As a result, the findings may not fully reflect the true scale of the problem. 

 

5. Conclusions 

Hemophilia in women is not only applicable to being only a carrier for the faulty gene. Under 

this statement there are many different clinical symptoms of varying intensity, problems with 

self-esteem, doubts about one's future, career, and being a burden on the family. Although rare, 

hemophilia in women could be phenotypically present. Some cases are associated with de-novo 

mutation, however if symptoms of hemophilia occur there needs to be a watch for other 

comorbidities. Women presenting with symptoms of hemophilia should undergo diagnostic 

evaluation, including laboratory and molecular testing.  Karyotyping is also crucial in the 

diagnostic process, as it allows for the determination of whether the symptoms are related to 

co-occurring genetic syndromes resulting from the possession of a single X chromosome, even 

if there is no phenotypic evidence of their presence. It is important to emphasize that 

diagnostics should be of high quality, with the experience and continuous training of the 

medical personnel responsible for ordering and interpreting test results being crucial. Accurate 

diagnosis and thorough genetic analysis are crucial for appropriate counseling, personalized 

clinical management, and offer multidisciplinary support, including access to specialized care 

and relevant medical or psychosocial interventions. There is a need for comprehensive research 

to explore the medical, psychological, and social consequences of hemophilia in female 

patients. Promoting societal awareness, ensuring gender-equitable healthcare access, and 

providing specialized support and educational programs are essential for improving care and 

quality of life for women with hemophilia.  
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