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Abstract 

Hemophilia A and B are bleeding disorders caused by a deficiency in coagulation factor VIII 

(FVIII) or coagulation factor IX (FIX), respectively. Due to the X-linked inheritance pattern, males are 

affected with the disease, while females are almost exclusively carriers of hemophilia. Although carriers 

were historically assumed to be asymptomatic, it is now known that many hemophilia carriers experience 

abnormal bleeding. Hemophilia carriers have higher bleeding scores compared to controls and have 

decreased health related quality of life. Despite this recognition, little is understood concerning the cause 

of this bleeding. As such, this study aims to evaluate hemophilia carrier bleeding to elucidate the cause of 

the abnormal bleeding phenotype.  

 The objectives of this study are to evaluate hemophilia carrier bleeding in several contexts and 

with respect to numerous determinants of bleeding in order to elucidate the relative contribution of each 

determinant to the Self-administered Bleeding Assessment Tool (Self-BAT) bleeding score, and to 

examine the underlying pathophysiological mechanism of abnormal bleeding in hemophilia A carriers by 

comparing the response to desmopressin in hemophilia A carriers and controls. 

 This study demonstrates that hemophilia carriers experience comparable levels of bleeding as 

women with other bleeding disorders and that there may be differences in the manifestation of bleeding 

between hemophilia A and B carriers. Importantly, we also demonstrate that increasing age, O-type 

blood, and low factor level may contribute to an abnormal bleeding phenotype in carriers.  Additionally, 

we show that hemophilia A carriers, even with normal baseline FVIII levels, have a significantly reduced 

and less sustained FVIII responses to DDAVP compared to controls.  

 To our knowledge, this is the first study to examine multiple determinants of bleeding in 

hemophilia carriers in a single study and the first to fully characterize the response to DDAVP in 

hemophilia A carriers compared to controls.  

In conclusion, these results have begun to elucidate the cause of hemophilia carrier bleeding. 

Ultimately, an improved understanding of what factors put a carrier at risk of abnormal bleeding and of 
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the mechanism of this abnormal bleeding will allow for improved healthcare and quality of life for these 

women. 
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Chapter 1 

Introduction 

1.1 Hemostasis and Coagulation 

 

When a blood vessel is injured, hemostasis begins almost immediately. Primary 

hemostasis involves vasoconstriction of the blood vessel and the formation of a platelet plug. 

Vasoconstriction of the blood vessel by vascular smooth muscle cells limits blood flow to the 

area of injury and loss of blood. The vessel injury damages endothelial cells and causes sub-

endothelial collagen and tissue factor (TF) to be exposed. When exposed, sub-endothelial 

collagen binds von Willebrand factor (VWF), a multimeric glycoprotein. Upon binding collagen, 

VWF undergoes a conformational change that exposes platelet surface receptor binding sites, 

thereby recruiting platelets to the site of injury. Platelet binding, either directly to the sub-

endothelial matrix or to VWF, results in platelet activation. Platelet activation then recruits 

additional platelets to the site to form a platelet plug. The platelet plug blocks the site of injury, 

however it is not stable, and must be stabilized by fibrin clot formation in secondary hemostasis.  

Secondary hemostasis is initiated at the same time as primary hemostasis and consists of 

two pathways, the extrinsic and intrinsic pathway. The two pathways are initiated by different 

factors, but both converge on factor X (FX) activation, forming a common pathway that leads to 

the formation of a fibrin blood clot (Figure 1.1)1.  
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Figure 1.1. The Coagulation Cascade. 

(adapted from http://www.medscape.org/viewarticle /725813_3). 
 

 

The extrinsic pathway is initiated by the exposure of sub-endothelial TF. TF binds and 

activates circulating factor VII (FVII) to promote the conversion of both factor IX (FIX) to 

activated FIX (FIXa) and FX to activated FX (FXa) (Figure 1.1)2. FXa goes on to produce a small 

amount of thrombin, which activates factor VIII (FVIII) and initiates the intrinsic pathway. The 

intrinsic tenase complex, comprised of FVIIIa and FIXa in the presence of calcium, activates FX 

on the phospholipid rich surface of platelets. The activation of the intrinsic pathway by the 

extrinsic pathway greatly amplifies the amount of thrombin produced. Thrombin then converts 

soluble fibrinogen into insoluble fibrin to form the stable fibrin blood clot. The intrinsic pathway 

can also be initiated via contact activation. This involves several factors, including kallikrein, 
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FXI, and FXII. When these factors are exposed to a negatively charged surface, FIX is activated 

and can function in the intrinsic tenase complex. However, the contact activation pathway is 

thought to play a larger role in inflammation than hemostasis, since deficiency in FXII and 

kallikrein do not result in bleeding disorders2–4. In vivo, as described by the cellular model of 

coagulation, the coagulation cascade occurs in three overlapping phases that occur on several cell 

surfaces5. In the initiation phase, TF, exposed on TF-bearing extravascular cells, interacts with 

FVII. In the amplification phase, the small amount of thrombin generated on TF-bearing cells 

amplifies via the intrinsic tenase complex bound to the phospholipid surface of platelets. Finally, 

the propagation phase occurs on activated platelets and involves both activated complexes 

(intrinsic tenase and TF-FVIIa) producing large amounts of thrombin5.  

 

1.2 Hemophilia  

 

Hemophilia is an X-linked recessive bleeding disorder that impairs the body’s ability to form 

a thrombus. It is caused by a mutation in the gene that encodes coagulation factor VIII 

(Hemophilia A) or coagulation factor IX (Hemophilia B). Mutations in the FVIII gene (F8) or 

FIX gene (F9) lead to qualitative and/or quantitative deficiencies in the FVIII or FIX proteins. 

The majority of these mutations are inherited, however, approximately 30% of cases result from 

de novo mutations and have no family history6. The FVIII and FIX genes are located on the X-

chromosome, giving both hemophilia A and hemophilia B an X-linked inheritance pattern. As 

such, males are most often affected with hemophilia, while females are almost exclusively 

carriers of the disease and are heterozygous for a F8 or F9 mutation. Hemophilia A affects 

approximately 1 in 5,000 males, while hemophilia B affects approximately 1 in 30,000 males6–8.  
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1.2.1 F8 and F9 gene 

The disparity in the incidence of hemophilia A and B is due to the large size of F8 and its 

location on the X-chromosome. F8 spans 186kb and contains 26 exons that give rise to a FVIII 

mRNA of approximately 9 kb9. F8 is located near the telomere of the long arm of the X-

chromosome (Xq28) and shares homology with extragenic regions positioned outside of the 

gene7,10. As a result, intrachromosomal homologous recombination can occur10. F9 is located on 

the long arm of the X-chromosome (Xq27.1-q27.2)11. F9 is significantly smaller than F8, 

spanning 34 kb and encompassing 8 exons, with a FIX mRNA of 2.5 kb11. The greater size of F8 

results in an increased risk of a mutation, while the homology with extragenic regions can result 

in inversion mutations in the gene, in particular, at intron 22 and intron 1.  

 

1.2.2 Diagnosis of Hemophilia 

The normal range of FVIII and FIX in the circulation is between 0.5-1.5 IU/mL, also 

reported as between 50-150%12. The diagnosis of hemophilia is based on the residual plasma 

levels of FVIII and FIX13. Due to a high degree of mutational heterogeneity, hemophilia patients 

can have varying levels of plasma FVIII or FIX. Severe hemophilia is defined as having <1% 

factor level, moderate as having 1-5% factor level and mild as having 5-40% factor level13.  

 

1.2.3 Genotype Phenotype Association 

Disease phenotype is largely influenced by genotype. Inversion mutations are associated 

with approximately 50% of severe hemophilia A, with intron 22 inversion being found in 

approximately 45% and intron 1 being found in about 5% of cases10,14. Insertion, deletion, splice 
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site, frameshift and nonsense mutations also typically cause severe hemophilia A14. In contrast, 

mild and moderate hemophilia A are most commonly caused by missense mutations in F814. 

Similarly, severe hemophilia B is caused most often by deletion, nonsense and frameshift 

mutations, while mild and moderate hemophilia B primarily result from missense mutations15.  

 

1.2.4 FVIII and FIX 

FVIII is produced primarily by liver sinusoidal endothelial cells (LSECs)16–18. However, 

there are also extrahepatic sources of FVIII that contribute to plasma levels, although to a much 

lesser extent. Monocytes, macrophages, mesenchymal stromal cells, megakaryocytes, and 

endothelial cells in the spleen, lung and kidney have all been found to produce FVIII19. FVIII 

circulates in the plasma in its inactive form bound to VWF. In response to blood vessel damage, 

FVIII is activated and separates from VWF. FIX, is produced solely in hepatocytes20. FIX 

circulates in the blood as an inactive zymogen.  

The mature FVIII protein contains three homologous A domains, two homologous C 

domains, and one unique B domain, arranged A1-A2-B-A3-C1-C2 (Figure 1.2). Each domain 

plays a different role in the function of the FVIII protein and contains specific binding sites for 

several elements of the coagulation cascade, including FX, FXa, FIXa, phospholipids, and VWF 

(Figure 1.2).  
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Figure 1.2. FVIII domain structure. 

Domain structure of FVIII with binding sites for coagulation cascade proteins shown in orange 
(adapted from Graw et al.).21 SP = signal peptide, VWF = von Willebrand factor, TF = tissue 
factor. 
 

 

The mature FIX protein contains a γ-carboxyglutamate (Gla) domain, two epidermal 

growth factor (EGF) domains, an activating peptide (AP) domain, and a catalytic domain (Figure 

1.3)22,23. These FIX domains contain sites for the binding of calcium, TF, FVIIIa, and FX23. In 

addition, FIX also contains two cleavage sites for FIX activation23.  
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Figure 1.3. FIX domain structure. 

FIX domain structure with binding sites (orange) and cleavage sites (blue) for coagulation 
cascade elements. SP = signal peptide, PP = propeptide, Gla = γ-carboxyglutamate domain, EGF 
1/2 =  epidermal growth factor domains, AP = activating peptide domain, PL = phospholipid, 
TF= tissue factor. 
 
 
 

1.2.5 Clinical Presentation of Hemophilia  

Both hemophilia A and B lead to similar clinical manifestations. Hemophilia patients 

experience many presentations of abnormal bleeding including epistaxsis, excessive bruising, 

hematomas, hemarthrosis, intracranial bleeding, and prolonged bleeding after surgery and dental 

extraction14,15. Severe hemophilia patients experience spontaneous bleeding, including 

hemarthroses and muscle hematomas. Moderate hemophilia patients rarely experience 

spontaneous bleeding but often present with excessive and prolonged bleeding after minor 

trauma. Finally mild hemophilia patients do not bleed spontaneously but experience excessive 

and prolonged bleeding after trauma. There is some variability in the clinical presentation of the 
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disease and so classification of disease severity is identified based on residual FVIII or FIX 

levels, as discussed previously13.  

 

1.2.6 Treatment of Hemophilia 

The World Federation of Hemophilia has published guidelines for the treatment and 

management of hemophilia24. Treatment of hemophilia consists primarily of intravenous 

infusions of recombinant or plasma-derived FVIII or FIX. Depending on the severity of disease, 

this may be administered prophylactically or on-demand. Additionally, mild hemophilia can be 

treated with Desmopressin (DDAVP), which causes increases in VWF and FVIII levels. DDAVP 

can be administered intravenously (IV), subcutaneously (SC), or as a nasal spray.  

 

1.3 Hemophilia Carriers 

 

Due to the X-linked inheritance pattern of hemophilia A and B, women are most often 

heterozygous for a F8 or F9 mutation and are termed carriers of hemophilia A or B. Although 

hemophilia carriers have historically been assumed to be asymptomatic, recent literature has 

demonstrated that hemophilia carriers experience abnormal bleeding25.  

 

1.3.1 Variation in Factor Level 

Being heterozygous for a F8 or F9 mutation, it would perhaps be expected that carriers of 

hemophilia would present with 50% (0.5 IU/mL) of normal factor levels. In reality, carriers of 

hemophilia exhibit a wide range of factor levels, ranging from very low to the upper limit of 
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normal26. This great variation in factor level is attributed primarily to skewed X-chromosome 

inactivation, ABO blood type, VWF level, and mutation genotype25,27–31. Approximately 30% of 

hemophilia carriers manifest low factor levels and can have abnormal bleeding symptoms25. 

However, even carriers who have factor levels within the normal range can have abnormal 

bleeding phenotypes25.  

 

1.3.2 Symptoms and Implications of Abnormal Bleeding  

It is important to understand hemophilia carrier bleeding as this bleeding results in 

decreased health related quality of life32. Hemophilia carriers can experience a wide range of 

bleeding symptoms. Mucocutaneous bleeding, notably heavy menstrual bleeding and postpartum 

bleeding, is frequent and often severe25,33.  Excessive bleeding after surgery, tooth extraction, or 

trauma is also common. Additionally, a small number of hemophilia carriers also experience 

hemarthroses. This is supported by both bleeding score and MRI evidence33,34.  

 

1.3.3 Treatment 

Symptomatic hemophilia carriers can be treated with DDAVP, clotting factor 

replacement therapy, and antifibrinolytic agents such as tranexamic acid35. Carriers can also be 

treated via hormonal therapy, such as oral contraceptive pills or intrauterine devices, to minimize 

heavy menstrual bleeding.  Similarly, iron replacement therapy may be employed to treat anemia 

resulting from excessive bleeding.  
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1.3.4 Potential Determinants of Bleeding in Hemophilia Carriers 

Most studies to date have focused on factor level as the primary determinant of bleeding 

tendency in hemophilia carriers. It has been thought that only carriers with factor levels <50% 

would experience abnormal bleeding, and that bleeding would increase in severity with 

decreasing factor level. However, recent studies demonstrate that hemophilia carriers experience 

abnormal bleeding symptoms even with factor levels within the normal range25,33. Additionally, 

factor level has been found to be weakly correlated with bleeding scores in carriers33,36. As such, 

it has been proposed that factor level alone is not a good predictor of bleeding in carriers of 

hemophilia A and B36. Therefore, additional factors that may contribute to a bleeding phenotype 

must be examined. Potential determinants of bleeding in hemophilia carriers, other than factor 

level, may include VWF levels and activity, ABO blood type, age, X-Chromosome inactivation 

ratio, and F8/F9 genotype. 

Due to the role of VWF as the carrier protein of FVIII in circulation, VWF influences the 

levels of FVIII in the plasma37. A reduction or deficiency in VWF results in reduced FVIII levels 

as well. VWF also plays a central role in primary hemostasis, as previously discussed. 

Additionally, ABO blood type has been found to influence VWF and FVIII levels. Individuals 

with type O blood do not express A or B antigens on VWF, resulting in increased clearance of the 

protein from the circulation38. Persons with type O blood have an average reduction in VWF 

levels of 25% compared to persons with non-O type blood39. This reduction in VWF leads to a 

subsequent reduction in FVIII levels. Conversely, age is associated with increasing VWF levels, 

and therefore increasing FVIII levels as well40.  

X-chromosome inactivation ratio (XIR) may also contribute to a bleeding phenotype. 

Since females have two X-chromosomes, early in development (8-16 progenitor cells), one of the 
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X-chromosomes is inactivated in each cell41. The inactivation is initiated by the X-inactivation 

center and results in gene silencing. This is thought to be a random process, however this 

inactivation can be skewed. If this skewing occurs in favour of the mutated gene, lower factor 

levels may result27,28. Although many studies have demonstrated a correlation between skewed 

XIR and factor level, some studies have not27,42. Additionally, the influence of XIR on bleeding 

phenotype in hemophilia carriers has not been examined.  

There is a high level of mutational heterogeneity in hemophilia. In males with 

hemophilia, certain mutation genotypes are associated with specific disease phenotypes. 

However, the literature on the influence of F8 or F9 genotype on bleeding in hemophilia carriers 

is mixed. While some groups have found a correlation between the type of mutation and severity 

of bleeding, other groups have found that genotype did not influence bleeding tendency in 

carriers29,30,43.  

 

1.4 von Willebrand Factor (VWF) 

 

VWF is a multimeric glycoprotein that plays an important role in both primary and 

secondary hemostasis. VWF is produced in endothelial cells and megakaryocytes (precursor of 

platelets), although plasma VWF is largely of endothelial origin44. Most VWF is secreted 

constitutively into circulation, with the remainder stored and available for release upon 

stimulation45. In endothelial cells, VWF is stored in Weibel-Palade bodies (WPB) until it is 

stimulated to be released by β-adrenergic receptor activation such as during stress or exercise46. 

VWF release can also be stimulated by thrombin generation and treatment with DDAVP47,48. In 

platelets VWF is stored in α-granules.  



 

 

 

12 

VWF is produced as a pre-pro-VWF and is composed of a 22 amino acid signal peptide, 

a 741 amino acid VWF propeptide (VWFpp) and a 2050 amino acid mature VWF monomer49. 

The VWFpp is cleaved from the VWF protein in the trans-Golgi network (TGN), prior to its 

storage in WPB50. However, VWFpp remains in non-covalent association with the VWF 

multimer50. The VWF protein consists of four homologous domains (A-D) that provide binding 

sites for several proteins including FVIII, collagen, platelet glycoprotein Ibα, and platelet integrin 

αIIbβ349. VWF is stored in WPB as multimers. The formation of these multimers is dependent on 

the VWFpp as it acts as an endogenous chaperone51. When VWFpp is absent, no multimerization 

is observed52. VWFpp and VWF multimers are secreted from endothelial cells in a 1:1 ratio and 

upon release, the VWFpp and VWF multimers dissociate50. Highly multimerized forms of VWF 

produced from endothelial cells are the most efficient in primary hemostasis53.  

In primary hemostasis, VWF is essential for platelet-subendothelial interactions, platelet-

platelet interactions, and platelet aggregation in vessels with elevated shear stress. In secondary 

hemostasis, VWF acts as the carrier protein for FVIII in the plasma. This protects FVIII from 

degradation, prolonging its half-life, and serves to efficiently localize FVIII to the site of vascular 

injury. Normal levels of VWF in circulation are 0.5-2.0 IU/mL. 

 

1.4.1 von Willebrand Disease (VWD) 

Quantitative or qualitative deficiencies in VWF result in the bleeding disorder VWD. 

VWD is the most common inherited bleeding disorder, with a symptomatic prevalence of 

approximately 1 in 1,000 (0.1%)54. Patients with VWD typically present with excessive and 

prolonged mucocutaneous bleeding. There are three types of VWD that are classified based on 

the type and severity of the deficiency.  
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Type 1 VWD is the most common form of VWD accounting for approximately 75-80% 

of all VWD cases55. It is the mildest form of the disease and results from a partial quantitative 

deficiency in VWF. Patients with Type 1 VWD typically have levels of VWF between 0.05-0.5 

IU/mL and have mild to moderate mucocutaneous bleeding symptoms including epistaxis, easy 

bruising and oral cavity bleeding. Type 1 VWD is inherited in an autosomal dominant fashion 

however incomplete penetrance and variable expressivity complicate diagnosis.  

Type 2 VWD is characterized by a qualitative deficiency in VWF. Type 2 VWD is 

divided into four subtypes based on the functional problem with VWF.  

Type 3 VWD is the most severe and most rare form of VWD. These patients have little to 

no VWF and have moderate to severe mucocutaneous bleeding symptoms. Type 3 VWD most 

often has an autosomal recessive inheritance pattern, although codominance can occur56. Thus, a 

Type 3 VWD patient is usually homozygous or compound heterozygous for mutated alleles. 

Obligate carriers of Type 3 VWD (Type 3 OC) are heterozygous for a recessive VWF mutation 

and are either a parent of a child with Type 3 VWD or offspring of a person with Type 3 VWD. 

Due to the recessive mutation, Type 3 OCs are asymptomatic. Alternatively, heterozygotes can 

have a dominant VWF mutation and present with Type 1 VWD 56.  

 

1.5 Bleeding Assessment Tools 

 

Hemophilia carriers are typically diagnosed via family history, F8/F9 genotype and/or 

coagulation factor levels. However, these methods do not evaluate bleeding phenotype. There is 

therefore a need for an assessment tool that quantifies bleeding symptoms to allow for appropriate 

treatment, healthcare and disease management.  
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Bleeding assessment tools (BATs) are bleeding questionnaires that provide a 

standardized quantitative bleeding score (BS) for bleeding symptoms. These tools have multiple 

uses, including assessing disease severity, and acting as screening tools for mild bleeding 

disorders. Since 2005, several BATs have been developed and validated for assessing bleeding 

disorders, primarily VWD (Figure 1.4).  

 

 

 

Figure 1.4. The evolution of Bleeding Assessment Tools. 

Bleeding Assessment Tool evolution with the year of publication of the original manuscript, 
scoring system used, and appropriate administration time shown (adapted from Rydz et al.).57 
MCMDM-1VWD = European Molecular and Clinical Markers for the Diagnosis and 
Management of type 1 VWD, PBQ = Pediatric Bleeding Questionnaire, ISTH-BAT = 
International Society on Thrombosis and Hemostasis Bleeding Assessment Tool, Self-BAT = 
Self-administered Bleeding Assessment Tool. 
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1.5.1 The ISTH-BAT 

In 2008, the International Society on Thrombosis and Hemostasis (ISTH) established a 

working group with the objective of developing a universal BAT for mild bleeding disorders58. 

Importantly, the International Society on Thrombosis and Hemostasis bleeding assessment tool 

(ISTH-BAT) as well as all previous BATs are expert administered, meaning a healthcare 

professional must administer the questionnaire to the patient. The ISTH-BAT has been validated 

in hemophilia carriers, making it a useful tool in evaluating hemophilia carrier bleeding33.  

 

1.5.2 The Self-BAT 

In 2015, it was recognized that there was a need to increase the accessibility of BATs. 

This resulted in the generation of the self-administered bleeding assessment tool (Self-BAT), 

which was created, optimized and validated for use in VWD59. The Self-BAT was generated by 

converting the ISTH- BAT to lay language, at a grade 4 reading level, to allow it to be self-

administered by the patient without assistance59. The Self-BAT was tested in healthy adult 

controls and adults with Type 1 VWD. The Self-BAT demonstrated a very strong intra-class 

correlation coefficient (ICC) of 0.87 with the ISTH-BAT59. Test-retest reliability of the Self-BAT 

in patients was also determined and shown to have an excellent ICC of 0.9559. In females, the 

Self-BAT had a sensitivity of 100%, a specificity of 21%, a positive predictive value (PPV) of 

0.17, and a negative predictive value (NPV) of 1.059. These results demonstrated that the Self-

BAT was a reliable and effective BAT for VWD. Additionally, the high sensitivity in females, 

suggested that the Self-BAT may also be an effective bleeding assessment tool in the hemophilia 

carrier population. Consequently, the Self-BAT has recently been validated for use in hemophilia 

carriers60. When tested in hemophilia carriers, Self-BAT bleeding scores were found to be 
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strongly correlated to ISTH-BAT bleeding scores, with an ICC of 0.8060. Test re-test reliability in 

the hemophilia carrier cohort was excellent, with an ICC of 0.9560. Additionally, the Self-BAT 

demonstrated a sensitivity of 83% and a specificity of 42%, and had a PPV of 0.48 and NPV of 

0.79 for identifying hemophilia carriers with low FVIII or FIX levels60. Therefore, the Self-BAT 

has been demonstrated to be reliable and effective bleeding assessment tool in the hemophilia 

carrier population.  

 

1.5.3 ISTH-BAT and Self-BAT Scoring 

The ISTH-BAT and Self-BAT both utilize the same scoring system. Bleeding is assessed 

based on 14 individual bleeding symptoms, including epistaxis, bleeding after trauma/surgery and 

tooth extraction, menorrhagia, and post-partum bleeding58. Each bleeding symptom is scored 

from 0-4, with a 0 being no or trivial bleeding for that symptom, and a 4 being bleeding requiring 

a serious intervention such as a blood transfusion or hysterectomy58. Individual symptom scores 

are summed to give a total cumulative BS. A normal BS for women is <6, while a normal BS for 

men is <458.  

The ISTH-BAT and Self-BAT have both been found to be effective for quantifying 

bleeding symptoms in hemophilia carriers, suggesting BS may be a good indicator of an 

abnormal bleeding phenotype in hemophilia carriers33,60.  
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1.6 Desmopressin (DDAVP) 

 

DDAVP, or 1-Deamino-8-d-arginine vasopressin, is a synthetic analog of the antidiuretic 

hormone vasopressin. Unlike vasopressin, which binds vasopressin receptors V1a, V1b and V2, 

DDAVP is selective for vasopressin 2 receptors (V2R). V2R is expressed in the renal collecting 

duct, where binding of vasopressin causes translocation of aquaporin channels via cyclic AMP 

(cAMP) mediated exocytosis to the membrane to increase water reabsorption. However, DDAVP 

also induces an increase in plasma VWF, FVIII, and tissue plasminogen activator (t-PA), causes 

vasodilation and increases platelet procoagulant activity61–64. As such, DDAVP has been used for 

decades to treat mild hemophilia A, VWD and platelet disorders, although the cellular 

mechanisms of the hemostatic effects of the drug remain incompletely understood.  

 

1.6.1 Mechanism of VWF increases 

The most widely accepted theory of the mechanism of action of DDAVP-mediated 

increases in VWF is that DDAVP binds directly to the V2R on endothelial cells and induces the 

release of VWF from WPBs. This theory is supported by multiple lines of evidence. Firstly, in 

vivo, DDAVP induces release of highly multimerized forms of VWF, which are produced in 

endothelial cells65. Additionally, treatment with DDAVP results in equimolar increases in VWF 

and VWFpp levels, again suggesting VWF release from endothelial cell WPBs66.  

It is proposed that the DDAVP-mediated secretion of VWF from endothelial cells is 

cAMP-mediated, as in the renal collecting ducts. Human umbilical vein endothelial cells 

(HUVEC) and blood outgrowth endothelial cells (BOEC) do not express V2R, however, after 

heterologous expression of V2R in HUVEC and BOEC, there is a DDAVP-mediated increase in 
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VWF secretion67,68. Furthermore, DDAVP-induced, cAMP-mediated VWF secretion has been 

shown and V2R expression has been identified in human microvascular endothelial cells of the 

lung (HMVEC-L)67. Together, this evidence strongly supports the hypothesis that DDAVP-

induced increases in VWF are a result of V2R-mediated, cAMP-dependent exocytosis from 

endothelial cell WPBs (Figure 1.5).  

 

 

 

Figure 1.5. Proposed mechanism of VWF release via DDAVP.  

Mechanism of VWF release via DDAVP (adapted from JE Kaufmann, UM Vischer).69 DDAVP = 
desmopressin, V2R = vasopressin 2 receptor, Gs = G-protein, AC = adenylyl cyclase, cAMP = 
cyclic AMP, PKA = protein kinase A, WPBs = Weibel-Palade bodies, vWF = von Willebrand 
factor, t-PA = tissue plasminogen activator. 
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1.6.2 Mechanism of FVIII level increases 

The effect of DDAVP on FVIII levels remains poorly understood. This is in part due to 

the uncertainty of the site of FVIII synthesis. There are two theories for the mechanism of 

DDAVP-mediated FVIII level increase. The first proposes that DDAVP induces FVIII release 

directly from its producing cells69. The second proposes that FVIII level increases are indirect and 

that FVIII is protected from proteolytic degradation via DDAVP-mediated increases in VWF69.  

In support of the first theory, it has been shown that heterologous expression of FVIII in 

endothelial cells results in FVIII storage and release together with VWF in WPB70,71. However, 

we currently do not know of a cell type that produces FVIII and VWF together in vivo. 

Additionally, sinusoidal endothelial cells, where FVIII is predominantly produced, are not 

believed to contain VWF or WPB72,73.  

The second theory proposes that the effect of DDAVP on FVIII levels is indirect and 

occurs via increases in VWF, making more binding sites available to FVIII. If this theory is 

correct, then infusion with VWF should mimic DDAVP. While infusion with VWF does increase 

FVIII levels, this increase is significantly slower than with DDAVP treatment. DDAVP treatment 

results in a FVIII response that peaks at approximately 1 hour post treatment, however treatment 

with VWF results in maximum levels of FVIII being reached between 6-12 hours74,75. 

Additionally, the ratio of FVIII:VWF normally in circulation is 1:50. With an excess of VWF 

binding sites available to FVIII under normal conditions, it is hard to imagine that adding further 

excess of VWF, via DDAVP, would result in increased FVIII binding69.  

It is evident that the mechanism of DDAVP-mediated FVIII response is unclear. The 

correlation between FVIII and VWF increases could be explained by co-secretion, however no 

cell type has been identified. Further investigation into this mechanism is warranted. 
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1.6.3 Influence on Platelets 

 The effect of DDAVP on platelets is also incompletely understood. Platelets have not 

been found to express V2R and correspondingly it has been shown that DDAVP does not 

increase α-granule secretion or platelet aggregation64,69,76. However, some studies have shown an 

increase in platelet procoagulant activity as well as increased adherence to the vessel wall, but the 

cellular mechanisms have not been identified64,76. 

 

1.7 Objectives 

 

1.7.1 Aim 1 – Evaluation of the Determinants of Bleeding in Hemophilia A and B 

Carriers 

Factor level is not a good predictor of bleeding in hemophilia carriers, therefore other 

determinants may contribute to this abnormal bleeding. Since the ISTH-BAT and Self-BAT have 

been validated in hemophilia carriers and allow for the quantification of bleeding symptoms, it 

may be useful to assess these potential determinants of bleeding with respect to BS. The objective 

of aim 1 is to evaluate hemophilia carrier bleeding in several contexts and to evaluate bleeding 

with respect to several determinants of bleeding. First, we will compare hemophilia carrier 

bleeding to the bleeding of women with other bleeding disorders using the ISTH-BAT.  Next, we 

will evaluate bleeding in hemophilia A carriers compared to hemophilia B carriers. Finally, we 

will compare carriers with normal bleeding scores to carriers with abnormal bleeding scores with 

respect to several determinants of bleeding and attempt to elucidate the relative contribution of 

each determinant to Self-BAT bleeding score in hemophilia carriers. We hypothesize that 
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multiple determinants of bleeding contribute to the manifestation of abnormal bleeding symptoms 

in hemophilia A and B carriers.  

 

 

1.7.2 Aim 2 - Investigation into the Underlying Pathophysiological Mechanism of 

Hemophilia A Carrier Bleeding using DDAVP 

Little is understood concerning the underlying pathophysiology of hemophilia carrier 

bleeding. DDAVP can be used as a medical stress surrogate to mimic the in vivo hemostatic 

response to vessel injury. The objective of aim 2 is to examine the underlying pathophysiological 

mechanism of abnormal bleeding in hemophilia A carriers by comparing the laboratory response 

to DDAVP in hemophilia A carriers and normal controls. We hypothesize that the bleeding 

tendency in hemophilia A carriers is due to a reduced ability to elevate and sustain FVIII and 

VWF levels compared to normal women.  
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Chapter 2 

Methods 

2.1 Subject Recruitment 

 

2.1.1 Aim 1 

Hemophilia carriers were recruited through local inherited bleeding disorders clinics in 

Kingston ON, and Calgary AB. Hemophilia carriers were defined by known F8 or F9 genotype 

or an appropriate family history (the daughter of a man with hemophilia or the mother of two 

sons with hemophilia or the mother of one son with hemophilia plus one other affected male 

relative). Eligible subjects were female carriers of hemophilia A or B, ≥ 18 years of age. Carriers 

were excluded if they had another potential cause of bleeding (e.g. another known cause of 

bleeding including von Willebrand disease, platelet function disorders or other coagulation factor 

deficiencies). All subjects gave informed consent. Ethics approval for the study was obtained 

from the Queen’s University Health Sciences Research Ethics Board (HSREB) and from the 

University of Calgary’s Research Ethics Board (REB).  

Comparison groups used were recruited previously through other studies in our research 

group. For the analysis of carriers compared to women with other bleeding disorders, historical 

BS data were used for the normal control, Type 1 VWD, and obligate carriers of Type 3 VWD 

groups reported in the multinational Global Emerging Hemostasis Experts Panel (GEHEP) 

study33,56,59,77. For the purposes of this study, all males were removed from the comparison 

groups. When comparing hemophilia A carriers to hemophilia B carriers to controls, the normal 
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control group was previously recruited through our research group as part of the generation and 

optimization of the Self-BAT59.  

 

2.1.2 Aim 2 

Hemophilia A carriers, ≥ 18 years of age, were eligible for this study. Hemophilia A 

carriers were recruited through local inherited bleeding disorders clinics in Kingston ON, Canada 

and Atlanta GA USA. Hemophilia A carriers either had a known F8 mutation or an appropriate 

family history as outlined in Aim 1. All subjects provided informed consent. Ethics approval for 

the study was obtained from the Queen’s University HSREB and Emory University’s REB.  

Normal control women were recruited in Kingston ON through a variety of methods 

including, the “Queen’s paid research studies” Facebook page, Kingston General Hospital 

Research Institute website, flyers posted in Kingston General Hospital (KGH), and an 

advertisement in the local Kingston newspaper. Normal controls were healthy women, 18-50 

years of age. Subjects were excluded if they had any significant past medical history, smoked, 

had a history of vascular disease, myocardial infarction, stroke or venous thromboembolism, were 

using oral contraceptives, were using corticosteroids, or if they were unable to follow the 24 hour 

fluid restriction protocol. Ethics approval for the study was obtained from the Queen’s University 

HSREB and subjects provided informed consent.  
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2.2 Data Collection 

 

2.2.1 Aim 1 

All carriers completed the Self-BAT. Patient medical chart data was collected for those 

available. From Kingston subjects only, blood samples were also collected. Four tubes of whole 

blood were obtained; two tubes were collected into 3.2% sodium citrate, while two were collected 

into ethylenediaminetetraacetic acid (EDTA). Blood samples were assessed for, and available 

patient chart data was recorded for, FVIII/FIX levels, VWF Antigen (VWF:Ag), VWF Ristocetin 

cofactor (VWF:RCo), VWF propeptide (VWFpp), ABO blood group, X-chromosome 

inactivation ratio (XIR), and F8/F9 genotype.  

 

2.2.2 Aim 2 

All subjects had their bleeding assessed by the ISTH-BAT and blood was taken prior to 

DDAVP administration. Subjects were then administered 0.3µg/kg DDAVP, either 

subcutaneously (SC) or intravenously (IV). Blood was then drawn at 1, 2, and 4 hours post 

administration (Figure 2.1). In Kingston, for both carriers and controls, two tubes of blood were 

drawn into 3.2% sodium citrate for analysis at the KGH clinical core laboratory for FVIII levels, 

VWF:Ag and VWF:GPIbM78. One additional tube of blood was taken at every time point into a 

3.2% sodium citrate vacutainer tube for analysis in the research lab for FVIII chromogenic, 

VWFpp, thromboelastography (TEG) and the thrombin generation assay (TGA). Finally, one tube 

of blood was taken at the pre time point into EDTA for analysis in the research lab of ABO blood 

group. Assays at Emory University were performed in their coagulation laboratory, with the only 
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major differences in protocol being the use of VWF:RCo assay for VWF activity. In Atlanta, the 

VWF:RCo assay was performed using a Siemens kit on a Siemens BCS XP instrument.  

 

 

 

Figure 2.1. Desmopressin trial protocol.  

Blood was taken pre administration and at 1-, 2- and 4-hours post DDAVP administration. Blood 
was assessed for VWF:Ag, VWF activity (VWF:RCo or VWF:GPIbM), VWFpp, FVIII levels, 
TEG and TGA.  
 

 

2.3 Laboratory Analysis 

 

2.3.1 Separation of Platelet-Poor Plasma 

Whole blood collected into 3.2% sodium citrate vacutainer tubes was spun in the 

centrifuge at 2000g for 20 minutes. Plasma was then pipetted into 500µL aliquots in 1.5 mL tubes 

and frozen at -80°C. 
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2.3.2 FVIII/FIX analysis 

The FVIII/FIX one stage assay is based on the ability of patient plasma to correct the 

activated partial thromboplastin time (APTT) of FVIII/FIX deficient plasma. Using the Siemens 

Sysmex CA 1500, a standard curve was set up using Siemens FVIII or FIX reagents and serial 

dilutions of standard human reference plasma (Siemens). The standard curve was plotted as 

clotting times of the serial dilutions of the standard plasma vs. FVIII or FIX activity on a 

logarithmic scale. A line of best fit was then generated. Patient plasma samples as well as normal 

control and pathogenic control plasma were loaded into the CA 1500 and FVIII/FIX level assayed 

at 1/1 and 1/2 dilutions.  

 

2.3.3 FVIII Chromogenic Assay 

The FVIII chromogenic assay utilizes FVIII as the rate-limiting step in the reaction 

mixture for FX activation. FX activation, and in turn, the production of a chromogenic substrate 

are directly proportional to the amount of functional FVIII in the sample. The FVIII chromogenic 

assay was performed using a Siemen’s kit using the manufacturer’s assay conditions. The assay 

was performed on the Siemens Sysmex CA 1500. A standard curve was first set up with the 

Siemens FVIII chromogenic reagents and serial dilutions of standard human reference plasma. 

The standard curve was plotted as dOD vs. concentration on a linear scale. A line of best fit was 

generated. Patient plasma samples as well as normal control and pathogenic control plasma were 

loaded into the CA 1500 and FVIII level assayed at 1/1 and 1/2 dilutions.  
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2.3.4 VWF Assays 

VWF:Ag enzyme-linked immunosorbent assay (ELISA) is a plate-based assay that 

utilizes conjugated antibodies that bind VWF and creates a colour change in order to quantify the 

amount of VWF protein in a sample. VWF:Ag was measured by an in-house ELISA79. A 96 well 

plate was coated with Rabbit Anti-Human VWF (DAKO, A0082). After incubation over night 

and a wash with wash buffer, diluted plasma samples were added. After another incubation and 

wash, the Rabbit Anti-Human VWF HRP detecting antibody (DAKO, P0226) was added. After 

incubation, the plate was washed and the colour reagent was added. Finally the reaction was 

stopped with 1M H2SO4 and the plate was read at 492 nm in the plate reader.  

VWF:RCo measures the activity of VWF by the ability of patient plasma to agglutinate 

platelets in the presence of ristocetin. A standard curve was set up on the Chrono-log 

aggregometer using dilutions of normal reference plasma. A normal control and abnormal control 

were generated using dilutions of specialty assayed reference plasma (SARP, Helena 

Laboratories). Lyophilized platelets (Helena Laboratories) were reconstituted with 10mL TRIS-

buffered saline (Helena Laboratories). Platelets were then added to cuvettes containing stir bars 

and allowed to incubate in the aggregometer for a minimum of 4 minutes. 50µL of ristocetin 

(10mg/mL, ABP Ltd.) was then added to the cuvette and allowed to incubate for 2 minutes. 

Finally, 50µL of diluted patient sample (1:2 dilution with TRIS buffered saline) was added to the 

aggregometer and platelet aggregation was measured via light transmission.  

VWF:GPIbM assay, like VWF:RCo, measures the functional activity of VWF. This assay is 

based on the binding of VWF to recombinant glycoprotein Ib (GPIb). Two gain-of-function 

mutations are introduced into a GPIb fragment to allow the mutated GPIb to bind to VWF 

without the support of ristocetin78.  
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VWFpp was measured using the Immucor VWF and propeptide assay kit (303292). The 

assay was performed according to the manufacturer’s specifications. Briefly, diluted calibrators, 

controls, and sample plasma were added to the microwells to which monoclonal antibodies 

specific for VWF or VWFpp had been immobilized. After a wash step, a biotinylated monoclonal 

antibody specific for the VWF or propeptide was added to the wells. After a wash step, 

streptavidin HRP (horseradish peroxidase) was added to the wells and incubated. Another wash 

was performed, followed by the addition of the fluorescent substrate. Finally, the reaction was 

stopped by the addition of the stopping solution. The plate was then read in a fluorescent plate 

reader with excitation wavelengths between 315-340 nm and emission wavelengths between 370-

470 nm.  

 

2.3.5 DNA Extraction 

 DNA extraction was performed from whole blood samples collected into EDTA 

vacutainer tubes. DNA extraction was performed using the Qiagen Gentra Puregene kit according 

to the manufacturer’s specifications. Extracted DNA was hydrated with DNA hydration solution 

(Qiagen kit) and stored in microcentrifuge tubes at -80°C. 

 

2.3.6 ABO blood group genotyping 

 ABO blood typing was performed via PCR with DNA extracted from whole blood. ABO 

blood groups were determined by mutagenically separated polymerase chain reaction (MS-PCR). 

Two sets of PCR reactions were performed using the same program for nucleotides at positions 

261 and 703 from cDNA at the ABO locus80. Two forward allele-specific primers of different 
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lengths, and one reverse primer were used in each reaction. The primer sequences can be found in 

Appendix I. These two PCR reactions resulted in four fragments. The 216 base pair (bp) fragment 

for the 261 nucleotide was A or B allele-specific, while the 195 bp fragment from the 261 

nucleotide was O specific. The 126 bp fragment from the 703 nucleotide was B specific and the 

106 bp fragment from the 703 nucleotide was A or O specific. Each PCR reaction contained 

3.5µL of DNA (approximately 100 ng/µL concentration) in a 50µL reaction mixture. The PCR 

products were electrophoresed on a 3% agarose gel at 118 mAmps for 40-60 minutes. ABO 

genotypes were determined by the intersection of the predicted alleles from the two PCR 

reactions80. 

 

2.3.7 X-Chromosome Inactivation Analysis 

 X-Chromosome Inactivation status was established by analysis of DNA methylation at 

the human androgen receptor (HUMARA) locus. This was performed using the protocol provided 

by The Hospital for Sick Children, Toronto, Canada60. Briefly, one aliquot of DNA was directly 

amplified by PCR while the other was digested with three methylation sensitive restriction 

enzymes prior to amplification by PCR. Since methylated (inactive) DNA resists cleavage by the 

enzymes, it was amplified. The XIR ratio was then calculated by normalizing the digested to the 

undigested. XIR was defined as being skewed or non-skewed, with a skewed ratio being ≥40:60 

ratio of skewing. 
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2.3.8 Thromboelastography (TEG) 

 Whole blood that had been drawn into 3.2% sodium citrate vacutainer tubes was assayed 

within 2 hours of being drawn. All subjects had phlebotomy performed by the same nurse, using a 

tourniquet, and after resting for several minutes. TEG was performed using the TEG® 5000 

Thromboelastograph® Hemostasis Analyzer System (Haemonetics). 340µL of whole blood was 

added to 20µL of 0.2 M CaCl2 in the reaction cup without activator (native) and the TEG tracing 

was recorded.  

 

2.3.9 Thrombin Generation Assay (TGA) 

 TGA was performed using Diapharma Technothrombin TGA reagents according to the 

manufacturer’s recommendations. Briefly, a calibration curve was set up using the thrombin 

calibrator (Diapharma). Next, TGA reagent C low (RC low, Diapharma), patient plasma sample, 

and the chromogenic substrate were added to a black NUNC 96 well maxisorp plate and 

kinetically read in a fluorescent plate reader at 360nm/460nm for 1.5 hours. 

 

2.3.10 F8/F9 Genotyping 

All exons were amplified by PCR as per DK Lahiri et al.81. Amplified products were sent 

for Sanger DNA sequencing to McGill University and Genome Quebec60. A list of primer 

sequences can be found in Appendix H. Mutation severity was classified as severe and non-

severe mutations based on the Factor VIII gene (F8) variant database (http://www.factorviii-

db.org) and the Factor IX gene (F9) variant database (http://www.factorix.org). These databases 

compile cases of variants in the F8/F9 gene and currently report 2015 unique variants for 
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hemophilia A and 1095 unique variants for hemophilia B. Inversions, deletions and nonsense 

mutations are usually severe mutations. Conversely, missense mutation and sometimes splice site 

mutation severity depends on the location and function of the amino acid affected. Missense 

mutations are often mild or moderate mutations, although some may be severe. 

 

2.4 Bleeding Assessment Tools 

 

For aim 1 all hemophilia A and B carriers completed the Self-BAT82. The completed 

Self-BATs from the Calgary study center were faxed to Kingston for scoring. For aim 2 all 

hemophilia A carriers and normal controls completed the ISTH-BAT58. The ISTH-BAT was 

administered to the subject in Kingston by either Julie Grabell or myself. In Atlanta, the research 

assistant administered the ISTH-BAT. All completed BATs were scored using the ISTH-BAT 0 

to +4 scoring key. 

 

2.5 Statistical Analysis 

 

2.5.1 Aim 1 

Comparisons between groups were done using ANOVA with Tukey post hoc analysis 

and unpaired two-tailed t-tests. Spearman correlation was used to assess the correlation between 

Self-BAT BS and Factor Level. Fisher’s exact test was used to analyze the effect of the 

determinants of bleeding on BS. Multivariable analysis was also performed, however, the sample 

size was not sufficient to generate any meaningful data. Graphpad Prism 6 was used for all 
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statistical analysis with the exception of the multivariable analysis, which was performed using 

SPSS.  

 

2.5.2 Aim 2 

Mann-Whitney U tests were performed to compare hemophilia A carriers and controls. 

Two-way repeated measures ANOVA with Bonferonni multiple comparisons was used to analyze 

the time course response to DDAVP in carriers and controls. All statistical analysis was 

performed using Graphpad Prism 6.  Target sample size was calculated based on preliminary 

data. Sample sizes of 10 normal controls and 10 hemophilia A carriers had a power of 89.9% to 

yield a statistically significant result. However, due to the mutational heterogeneity in hemophilia 

A carriers and our interest in analyzing the influence of this on results, we increased the 

hemophilia A carrier target sample size to 40.  
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Chapter 3 

Results 

3.1 Aim 1 - Hemophilia Carriers Compared to Women with Other Bleeding 

Disorders 

 

3.1.1 Participant Data 

Subject data from all groups was compiled into an excel database to compare the groups 

based on their ISTH-BAT BS. In total, 54 hemophilia A and B carriers, 46 controls, 83 women 

with Type 1 VWD, and 19 women who were obligate carriers (OC) of Type 3 VWD were 

included in the analysis (Table 3.1). 

 

3.1.2 Age 

As shown in Table 3.1, there was no significant difference in age between hemophilia 

carriers and controls, Type 1 VWD, or OC of Type 3 VWD (p= 0.82, 0.07, and 0.37, 

respectively). The mean age of hemophilia carriers, controls, Type 1 VWD, and OC of Type 3 

was 40.98, 41.6, 36.4, and 44.42 years respectively.  

 

3.1.3 Hemophilia Carriers Compared to Controls and Women with Other Bleeding 

Disorders with Respect to ISTH-BAT Bleeding Score 

When the ISTH-BAT BS of hemophilia carriers were compared to normal controls, the 

total mean ISTH-BAT BS was significantly higher in carriers than controls (9.9 vs. 1.5 
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p<0.0001). With respect to the individual bleeding symptoms, hemophilia carriers had 

significantly higher scores in 11 of the 14 symptoms, notably cutaneous bleeding, oral cavity 

bleeding, post-dental bleeding, post-surgical bleeding, menorrhagia, post-partum bleeding, and 

muscle hematomas (Table 3.1).   

 

 

Table 3.1. Hemophilia carrier bleeding compared to controls, Type 1 VWD and OC of Type 
3 VWD. 

Mean	 Hemophilia	
Carriers	
(n=54)	

Controls	
(n=46)	 Type	1	VWD	

(n=83)	 Type	3	VWD	OC	
(n=19)	

Age	(years)	 40.98	 41.6	 36.4	 44.42	
Total	ISTH-BAT	BS	 9.87	 1.48***	 8.70	 3.84***	
						Epistaxis	 0.52	 0.48	 0.78	 0.05	
						Cutaneous	 0.89	 0.13***	 1.00	 0.37*	
						Minor	Wounds	 0.69	 0.04***	 0.95	 0.32	
						Hematuria	 0.31	 0.02***	 0.13*	 0*	
						GI	 0.33	 0.02**	 0.14	 0.26	
						Oral	Cavity	 0.74	 0.13***	 0.89	 0.32*	
						Post-dental	 1.37	 0.02***	 0.84*	 0.47**	
						Surgical	 1.00	 0***	 0.81	 0.32	
						Menorrhagia	 2.48	 0.43***	 2.33	 1.05***	
						Post-partum	 0.46	 0***	 0.41	 0.47	
						Muscle	Hematomas	 0.46	 0.13**	 0.05***	 0**	
						Hemarthrosis	 0.09	 0	 0.08	 0	
						CNS	 0	 0	 0	 0.21	
						Other	 0.52	 0.07***	 0.30	 0***	
*	P	≤	0.05				**	P	≤	0.01				***	P	≤	0.001	
     

 

Hemophilia carriers had similar total ISTH-BAT BS as women with Type 1 VWD, with 

mean total bleeding scores of 9.87 and 8.70, respectively (p= 0.19). Likewise, carriers and 



 

 

 

35 

women with Type 1 VWD had similar individual bleeding symptom scores. The only significant 

differences were in hematuria, post-dental bleeding, and muscle hematomas, where carriers 

reported significantly more bleeding than women with Type 1 VWD (Table 3.1).  

When the ISTH-BAT scores of hemophilia carriers were compared to those of women who 

were OC of Type 3 VWD, it was found that hemophilia carriers had a significantly higher mean 

total ISTH-BAT BS (p<0.0001) as well as significantly higher scores for 7 of the 14 individual 

bleeding symptoms. Carriers had significantly higher scores for cutaneous bleeding, hematuria, 

oral cavity bleeding, post-dental bleeding, menorrhagia, muscle hematomas, and other bleeding 

(Table 3.1).  

Overall, hemophilia carriers had a significantly higher score for muscle hematomas than the 

other three groups (p= 0.004, <0.0001, 0.005). Also of note, although not significant, was that 

only hemophilia carriers and women with Type 1 VWD reported hemarthroses. No controls or 

OC of Type 3 VWD reported any occurrences of joint bleeds. Overall, women with Type 1 VWD 

and hemophilia carriers appeared to exhibit similar levels of bleeding, followed by women who 

were OC of Type 3 VWD, and controls.  

 

3.2 Aim 1 - Hemophilia A Carriers Compared to Hemophilia B Carriers 

 

3.2.1 Participant Data  

As shown in Table 3.2, 46 hemophilia A carriers, 9 hemophilia B carriers and 14 controls 

were included in the analysis. The mean age of all three groups was similar (p= 0.382). 
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Importantly, the distribution of O-type blood did not differ significantly between the three groups 

(p= 0.511).  

 

 

Table 3.2. Characteristics of hemophilia A carriers, hemophilia B carriers and controls.  

	
Hemophilia	A	Carriers	

(n=46)	
Hemophilia	B	Carriers	

(n=9)	
Controls	
(n=14)	

Mean	Age	(years)	
(range)	

40	
(18-72)	

46	
(27-58)	

44	
(21-72)	

Mean	Self-BAT	Bleeding	Score	
(range)	

11	
(0-28)	

8	
(1-15)	

2***	
(0-5)	

%	Blood	Type	O	
	

63	
(n=35)	

43	
(n=7)	

53	
(n=14)	

  

 

3.2.2 Factor level analysis 

Mean FVIII levels were significantly lower in the hemophilia A carriers compared to 

controls (p<0.001). Hemophilia B carriers had a mean FIX level similar to the FVIII level in 

Hemophilia A carriers (0.57 and 0.51 IU/mL, respectively), however no FIX control data was 

available for comparison. Hemophilia A carriers had a mean FVIII level of 0.51 IU/mL, 

hemophilia B carriers had a mean FIX level of 0.57 IU/mL, while controls had a mean FVIII 

level of 1.24 IU/mL. When the two hemophilia carrier groups were examined for the percentage 

of each group with low factor levels, it was found that 57% of hemophilia A carriers had low 

factor levels, while 22% of hemophilia B carriers had low factor levels (p= 0.078).  
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3.2.3 Self-BAT BS 

The mean Self-BAT BS was significantly higher in both the hemophilia A and B carriers 

compared to the controls, with mean BS of 11, 8, and 2 respectively (p<0.001) (Table 3.2). 7/46 

(15%) of hemophilia A carriers reported joint bleeds, three of which had normal factor levels, 

while no joint bleeds were reported in hemophilia B carriers. However, this was not statistically 

significant (p= 0.585). 

 

3.2.4 VWF:Ag and VWF:RCo 

As shown in Table 3.3, hemophilia A carriers had significantly lower VWF:Ag 

compared to normal controls (ANOVA p= 0.013, with Tukey honest significant difference (HSD) 

p= 0.026 hemophilia A carriers compared to controls). Conversely, hemophilia B carriers had 

significantly higher VWF:RCo compared to hemophilia A carriers and controls (ANOVA 

p<0.001, with Tukey HSD p<0.001 hemophilia B compared to hemophilia A and controls).  

 

 

Table 3.3. VWF analysis for hemophilia A carriers, hemophilia B carriers and controls. 

	 Hemophilia	A	Carriers	
(n=46)	

Hemophilia	B	Carriers	
(n=9)	

Controls	
(n=14)	

Mean	VWF:Ag	(IU/mL)	
(range)	

0.87	
(0.41-1.44)	
(n=35)	

1.27	
(1.15-1.44)	

(n=3)	

1.17*	
(0.61-2.02)	
(n=14)	

Mean	VWF:RCo	(IU/mL)	
(range)	

0.76	
(0.35-1.45)	
(n=33)	

1.56	
(1.16-2.08)	

(n=3)	

0.76***	
(0.52-1.22)	
(n=14)	

*	P	≤	0.05		***	P	≤	0.001	
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3.2.5 FVIII/VWF:Ag ratio 

FVIII/VWF:Ag ratio was examined for the hemophilia A carriers and normal controls. 

FVIII/VWF:Ag ratio was 1.14 in the controls, while in the hemophilia A carrier group, the 

FVIII/VWF:Ag ratio was significantly lower, being 0.63 (p<0.001).  

 

3.2.6 X-Chromosome Inactivation Ratio 

When the distribution of skewed vs. non-skewed X-Chromosome Inactivation ratio (XIR) 

was examined for hemophilia A and B carriers, no differences were found between the two 

groups (p= 0.604). 66.7% (8/12) of hemophilia A carriers and 50% (2/4) of hemophilia B carriers 

had skewed XIR (>40:60 ratio).  

 

3.2.7 F8/F9 Genotype Analysis 

F8/F9 genotype was also examined. No significant differences in mutation severity were 

found between hemophilia A and B carriers. 50% of hemophilia A carriers and 57% of 

hemophilia B carriers had a mutation that results in severe hemophilia in males (p= 1.0). The 

distribution of F8/F9 mutations is shown in Table 3.4.  
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Table 3.4. Distribution of F8/F9 mutations in hemophilia A and B carriers. 

 

 

 

3.3 Aim 1 - Hemophilia Carriers with Normal BS Compared to Hemophilia 

Carriers with Abnormal BS 

 

3.3.1 Participant Data 

Fifty-five hemophilia A and B carriers were included in the analysis. Carriers were 

grouped based on whether their Self-BAT BS was normal (<6) or abnormal (≥6). Fifteen carriers 

had normal Self-BAT BS, while 40 had abnormal Self-BAT BS. Determinants of bleeding were 

assessed with respect to these two groups (abnormal and normal BS) to elucidate which 

determinants are associated with an abnormal bleeding phenotype.  
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3.3.2 Age 

Hemophilia carriers with abnormal BS were significantly older than carriers with a 

normal BS. The mean age of carriers with a normal bleeding score was 35 years (n=15), while the 

mean age of carriers with an abnormal bleeding score was 43 years (n=40) (p= 0.031).  

 

3.3.3 Factor Level 

As shown in Figure 3.1, there was a weak negative correlation between factor level and 

Self-BAT BS in the hemophilia carrier cohort (Spearman r= -0.302, p= 0.025). Additionally, 30% 

(17/55) of the carriers had normal factor levels (>0.5 IU/mL) and abnormal BS (≥6) (Figure 3.1, 

red box). Furthermore, for carriers with an abnormal bleeding score, 45% had a normal factor 

level, while 55% had a low factor level. Finally, there are a few carriers (n=6) who had low factor 

levels but normal bleeding scores. The mean age of the carriers with low factor levels but normal 

bleeding scores was 31 years, while the mean age for the entire cohort was 41 years, however this 

was not statistically significant (p= 0.115).  
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Figure 3.1. Factor level and Self-BAT bleeding score in hemophilia carriers.  

Red box highlights the 30% of carriers with normal factor levels and abnormal bleeding scores. 
Controls (green) for reference of normal bleeding scores. 
 

3.3.4 ABO Blood Type 

When the distribution of O-type blood was assessed, it was found that 72% of abnormal 

bleeding scores were from carriers with type-O blood (p= 0.008) (red box in Figure 3.2). 

Additionally, of the 25 carriers who had O-type blood, 23 (92%) had abnormal BS.  
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Figure 3.2. O-type blood distribution in hemophilia carriers. 

Distribution of carriers with O-type blood (blue) and non-O blood (red). Carriers with abnormal 
bleeding scores are highlighted in the red shaded area.  
 

3.3.5 VWF:Ag and VWF:RCo 

Neither VWF:Ag nor VWF:RCo were significantly different between carriers with 

normal BS and those with abnormal BS. The mean VWF:Ag for carriers with a normal BS was 

0.94 IU/mL, while for carriers with an abnormal BS it was 0.89 IU/mL (p= 0.726). Similarly, the 

mean VWF:RCo in carriers with a normal BS was 0.90 IU/mL while it was 0.80 IU/mL in those 

with an abnormal BS (p= 0.604).  

 

3.3.6 FVIII/VWF:Ag Ratio 

For hemophilia A carriers only, FVIII/VWF:Ag was assessed. There was no difference in 

FVIII/VWF:Ag ratio between carriers with normal and abnormal BS. Carriers with normal BS 

had a mean ratio of 0.65, while carriers with abnormal BS had a mean ratio of 0.62 (p= 0.781).  
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3.3.7 X-Chromosome Inactivation Ratio 

X-Chromosome inactivation ratio was not significantly different in carriers with normal 

BS and carriers with abnormal BS (n=16). Of the 14 carriers who had abnormal bleeding scores, 

6 (43%) had non-skewed and 8 (57%) had skewed XIR (p= 0.500).   

 

3.3.8 F8/F9 Genotype Analysis 

F8/F9 genotype was not significantly different between carriers with normal and 

abnormal BS (n=33). 46% of carriers with abnormal BS had a non-severe mutation, while 54% of 

carriers with abnormal BS had a severe mutation (p= 0.688). The distribution of F8/F9 mutations 

is shown in Table 3.4. 

 

3.3.9 Multivariable Analysis 

Multivariable analysis using logistic and linear regression was attempted with the 55 

hemophilia A and B carriers. However, only subjects with complete data sets for the variables 

being entered (model 1: FVIII level, Age, O or non-O type blood, VWF:RCo, model 2: FVIII 

level, Age, O or non-O type blood) into the model could be included. Due to the fact that we only 

received available patient chart data from the hemophilia carriers recruited at the Calgary center, 

there were many carriers with incomplete data sets. This resulted in approximately 1/3 - 1/2 of 

participants (depending on the model) being excluded from analysis. As such, no statistically 

significant results could be obtained.  
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3.4 Aim 2 - Evaluation of the Response to Desmopressin in Hemophilia A Carriers 

and Normal Controls 

 

3.4.1 Participant Data 

Seventeen Hemophilia A carriers and 9 normal controls have been enrolled in the study 

to date. However, due to sample clotting, two normal controls were excluded from all analysis. 

Hemophilia A carriers were significantly older than controls, with a median age of 34 and 21 

years, respectively (p= 0.003). As expected, hemophilia A carriers had significantly higher ISTH-

BAT BS than controls. The median BS in carriers was 8, while in controls it was 0 (p= 0.0007). 

O-type blood distribution did not differ between the carrier and control groups, with 53% and 

57% of carriers and controls, respectively, having O-type blood (p= 0.8716).  

 

3.4.2 Baseline Levels 

Baseline FVIII levels were significantly lower in hemophilia A carriers than controls, 

with hemophilia carriers having a median FVIII level of 0.55 IU/mL and controls having a 

median FVIII level of 1.20 IU/mL (p= 0.0013) (Table 3.5). Baseline VWF:Ag and VWF:RCo 

were not significantly different between carriers and controls (p= 0.6739 and p= 0.2664, 

respectively) (Table 3.5). The median VWFpp:Ag ratio in hemophilia A carriers was 1.1, while it 

was significantly higher in controls, being 1.5 (p= 0.047) 
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         Table 3.5. Median baseline levels for hemophilia A carriers and controls. 

	
Hemophilia	A	Carriers	

(n=17)	
Normal	Controls	

(n=7)	

FVIII	Level	(IU/mL)	
(range)	

0.55	
(0.31-1.25)	

1.20**	
(0.82-1.98)	

VWF:Ag	(IU/mL)	
(range)	

0.77	
(0.32-1.68)	

0.82	
(0.55-1.35)	

VWF	Activity°	(IU/mL)	
(range)	

0.55	
(0.35-1.66)	

0.67	
(0.48-1.44)	

VWFpp:Ag	ratio	
(range)	

1.10	
(0.6-1.8)	
(n=8)	

1.50*	
(1.2-1.9)	
(n=5)	

*	P	≤	0.05				**	P	≤	0.01				 	 	 	 		 		°VWF:GPIbM	or	VWF:RCo	
  

	

3.4.3 FVIII Response to DDAVP in Carriers and Controls 

As shown in Figure 3.3, when FVIII response to DDAVP was examined, it was found 

that hemophilia A carriers had a significantly reduced overall response to DDAVP compared to 

controls (p<0.0001). Additionally, although hemophilia A carriers had significantly lower FVIII 

levels prior to DDAVP administration (p <0.05), multiple comparison analysis demonstrated that 

this difference in FVIII was amplified in the response to DDAVP, with carriers and controls 

being significantly different at the 1 hour, 2 hour, and 4 hour time points (all p values <0.0001) 

(Figure 3.3). The slope of the FVIII response (defined as (peak FVIII level - pre FVIII level)/time 

to peak) was also significantly less steep in carriers than controls (0.72 vs. 1.20, p=0.004). When 

we examined the change in FVIII at peak and at 4 hours in carriers and controls, carriers had a 

significantly reduced median change in FVIII at both peak and 4 hours (Figure 3.4). As shown in 
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Figure 3.5, the median maximum fold change in FVIII and the median fold change in FVIII at 4 

hours were not significantly different between carriers and controls (p= 0.6292 and p= 0.1471).  

 

 

 
Figure 3.3. FVIII response to DDAVP in hemophilia A carriers and controls.  

Hemophilia A carriers (red) and normal controls (green) (* p ≤ 0.05 **** p ≤ 0.0001).  
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                     A               B 

 
Figure 3.4. Change in FVIII levels in hemophilia A carriers and controls. 

Median change in FVIII (A) at peak and (B) at 4 hours after DDAVP administration in carriers 
and controls (**** p ≤ 0.0001).  
 

 

 

       A              B 

 
Figure 3.5. Fold change in FVIII in hemophilia A carriers and controls. 

Median fold change in FVIII (A) at peak and (B) at 4-hours (p= NS and p= NS). 
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3.4.4 FVIII Response to DDAVP in Carriers with Normal Baseline FVIII Levels and 

Controls 

Next, we examined whether the reduced FVIII response to DDAVP held true in carriers 

with normal baseline FVIII levels. 10/17 (59%) hemophilia A carriers were included in this 

analysis. These 10 carriers had a median baseline FVIII level of 0.71 IU/mL. When FVIII 

response to DDAVP was analyzed, it was found that the carriers with normal baseline FVIII 

levels still had a significantly reduced overall response to DDAVP compared to controls (p< 

0.0001) (Figure 3.6). Importantly, multiple comparison analysis revealed that this difference in 

FVIII response was not significant at baseline (p> 0.05), but was significant at the 1-, 2-, and 4-

hour time points (all p values <0.0001). When change in FVIII was examined, carriers again had 

a significantly reduced median change in FVIII at peak and 4 hours compared to controls (p= 

0.0002 and p= 0.0002, respectively)  (Figure 3.7). The median maximum fold change in FVIII 

and the median fold change in FVIII at 4 hours were not significantly different between the 

carriers and controls (p= 0.1144 and p= 0.1927) (Figure 3.8).  
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Figure 3.6. FVIII response to DDAVP in hemophilia A carriers with normal baseline FVIII 
levels and controls. 

Hemophilia A carriers with normal baseline FVIII levels (red) and normal controls (green) (**** 
p ≤ 0.0001, NS = not significant). 
 
 
 
 

     A             B 

 
Figure 3.7. Change in FVIII levels in hemophilia A carriers with normal baseline FVIII 
levels and controls. 

Median change in FVIII at (A) peak and (B) 4 hours in carriers with normal baseline FVIII levels 
and normal controls (*** p ≤ 0.001).  
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 A             B 

 
Figure 3.8. Fold change in FVIII in hemophilia A carriers with normal baseline FVIII levels 
and controls. 

Median fold Change in FVIII at (A) peak and (B) 4 hours in carriers with normal baseline FVIII 
levels and normal controls (p= NS and p= NS). 
 

 

3.4.5 VWF:Ag and VWF Activity Response to DDAVP 

VWF:Ag response and VWF activity (VWF:RCo or VWF:GPIbM) response to DDAVP 

treatment did not differ between carriers and controls (p= 0.5589 and p= 0.1708, respectively) 

(Figure 3.9). There was also no difference between carriers and controls in the change in 

VWF:Ag and VWF activity at peak or 4 hours (p= 0.8399, p= 0.4837, respectively and p= 

0.3740, p= 0.0620, respectively) (Figure 3.10). The median maximum fold change and median 

fold change at 4 hours in VWF:Ag and VWF activity did not differ between carriers and controls 

(p= 0.9956 and 0.4088, respectively and p= 0.8887 and 0.3574, respectively) (Figure 3.11).  
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Figure 3.9. VWF responses to DDAVP in hemophilia A carriers and controls. 

(A) VWF:Ag and (B) VWF activity (VWF:RCo or VWF:GPIbM) response to DDAVP in carriers 
(red) and controls (green) (p= NS and p= NS). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 1 2 3 4
0

1

2

3

Time (hours)

V
W

F:
A

g 
(IU

/m
L)

KDT001
KDT002
KDT003
KDT004
KDT005
KDT006
KDT007
KDT008
KDT009
KDT010
S01-002
S01-003
S01-004
S01-006
S01-010
S01-011
S01-013
NDT001
NDT002
NDT003
NDT004
NDT006
NDT007
NDT009

A

0 1 2 3 4
0

1

2

3

Time (hours)

V
W

F 
A

ct
iv

ity
 (I

U
/m

L)

KDT001
KDT002
KDT003
KDT004
KDT005
KDT006
KDT007
KDT008
KDT009
KDT010
S01-002
S01-003
S01-004
S01-006
S01-010
S01-011
S01-013
NDT001
NDT002
NDT003
NDT004
NDT006
NDT007
NDT009

B



 

 

 

52 

A             B 

 
C             D 

 
Figure 3.10. Change in VWF:Ag and Activity in hemophilia A carriers and controls. 

Median change in VWF:Ag at (A) peak and (B) 4 hours and change in VWF activity at (C) peak 
and (D) 4 hours in carriers and controls (all p= NS). 
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A             B 

 
C      D 

 
Figure 3.11. Fold change in VWF:Ag and Activity in hemophilia A carriers and controls. 

Median fold change in VWF:Ag at (A) peak and (B) 4 hours and fold change in VWF activity at 
(C) peak and (D) 4 hours in carriers and controls (all p= NS). 
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 When we examined the FVIII/VWF:Ag ratio both pre DDAVP administration and at 

peak, we found that carriers had significantly lower FVIII/VWF:Ag ratio than controls (0.66 vs. 

1.51, p<0.0001 and 0.92 vs. 2.22, p<0.0001). We also examined if there was a correlation 

between FVIII/VWF:Ag ratio and BS in our subjects (both carriers and controls), however no 

statistically significant correlation was found.  
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3.4.7 DDAVP Response in Carriers with Severe and Non-Severe Mutations 

DDAVP response was next compared between hemophilia A carriers with a F8 mutation 

that results in severe hemophilia in males and hemophilia A carriers with a mutation that results 

in non-severe hemophilia in males. 15 of the 17 carriers were included in the analysis (one carrier 

was excluded because their mutation was found to result in severe, moderate and mild hemophilia 

and one carrier was excluded because their mutation was not documented in the FVIII variant 

database). F8 mutations are shown in Table 3.6. No significant differences in FVIII response 

(shown in Figure 3.12), VWF:Ag response, or VWF activity response were found between the 

two groups (p= 0.2299, 0.7201, and 0.4218, respectively). When change in FVIII was analyzed, 

no difference in the change at peak or at 4 hours was found between carriers with non-severe and 

severe F8 mutations for FVIII (p= 0.1720 and 0.3127) (Figure 3.13), VWF:Ag (p= 0.2523 and 

0.5856) or VWF activity (p= 0.1135 and 0.2581). Additionally, the median maximum fold 

change and the median fold change at 4 hours were not significantly different between the groups 

for FVIII (p= 0.4527 and 0.6809) (Figure 3.14), VWF:Ag (p= 0.3724 and 0.3710) or VWF 

activity (p= 0.4745 and 0.9283). Finally, we also compared the pre DDAVP and peak 

FVIII/VWF:Ag ratio in carriers with severe mutations to those with non-severe mutations and 

found no difference in the ratio between the two groups.  
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Table 3.6. F8 mutations in hemophilia A carriers. 

 

 

 

 

Figure 3.12. FVIII response to DDAVP in hemophilia A carriers with non-severe and severe 
mutations.  

Non-severe mutations (blue) and severe mutations (red) (p= NS). 
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  A             B 

 
Figure 3.13. Change in FVIII in hemophilia A carriers with non-severe and severe 
mutations. 

Median change in FVIII at (A) peak and (B) 4 hours in carriers with non-severe and severe 
mutations (p= NS and NS). 
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Figure 3.14. Fold change in FVIII in hemophilia A carriers with non-severe and severe 
mutations. 

Median fold change in FVIII at (A) peak and (B) 4 hours in carriers with non-severe and severe 
mutations (p= NS and NS). 
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3.4.8 Thrombin Generation Assay Analysis 

Thrombin generation assay (TGA) was performed on plasma samples from carriers (for 

whom a plasma sample was available, n=7) and controls (n=7) at all time points and assessed for 

lag time (minutes), peak thrombin (nM), peak time (minutes), velocity index, and area under the 

curve (AUC), (Table 3.7). There were no significant differences between carriers and controls in 

lag time, peak time, velocity index or AUC for any of the time points. Peak thrombin was not 

significantly different between carriers and controls for the pre, 1-hour, and 2-hour time points. 

However, median peak thrombin was significantly different between carriers and controls at the 

4-hour time point (p= 0.0379). Carriers’ median peak thrombin at 4 hours was 441.6 nM, while in 

controls it was 287.1 nM. Representative sample thrombin generation curves for carriers and 

controls are shown in Figure 3.15. 
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Table 3.7. Thrombin generation in hemophilia A carriers and normal controls. 

	 	 Carriers	
(n=7)	

Controls	
(n=7)	 P	value	

Pre	
Lag	Time	(minutes)	
(range)	

14.0	
(11.3-17.8)	

14.3	
(10.8-16.0)	 0.7791	

	 Peak	Thrombin	(nM)	
(range)	

188.9	
(122.7-338.7)	

171.1	
(84.4-296.3)	

0.5221	

	 Peak	Time	(minutes)	
(range)	

20.8	
(16.5-27.8)	

21.0	
(15.5-25.8)	

0.9656	

	 Velocity	Index	
(range)	

32.2	
(12.7-61.1)	

24.6	
(8.7-62.4)	

0.6894	

	
AUC		
(range)	

3066	
(1335.6-4371.1)	

3239	
(1936.8-4261.1)	 0.9656	

1	hour	 Lag	Time	(minutes)	
(range)	

10.0	
(8.3-12.3)	

10.3	
(5.5-11.8)	 0.6836	

	
Peak	Thrombin	(nM)	
(range)	

371.5	
(282.0-538.7)	

373.6	
(217.0-416.9)	 0.5956	

	
Peak	Time	(minutes)	
(range)	

14.8	
(12.3-16.8)	

15.0	
(8.5-17.8)	 0.3887	

	 Velocity	Index	
(range)	

82.5	
(60.4-153.9)	

74.8	
(39.5-139.0)	

0.4458	

	 AUC		
(range)	

4022	
(2842.4-4493.4)	

3805	
(2880.1-4793.5)	

0.7791	

2	hours	 Lag	Time	(minutes)	
(range)	

10.5	
(8.5-11.3)	

10.5	
(6.5-12.3)	

0.5927	

	 Peak	Thrombin	(nM)	
(range)	

415.2	
(271.9-477.1)	

290.5	
(232.0-468.4)	

0.1638	

	 Peak	Time	(minutes)	
(range)	

15.0	
(12.8-15.8)	

15.3	
(9.0-18.0)	 0.3310	

	 Velocity	Index	
(range)	

94.2	
(60.4-123.0)	

50.9	
(40.3-178.7)	 0.1638	

	 AUC		
(range)	

4272	
(2934.9-4642.0)	

3696	
(2536.7-4989.9)	 0.4458	

4	hours	 Lag	Time	(minutes)	
(range)	

10.5	
(8.8-12.5)	

11.3	
(9.3-14.5)	 0.3316	

	 Peak	Thrombin	(nM)	
(range)	

441.6	
(270.2-490.7)	

287.1	
(219.5-412.8)	

0.0379*	

	 Peak	Time	(minutes)	
(range)	

15.0	
(12.3-18.0)	

16.3	
(14.3-21.0)	

0.3333	

	 Velocity	Index	
(range)	

93.1	
(49.8-136.6)	

63.8	
(33.75-93.6)	

0.0728	

	 AUC		
(range)	

4353	
(3285.8-4830.0)	

3709	
(2206.4-4950.5)	 0.4458	

* p ≤ 0.05                            Mann-Whitney test 
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Figure 3.15. Representative thrombin generation curves for hemophilia A carriers and 
controls. 

Carriers (red) and controls (green) at the (A) pre (B) 1-hour (C) 2-hour and (D) 4-hour time 
points.  
 

3.4.9 Thromboelastography Analysis 

Thromboelastography (TEG) was performed for carriers (for whom a whole blood 

sample was available, n=7) and controls (n=7) for the pre and 1-hour time points and assessed for 

R (time), K (time), α-angle (degrees), and maximum amplitude (MA, in mm). The R value 

represents the latency time from the start of the test until initial fibrin formation, the K value 

represents the time taken to reach a clot strength of an amplitude 20mm, α-angle is the rate of clot 

formation, and MA represents the ultimate strength of the clot. None of the criteria assessed were 
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significantly different between carriers and controls at the pre or 1-hour time point (Table 3.8). 

Representative TEG tracings can be seen in Figure 3.16.  

 

Table 3.8. Median thromboelastography values for hemophilia A carriers and controls. 

	 	 Carriers	
(n=7)	

Controls	
(n=7)	

P	value	

Pre	
R	(time)	
(range)	

15.80	
(12.6-34.8)	

13.90	
(10.3-19.2)	

0.4749	

	
K	(time)	
(range)	

3.80	
(2.8-8.9)	

3.20	
(1.9-7.0)	

0.6888	

	
α-angle	(degrees)	
(range)	

45.70	
(26.0-53.1)	

50.10	
(28.2-61.7)	

0.6894	

	
MA	(mm)	
(range)	

60.20	
(54.9-66.4)	

59.80	
(45.3-65.5)	

0.9656	

1	Hour	
R	(time)	
(range)	

10.00	
(6.7-15.1)	

10.70	
(6.5-14.8)	

0.7028	

	
K	(time)	
(range)	

2.35	
(1.8-3.2)	

2.40	
(1.3-4.2)	

0.7040	

	
α-angle	(degrees)	
(range)	

60.20	
(47.0-68.6)	

57.50	
(42.5-70.9)	

0.6031	

	
MA	(mm)	
(range)	

64.40	
(59.7-73.9)	

60.30	
(55.3-69.8)	

0.2209	

Mann-Whitney test 
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Figure 3.16. Representative thromboelastography traces for a hemophilia carrier and a 
control. 

TEG traces of a hemophilia A carrier at the (A) pre and (B) 1-hour time points and of a control at 
the (C) pre and (D) 1-hour time points. 
 

3.4.10 ISTH-BS and FVIII Response to DDAVP 

FVIII response to DDAVP was examined comparing subjects (both carriers and controls) 

who had normal ISTH-BAT BS to subjects who had abnormal ISTH-BAT BS. Subjects with 

abnormal BS had significantly reduced FVIII response to DDAVP compared to subjects with 

normal BS (p= 0.0358) (Figure 3.17).   
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Figure 3.17. FVIII response to DDAVP in subjects with normal bleeding scores (<6) and 
abnormal bleeding scores (≥6).  

Normal bleeding scores (blue) and abnormal bleeding scores (red) (* P ≤ 0.05). 
 

3.4.11 FVIII Chromogenic Correlation to FVIII One-stage Assay 

A FVIII chromogenic assay was performed and the results compared to those from the 

FVIII one stage assay to ensure consistency. Seven hemophilia A carriers and 7 normal controls 

(no plasma for carriers from Emory University were available to run the FVIII chromogenic assay 

on) were included and their results from the two assays were compared at all four time points, 

giving a total of 56 results on which to compare the two assays. There was a very strong Pearson 

correlation of 0.895 between the one-stage results and the chromogenic results (p= 0.0016).  

 

3.4.12 VWF:RCo and VWF:GPIbM Correlation 

VWF:RCo and VWF:GPIbM data was available for 6 hemophilia A carriers due to their 

inclusion in both Aim 1 and Aim 2 of the study. We compared the values obtained using the two 
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VWF activity assays and assessed the correlation. There was a very strong Pearson correlation of 

0.900 between the VWF:RCo and the VWF:GPIbM assays (p= 0.015). 
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Chapter 4 

Discussion 

 

4.1 Overview 

 

While it is increasingly recognized that hemophilia carriers experience abnormal 

bleeding, the cause of this has not been well established. This thesis aimed to investigate potential 

determinants and explore the pathophysiological mechanism of bleeding in hemophilia carriers. 

To our knowledge, this is the first study to examine multiple determinants of bleeding in 

hemophilia carriers in a single study and the first to fully characterize the response to DDAVP in 

hemophilia A carriers compared to normal controls. 

Firstly, this investigation provides important insight as to the manifestation of bleeding in 

hemophilia carriers, demonstrating that carriers experience similar levels of bleeding compared to 

women with other bleeding disorders and that hemophilia A and B carriers may experience 

distinct bleeding phenotypes. Our analysis also reveals two novel determinants of bleeding in 

hemophilia carriers; age and ABO blood type. These discoveries confirm our hypothesis that 

hemophilia carrier bleeding is influenced by multiple determinants.  

Secondly, this investigation elucidates a potential mechanism for hemophilia carrier 

bleeding, demonstrating that carriers have a reduced elevation and sustainment of FVIII levels in 

response to DDAVP. Interestingly, the finding that VWF responses were not reduced in carriers 

provides evidence for the mechanism of DDAVP-mediated increases in FVIII, indicating that 

DDAVP may act directly on FVIII producing cells. We also demonstrate that reduced FVIII 
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responses to DDAVP are found in subjects with abnormal ISTH-BAT bleeding scores. Finally, 

our findings enhance the literature suggesting genotype may not influence bleeding phenotype in 

hemophilia carriers.  

These results characterize hemophilia carrier bleeding and help to elucidate the 

underlying mechanism of this abnormal bleeding phenotype, deepening our current understanding 

of the manifestation of this disease in females.  

 

4.2 Hemophilia carriers experience similar levels of bleeding as women with other 

bleeding disorders  

 

Although slowly changing, skepticism remains concerning hemophilia carrier bleeding. It 

has been suggested that carriers may be over reporting bleeding symptoms due to being sensitized 

to bleeding as a family member of an affected male, and interpreting joint pain as a joint 

bleed25,83. To address this, and to put hemophilia carrier bleeding into context, we compared 

ISTH-BAT bleeding scores in hemophilia carriers, controls and women with other bleeding 

disorders. In particular, women who are OC of Type 3 VWD may have very similar familial 

situations to hemophilia carriers, in that they are a parent, child or sibling of someone with a 

severe bleeding disorder. For instance, in this cohort of OC of Type 3 VWD, 50% are related to 

someone who experiences hemarthrosis. Of great interest, none of the Type 3 OC reported joint 

bleeds, while 3.7% of hemophilia carriers did. This suggests that the reports of hemarthrosis in 

hemophilia carriers are not due to over-sensitization to bleeding and over reporting. Furthermore, 

the significantly higher rate of muscle hematomas in carriers compared to all other groups 

demonstrates increased musculoskeletal bleeding in the hemophilia carriers. Our results suggest 
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that hemophilia carriers and women with Type 1 VWD experience similar levels of bleeding 

followed by OC of Type 3 VWD and controls. Of note, a recently published study by our group 

compared a larger cohort of carriers (our cohort plus carriers from other centers) to the same three 

groups and found that Type 1 VWD > hemophilia carriers > Type 3 OC > controls33. Although 

slightly different results, both studies demonstrate the significance of hemophilia carrier bleeding. 

Therefore, we conclude that the levels of bleeding experienced by hemophilia carriers is 

comparable to that of women with other bleeding disorders, and that high ISTH-BAT scores in 

hemophilia carriers are not a result of over reporting bleeding symptoms. This is in agreement 

with what has been found by other groups who have demonstrated that carriers experience 

abnormal bleeding32,34,84. However, although Type 3 OCs may be a suitable control group for 

assessing over reporting, Type 3 VWD is still not directly comparable to hemophilia. For 

instance, patients with Type 3 VWD generally do not experience joint bleeds as frequently as 

patients with severe hemophilia. As such, the best method to examine this question may be to 

conduct a study of sisters where one sister is a carrier of hemophilia and the other is not. This 

study would clearly be difficult to accomplish owing to the rarity of hemophilia and further rarity 

of this pattern of carriership in sisters. However, this type of study would provide additional 

strength to the reality of carrier bleeding. 

 

4.3 Manifestation of bleeding in hemophilia A and B carriers 

 

Due to speculation that hemophilia A manifests as a more severe disease than hemophilia 

B in males85,86, we wanted to compare hemophilia A and B carriers with respect to several 

potential determinants of bleeding to examine whether there are differences between the two 
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diseases in carriers. In our cohort, Hemophilia A and B carriers had similar Self-BAT BS and 

factor levels, suggesting a similar bleeding phenotype. However, 15% of hemophilia A carriers 

reported hemarthroses, while there were none reported in hemophilia B carriers. This is in 

keeping with evidence in male hemophilia patients, where it has been demonstrated that patients 

with hemophilia B had fewer hemarthroses and lower World Federation of Hemophilia (WFH) 

ultrasound scores than those with hemophilia A86. Additionally, the significantly lower levels of 

VWF:Ag in hemophilia A carriers compared to hemophilia B carriers might contribute to a more 

severe disease. Overall, these results suggest that there may be some differences in the 

manifestation of bleeding in hemophilia A and B carriers, with hemophilia A carriers possibly 

presenting with a more severe bleeding phenotype. However, further investigation is needed.  

 

4.4 Several determinants of bleeding contribute to abnormal bleeding scores in 

hemophilia carriers 

 

In our analysis comparing carriers with normal and abnormal BS, two determinants of a 

more severe bleeding phenotype in carriers were identified, increasing age and O-type blood. 

These findings support our hypothesis that multiple determinants of bleeding contribute to the 

manifestation of abnormal bleeding in hemophilia carriers. The finding that carriers with 

abnormal bleeding scores were significantly older than those with normal bleeding scores is not 

surprising, as with increasing age there is potential for more exposure to hemostatic challenge 

such as childbirth, surgery, or dental extraction. Additionally, the finding that most carriers with 

abnormal bleeding scores have type-O blood suggests that having type-O blood may be an 

important contributor to an abnormal bleeding phenotype in hemophilia carriers. We would 
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assume that the mechanism responsible for this effect would be that O-type blood results in 

increased clearance of VWF from the circulation and as a result, increased clearance of FVIII, 

since VWF protects FVIII from premature cleavage by activated protein C and premature 

clearance. If this were the case, we would perhaps expect VWF:Ag levels in carriers with 

abnormal bleeding scores to also be significantly lower. However, we did not find a significant 

difference in VWF:Ag between carriers with normal and abnormal bleeding scores. This suggests 

that this O-type blood effect may be independent of VWF:Ag. Further investigation is evidently 

warranted as to the mechanism and influence of O-type blood on hemostasis in carriers. 

Multivariable analysis may be a useful method to address this question going forward.  

In addition to these two novel determinants, our results confirm the findings by Olsson et 

al. that factor level is a poor predictor of bleeding in hemophilia carriers36. This has important 

implications in how we define and classify hemophilia carriers. Although factor level may be a 

contributor to an abnormal bleeding phenotype, it may be inappropriate to define severity of 

disease in carriers solely by residual factor level as we do in males with hemophilia.  

The finding that FVIII/VWF:Ag ratio did not differ between carriers with normal and 

abnormal BS was interesting. We expected that a lower ratio might be a contributor to a more 

severe bleeding phenotype. We hypothesized that if two carriers had similar levels of FVIII, but 

one had more VWF, it might mean that it would be less likely for FVIII to be recruited to the site 

of injury and more severe bleeding may result. These results suggest that FVIII/VWF:Ag ratio is 

not an important contributor to an abnormal bleeding phenotype. This is interesting given that it 

has been demonstrated that FVIII/VWF:Ag ratio is effective in identifying carriers of 

hemophilia87. As such, although FVIII/VWF:Ag ratios are reduced in carriers compared to non-

carriers, and thus can differentiate between carriers and non-carriers, this ratio may not be able to 
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distinguish within carriers those with an abnormal bleeding phenotype from those with a normal 

bleeding phenotype.  

 

4.5 X-Chromosome inactivation ratio may not be correlated with bleeding tendency 

in hemophilia carriers 

 

It was unexpected that XIR did not differ between carriers with normal and abnormal BS. 

It is generally accepted that XIR influences factor level in carriers27,88. In agreement with this, our 

group has previously found a negative correlation of 0.69 (p<0.001) between XIR and 

coagulation factor level60. Nevertheless, some groups have found no correlation between XIR and 

plasma FVIII and FIX levels, demonstrating the complexity and heterogeneity of this 

association42. However, all of these previous studies have examined the contribution of XIR to 

factor level. To our knowledge, this is the first study to examine XIR in relation to bleeding score. 

Since XIR is believed to primarily influence factor level, and since we have shown that factor 

level is weakly correlated with BS33,36, XIR may also be weakly correlated with BS, or perhaps 

the relationship would be diluted. Moreover, X-inactivation is controlled by the X-inactivation 

center on the X chromosome and the X-inactive specific transcript, which is independent of the 

F8/F9 mutation. This may support the lack of association between XIR and bleeding tendency in 

carriers. This agrees with a recent paper that examined four related carriers looking at XIR 

influence on FVIII level. The authors found that XIR appeared to be the primary determinant of 

FVIII level, however they noted that a random XIR did not negate bleeding tendency89. 

Alternatively, it is possible that the effect of XIR on factor level does impact BS, but that this 

effect is too attenuated to detect in our cohort.  
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4.6 Limitations of Aim 1 

 

This study is limited by sample size and incomplete hemophilia carrier data sets. Small 

sample size may have prevented statistical significance from being reached for certain analyses. 

In particular, very few hemophilia B carriers (n= 9) were included in our cohort. This is largely 

due to the fact that hemophilia B is a more rare disease than hemophilia A. Additionally, 

multivariable analysis was unsuccessful due to small samples size and because incomplete data 

sets caused 1/3-1/2 of carriers to be excluded from the analysis.  

 

 

4.7 Hemophilia A carriers have reduced ability to elevate and sustain FVIII in 

response to DDAVP 

 

In order to elucidate the pathophysiological mechanism of abnormal bleeding in 

hemophilia carriers, we wanted to compare the response to desmopressin, a medical stress 

surrogate, in hemophilia A carriers and controls.  

 The results examining the FVIII response to DDAVP demonstrate the hemophilia A 

carriers have a significantly reduced elevation and sustainment of FVIII levels compared to 

controls. This is clear when looking at the time course graphs as well. Carriers’ time course 

curves are flatter compared to controls and appear to be nearly back at baseline at the 4 hour time 

point, while the controls’ responses are more robust and remain elevated at the 4 hour time point. 

This reduced FVIII response in carriers is reinforced when only carriers with normal factor levels 

are examined. In this case, the multiple comparison analysis reveals that the overall difference in 

FVIII response is not due to FVIII levels at baseline, it is the FVIII response to DDAVP that 
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differs between carriers and controls. This is interesting, since we know that it is necessary to 

increase FVIII levels under hemostatic stress. For instance, in pregnancy, FVIII levels in women 

increase in order to prepare for the hemostatic challenge of childbirth90. Therefore, a critical 

element of normal hemostasis may be the ability to increase FVIII. We can see this ability when 

we look at the FVIII response to DDAVP in the normal controls. In comparison, it is clear that 

hemophilia A carriers are unable to increase and sustain FVIII levels to the same magnitude. This 

inability may explain why carriers often experience excessive and prolonged bleeding under 

hemostatic stress. It also provides a possible explanation for baseline FVIII levels being a poor 

predictor of bleeding in carriers. Carriers infrequently report spontaneous bleeds. For instance, in 

a cohort from our group, only 3/12 hematomas and 2/6 hemarthroses were reported as 

spontaneous. Therefore, baseline circulating FVIII levels may be sufficient to prevent 

spontaneous bleeds in most carriers. However, in response to trauma or injury, we know that 

carriers frequently experience heavy and prolonged bleeding. This may be explained by the 

reduced ability in carriers to increase FVIII levels above normal and respond to the hemostatic 

stressor. This reduced ability to respond to hemostatic stress may contribute to abnormal 

bleeding.  

Interestingly, these results suggest that the F8 mutation in carriers may have influences 

that extend beyond the circulating levels of FVIII. It is reasonable that a F8 mutation causes less 

functional FVIII to be synthesized, however the mutation may also influence the storage and 

release of FVIII in cells. Furthermore, in non-null mutations, the defective FVIII produced may 

directly interfere with normal production, storage and release of FVIII. Further investigation is 

warranted as to the impacts of a F8 mutation on FVIII synthesis, storage and release, in particular 

in the cellular stored pools of FVIII.  
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 We also examined the fold change at peak and at 4 hours in hemophilia A carriers and 

controls. Fold change in FVIII was not significantly different between carriers and controls at 

peak or at 4 hours. However, we do not believe that fold change is an indicative measure for our 

purposes. Our objective is to examine why hemophilia carriers experience abnormal bleeding in 

response to hemostatic stress. Looking at the ability of carriers to proportionally increase FVIII 

levels does not allow us to examine what level was reached and whether that is clinically, or 

hemostatically relevant. For instance, if one subject begins at 0.4 IU/mL and increases their FVIII 

in response to DDAVP to 0.8 IU/mL that is a doubling, or a 1-fold change. However, if another 

subject begins at 1.5 IU/mL and increases their FVIII to 3 IU/ml, they are also experiencing a 1-

fold change. It is clear that increasing FVIII levels to 3 IU/mL in response to vascular injury is 

more hemostatic than to 0.8 IU/mL, however with fold change analysis, both of these subjects 

would be said to have responded equally. As such, we do not believe that fold change analysis 

provides a clinically relevant indication of FVIII response to DDAVP.  

 

4.8 VWF:Ag and VWF activity responses to DDAVP do not differ between carriers 

and controls 

 

Interestingly, VWF:Ag and VWF activity (VWF:RCo or VWF:GPIbM) responses to 

DDAVP were not significantly different between carriers and controls. This corresponds to the 

findings of Kobrinsky et al. (1984) and Casonato et al. (1996), who compared the FVIII and 

VWF:Ag responses to DDAVP in hemophilia A carriers and normal controls as a way of 

improving carrier detection prior to genetic testing91,92. Both groups found a limited increase in 

FVIII but normal increases in VWF:Ag in carriers of hemophilia A compared to healthy females. 
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This discordant response, reflected by the post-DDAVP FVIII/VWF:Ag ratio, were proposed to 

improved carrier detection in these studies. Similarly, we demonstrate a reduced FVIII response 

to DDAVP in carriers with no differences in VWF:Ag or VWF activity, reflected by reduced 

FVIII/VWF:Ag ratios in carriers compared to controls. This suggests that the VWF response to 

hemostatic stress is not impaired in carriers and therefore VWF levels and activity may not be 

contributors to the abnormal bleeding phenotype in carriers.  

 

4.9 Evidence for a mechanism for DDAVP-mediated FVIII increase 

 

Interestingly, our results may provide evidence for the mechanism of DDAVP-mediated 

FVIII increase. The finding that FVIII responses to DDAVP differed between carriers and 

controls, but that VWF:Ag and VWF:RCo responses did not, suggests that FVIII increase in 

response to DDAVP is not VWF mediated, but that DDAVP acts directly to cause release of 

FVIII. This finding supports the theory of a cellular releasable storage pool of FVIII in vivo that 

releases FVIII in response to hemostatic stress and signaling. Interestingly, this may indicate that 

there may be a cell type that expresses V2R and can store and release FVIII that we currently do 

not know of, since it has been suggested that LSECs do not express V2R93. Further investigation 

into endothelial cell types that may express V2R and contain FVIII is warranted. These results 

also indicate that the relationship between FVIII and VWF that is typically assumed, that FVIII 

levels are dependent on VWF levels, may be inaccurate. It may be that FVIII levels can increase 

separately and in addition to the increases caused by increased levels of circulating VWF. 

However, due to the lack of certainty of the mechanism of DDAVP-mediated FVIII increase and 

the mechanism of FVIII release in vivo, it is not currently possible to determine the mechanism of 
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the reduced FVIII response demonstrated in the hemophilia A carriers. Further investigation into 

the mechanism of DDAVP-induced FVIII increase is clearly necessary. With an improved 

understanding, it may be possible to elucidate an underlying mechanism of the reduced FVIII 

response in carriers.  

 

4.10 Thrombin Generation and Thromboelastography in carriers and controls  

 

It was somewhat surprising the thrombin generation assay (TGA) results were not 

different between carriers and controls. This is especially unexpected since we demonstrated such 

a significant reduction in FVIII response to DDAVP in carriers compared to controls. 

Additionally, the use of TGA in male hemophilia patients has been shown to be correlated with 

FVIII activities and bleeding symptom phenotype94,95. However, as TGA is a global assay of 

hemostasis there is the possibility that other factors are masking the reduced FVIII response. For 

instance, it has been shown that varying amounts of TF trigger modulate to what extent the 

intrinsic pathway contributes to the thrombin generation96. Additionally, TGA does not entirely 

mimic in vivo conditions. For instance, since platelet-poor plasma (PPP) is used, no platelets are 

present during the reaction. It may be useful to attempt TGA using whole blood samples in order 

to get a more accurate view of in vivo hemostasis. However, in our study, TEG analysis using 

whole blood also did not reveal any differences between carriers and controls. This is surprising 

since TEG in male hemophilia patients has also been found to be correlated with FVIII activity 

and clinical bleeding pattern and to be useful for monitoring bypass agent therapy in this 

population94,97,98. Like TGA, TEG is a global assay of hemostasis and as such, other factors may 

be masking the reduced FVIII response to DDAVP in carriers.  
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4.11 Response to DDAVP in subjects with normal and abnormal bleeding scores 

 

We also compared FVIII responses to DDAVP in subjects with normal BS and subjects 

with abnormal BS. The results showed that subjects with abnormal BS having reduced FVIII 

responses to DDAVP, and those with normal BS having more robust FVIII responses to DDAVP. 

However, it was interesting that there were four subjects that had very reduced FVIII responses 

but normal BS. These four subjects were carriers who had normal BS. This finding could be the 

result of these four subjects being young carriers of hemophilia A (ages: 25, 29, 29, and 37 years) 

and not having accumulated bleeding events or faced hemostatic challenge. However, it is worth 

noting that we are stratifying dichotomously based on abnormal or normal BS, but it may be 

valuable to analyze FVIII response with respect to ISTH-BAT BS with BS as a continuous 

variable to further assess the relationship between ISTH-BAT BS and FVIII response to DDAVP. 

 

4.12 Genotype may not influence bleeding tendency in hemophilia carriers 

 

The finding that genotype did not influence bleeding score in Aim 1 and did not influence 

response to DDAVP in Aim 2 is surprising. We would expect that the severity of the mutation 

would result in a more severe bleeding phenotype. However our results suggest that this is not the 

case in hemophilia carriers. While genotype is a strong predictor of disease severity in males, the 

association between bleeding tendency and genotype in carriers appears to be less concrete. This 

uncertainty is evident when examining the mixed literature as to the role of F8/F9 genotype in 

carriers. Certain studies have demonstrated that genotype does influence bleeding tendency while 
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in other studies, including a recent study by Olsson et al., genotype did not influence bleeding 

tendency in carriers29,30,43. Unlike males, carriers have one normal F8 allele producing FVIII to a 

variable degree. This normal FVIII may mask any difference caused by mutation severity in 

carriers. Furthermore, the F8/F9 gene that is mutated may have deleterious effects. For instance, a 

non-null mutation that results in the production of abnormal FVIII may interfere with the normal 

FVIII being produced, perhaps making a non-null mutation in carriers more deleterious than a 

null mutation. Evidently, due to the fact that carriers have one normal allele and one mutated 

allele, there may be a more complex relationship between mutation and bleeding in carriers than 

is seen in male hemophiliacs. Our finding that genotype did not influence bleeding score or FVIII 

response to DDAVP agrees with what has been published by several groups, however in all of 

these reports the reason for this lack of association remains unclear. Evidently, further 

investigation as to the influence of a F8/F9 mutation in hemophilia carriers is needed in order to 

comprehensively understand hemophilia carrier bleeding.  

 

4.13 Limitations of Aim 2 

 

There are several limitations to this study. The significant difference in age between 

hemophilia A carriers and controls may influence our results since both VWF and FVIII levels 

have been shown to be modulated by age40. We are confident that by continuing to recruit older 

normal controls, we will be able to eliminate this significant difference. Additionally, only 

carriers recruited in Kingston were able to have several of the assays performed (FVIII 

chromogenic, TGA, TEG, VWFpp:Ag ratio, ABO blood typing). To resolve this, we have 



 

 

 

77 

planned to have plasma from carriers recruited in Atlanta shipped to Kingston in the future so that 

some of these assays (not requiring fresh blood/plasma) may be performed.  

 

4.14 Conclusions  

 

Taken together, our findings have improved the understanding of the cause of hemophilia 

carrier bleeding. Our results suggest that hemophilia A carriers experience abnormal bleeding 

because they are unable to generate and sustain an increase in FVIII in response to hemostatic 

stress, perhaps due to the F8 mutation impairing FVIII synthesis, storage and/or release. 

Furthermore, determinants of bleeding such as increasing age, O-type blood, and low factor level 

may further contribute to the manifestation of abnormal bleeding in carriers. It is evident that 

hemophilia carrier bleeding is complex and is likely influenced by many determinants.  

With a better understanding of the factors that put a carrier at risk of abnormal bleeding, 

it may be possible to improve the healthcare provided to these women and by doing so, improve 

hemophilia carrier quality of life. Additionally, understanding the pathophysiological mechanism 

of abnormal bleeding in hemophilia carriers may allow for potential targeted treatments or 

analysis of bleeding risk.  
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4.15 Future Directions 

 

4.15.1 Aim 1 - Evaluation of Determinants of Bleeding in Hemophilia A and B Carriers 

Analysis of a larger data set will be generated through the Canadian Hemophilia Carriers 

(CHIC) study with the use of the CBDR (Canadian Bleeding Disorder Registry) research module 

to allow us to enroll more carriers. With a larger cohort and more complete data sets, we hope to 

perform multivariable analysis. The ultimate goal of this analysis is to create a mathematical 

model utilizing the determinants of bleeding whose output corresponds with a carrier’s Self-BAT 

BS. 

 

4.15.2 Aim 2 - Desmopressin Response in Hemophilia A Carriers and Controls 

Based on the sample size calculations performed with preliminary data, we plan to recruit 

10 normal controls and 40 hemophilia A carriers for the desmopressin study. Normal controls 

will continue to be recruited in Kingston while hemophilia A carriers will be recruited in both 

Kingston, ON and Atlanta, GA. 

 

4.15.3 Cellular Expression Studies 

In order to better understand the pathophysiology of hemophilia A carrier bleeding, it is 

necessary to examine the relationship between FVIII and VWF as well as the mechanism of 

cellular storage and release in response to hemostatic stress. Patient derived blood growth 

endothelial cells (BOECs) will be established for 10 hemophilia A carriers. Our lab has already 
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established six normal female control BOEC that will be used for comparison. 

Immunofluorescence microscopy, qRT-PCR, and measurement of VWF:Ag, VWF:GPIbM, 

VWFpp and FVIII:C will be performed after cells are stimulated with a secretagogue (i.e. PMA) 

and after the application of shear stress (5 dynes/cm2 for 72 hours). Additionally, the same 

experiments will be performed to evaluate storage and release in HEK293T cells that will be 

transfected with wild type VWF and mutant FVIII.  
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Appendix A 

Consent Form – Aim 1 (Hemophilia Carriers) 
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Appendix B 

Consent Form – Aim 2 (Hemophilia carriers) 
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Appendix C 

Consent Form – Aim 2 (Normal controls) 
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Appendix D 

Health Sciences and Affiliated Teaching Hospitals Research Ethics 

Board (HSREB) – Aim 1 
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Appendix E 

Health Sciences and Affiliated Teaching Hospitals Research Ethics 

Board (HSREB) – Aim 2 (Hemophilia carriers) 
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Appendix F 

Health Sciences and Affiliated Teaching Hospitals Research Ethics 

Board (HSREB) Amendment – Aim 2 (Normal controls) 
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Appendix G 

Case Report Form (CRF) Form 
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Appendix H 

F8 and F9 Gene Sequencing Primers 
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Appendix I 

ABO Primers 
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