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Summary

Haemophilia A carriers have historically been thought to demonstrate normal haemostasis.
However, recent data demonstrates that despite normal factor VII1, haemophilia A carriers
demonstrate an increased bleeding tendency. We tested the hypothesis that obligate haemophilia
carriers demonstrate an increase in bleeding symptoms. A cross sectional study was performed
comparing haemophilia A carriers to normal women. Questionnaire assessment included a general
bleeding questionnaire, condensed MCMDM-1VWD bleeding assessment tool and Pictorial
Bleeding Assessment Chart (PBAC). Laboratory assessment included complete blood count,
prothrombin time, activated partial thromboplastin time, fibrinogen activity, FVIII activity
(FVIII:C), von Willebrand factor antigen level, ristocetin cofactor, platelet function analyser-100™
and ABO blood type. 44 haemophilia A carriers and 43 controls were included. Demographic
features were similar. Laboratory results demonstrated a statistically significant difference only in
FVIII:C (82.5 versus 134%, p value < 0.001). Carriers reported a higher number of bleeding
events, and both condensed MCMDM-1 VWD bleeding scores (5 versus 1, p value < 0.001) and
PBAC scores (423 versus 182.5, p value = 0.018) were significantly higher in carriers.
Haemophilia A carriers exhibit increased bleeding symptoms when compared to normal women.
Further studies are necessary to fully understand the bleeding phenotype in this population and
optimize clinical management.
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Introduction

Haemophilia A, the result of reduced plasma factor VIII (FVIII) activity, is an X-linked
recessive bleeding disorder, affecting one in 5,000 males born in the US (Lee et al, 2010).
Diagnosis and severity classification of haemophilia A is based on residual FVIII activity.
Given the genetic inheritance pattern, the majority of affected patients are male. Female
family members are more commonly heterozygous for the gene mutation, and referred to as
carriers. Haemophilia A carriers are typically identified through analysis of family pedigree
and can be verified by family history and more recently via factor V11 genotype.

Historically, haemophilia carriers were thought to have a limited bleeding phenotype, as the
majority have plasma factor VII1I levels (0.40-0.60 1U/mL) that are considered adequate for
haemostasis (Graham et al, 1986), however this notion has been challenged by recent
literature. Mounting evidence supports the notion that haemophilia A carriers may exhibit an
increased bleeding tendency despite FVII1 activity levels within the normal laboratory range
(greater than 2 standard deviations below the population mean). Haemophilia A carriers
report higher rates of bleeding than predicted by their physicians (Paroskie et al, 2014), and
regardless of their plasma factor levels, haemophilia A carriers may be at an increased risk
of bleeding if their male relatives demonstrated a more severe bleeding phenotype and had
severe disease (Miesbach et al, 2010). Furthermore, haemophilia A and B carriers were
noted to have increased bleeding scores when compared to controls (Olsson et al, 2014).
Finally, in a pilot study of obligate haemophilia A carriers with FVII1I activities within the
normal range, 65% (22 of 34) demonstrated soft tissue and/or osteochondral joint changes
corroborating the findings of reduced joint range of motion in haemophilia A carriers
enrolled in the UDC project (Sidonio et al, 2014; Gilbert et al, 2014). These studies all
suggest an increased bleeding tendency in haemophilia A carriers despite a normal FVIII
activity.

To better define the extent of excessive bleeding symptoms in haemophilia A carriers, we
have tested the hypothesis that adult obligate haemophilia A carriers will have an increase in
clinically relevant bleeding symptoms, as measured by the condensed MCMDM-1VWD
bleeding assessment tool and Pictorial Bleeding Assessment Chart (PBAC), when compared
to a control population.

Materials and Methods

We conducted a cross-sectional study after obtaining Institutional Review Board (IRB)
approval at Vanderbilt University in Nashville, Tennessee. We recruited adult haemophilia
A carriers who were mothers and aunts of children with haemophilia A, who received care
at The Vanderbilt University Haemostasis Clinic. Genetically verified or obligate
haemophilia A carriers age 18 to 60 years were eligible for inclusion in the study as a case.
Normal women were mothers of children with cancer who received care at Children’s
Hospital at Vanderbilt. Exclusion criteria for both cases and controls included a personal
history of another bleeding disorder, inherited or acquired thrombophilia, pregnancy or
autoimmune disorder. Laboratory testing was performed to exclude the possibility of a
concomitant bleeding disorder. We compiled a list of all eligible obligate haemophilia A
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carriers and initially contacted them in an alphabetical order. Three haemophilia A carriers
declined participation in this study while ten normal women declined participation.

Clinical Assessment Procedures

Clinical assessment tools were performed by trained interviewers, and included the
following: 1) demographics questionnaire, 2) pre-laboratory questionnaire, eliminating
medications that could alter laboratory results, 3) bleeding inventory, querying past bleeding
history (number of bleeding events, duration and severity of menstrual cycle, combined oral
contraceptive (COC) use or alternative medical intervention to treat heavy menstrual
bleeding, anemia and blood product or factor product use) 3) condensed MCMDM-1VWD
bleeding assessment tool and 4) Pictorial Bleeding Assessment Chart (PBAC), current and
historic evaluation of menstrual bleeding patterns were obtained retrospectively. The
condensed MCMD-1 VWD bleeding assessment score is a bleeding assessment tool used to
score bleeding symptoms (individual components scored from -1 to 4) and predict when
those symptoms are suggestive of a bleeding disorder; it has been used in the assessment of
heavy menstrual bleeding and is noted to be correlate inversely with von Willebrand factor
levels (Azzam et al, 2012). The PBAC is a semi-quantitative visual assessment of menstrual
bleeding; a score of greater than 100 is highly correlating with the presence of an inherited
bleeding disorder, most notably von Willebrand disease (Higham et al, 1990). Neither
bleeding assessment tools were modified for purposes of this study in haemophiila carriers.
Laboratory testing, which was completed in full by 72% of all participants, included
complete blood count (CBC), prothrombin time (PT), activated partial thromboplastin time
(@PTT), fibrinogen activity, one-stage coagulation assay (STA-R Evolution®) for FVIII
activity (FVI11:C), von Willebrand factor antigen (VWWF:Ag), ristocetin cofactor assay
(VWF:RCof), platelet function analyser-100™ (PFA-100) and blood type (ABO & RH-D).
Evaluation for Factor V Leiden mutation, prothrombin 20210 gene mutation, protein S and
C activity, antithrombin activity was performed on 72% of all participants.

Data Management and Analysis

Results

Data was entered into REDCap, a secure web accessible tool for data storage residing on a
network central server. Data were analyzed using IBM SPSS Statistics version 22 software.
Descriptive analyses for categorical variables included frequencies, and for continuous
variables included mean, median, minimum and maximum values. Categorical and
continuous variables were compared using Chi-Square and Mann-Whitney U tests
respectively.

Demographics

A total of 87 women were recruited for participation in the study, 44 Haemophilia A carriers
and 43 normal women. Age was similar between the two groups; the overall median age was
36.8 years (24.5 — 59.6). The two groups were similar when comparisons were made for
ethnicity, education, employment and health insurance status (table 1). Differences were
only noted in insurance coverage: Haemophilia A carriers were more likely to have HMO
insurance coverage and less likely to have PPO coverage.
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Clinical history

Haemophilia A carriers reported more bleeding symptoms as determined by our bleeding
assessment tools. Haemophilia A carriers reported a higher incidence of bleeding events
(figure 1), although these events occurred at the same age as our normal comparison
population (13.5 versus 14.0 years, p value = 0.779). The condensed MCMDM-1VWD
bleeding assessment tool score was higher in Haemopbhilia A carriers (5 versus 1, p value <
0.001) (figure 2) indicating a higher bleeding tendency. In an analysis of the individual
components of the condensed bleeding assessment tool, haemophilia A carriers reported
increased cutaneous bruising, post-surgical bleeding, post-partum haemorrhage,
haematomas, atraumatic haemarthrosis and heavy menstrual bleeding compared to controls
(figure 3).

Haemophilia A carriers had increased menstrual bleeding, and reported more frequent use of
COCs as a consequence of heavy menstrual bleeding, as well as increased severity of
bleeding as demonstrated by changing pads every 1-2 hours (figure 3). Furthermore, carriers
had significantly higher historic PBAC scores compared to normal women (423 versus
182.5, p value = 0.018) (figure 4). Contrarily, carriers did not have increased duration of
menses nor require surgical gynecologic intervention at an increased frequency (figure 3).
Furthermore, our cohort did not report use of antifibrinolytics for clinical management of
heavy menstrual bleeding.

Laboratory values

Laboratory results of the two groups were similar in all testing except FVIII:C, which was
reduced in haemopbhilia A carriers. ABO blood typing was consistent with the expected
frequency in the US population (O 44%, A 42%, B 10%, AB 4%) (table ). Thrombophilia
testing was normal in all participants who received the testing (72%). Laboratory values that
are known to affect haemostasis, notably haemoglobin, platelet-count, PT, VWF:Ag,
VWEF:RCof and PFA-100 were not significantly different between the two groups; aPTT
was significantly prolonged in carriers compared to controls (table I1). While within the
normal references ranges for all except one case subject (FVIII:C 37%), FVIII.C was
significantly lower in the haemophilia A carriers (82.5 versus 134%, p value < 0.001) (table
I1). Platelet aggregometry was not performed on any of the subjects as all participants had
normal PFA-100 closure times.

Discussion

An increase in bleeding symptoms in haemophilia A carriers has been previously reported
by our group (Paroskie et al, 2014) as well as others, however, this is the first prospective
study to assess the bleeding phenotype of haemophilia A carriers utilizing multiple validated
questionnaires and utilizing normal women for comparison. In agreement with mounting
evidence, our investigation identified an increase in multiple bleeding symptoms, including
heavy menstrual bleeding, atraumatic haemarthrosis, cutaneous bruising, haematomas and
post-surgical and peri-partum haemorrhage in haemophilia A carriers.
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The frequency of bleeding symptoms reported by haemophilia A carriers with FVIII:C
>40% in our cohort was similar to previous reports with 19% of our cohort reporting
haemarthrosis while 14% reported joint bleeding in previous studies (Plug et al, 2006).
Epistaxis was reported in 43% of carriers in previous studies similar to our cohort rate of
37%. Furthermore, heavy menstrual bleeding was common in both groups but more
common in the carriers. Our cohort did not report use of NSAIDs or anti-fibrinolytics for
clinical management of their heavy menstrual bleeding. A majority (67%) of our cohort
reported heavy menstrual bleeding similar to a previously published rate of 57%. There was
some discrepancy in our findings with previously published data particularly in procedural
bleeding. Bleeding following dental extraction was reported in 27% of haemophilia A
carriers while 72% of our cohort reported this symptom. A similar discrepancy was seen in
post surgical bleeding with 29% previously reporting this bleeding symptom compared to
48% in our cohort. Our study is unique in that it used a control group that tested negative for
common bleeding disorders (qualitative platelet disorders, as detected by an abnormal
PFA-100, and vWD). Of note, a single normal patient was excluded from analysis due to
heterozygosity for Factor V Leiden mutation, which could theoretically lead to a reduced
bleeding phenotype.

Despite an established normal FVI111:C range, our findings suggest that in haemophilia A
carriers we may consider viewing FVI11:C as more of a continuum with increased bleeding
noted in the low-normal range and worsening as the level drops. A similar relationship has
been suggested between VWF:Ag and reported bleeding and provides the evidence that
consideration of medical management of patients with low VWF is reasonable (Nichols et
al, 2008). Despite having only one single case subject (FVI11:C 37%) in our cohort having a
FVII1:C more than two standard deviations below the population mean, haemophilia A
carriers in this cohort reported increased bleeding symptoms as measured by both PBAC and
the condensed MCMCDM-1 VWD bleeding assessment tool.

Our study has a number of limitations. First, this study represents a small population of
haemophilia A carriers. The inclusion of a normal group for comparison strengthens our
argument, however these findings should be validated in a larger cohort so that we can
further understand the bleeding tendencies in the general population. While the bleeding rate
appears high, it is comparable to previously reported rates and, FVI1I or FIX is not likely a
good predictor of bleeding phenotype in carriers (Olsson et al, 2014). Second, we did not
have full genotype results in this population of obligate haemophilia A carriers. It is possible
that certain genetic mutations portend a more severe phenotype and thus deserve closer
clinical monitoring. Further investigation of the genotype predicting a bleeding tendency is
under investigation and to be reported in subsequent studies. Third, our laboratory testing for
FVIII activity was performed using a one-stage coagulation assay (STA-R Evolution®) as
opposed to the potentially more precise chromogenic method. The chromogenic method
could provide results free from influence by impurities and activated FVIII, which could be
advantageous. Investigation of a discrepancy between FVI1I11:C and chromogenic assay
results in haemophilia A carriers is also currently being investigated. We feel that given the
consistency of testing between all participants still allows for comparisons and conclusions,
and the chromogenic assay is not as widely available as is the one stage clotting assay.
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Finally, inherent in cross sectional studies and questionnaires is the concern for recall bias. It
is possible that haemophilia A carriers who agreed to be included in the study were more
likely to recall increased bleeding symptoms than those carriers that were asymptomatic, in
addition, carriers are likely to be more aware of their bleeding symptoms due to their
association with family members with more significant bleeding. We acknowledge the
potential bias for over-reporting of historical bleeding symptoms and have plans for
prospective evaluation in subsequent studies (Plug et al, 2006, Mauser-Bonschoten et al,
2008). This bias was decreased by our use of a normal population for comparison, as well as
the use of multiple validated bleeding assessment tools. In addition we compiled a list of all
eligible obligate haemophilia A carriers at Vanderbilt University and contacted them in an
alphabetical order in an effort to be objective in our communication with families.

Conclusion

Our study demonstrates that haemophilia A carriers have clinically significant bleeding as
determined by a higher condensed bleeding assessment tool score, Pictorial Bleeding
Assessment Chart score and individual bleeding symptoms such as increased cutaneous
bruising, post-surgical bleeding, post-partum haemorrhage, haematomas, atraumatic
haemarthrosis and heavy menstrual bleeding compared to a normal control population.
These findings also support the notion that FVI1I activity at the lower end of the laboratory
normal range in genetically verified or obligate haemophilia A carriers may lead to an
increased bleeding phenotype. This data suggests the need for validation of these findings in
a larger cohort and reassessment of guidelines for medical management and surveillance in
this underserved patient population.
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Figure 1.

Comparison of reported bleeding history between haemophilia A carriers and normal
women. Statistical analysis performed with Fisher’s Exact Chi Square test.
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Modified Bleeding Assessment Tool

Haemophilia A Carriers Normal women
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Mann Whitney U p value < 0.001

Figure 2.
Condensed MCMDM-1 VWD score for Haemophilia A carriers versus normal women.

Statistical analysis performed with Mann Whitney U test.
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Figure 3.
Comparison of individual components of the condensed MCMDM-1VWD bleeding

assessment tool between Haemophilia A carriers and normal women. Statistical analysis
performed with Fisher’s Exact Chi Square test.
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Historical pictorial bleeding assessment chart score for Haemophilia A carriers versus
normal women. Statistical analysis performed with Mann Whitney U test.
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Table Il

Comparison of laboratory data in Haemophilia A carriers compared to normal women. Statistical analysis
performed with Mann Whitney U test.
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Haemophilia A Carriers (n = 34) (median Normal Women (n = 29) (median

(range)) (range)) prvalue
Hemoglobin (g/1) 132 (107 — 162) 131 (119 — 144) 0.360
Platelet-count (x10%/1) 277 (193 - 380) 256 (179 - 378) 0.264
PT (seconds) 129 (11.8-15.2) 12.9 (11.9-13.8) 0.920
aPTT (seconds) 33.1(26.1-38.5) 29.7 (25.1-37.6) 0.015
Fibrinogen (g/) 3.41 (2.46 — 5.44) 3.33(2.14 - 7.69) 0.628
FVIII activity (%) 82.5 (37 - 195) 134 (68 — 242) <0.001
VWEF antigen (%) 102 (47 - 212) 94 (52 - 214) 0.612
Ristocetin Cofactor (%0) 110 (37 - 200) 92 (41 - 196) 0.879
PFA-100 ADP (seconds) 90.5 (62 — 138) 91 (57 — 159) 0.666
PFA-100 Epinephrine (seconds) 126.5 (68 - 188) 130 (80 — 300) 0.135
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