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Abstract

Introduction:Women and girls affected by haemophilia, including haemophilia carri-

ers (WGH) are at risk of bleeding symptoms thatmay go unrecognized, including heavy

menstrual bleeding (HMB) and musculoskeletal bleeding. Terminology continues to

evolve.

Aim: To describe the current recommendations for nomenclature surrounding WGH,

and the current understanding of HMB, iron deficiency, and musculoskeletal com-

plaints in these patients.

Methods: Literature was reviewed and summarized.

Results:With regards to nomenclature, womenwith factor levels less than 50% should

be classified as having haemophilia, while carriers with normal levels should be char-

acterized accordingly to symptomatology. HMB and resultant iron deficiency are com-

mon amongWGH, have amultitude of downstreameffects, andmaybe overlooked due

to stigma around menstruation. Musculoskeletal bleeding and resultant joint changes

are increasingly recognized in this population but do not necessarily correlatewith fac-

tor levels.

Conclusion:Althoughprogress has beenmade in the care ofWGH,muchwork remains

to further improve their care.
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1 SUMMARY

Women and girls affected by haemophilia (WGH) are at an increased

risk of bleeding. Furthermore, lack of recognition andmisidentification

is an ongoing issue. In 2021 we published our proposal stating that

carriers should be initially stratified based on baseline factor levels.

If in the normal range they would labelled as either asymptomatic or

symptomatic carriers depending on their bleeding tendency (ISTH
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Bleeding Assessment Tool) acknowledging this could evolve in either

direction over their lifetime. If their levels were in the haemophilia

severity range, they should be labelled as so (mild, moderate, or severe

deficiency) irrespective of their gender, although this does not fully

address the haemophilia carrier diagnostic quandary (Figure 1).

WGH, as well as other bleeding disorders, are at risk for heavy

menstrual bleeding (HMB) and iron deficiency anaemia (IDA). HMB

is the most common symptom in women with inherited bleeding
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F IGURE 1 Revised nomenclature for haemophilia carriers. The original proposal did not allow for inclusion of transgender persons, used a
factor threshold of 40% rather than 50% and did not provide context on bleeding tendency

disorders (IBD). Menstruation is stigmatized within society and

patients, as well as providers, may not know what a normal menstrual

cycle is, or maybe hesitant to discuss this topic.33 Appropriate iden-

tification and management are necessary as HMB and IDA are both

associated with decreased quality of life.

In addition to menstrual bleeding, WGH are also at risk for mus-

culoskeletal symptoms once thought to only affect their male coun-

terparts. Although this type of bleeding is increasingly described,

it is complicated by the lack of correlation between bleeding and

factor levels, uncertainty of a mitigation plan and further study is

warranted.

2 INTRODUCTION

2.1 Nomenclature for women with haemophilia
and haemophilia carriers

The precept that haemophilia only affects males and leads to an unaf-

fected pathological state in women and girls has led to decades of

marginalization in haemophilia carriers. Some of the first descriptions

of excessive bleeding in haemophilia carriers were reported in 1951 by

Merskey andMacfarlane followedbymostly limited case series upuntil

the 1980s.1 When a haemophilia carrier does present with bleeding,

typically alternative diagnoses are sought out-delaying acknowledge-

ment of the diagnosis.2,3 The bleeding tendency ofWGHhas beenwell

described over the last 20 years, yet the community still feelsmarginal-

ized and not heard.4 In response, programs and community efforts

like Peer/Advocacy groups from HFA sisterhood, WFH publications

“Symptomatic Carriers of Hemophilia” and “Carriers andWomen with

Hemophilia” and national meetings focused on providers and patients

such as theWorld Federation ofHemophilia Global Summit onWomen

and Girls with Bleeding Disorders and patient-centred meetings such

as organized by Comprehensive Health Education Services, National

Hemophilia Foundation and Hemophilia Foundation of Michigan to

name a few.

The prevalence of haemophilia carriers is not fully known but it is

estimated that for eachmalewith haemophilia there are approximately

three to five possible carriers and 1.5 definite carriers per affected

male.2 Nearly 1/3 of haemophilia carriers or heterozygotes will have a

level in the haemophilia (FVIII and FIX <50%) range5 while nearly one

in five persons with mild haemophilia is a female.6 Since the majority

of haemophilia carriers with a factor deficiency havemild haemophilia,

there should be a concerted effort to characterize this group with

observational and interventional prospective studies. The majority of

sponsored haemophilia trials conducted are in males with moderate to

severe disease, mostly focused on demonstrating hemostatic efficacy

to achieve regulatory drug approval. In these studies on males with

moderate or severe disease, rarely are females allowed participation.

Some of this exclusion is due to lack of drug toxicity data in neonates

or in pregnant women (or of reproductive age) thus double barrier

birth control protection is required or females are just excluded alto-

gether. We certainly can do better and should advocate for more stud-

ies focused on the non-severe deficiency state as many future hemo-

static therapies may continue to be out of reach of many non-severe

patients.

Recently we proposed a novel nomenclature for haemophilia carri-

ers in an effort to facilitate communication amongst providers, patients

and community members fostering respect and improving shared-

decision making.7 We sought to acknowledge the patient journey of

these women and girls as well as reported bleeding tendency. The col-

laborative project of the Scientific and Standardization Committee of

ISTH proposal was initially constructed to start this conversation and

we desired to create a living document7 To that end, our research

group felt the need to provide some clarification and modifications

shortly following publication. Firstly, we wanted to be inclusive of the

complexity of haemophilia carrier genetics and transgender persons.

Secondly, stratification of the haemophilia carrier remained based on
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baseline factor level. This divides haemophilia carriers into those with

levels in the haemophilia severity range and those with levels above

that range (FVIII/FIX ≥ 50%). Bleeding phenotype does not factor into

categorization if factor levels are reduced,mirroring the constructused

in males with haemophilia. We did adjust the diagnostic threshold to

bemore in line with the CDC guidelines on haemophilia with the upper

limit ofmild deficiencydiagnosis being aFVIII or FIXof 50%rather than

40%. This is based on the increased bleeding tendency of haemophilia

carriers being demonstrated in those with levels above 40%.8 This cre-

ates three new categories that are in line with males with hemophilia,

severe haemophilia (FVIII/FIX <1%), moderate haemophilia (FVIII/FIX

1%–5%) and mild haemophilia (FVIII/FIX >5 and <50%). Thirdly, we

adjusted the term fromwomen and girls with mild, moderate or severe

haemophilia replacing simplywith haemophilia as aforementioned.We

feel that using the same nomenclature regardless of gender will allow

women equal access to resources. Fourthly, we sought to clarify the

difference between asymptomatic and symptomatic haemophilia car-

rier when the baseline factor level is 50% or higher (the normal range).

Although, multiple groups have demonstrated the increased bleeding

tendency of haemophilia carriers, particularly those with normal lev-

els, a significant portionhave little tono significant bleeding. Therefore,

we propose a symptomatic haemophilia carrier as having an abnormal

bleeding score of ≥6 in teenage or adult females and ≥3 in young girls

using either the ISTH BAT or ISTH SELF-BAT.9

2.1.1 Genetics of haemophilia carriers

Our improved understanding of the complex genetics of haemophilia

should supplement our usage of the most recent proposed nomencla-

ture (See Figure 1).7 The F8 and F9 genes reside on the long arm of the

X chromosome. Males who carry a deleterious variant on their X chro-

mosomes (XY) will then develop haemophilia leading to a hemizygote

or hemizygous state. The severity is linked to the corresponding variant

present and will be classified as severe if FVIII or FIX is<1%, moderate

if 1%–5%andmild if>5%and<50%with some international guidelines

using<40% as the upper limit of normal.10

Most genetic females have two X chromosomes, of which one could

be affected by a deleterious allele leading to a heterozygous state. Het-

erozygotes make up the largest portion of the affected haemophilia

carriers in the world and the population we generally are referring to

whenweuse the termhaemophilia carrier.6 Of course, a genetic female

could have both of her X chromosomes affected leading to a homozy-

gous state. Thus, they would have the same factor expression as their

male counterparts, depending on the variant, with some potential dif-

ferences if they inherit two different alleles from each parent (com-

pound heterozygote). Like males, females can develop the hemizygous

state if they have Turner Syndrome (XO) or have a single X chromo-

some, expressing only theunaffectedor variant allele. Importantly, het-

erozygotes may develop skewed inactivation. X-linked chromosome

inactivation (XCI) is a process in which inactivation occurs in one of the

two X-chromosomes in females, allowing a single functional X chromo-

some matching the state in males.11 This process occurs early in life in

the embryonic stage and is theorized to be unbiased and random. The

“silenced chromosome” is packaged in an inactive structure called het-

erochromatin. This leads to an XCI ratio of 50:50 in normal females.12

When it is skewed to the affected allele, particularly an 80:20 ratio or

more, a significant reduction in FVIII or FIX can occur in haemophilia

carriers. This concept of X linked inactivation is likely critical to our

understanding of the discrepant bleeding in haemophilia carriers par-

ticularly in heterozygotes. Garagiola et al. recently demonstrated a

strong correlation between very low levels of FVIII or FIX (≤20%) and

skewed inactivation where 93% of carriers with levels ≤20% had an

XCIpatternof≥80:20.13 Moreover, carrierswith a very low factor level

(≤20%) and high degree of XCI (≥80:20) had a higher ISTH-BAT score

than the carriers with the opposite state (>20% and <80:20). Of note

this does not explain the excessive bleeding seen in carrierswith higher

factor levels. Cygan’s research group demonstrated that skewed XCI

explains low FVIII but not the bleeding tendency, however they are

exploring these concepts with larger groups.14

2.1.2 Evaluation of haemophilia carriers

A detailed genetic pedigree should be created to identify potential

and obligate haemophilia carriers in an affected family. Although there

are not definitive guidelines regarding the ideal diagnostic timing for

a potential or obligate haemophilia carrier, it is reasonable to consider

hemostatic testing of heterozygotes prior to consideration of a proce-

dure, following development of bleeding and prior to menstruation.10

Typical hemostatic testing should include a one-stage FVIII and chro-

mogenic FVIII assay for haemophilia A carriers or a one-stage FIX assay

for haemophilia B carriers. In homozygotes or hemizygotes, hemostatic

testing should be performed at birth, if possible via an umbilical cord

blood sample. Timely assessment of the baseline factor level apart

from genetic evaluation is critical to diagnose and prevent unneces-

sary bleeding.15 Since FVIII is an acute phase reactant, repeat testing

at a steady health state should be encouraged. Possible haemophilia

carriers should be offered genetic testing prior to their first preg-

nancy. Knowledge of this carrier status allows appropriate genetic

counselling, awareness of reproductive options and time to cope with

the diagnosis and potential risk of haemophilia in offspring.15

2.1.3 Bleeding tendency and haemophilia carriers

As aforementioned, there is a general lack of correlation of bleeding

to the female with factor deficiency. WGH have an increased bleed-

ing phenotype as characterized by a growing number of studies.16–19

Bleeding tendency as measured by validated instruments (ISTH Bleed-

ing Assessment Tool) is increased in WGH compared to unaffected

females, notable even in the 40%–60% baseline level range. Typically,

carriers will have bleedingwithminor injuries, bleeding followingmed-

ical interventions, HMB, muscle hematomas and joint bleeding, rang-

ing from 8% to 16%.8,17,18,20,21 Of note the bleeding tendency is not

mostly mucosal in location compared to females with moderate to
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severe Von Willebrand disease (VWD) with bleeding most notable in

muscles and in joints (see below section on musculoskeletal bleeding

for more details). We should acknowledge that there are a significant

number of haemophilia carriers with normal levels associated with a

bleeding tendency.

2.2 Heavy menstrual bleeding and iron deficiency

HMB inWGH can lead to iron deficiency with or without anaemia. Lit-

tle research has been done on HMB in WGH specifically, with much

more data collected on other IBD, especially VWD. HMB is a common

complaint in the general population, affecting approximately ∼40%

of reproductive age women.22 Objectively, HMB is defined as total

blood loss per menstrual cycle exceeding 80 ml although accurate

quantification is difficult and not practical in clinical practice. More

recently, a more practical definition has been suggested as regularly

excessive menstrual blood loss (MBL) that affects a patient’s qual-

ity of life. In addition to decreased quality of life, HMB is associated

with missed work and school, financial cost, poor sleep, fatigue, and

depression.23–27

HMB can be the earliest sign of a bleeding disorder. One in five

adults and one in three adolescents with HMB are found to have an

underlying bleeding disorder.28,29 Conversely, HMB is the most com-

mon symptom in women with IBD, and occurs in 64% of haemophilia

carriers.18 When looking at all IBDs, about 50% of menstruating indi-

viduals present with HMB at menarche.30 Others may present with

HMBonce their cycles become ovulatory. Overall, up to 90%ofwomen

with IBDs will experience HMB.31 Menstrual bleeding patterns in

women and girls with IBDsmay also vary compared to the general pop-

ulation with longer menstrual duration, increased frequency of flood-

ing, and heavy bleeding throughout menstruation.32 Women and girls

with IBD may also experience bleeding with ovulation which can lead

to hemorrhagic ovarian cysts as well as hemoperitoneum.

It is important to obtain a detailed menstrual history in all men-

struating patients. Given the stigma around menstruation, patients

may not volunteer their symptoms or recognize them as abnormal.33

Specific details that signal the need for further evaluation include:

bleeding longer than seven days, menstrual flow that requires dou-

ble protection, soaking more than five sanitary product per day, flow

that requires sanitary product change overnight, passing clots greater

than an inch in diameter, the sensation of gushing, personal history of

anaemia, personal history of excessing bleeding or bruising, and family

history of a bleeding disorder.34,35 The pictorial bleeding assessment

chart, which was recently validated using modern sanitary products,

can help quantify bleeding with a cutoff of 100 signalling HMB36 The

workup of HMB depends on the age of the patient. In adolescents, the

most common causes of HMB are nonstructural and include anovula-

tory cycles, coagulopathies (both acquired and IBD), endometrial dis-

orders and iatrogenic causes. In adult women, structural causes are

more common including polyps, adenomyosis, leiomyosis, and malig-

nancy/hyperplasia. As such, imaging is more commonly performed in

their evaluation. Although IBDs can be the underlying aetiology of

HMB, the presence of a known IBD should not preclude additional

workup for other etiologies as indicated by the patient’s clinical pre-

sentation and risk factors. Laboratory workup for all patients should

include a pregnancy test, complete blood count (CBC) and ferritin

level to assess for iron deficiency which may be present without

anaemia or microcytosis. In patients suspected to have an underly-

ing bleeding disorder, an international working group suggests tier

1 testing include activated partial thromboplastin time, prothrombin

time, Von Willebrand factor (VWF) panel, fibrinogen level or throm-

bin time, and platelet aggregation, with factor levels falling into tier

2, only to be tested in select patients.37 As mentioned above, both

one-stage and chromogenic FVIII levels should be measured when

Haemophilia A is suspected. Testing for a coagulopathy in the set-

ting of HMB can be complicated by elevations of VWF in the set-

ting of HMB, as well as delayed platelet aggregation in the setting of

anaemia (haemoglobin <10 g/dl).38,39 As such, repeat testing may be

needed outside of the acute setting.

2.2.1 Iron deficiency and iron deficiency anaemia

Iron deficiency is the most common cause of anaemia, accounting

for more than 60% of cases and is of particular concern in girls and

women of reproductive age,40 especially those with HMB. Iron defi-

ciency is associated with a plethora of symptoms including fatigue,

dizziness, dyspnea, loss of concentration, headaches, restless legs syn-

drome, hair loss and pica.41 Serum ferritin is the most specific and sen-

sitive test to identify iron deficiency. A ferritin level of <30 µg/L is

consistent with iron deficiency although the optimal cutoff is debated

with some recent studies advocating for a cutoff of 25 µg/L in non-

pregnantwomen.42,43 Ferritin is anacutephase reactant so care should

be taken in the evaluation of patients with underlying inflammation.

Treatment of iron deficiency with or without anaemia in patients with

HMB is two-pronged. Iron must be replaced, and HMB must be man-

aged. Without suppression of HMB, it is incredibly difficult to fully

replenish iron stores. It is important to treat iron deficiency regard-

less of the presence of anaemia, as studies have shown improvements

in fatigue and sleep with iron repletion.44,45 Many patients are treated

with oral iron as it is safe, effective, easily accessible, and relatively

inexpensive. Numerous oral iron formulations are available. Daily or

every other day dosing results in maximal absorption given the regu-

latory effects of hepcidin.46,47 However, up to 70% of patients expe-

rience gastrointestinal side effects.48 Current intravenous iron formu-

lations have improved safety profiles and are appropriate for patients

who do not tolerate oral supplementation, those with ongoing blood

loss and those with malabsorption. Ferric carboxymaltose, ferumoxy-

tol, low molecular weight iron dextran, and ferric derisomaltose all

allow for full repletion in one to two doses.

2.2.2 Management of HMB

Medical treatment of HMB in patients with IBD includes hormonal

and non-hormonal therapies. Regarding hormonal therapies, there
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are combined estrogen-progesterone formulations (including com-

binedoral contraceptives [COCs], transdermal patch, transvaginal ring)

and progesterone only formulations (progesterone only pills [POPs],

intrauterine devices [IUDs], and injectables depot medroxyproges-

terone acetate [DPMA]). COCs typically make bleeding more regular,

lighter, reduce dysmenorrhea, and provide contraception. Randomized

trials in the general population have found reductions in MBL ranging

from 35% to 69%.49 COCs can be prescribed cyclically or continuously

and those with shorter hormone free intervals are associated with

lesswithdrawal bleeding.50 The levonorgestrel intrauterine systemhas

been found to be safe and efficacious in patients with IBD although

there are concerns abouthigher rates of expulsion.51,52 Antifibrinolytic

therapy following placement may help avoid this problem.53 Non-

hormonal treatments include antifibrinolytics, desmopressin, and fac-

tor replacement. Tranexamic acid (TXA) is the most studied antifibri-

nolytic for HMB and has been shown to decreaseMBL by 26%–54%.49

Tranexamic acid is particularly helpful in those wishing to conceive

and those with heavy bleeding with normal duration. A retrospective

study by Chaudhury et al found that antifibrinolytics were the most

utilized treatment (used in 50%) for HMB inWGH, followed by desmo-

pressin and factor concentrates (used in 29% and 14%, respectively).54

Non-steroidal anti-inflammatory drugs (NSAIDs) are used for HMB

in the general population but are not recommended in patients with

IBD given their antiplatelet effects. Desmopressin can be used in

patients with VWD or Haemophilia A who have been shown to be

responsive. The most recent international guidelines on management

of VWD suggest the use of hormonal therapies or TXA over the use of

desmopressin.53 This recommendation was based on expert opinion, a

randomized clinical trial that found a greater decrease inMBLwith the

use of TXA over desmopressin, and an observational study comparing

desmopressin and hormonal therapy.55,56 Similar guidelines for man-

agement of HMB in WGH do not currently exist. Factor replacement

can also be used for the management of HMB and has been shown to

be effective in patients with a range of factor deficiencies.54,57–61

2.3 Bleeding and musculoskeletal issues among
WGH

Contrary to historical belief, non-vaginal bleeding symptoms in WGH

appear to be similar to those experienced bymaleswith haemophilia.62

In fact, musculoskeletal bleeding is increasingly described amongst

WGH.21,63,64 Our understanding of type, severity, impact and mech-

anism (in those with normal factor levels) of bleeding experienced by

these women is in evolution, and we will likely play knowledge acquisi-

tion catch-up for years to come asmanywomen remain undiagnosed in

the absence of a family history in males.65–68

It is becoming increasingly clear that severity of haemophilia carrier

bleeding poorly correlates with factor activity levels.16,69–71 A study

conducted by Plug et al., reported that carriers with clotting levels

between .05 and .60 IU had prolonged bleeding from minor wounds,

and after tooth extraction, tonsillectomy, and surgery.5 Another study

conducted by Miesbach et al., showed that haemophilia A carri-

ers with higher factor VIII levels, up to 60%, are also at increased

risk of bleeding.72 A survey conducted by Paroskie et al. found that

haemophilia A carriers self-reported a higher frequency of bleeding

compared to existing literature.73 More recently, a study by James

et al. reported that haemophilia carriers had a higher mean bleeding

score using the International Society on Thrombosis and Haemosta-

sis Bleeding Assessment Tool (ISTH-BAT) compared to age-matched

controls (5.7 vs. 1.43, p < .0001).18 Moreover, others have published

that bleeding appears to impact carrier health-related quality of life

(HR-QoL).63,74 The impact of bleeding in carriers and lack of corre-

lation with plasma factor activity levels was further highlighted by

haemophilia A carriers with normal levels of factor VIII:C (median:

.79 IU/ml) having significantly poorer scores in “Pain” and “General

Health” categories in the Rand 26-Health Survey 1.0,63 and signifi-

cantly lower scores in themental health, general health and social func-

tioning domains compared to normal controls.74 Disparity between

factor levels and impact on health among carriers, while confusing for

health care providers, must be acknowledged—as independent inves-

tigators have come to the same conclusions time and time again. Thus,

comprehensive and meaningful care for WGH requires a leap of faith

away from dogma rooted in the coagulation lab test results.

While it is clear that bleeding is driving the impact on HR-QoL, until

recently this connection was thought to be mainly due to secondary

IDA. However, Gilbert et al. noted that women with haemophilia

A/carriers also experience subclinical joint bleeding leading to struc-

tural joint damage akin to affected men.64 This was demonstrated by

soft tissue and osteochondral changes on joint magnetic resonance

imaging (MRI).64 Also, women with factor VIII deficiency also seem to

have reduced joint range of motion even in those with factor activ-

ity levels above 40%.64 All of this data suggests that women with

haemophilia experiencemusculoskeletal bleeding and sequelae related

to this, including diminished bone density and structural bone health.

In male haemophilia patients, many studies have identified a high

prevalence of low bone mineral density (BMD) and increased risk for

osteoporosis.75–78 The pathophysiology of low BMD in haemophilia

has yet to be elucidated. It may be possible that factor VIII itself is

responsible for the maintenance of bone integrity.79 However, the

underlying mechanism is likely multifactorial as recurrent muscu-

loskeletal bleeding leads to chronic inflammation, structural changes

and secondary functional impairments.75,78

3 CONCLUSION

It is clear that implementation of the recently proposed nomencla-

ture for haemophilia carriers will be useful in facilitating communi-

cation amongst providers, patients and community members foster-

ing respect and improving shared-decisionmaking. Acknowledging the

patient journey of these patients is crucial as well as accepting the

reported bleeding tendency. The proposal is simply a start of the con-

versation andwe hope it is a living document.

A nomenclature system can help assist the provider and patients

in diagnosis but certainly it will take a change of provider attitudes
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to improve the relationship between the same providers and carriers.

Moving forward we should demand carrier inclusion in more industry

sponsored drug studies and developing studies focused on the non-

severe state.

Appropriate identification and management of HMB, as well as

the iron deficiency associated with it, is crucial to the care of WGH.

Education around normal menses and normalization of discussion

of this topic may help identify issues earlier and improve quality

of life.

The health-related consequences of haemophilia have been exten-

sively studied in men and we are beginning to evaluate the multi-

faceted impact of haemophilia-related bleeding among women as well.

Additional observational data is needed to evaluate for objective evi-

dence of musculoskeletal bleeding as it seems that the culture shift

towards improving the care of carriers is slow to turn. An example

of an important knowledge gap is whether carriers are at increased

risk of diminished bone density. This is important because osteoporo-

sis is associated with future risk of fracture and premature mortality.

We are currently conducting a prospective Canadian cohort study to

compare bone mineral density in adult perimenopausal symptomatic

haemophiliaA carrierswith age andbodymass index-matched controls

via dual-energy X-ray absorptiometry. Our hypothesis is that carriers

will have lower bonemass relative to control women of similar age and

if we are right, the connection between carriership and impaired mus-

culoskeletal health will be indisputably confirmed which should help

change the paradigm of clinical care offered to these women.

Although considerable advances have been made in the care of

women and girls with bleeding disorders, muchwork is left to be done.
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