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Strengths and limitations of this study

 ► This will be the first study to evaluate bone health 
measured by bone mineral density T- scores among 
carriers of haemophilia A.

 ► This is a multicentre national matched- cohort study 
with a sample size of 40 haemophilia A carriers and 
40 age- matched and body mass index- matched 
non- carriers.

 ► The small sample size may limit statistical power to 
conduct additional exploratory analyses.

 ► The restriction to women 50 years or older may limit 
generalisability to younger haemophilia A carriers.

AbStrACt
Introduction Haemophilia A is an X linked inherited 
bleeding disorder, caused by a decrease in coagulation 
factor VIII. Persons with haemophilia experience 
repeated musculoskeletal bleeding, which can lead to 
decreased range of motion, irreversible joint damage, 
low bone mineral density (BMD), and are at greater 
risk for osteoporosis. Women heterozygous for this 
mutation, also known as haemophilia A carriers, can have 
bleeding symptoms and even experience joint bleeding 
evidenced by radiological soft tissue and osteochondral 
changes. The prevalence of low BMD as a risk factor 
for osteoporosis has never been evaluated in carriers of 
haemophilia, and given the recent findings which suggest 
subclinical musculoskeletal bleeding in carrier women, 
we hypothesise that they too are at risk of impaired bone 
health.
Methods and analysis This is a national multicentre 
prospective matched- cohort study to compare BMD 
T- scores among symptomatic haemophilia A carriers, 
50 years of age or older, with age- matched and body 
mass index- matched non- carriers (1:1). A total of 40 
symptomatic carriers and 40 matched non- carriers will 
be recruited from St. Michael’s Hospital, Kingston General 
Hospital in Ontario, Canada and Foothills Medical Centre in 
Alberta, Canada. Multivariable linear regression models will 
be used to estimate the effect of haemophilia carriership 
on BMD T- scores, adjusting for age, body mass index and 
other relevant covariates.
Ethics and dissemination The protocol was designed 
and will be conducted in compliance with applicable 
laws, rules and regulations. Research ethics approval was 
obtained from St. Michael’s Hospital, Foothills Medical 
Centre, and Kingston General Hospital. Findings will be 
presented at international venues such as the American 
Society of Haematology and the World Federation of 
Haemophilia World Congress. The authors of this study 
will seek publication in journals such as Blood, Journal 
of Thrombosis and Haemostasis, American Journal of 
Hematology and British Journal of Haematology.

IntroduCtIon
Haemophilia is an X linked inherited 
bleeding disorder, caused by a decrease in 

coagulation factor VIII (haemophilia A).1 
Bleeding in these patients typically occurs 
in joints and muscles, but bleeding at any 
site can occur.2 3 Repeated musculoskeletal 
bleeding can lead to decreased range of 
motion, muscle atrophy and irreversible joint 
damage.2 The exact pathophysiology of low 
bone mineral density (BMD) in haemophilia 
is yet to be elucidated. It may be possible that 
factor VIII itself is responsible for the main-
tenance of bone integrity.4 However, the 
underlying mechanism is likely multifactorial 
and due to recurrent bleeding in the muscu-
loskeletal system with local inflammation, 
subsequent haemophilic arthropathy and 
limited weight- bearing physical activity.5 6

Several studies have identified a high prev-
alence of low BMD and increased risk of oste-
oporosis in patients with haemophilia.5–10 
Iorio et al pooled 101 adult cases and found a 
significant lower lumbar BMD in patients with 
severe haemophilia compared with controls 
(pooled standardised mean difference (SMD) 
−1.379, 95% CI −2.353 to −0.403, I2=87.9%).7 
Another meta- analysis showed similar SMD 
values in lumbar BMD (SMD −0.56, 95% CI 
−0.84 to –0.28, I2=51%).8 Furthermore, the 
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Figure 1 Study schema.

authors demonstrated a reduced femoral neck BMD in 
adult patients with haemophilia compared with controls 
(SMD=−0.82, 95% CI −1.21 to 0.44, I2=63%).8

Recent findings suggest that women who are hetero-
zygous for factor VIII mutations, commonly known as 
haemophilia carriers, may also have significant bleeding 
symptoms and lower health- related quality of life (HR- 
QoL).11 12 In fact, 30% of haemophilia carriers have low 
coagulation factor levels and may experience excessive 
bleeding.1 3 A study conducted by Plug et al, reported 
that carriers with factor VIII activity levels between 0.05 
and 0.60 IU had prolonged bleeding from small wounds, 
and after tooth extraction, tonsillectomy and surgery.1 
Another study conducted by Miesbach et al, showed that 
haemophilia A carriers with high factor VIII levels (up 
to 60%) also experience increased risk of bleeding.13 A 
survey conducted by Paroskie et al found that haemophilia 
A carriers self- reported a higher frequency of bleeding 
compared with normal controls.14 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 Haemostasis Bleeding Assess-
ment Tool (ISTH- BAT) compared with age- matched 
controls (5.7 vs 1.43, p<0.0001) and that factor VIII 
activity correlates poorly with the ISTH- BAT score.15

In addition to increased bleeding tendencies and lower 
HR- QoL, Gilbert et al noted that haemophilia A carriers 
also experience subclinical joint bleeding which could 
lead to structural joint damage.16 This was demonstrated 
by soft tissue and osteochondral changes on joint MRI.16 
Sidonio et al demonstrated that haemophilia carriers have 
a reduced mean joint range of motion compared with 
historical controls.17 Together, this suggests musculoskel-
etal bleeding among carriers.

A growing body of evidence suggests that bleeding 
tendencies in haemophilia carriers may be more similar 
to affected men than originally thought. The prevalence 
of low BMD as a risk factor for osteoporosis and fractures 
has never been evaluated in carriers of haemophilia, 
and given the recent findings which suggest subclinical 

musculoskeletal bleeding in carrier women, we hypothe-
sise that they too are at risk of impaired bone health. We 
therefore propose a prospective cohort, multicentre study 
to compare BMD in adult perimenopausal symptomatic 
haemophilia A carriers with age- matched and body mass 
index (BMI)- matched non- carriers via dual- energy X- ray 
absorptiometry (DEXA).

Study objectives
Primary objective:

 ► To compare adult perimenopausal and postmen-
opausal (≥50 years) symptomatic haemophilia A 
carriers with age- matched and BMI- matched non- 
carriers with respect to BMD T- scores measured by 
DEXA scans of the hip and spine.

The secondary objectives are:
 ► To compare the prevalence of low bone mass density 

(defined as a T- score between −1 and −2.5) in symp-
tomatic haemophilia A carriers with age- matched and 
BMI- matched non- carriers.

 ► To compare the prevalence of osteoporosis (defined as 
T- score <−2.5) in symptomatic haemophilia A carriers 
with age- matched and BMI- matched non- carriers.

 ► To compare BMD scores between symptomatic 
haemophilia A carriers with age- matched and BMI- 
matched non- carriers.

MEthodS And AnAlySIS
Study design
This is a national multicentre prospective matched 
cohort study to compare BMD T- scores among symptom-
atic haemophilia A carriers (‘exposed’) with age- matched 
and BMI- matched non- carriers (‘unexposed’). This is an 
exploratory study as no studies have investigated this asso-
ciation in this patient population previously. See figure 1 
for the study schema.

Study population
We are interested in symptomatic haemophilia A carriers 
during their perimenopausal and postmenopausal years, 
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Table 1 Inclusion and exclusion criteria for haemophilia a carriers

Inclusion Exclusion

1. Symptomatic haemophilia A carriers defined as a Self- 
BAT Score ≥6.

2. Symptomatic haemophilia A carriers ≥50 years old.
3. (a) Confirmed diagnosis of carriership through genetic 

factor VIII sequencing.
(b) Or women who have appropriate family histo-
ry (daughter of a man with haemophilia or moth-
er of two sons with haemophilia or mother of one 
son with haemophilia and at least one other affected 
male relative).
All affected men must have a confirmed diagnosis 
through genetic screening factor VIII sequencing 
(from standard of care).

1. Under the age of 50 years.
2. Women who are pregnant or lactating.
3. Diagnosed with another bleeding disorder (eg, von Willebrand 

disease).
4. Participants with a previous diagnosis of hepatitis C virus (HCV) 

or HIV.
5. Participants with a history of: kidney failure, Cushing’s disease, 

liver impairment, anorexia and/or bulimia, rheumatoid arthritis, 
obstructive pulmonary disease, scurvy.

6. Participants on bisphosphonate therapy, chronic steroid use, or 
anti- resorptive therapy.

Self- BAT, Self- Administered Bleeding Assessment Tool.

Table 2 Inclusion/exclusion criteria for non- carriers

Inclusion Exclusion

1. Women who score <6 in the Self- BAT.
2. Women who are ≥50 years old.
3. Negative family history of excessive bleeding, bleeding 

disorder and/or haemophilia.
4. Factor VIII levels >80%.

1. Under the age of 50 years.
2. Women who are pregnant or lactating.
3. Diagnosed with another bleeding disorder (eg, von 

Willebrand disease).
4. Participants with a previous diagnosis of HCV or HIV.
5. Participants with a history of kidney failure, Cushing’s 

disease, liver impairment, anorexia and/or bulimia, 
rheumatoid arthritis, obstructive pulmonary disease, scurvy.

6. Participants on bisphosphonate therapy, chronic steroid use 
or antiresorptive therapy.

HCV, hepatitis C virus; Self- BAT, Self- Administered Bleeding Assessment Tool.

since the effect of our primary outcome of low BMD 
may not be evident in younger women.18 In Canada, the 
average age for menopause is 52 years, ranging from 
ages 42 years through 56 years.19 For this reason, we have 
limited the study eligibility to women 50 years of age or 
older. A symptomatic haemophilia carrier is defined as a 
woman with heterozygosity for a coagulation factor VIII 
mutation or appropriate and confirmed family history 
of haemophilia A, and a positive bleeding history (Self- 
Administered Bleeding Assessment Tool (Self- BAT) score 
of 6 or more). While factor VIII activity is not being 
used in the definition of carriership, we plan to analyse 
BMD in relation to factor VIII levels. No more than two 
family members in each affected family will be enrolled 
in the study to minimise selection and confounding bias 
(ie, similar genetic background and predisposing risk 
factors for low BMD). All haemophilia A carriers will be 
age- matched to a non- carrier in a 1:1 ratio. Categorical 
age matching will be used within 5- year intervals. BMI 
matching will be categorised by underweight (BMI<18.5), 
normal (BMI 18.5–24.9) and overweight (BMI>25) as per 
the Canadian Guidelines for Body Weight Classification in 
Adults.20 BMI is calculated as weight (kg)/height (m)2).20

Matching participants by age and BMI is needed to 
minimise/eliminate the effect of these confounding vari-
ables on the association between haemophilia A carrier-
ship and low BMD, since older age and low BMI are well 
known risk factors for low BMD. See tables 1 and 2 for 
the inclusion and exclusion criteria for haemophilia A 
carriers and non- carriers. Participants with a previously 
established bleeding disorder will be excluded as we want 
to focus on the effect of haemophilia A carriership on 
bone density. Participants with a diagnosis of HIV, hepa-
titis C virus, history of kidney failure, Cushing’s disease, 
liver impairment, anorexia and/or bulimia, rheuma-
toid arthritis, obstructive pulmonary disease, scurvy will 
also be excluded as these conditions are known risk 
factors for osteoporosis. Participants on bisphosphonate 
therapy, chronic steroid use, or antiresorptive therapy 
will be excluded as these therapies can affect BMD 
T- scores. One of the inclusion criteria for non- carriers 
will be factor VIII activity >80%, as levels below this might 
inadvertently lead to inclusion of subjects with undiag-
nosed von Willebrand disease or even haemophilia A 
carriership.
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Sample size
Due to the novelty of this study, a sample size could not 
be estimated based on previous literature. Therefore, we 
are choosing to use a convenient and cost- feasible sample 
size of 80 patients in total (40 haemophilia A carriers, 
40 age- matched and BMI- matched non- carriers) for this 
hypothesis- generating study. Of note, 40 pairs achieve 
approximately 90% power to detect a T- score mean differ-
ence between the groups of 0.5 SD when using a paired 
t- test at the 5% significance level.

Patient and public involvement
No patient was involved in the development of the 
protocol.

Measurement of covariates
Self-Administered Bleeding Assessment Tool
The Self- BAT will be completed by the participant and 
scored by the treating physician, study coordinator or 
research assistant at each respective centre. The Self- BAT 
asks questions regarding previous bleeding history 
and takes approximately 5–10 min to complete.21 The 
Self- BAT has been validated among haemophilia carriers 
(sensitivity 71%, specificity 51%, positive predictive value 
0.51 and negative predictive value 0.71).22

The Self- BAT was developed from the ISTH- BAT and 
translated to make the document comprehensible to 
people with grade IV level education. The scores for each 
question range from 0 to +4. The overall bleeding score 
is summative and scores ≥6 are considered abnormal.21 22

Bone-Specific Physical Activity Questionnaire
The Bone- Specific Physical Activity Questionnaire 
(BPAQ) is self- administered and designed to estimate 
levels of physical activity over an entire life span.21 
Respondents record type, frequency and years of phys-
ical activity involvement. The BPAQ consists of three 
independent scores: the past period (pBPAQ, from 1 year 
of age to the current age), the current period (cBPAQ, 
previous 12 months) and the total period (average of 
pBPAQ and cBPAQ). Algorithms used to analyse BPAQ 
scores are available using the online calculator ( www. fith-
dysign. com/ BPAQ/) and described in detail by Weeks et 
al.23 While the BPAQ is not validated in the haemophilia 
carrier population, the score will provide insight into the 
study participants’ lifetime physical activity which may 
correlate with risk of diminished BMD. The BPAQ takes 
approximately 5–15 min to complete.

laboratory tests
The following tests will be collected from all recruited 
participants: factor VIII clotting activity by one- stage assay, 
25- OH vitamin D, complete blood count, von Willebrand 
factor antigen, von Willebrand factor ristocetin cofactor 
activity, and ABO blood group.

The von Willebrand factor antigen and von Wille-
brand factor ristocetin cofactor activity will be ordered 
to confirm the absence of von Willebrand disease in our 

study population. ABO blood group and 25- OH vitamin 
D will be collected for demographic purposes.

Measurement of outcome
BMD T- scores are the primary outcome and will be calcu-
lated for all study participants, providing a comparison 
between haemophilia carriers and the age- matched and 
BMI- matched non- carriers (primary outcome). BMD will 
only be assessed on the hip and spine. Z- scores which are 
adjusted for age, sex, weight, and ethnic or racial origin 
are not used since we are evaluating women who are over 
the age of 50 years and postmenopausal with a matched 
non- carrier cohort. T- scores are chosen as they are clin-
ically validated in women age 50 years and over, and is 
appropriate for our outcome assessment.

Statistical analysis plan
Descriptive statistics (mean, SD, median, IQR, propor-
tions) will be used to summarise patient demographics. 
Box plots and histograms will illustrate sample outcomes 
and characteristics distribution by selected patient 
factors. The association between categorical variables 
will be tested using χ2 or Fisher’s exact tests. Correlations 
between continuous variables will be estimated by Pearson 
or Spearman correlation coefficients. Unadjusted anal-
yses will employ the paired t- test to compare groups with 
respect to the primary outcome and other continuous 
variables. Multivariable linear regression models will be 
considered to estimate the effect of haemophilia carrier-
ship on BMD T- scores, adjusting for age and other poten-
tial relevant covariates. SAS V.9.4 (SAS Institute, Cary, 
North Carolina, USA) will be used to perform the anal-
yses. Exploratory and a priori subgroup analyses for this 
study include:
1. To compare haemophilia carriers with historical nadir 

factor VIII levels <50% with haemophilia carriers with 
historical factor VIII ≥50% with respect to their BMD 
T- scores.

2. To compare haemophilia carriers with a history of 
musculoskeletal bleeding compared with those with-
out with respect to their BMD T- scores.

limitations
There are some limitations to our study that are worthy 
of mention. Reporting and recall bias may occur with the 
Self- BAT, as questions are asked about previous bleeding 
episodes which may be impacted by a carrier’s perspective 
given her exposure to an affected man with haemophilia 
A. We did not collect socioeconomic data, which may be 
a possible confounder for bone health (ie, diet and exer-
cise). The small sample size may limit statistical power 
to conduct further exploratory analysis. Our eligibility 
criteria of women over age 50 years may exclude younger 
haemophilia carriers with low BMD scores.

Conclusions
While there is extensive literature on men with haemo-
philia, few studies have focused on bleeding and health- 
related consequences in haemophilia carriers. To our 
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knowledge, this will be the first study to investigate the 
association of low BMD with haemophilia heterozy-
gosity. We believe that carriers will have lower bone mass 
compared with non- carriers of similar age and if we are 
right, this could change the paradigm of clinical care 
offered to these women. Future modifications to carrier- 
related care may include an earlier assessment of frac-
ture risk, regular imaging to assess for subclinical joint 
bleeding and prophylactic intervention for carriers with 
musculoskeletal bleeding whether overt or subclinical.
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