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Abstract: The world is aging, and hemophilia patients are as well. The association between patients
with hemophilia (PWH) and low bone mineral density is clear. However, the incidence of fractures
in patients with hemophilia is inconclusive, and no research has yet explored repeated fractures
among PWH. In this study, we investigated the incidence of all-site fractures, repeated fractures and
osteoporotic fractures amongst PWH. The study compared the incidence of all-site fractures, repeated
fractures and osteoporotic fractures occurring in all PWH who were enrolled in Taiwan’s National
Health Insurance Research Database between 1997 and 2013 with an age- and gender-matched group
from the general population. Eight-hundred thirty-two PWH, along with 8320 members of the
general population, were included in the final analysis. After multivariate COX regression analysis
with an adjustment for confounding factors, it was found that PWH experienced a higher risk of
osteoporotic fracture (HR: 1.25 with 95% CI of 1.03–2.52) but only saw a neutral effect with regards to
both all-sites of fracture (HR: 1.00 with 95% CI of 0.92–1.09) and repeated fractures (HR: 1.01 with
95% CI of 0.92–1.10), when compared with the general population. This 14-year population-based
cohort study showed that PWH had a higher risk of osteoporotic fracture, but that hemophilia only
had a neutral effect in all-sites of fracture and repeated fractures. Screening, prevention and treatment
for osteoporosis and further osteoporotic fractures among PWH, in order to improve quality of life
and achieve healthy aging in this particular population, remain essential.

Keywords: hemophilia; fracture; osteoporosis; osteoporotic fracture

1. Introduction

Hemophilia A and B are both X-linked autosomal recessive disorders caused by
defects in the factor VIII and factor IX genes. A deficiency in coagulation factors leads to
different levels of bleeding tendency and any accompanying comorbidities, such as internal
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bleeding [1], arthropathy [2] and secondary osteoporosis [3]. In Taiwan, the annual crude
incidence rates of hemophilia are at an average of 10.5 per 100,000 male births [4].

As the world is aging, so are hemophilia patients. The World Health Organization
(WHO) defines healthy aging as a process of maintaining functional ability, ensuring
the well-being in those at an older age [5]. Older patients with hemophilia (PWH) are
developing comorbidities such as increasing rates of hypertension, obesity and diabetes,
as well as cardiovascular disease (CVD), chronic kidney disease (CKD) and chronic joint
arthropathy, which are all related to falls and fractures. By contributing to advances in the
treatment of hemophilia, patients with hemophilia have experienced longer survival and,
therefore, more opportunities to be confronted with those comorbidities [6,7].

In the past few decades, several research studies have suggested that there is an
association between hemophilia and low bone mineral density [8,9]. However, it is difficult
to ascribe hemophilia as the sole factor related to low bone mineral density. A single-center
study in northern Greece revealed that hemophiliacs have an increased prevalence of
low bone mineral density, and that bone mineral density is positively associated with
hemophilia severity, any history of hepatitis virus C or human immunodeficiency virus and
levels of physical activity [10]. Recent studies have focused on the role of antihemophilic
factors and thrombin in bone remodeling. Despite the fact that there is lower bone mineral
density in patients with hemophilia when compared with the general population, the
etiology between hemophilia and low bone mineral density is still unclear [11].

People with low bone mineral density may be at a higher risk of experiencing os-
teoporotic fractures. Typically, osteoporotic fractures consist of hip, vertebral and wrist
fractures. Few studies have focused on the relationship between fractures and hemophilia.
The prevalence of fractures seen in previous studies was inconsistent, ranging from 4% to
37% [12]. With regard to the incidence of fractures in patients with hemophilia, a retro-
spective study in 2015 found a significantly higher incidence of fractures in PWH when
compared with the general population, and that more osteoporotic fractures developed
after middle age [13]. Another recent nationwide population-based comparative cohort
study in Taiwan consisting of 75 patients with hemophilia and 300 matched control patients
indicated that hemophilia may increase the risk of osteoporotic fractures, and that this risk
was significantly higher for patients with hemophilia diagnosed over more than 5 years
ago [14]. Although none of the studies reported on whether fractures affect the quality of
life in patients with hemophilia, the expectation of a decreased quality of life in fracture
patients with hemophilia may be widely accepted. Healthcare providers are now expected
to pay more attention to the influence of fractures on patients with hemophilia.

However, to the best of our knowledge, there is no consensus on the incidence of
fractures in patients with hemophilia, and no research has explored the incidence of
repeated fractures among PWH. In patients with osteoporosis, fractures and repeated
fractures are associated with a lower quality of life and higher mortality [15]. To refine the
care of hemophilia patients, this study aims to assess the incidence rate of all-site fractures,
repeated fractures and osteoporotic fractures in Taiwanese PWH with all ages and all levels
of severity in order to clarify the interaction between hemophilia and fractures through a
national-based retrospective cohort study.

2. Materials and Methods

We performed this retrospective cohort study using data from the Longitudinal Health
Insurance Database (LHID) of the National Health Research Institutes (NHRI) of Taiwan.
This National Health Insurance (NHI) program was adopted in 1995. Nearly all the resi-
dents of Taiwan are covered by this program, with approximately 23.75 million individuals
currently in the registry. This LHID was set up for research purposes. All applications
to access it must be from researchers or clinicians and are reviewed by experts to ensure
the rationality of the request. The size of the LHID 2005 was restricted by NHRI and
contains 1,000,000 subjects who were randomly sampled using a systematic sampling
method from the 2005 registry of all insured individuals registered with the NHI. Though
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the sampling was done in 2005, the LHIDs contain data of sampled individuals from 1997
to the present day [16]. Under the maintenance of the Bureau of National Health Insurance
(BNHI) and NHRI, the sample group showed no statistically significant differences in age,
gender or healthcare costs when compared with all insured individuals [16]. The high-
quality information maintained in these databases, including prescription use, diagnoses
and hospitalization history, has been verified in previous epidemiological research [17,18].
The accuracy of diagnoses of major diseases listed in the LHID, such as acute coronary
syndrome and stroke, has been validated [19,20].

In Taiwan, any severe illness which requires advanced health care with high treatment
costs is defined as a catastrophic illness; hemophilia has been classified as such an illness.
Patients confirmed as having a catastrophic illness are identified in the Registry of Catas-
trophic Illness Patient Database (RCIPD). In this study, the encrypted personal identification
number found in the retrieved data was matched with the patient’s catastrophic illness
certificate in the RCIPD to accurately identify hemophilia patients.

All male patients with either hemophilia A or B were selected by using the Interna-
tional Classification of Diseases Ninth Revision (ICD-9) codes 286.0 and 286.1 from the
registration database and original claims data from the RCIPD during the period from 1
January 1997, to 31 December 2013. Data in National Health Insurance Research Database
(NHIRD) patient files include the encrypted personal identification number, gender, date
of birth, date of enrollment and medical records of each individual. Retracted hemophilic
patients were matched at a ratio of 1:10 for the year of birth, gender and Charlson comor-
bidity index (CCI) with the general population in the LHID [21]. The CCI score consists of
19 medical conditions in a sum of the weights, which is a valid predictor of 10-year survival
in patients with multiple comorbidities [22,23]. Any patients with osteoporotic fractures or
fractures other than osteoporotic one which occurred prior to 1997 were eliminated from
our study. We also excluded patients with the human immunodeficiency virus (HIV, ICD-9:
042) or Paget’s disease (ICD-9: 731), as those two diseases may affect fracture risk in patients
with hemophilia. Both groups were observed within the same interval. The follow-up
started on January 1, 1997, and ended either on 1 December 31, 2013, or if either of the
pairings between the groups withdrew from the registry or died. The primary outcomes
were fractures at any site, repeated fractures and osteoporotic fractures. Fracture at any
site was defined as having had diagnosis of a fracture (ICD9:800–829, E887, A470-A476,
A479) at least once as seen in the admission files, as well as 3 or more as seen in 1 year
of the outpatient files during the study period [24]. Repeated fractures were defined as
any new fracture at any site, with a diagnosis occurring more than 6 months after the
first index fracture [25]. The osteoporotic fracture was defined as a fracture over the wrist,
lumber spine or hip after 40 years of age (ICD-9:805,806,820,812–814), with at least 1 being
seen in the admission files, as well as 3 or more being seen in 1 year of the outpatient
files during the study period [26,27]. Any confounding factors, including hypertension,
diabetes, chronic kidney disease, alcohol-related disease, thyrotoxicosis, dementia, obesity
and osteoporosis were analyzed and compared among the PWH and control groups. We
also recorded medications used for Hemophilia, such as Factor use, as a reference to the
severity of the disease.

The Cox proportional hazards regression model was used to estimate the relationship
of the different types of fractures between PWH and the general population. The hazard
ratio (HR) for different types of fractures was then calculated, as well as 95% confidence
intervals (CIs). A 0.05 of a 2-tailed p value was considered a significant result. All statistical
analyses were conducted using SAS software (version 9.2; SAS Institute Inc., Cary, NC,
USA).

3. Results

There were 1016 patients having the diagnosis of hemophilia during the period from
1 January 1997, to 31 December 2013, who were used for inclusion in this study. After
performing matching for the year of birth, gender and CCI, we recruited 860 patients with
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hemophilia and 8600 people as the control group, for a total of 9460 participants. Amongst
them, 308 patients were excluded due to a diagnosis of either HIV or Paget’s disease. The
remaining 9152 participants who maintained the matching ratio of 1:10 were then entered
into the analysis (Figure 1).

The characteristics of PWH and the general subjects are presented in Table 1. All the
participants were male in both groups. Half of the patients with hemophilia, 416 patients
out of 832, who were diagnosed with hemophilia were under 20 years of age. The residuals
were given this diagnosis during adulthood. The 285 patients with hemophilia were
diagnosed between the ages of 20–39, with 110 patients between 40–64 years of age. Only
21 patients, approximately 2.52% of the patients with hemophilia, were diagnosed after the
age of 65. When discussing economic status, there was no difference in all income levels
between PWH and the general population. In the hemophilia group, the prevalence of
hypertension (14.66%), chronic kidney disease (1.8%), obesity (1.44%) and osteoporosis
(5.89%) was significantly higher than that seen in the general population. The prevalence of
those diseases in the general population was 9.78%, 0.96%, 0.44% and 1.48%, respectively.
In contrast, the prevalence of diabetes, alcohol-related disease, thyrotoxicosis and dementia
showed no difference between the two groups. Around 95% of PWH needed replacement
therapy and only 6.73% of PWN was treated by bypassing agents in our study.

Analysis regarding primary outcomes for all-site fractures, repeated fractures and os-
teoporotic fractures is expressed in Table 2. For all-site fractures, 84 patients with hemophilia
(10.1%) developed fractures during the study period, compared with 783 participants in
the general population group (9.41%), indicating that there was no significant difference
between the two groups (p = 0.52). There were 26 patients with hemophilia (3.10%) and 197
participants in the general population (2.36%) who developed repeated fractures with no
significant difference between the groups (p = 0.18). Alternatively, a significant difference
in osteoporotic fractures was noted between PWH and the general population (p = 0.03).
Fourteen of the 832 patients with hemophilia (10.69%) experienced osteoporotic fractures
compared to 76 of 8320 in the general population (5.80%).

Table 3 shows the hazard ratio of different types of fractures upon multivariate re-
gression analysis. Confounding factors, including hypertension, chronic kidney disease
and obesity were adjusted in Model 1. For all-site fractures and repeated fractures, the
PWH group showed no increased risk when compared to the general population. For os-
teoporotic fractures in patients over 40 years of age, a significant increase in risk was found
in PWH. Those effects seemed to be similar after adjustments. In Model 2, previous factors
were adjusted, as well as osteoporosis. PWH had a lower risk towards developing all-site
fractures or repeat fractures compared with the general population, (95% CI: 0.825–0.983,
p = 0.019 and 95% CI: 0.825–0.980, p = 0.016 for all-site fractures and repeated fractures,
respectively). On the contrary, no significant increase in risk was noted in the hemophilia
group after adjustment with osteoporosis (95% CI: 0.939–1.387, p = 0.185). Furthermore,
fracture incidence in hemophilia groups was higher than that seen in the general population,
particularly for those aged 60 to 80. Fractures per person-years over different age groups
are presented in Figure 2. In addition, the fracture incidence in patients with Hemophilia A
and Hemophilia B was analyzed which showed that patients with Hemophilia A had a
higher incidence rate of all site fractures after age more than 15, compared to patients with
Hemophilia B (Supplementary Figure S1).
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Table 1. Characteristics of patients with hemophilia (PWH) and the matched control group.

Variable Total PWH Matched
Control Group p Value †

(n = 9152) (n = 832) (n = 8320)

Gender -
Male 9152(100%) 832(100%) 8320(100%)

Age (1997) -
<20 4576(50.00%) 416(50.00%) 4160(50.00%)

20–39 3135 (34.25%) 285(34.25%) 2850(34.25%)
40–64 1210 (13.22%) 110(13.22%) 1110(13.22%)
>=65 231(2.52%) 21(2.52%) 210(2.52%)

Income (Missing = 4) 0.62
0 5038(55.07%) 439(53.02%) 4599(55.28%)

1–15,840 1122(12.26%) 110(13.29%) 1012(12.16%)
15,841–25,000 1901(20.78%) 178(21.50%) 1723(20.71%)

>=25,001 1087(11.88%) 101(12.20%) 986(11.85%)
Covariates

Hypertension 936(10.23%) 122(14.66%) 814(9.78%) <0.001
Diabetes 1169(13.68%) 146(18.79%) 1023(13.17%) 0.72

Chronic kidney
disease 95(1.04%) 15(1.8%) 80(0.96%) 0.02

Alcohol related
disease 154(1.68%) 19(2.28%) 135(1.62%) 0.16

Thyrotoxicosis 54(0.59%) 2(0.24%) 52(0.63%) 0.17
Dementia 121(1.32%) 12(1.44%) 109(1.31%) 0.75
Obesity 49(0.54%) 12(1.44%) 37(0.44%) 0.0002

Osteoporosis 172(1.88) 49(5.89%) 123(1.48%) <0.001
Hip replacement 114(1.25) 88(10.58%) 26(0.31%) <0.001

Drug use
Bypassing 56(0.61%) 56(6.73%)

Febia 33(0.36%) 33(3.97%)
Novoseven 53(0.58%) 53(6.37%)
Foactor use 792(8.65%) 792(95.20%)

FVIII 636(6.95%) 636(76.44%)
FIX 156(1.70%) 152(18.27%)

† ALL test used the χ2 test.

Table 2. Incidence of all-site fractures, repeated fractures and osteoporotic fractures among PWH and
the matched control group.

Total PWH Matched
Control Group p Value †

(n = 9152) (n = 832) (n = 8320)

Fracture type
Fracture (Y1) 867(9.47%) 84(10.1%) 783(9.41%) 0.52
Fractures (Y2) 223(2.42%) 26(3.10%) 197(2.36%) 0.18
Osteoporotic
fracture (Y3) 90(6.25%) 14(10.69%) 76(5.80%) 0.03

Y1 means fracture at any site. Y2 means repeated fracture any site 6 months after index date of first fracture. Y3
means age > 40 Osteoporotic fracture. † ALL tests used the χ2 test.
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Table 3. Multivariate COX regression analysis of all-site fractures, repeated fractures and osteoporotic
fractures among PWH and the matched control group.

Fracture Type Event Crude HR p Value Adjusted HR p Value

Y1 84 1.017 (0.933–1.109) 0.694
Model 1 † 1.001 (0.918–1.091) 0.984
Model 2 †† 0.9 (0.825–0.983) 0.019

Y2 26 1.023 (0.940–1.114) 0.595
Model 1 † 1.006 (0.924–1.095) 0.898
Model 2 †† 0.899 (0.825–0.980) 0.016

Y3 14 1.262 (1.039–1.533) 0.019
Model 1 † 1.249 (1.028–1.517) 0.0255
Model 2 †† 1.141 (0.939–1.387) 0.185

Y1 means fracture at any site. Y2 means repeated fracture at any site 6 months after index date of first fracture.
Y3 means osteoporotic fracture. † Adjusted for Hypertension, Chronic kidney disease and Obesity in Model 1.
†† Adjusted for Hypertension, Chronic kidney disease, Osteoporosis and Obesity in Model 2.
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4. Discussion

The results of our study show that PWH experience a higher risk of osteoporotic
fractures, but there is a neutral effect in all-site fractures and repeated fractures as seen in
multivariate analysis. However, after adjustment for certain possible confounding factors,
hemophilia became a protective factor against all-site fractures and repeated fractures.

In past decades, many studies involving meta-analyses have shown that low bone
mineral density, regardless of adult or child patients with hemophilia, may be associated
with osteoporotic fractures [8–10,28–30]. Two meta-analyses have demonstrated similar
results showing reduced lumbar spine bone mineral density in adult and child patients
with hemophilia, particularly in patients with severe hemophilia [8,9]. The most recent
analysis included thirteen case-control studies and indicated that there was reduced lumbar
spine bone mineral density (random effects standardized mean difference [95 % confidence
interval (CI)] = −0.56 (−0.84, −0.28), between-study heterogeneity = 51 %) when compared
with controls [9]. However, the exact molecular mechanisms of bone remodeling and bone
loss in PWH are still not inclusive [11]. Few studies have been interested in the possibility
that Factor VIII (FVIII) replacement therapy may reverse the phenotypes of the bone [31,32].
How FVIII affects bone health may be due to either a direct reaction or low FVIII effects,
such as the missing interaction with vWF or decreased thrombin production. Though some
studies have attempted to explain the mechanism, the discrepancies in data have led to
difficulties in interpretation [31].

Low bone mineral density increases the risk of fractures. The relationship between
low bone mineral density and PWH has been established, but fracture risk in PWH has
been inconclusive. In our study, osteoporotic fracture risk and all-site fracture risk in
patients with hemophilia was approximately 10%, which does not go against previous
studies [12]. As previously mentioned, a retrospective comparative study involving 316
patients with hemophilia A and 66 with hemophilia B showed a significantly higher
incidence of fractures in patients diagnosed with hemophilia (24.8 fractures per 1000
patient-years) when compared with the general population (9.6 fractures per 1000 patient-
years). Additionally, the subgroup of those with mild to moderate hemophilia had a
significantly decreased risk of fracture when compared to those with severe disease [13].
When compared to our study, we also disclosed a higher incidence in the hemophilia group,
with the trend between ages and fracture risk in patients with hemophilia being similar
to the previous study [13,33]. Fracture incidence in hemophilia groups was higher than
that seen in the general population, particularly in the 60 to 80 age group, suggesting
that fracture prevention in elderly PWH is very important. Previous literature has also
emphasized the importance of appropriate management in the PWH group, suggesting the
need for primary prevention of risk factors and close coordination between specialties [34].

However, to the best of our knowledge, no other studies have discussed repeated
fracture risk. Additionally, after analysis with adjustment was performed, we found
hemophilia to act as a protective factor for repeated fractures and all-site fractures. The
possible reason for this may be because of patients decreasing their activities due to
fear of falling or joint injury [35]. Although, a retrospective, descriptive research study
performed in 2014 analyzed the occurrence of falls in community-dwelling moderate-to-
severe hemophilia patients over the age of 40 and revealed that approximately one-third of
participants had fallen in the past year. In that article, certain significant differences were
found between non-fallers and multiple fallers. Multiple fallers had more joint prostheses,
suffered more urinary incontinence, and had poorer balance or mobility as determined
by the timed up-and-go test [36]. The risk factors noted in this study may be due to the
presentation of aging. In our study, we included hemophilia patients of all ages regardless
of the severity of their disease, with more younger patients being included in our study.
Thus, we still suggest that a reduction in both exercise and activity during daily life may
explain the protective effect seen in the hemophilia group regarding all-site fractures and
repeated fractures. However, as current guidelines suggest that PWH should be encouraged
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to perform more physical activity [37], further research exploring physical activity and the
incidence of all-site fractures and repeated fractures should be undertaken.

Despite all the efforts made in this study, there are still some limitations to note. First,
although it is a population-based design, the external validity of the results should be
carefully interpreted, particularly for non-Asian populations. Second, some confounders
potentially related to osteoporosis in PWH such as hepatitis virus C infection, medications
for osteoporosis, and steroid use were not adjusted and there were also no available records
regarding physical exercise, diet habits, smoking, education level, family history, results
of blood examinations or quantitative bone mineral density measurements in the NHIRD,
therefore some residual confounders may exist. Third, since the NHIRD is an administrative
database and not designed specifically for our research purpose, the severity of PWH could
not be measured precisely through the serum factor activity. People with severe hemophilia
may possess an increased risk of comorbidities, including all-site fractures and osteoporotic
fractures. Further data collection and research are needed to figure out the underlying
mechanism of fractures, repeated fractures, and osteoporotic fractures in the PWH.

5. Conclusions

This 14-year, population-based cohort study showed that PWH have a higher risk of
osteoporotic fracture but experience a neutral effect with regards to all-site fractures and
repeated fractures. As advancements in healthcare now allow for prolonged life for PWH,
medical professionals caring for PWH should place greater emphasis on the screening,
prevention and treatment of osteoporosis and possible future osteoporotic fractures among
PWH patients, as this will no doubt improve patient quality of life and contribute to healthy
aging within this particular population.
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