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Abstract Introduction Patients with hemophilia (PWHs) suffer from an increased risk of osteopo-
rosis. Multiple hemophilia and hemophilic arthropathy associated factors correlate with a
lowbonemineral density (BMD) in PWHs. The aimof this studywas to assess the long-term
development of BMD in PWH as well as to analyze potentially influencing factors.
Methods A total of 33 adult PWHs were evaluated in a retrospective study. General
medical history, specific-hemophilia-associated comorbidities, joint status using theGilbert
score, calcium level, and vitamin D level as well as at least two results of bone density
measurements with a minimum range of 10 years per patient were taken into account.
Results The BMD did not change significantly from one point of measurement to the
other. A total of 7 (21.2%) cases of osteoporosis and 16 (48.5%) cases of osteopenia
were identified. The two following significant correlations could be revealed: the higher
the patients’ body mass index, the higher their BMD (r¼0.41; p¼0.022). Moreover, a
high Gilbert score came along with a low BMD (r¼�0.546; p¼ 0.003).
Conclusion Even if PWHs frequently suffer from a reduced BMD, our data suggest
that their BMD remains constant on a low level in the course of time. A risk factor of
osteoporosis often found in PWHs is a vitamin D deficiency and joint destruction.
Therefore, a standardized screening of PWHs on BMD reduction by collecting vitamin D
blood level and assessing joint status seems appropriate.

Schlüsselwörter

► Hämophilie
► Osteopenie
► Osteoporose
► Langzeit follow-up

Zusammenfassung Einleitung Hämophilie-Patienten leiden an einem erhöhten Osteoporose-Risiko. Ver-
schiedene Hämophilie- und Arthropathie-bedingte Faktoren korrelieren mit der Min-
derung der Knochendichte (BMD: Bone Mineral Density). Das Ziel dieser Studie war es,
den Langzeitverlauf der Knochendichte von Hämophilie-Patienten und mögliche Ein-
flussfaktoren darauf zu untersuchen.
Methode In einer retrospektiven Studie wurden 33 erwachsene Hämophilie-Patienten
untersucht. Allgemeine und Hämophilie-spezifische Erkrankungen, der Gelenkstatus
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Introduction

According to the World Health Organization (WHO), osteo-
porosis ranges among the most important diseases world-
wide.1 Not only does it affect postmenopausal women or
elderly people, but also patientswith hemophilia (PWHs) are
suffering from an increased risk of osteoporosis. In 2007,
Wallny et al pointed out that the number of joints affected by
hemophilic arthropathy as well as the severity of their
degeneration, muscle atrophy, low body mass index (BMI),
and hepatitis C virus (HCV) infections and resulting physical
inactivity correlatewith a lowbonemineral density (BMD) in
PWH.2 Case-control studies were able to confirm the corre-
lation between hemophilia and osteoporosis, but failed to
reveal a significant influence of BMI, physical inactivity, and
concomitant viral infections on BMD.3,4

Until now, research on the long-term course of osteopo-
rosis in PWH has not been published. The purpose of the
present study was to assess BMD of PWH over a period of at
least 10 years as well as to analyze the influence of possible
risk factors and comorbidities over the course of time.

Methods

The study was performed in a descriptive, retrospective
study design. The study cohort was composed of adult
male patients treated in the Haemophilia Comprehensive
Care Centre in Bonn that had already been part of Wallny
et al’s study cohort in the year 2006.2 By detailed data
collection and analysis, suitable patients were identified
and recruited during their regular visit at the Haemophilia
Comprehensive Care Centre in Bonn. Written informed con-
sent was obtained from all participants. Reasons against
recruitment were the change of treatment center in the
meantime, death, or the refusal to participate.

The study protocol was approved by the Medical Ethics
Committee of Rheinische Friedrich-Wilhelms-University Bonn.

Variables and Measurement
Data were collected using a standardized test battery. Gen-
eral information like age and BMI andmedical data extracted
from the patients’ health records were taken into consider-
ation. Among those were:

• Type and severity of hemophilia.
• Comorbidities.
• Long-term medication.
• Infections with HCV or human immunodeficiency virus

(HIV).

At least two results of bone density measurements per
patient were taken into account, with a minimum temporal
distance of 10 years. In each case, BMD was measured on
lumbar spine and femoral neck by means of dual-energy X-
ray absorptiometry (DEXA). This method is recommended
for BMD measurement by the WHO. Interpretation of the
results following the WHO definition is shown in ►Table 1.

The joint status was evaluated in a standardized manner
by means of the Gilbert score.5

To exclude secondary causes for osteoporosis, available
laboratory values were collected and analyzed.

To minimize possible gaps in the data and to identify
individual risk factors for osteoporosis, all participants were
asked about their detailed case history. In addition, every
patient had to rate the following aspects subjectively:

• Joint pain (Visual Analogue Scale; VAS).6

• Quality of life (Short Form-36 Health Survey; SF-36).7

• Functional health status (Haemophilia Activities List;
HAL).8

Statistics
The absolute and relative frequencies, the arithmeticalmean,
and the standard deviation (SD) were calculated for all
variables. As this study is a follow-up research, the t-test of
linked samples (t-score of first and last tests) was used for

gemessen mit dem Gilbert-Score, Kalzium- und Vitamin D-Werte und zwei Knochen-
dichtemessungen mit einem Mindestabstand von zehn Jahren wurden erfasst.
Ergebnisse Die Knochendichte änderte sich zwischen dem ersten und zweiten
Messpunkt nicht signifikant. Bei 7 (21,2%) Probanden wurde eine Osteoporose und
bei 16 (48,5%) Probanden eine Osteopenie diagnostiziert. Es konnten zwei signifikante
Zusammenhänge ermittelt werden: Je höher der Body Mass Index (BMI) war, desto
höher war die Knochendichte (r¼ 0.41; p¼0.022) und je höher der Gilbert Score war,
desto niedriger war die Knochendichte (r¼�0.546; p¼ 0.003).
Schlussfolgerung Auch wenn Hämophilie-Patienten häufig an einer reduzierten
Knochendichte leiden, lässt diese Studie darauf schließen, dass die Knochendichte
über die Zeit auf einem erniedrigten Level konstant bleibt. Da ein Vitamin D-Mangel
und Arthropathien als Risikofaktoren für das Auftreten einer Osteoporose häufig bei
Hämophilie-Patienten gefunden werden, sollten regelmäßige Screenings des Vitamin
D-Spiegels und des Gelenkstatus erfolgen, um bei den betroffenen Patienten anhand
der Ergebnisse ggf. die Knochendichte mittels DXA zu bestimmen.
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significance testing. A value of p <0.05 was considered
statistically significant. The data were analyzed using SPSS
Version 23.0 (IBM Corp., Armonk, New York, United States).

Results

A total of 33 male patients with hemophilia A or B partici-
pated in the study. The average follow-up period was
12.8�1.7 years (range: 10.0–15.3). The average age was
53.76�11.54 years (range: 31–74) at the time of follow-
up, and the average BMI was 25.9�3.9 kg/m2 (range: 19.6–
35.5). In total, 29 (87.9%) patients suffered from severe
hemophilia (factor level of <1%), 3 patients (9.1%) from
moderate hemophilia (factor level of 1–5%), and only 1
patient (3.0%) from a mild form of hemophilia (factor level
of >5%). In the following, considering the small sample size,
the collective was divided into two groups: patients with
severe and patients with nonsevere hemophilia. Regarding
the factor replacement strategy, 29 (87.9%) patients were
under early primary prophylaxis and 4 (12.1%) patients were
under on-demand treatment.

Thirty-one patients (93.9%) were tested HCV-positive,
with 26 of them (78.8%) being considered cured by new
therapy strategies with pegylated interferons and direct-
acting antivirals (DAAs).9 Thirteen participants (39.4%) were
HIV-positive, all currently undergoing combined antiretro-
viral therapy (cART). However, only four of them (12.1%)
were under the polymerase chain reaction detection limit at
the time of follow-up. Twelve patients (36.4%) had no further
comorbidities. The remaining 21 most frequently suffered
from hypertension (n¼16), diabetes mellitus type 2 (n¼4),
dyslipidemia (n¼3), and liver cirrhosis (n¼3). All comor-
bidities are listed in ►Table 2.

The analysis of the laboratory values showed an average
calcium level of 2.30�0.07mmol/L (reference value:
2.15–2.5mmol/L) and an average phosphate level of
0.94�0.16mmol/L (reference value: 0.81–1.45mmol/L) at
the time of follow-up. The average level of vitamin D was
19.91�10.39 ng/mL (reference value: 30–100ng/mL). In 26
cases (78.8%) we observed a vitamin D deficiency
(<30ng/mL).

At the beginning of the observation period, the average
t-score of the lumbar spinewas�0.75�1.40,whereas during
the follow-up, it accounted for �0.39�1.68. The average

t-score of the femoral neck was recorded as �1.35�1.21
during the first measurement, and �1.37�1.26 for
the second measurement. There was no significant change
in BMD from one point of measurement to the other
(p¼0.117 and p¼0.893). According to the WHO definition,
there were 7 patients (21.2%) with osteoporosis and 18
patients (54.5%) with osteopenia at the beginning of the
observation period. At the time of follow-up, there were 7
cases (21.2%) of osteoporosis, too, and 16 cases (48.5%) of
osteopenia.

Furthermore, the joint status, as objectified by the Gilbert
score, did not change in the course of time, with the total
score being 22.07�14.23 points at first, and 21.63�14.75
points at follow-up (p¼0.651). Using the HAL, the study
participants rated their level of physical activity with amean
score of 70.14 (�25.77) out of 100, but no significant
association with BMD was found.

Concomitant infections with HCV or HIV did not lead to a
significant change in t-score. Also, the specific antiviral
therapies did not have a significant influence on BMD in
the course of time. The same applies to the severity of
hemophilia (►Table 3).

Consumption of nicotine and alcohol, despite being well-
known risk factors for osteoporosis, did not affect bone mass
in a statistically significant way. This is also true for our
patients’ most frequent comorbidities such as hypertension,
diabetes mellitus type 2, dyslipidemia, and liver cirrhosis.
Even repetitive local or systemic cortisone therapy did not
affect patients’ BMD in the course of time.

All in all, a total of 16 (48.5%) patients received an
antiosteoporotic therapy. But neither receiving basic nor
specific osteoporotic therapy (three patients were treated
with bisphosphonates and in one of those patients treatment
was changed to Denosumab after a while) caused a signifi-
cant change in their BMD.

However, the following significant correlations could be
revealed: the higher the patients’ BMI, the higher was the
measured BMD (r¼0.41; p¼0.022).Moreover, a high Gilbert
score came along with a low t-score (r¼�0.546; p¼0.003).
Therewas no correlation between the delta of the t-score and
the delta of Gilbert score though.

Table 2 Comorbidities (n)

Hypertension 16 (48.5%)

Diabetes mellitus type 2 4 (12.1%)

Liver cirrhosis 3 (9.1%)

Dyslipidemia 3 (9.1%)

Depression 2 (6.1%)

Bronchial asthma 2 (6.1%)

Coronary heart disease 1 (3.0%)

Metabolic syndrome 1 (3.0%)

Hypothyreosis 1 (3.0%)

Hyperthyreosis 1 (3.0%)

Stroke 1 (3.0%)

Table 1 WHO definition of the BMD based on DEXA results

t-Score Interpretation

� �1 SD Physiological

�1 to � �2.5 SD Osteopenia

< �2.5 SD Osteoporosis

< �2.5 SD plus bone fracture Manifest osteoporosis

Abbreviations: BMD, bone mineral density; SD, standard deviation;
WHO, World Health Organization.
Note: t-Score is defined as the count of standard deviations (SDs)
differing from the arithmetical mean of the BMD peak value of a healthy
30-year-old human.
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Regarding patients’ subjective morbidity rating (see
above), no relevant relation to bone mass could be found.

Discussion

Low BMD is a known issue in patients with hemophilia;
Gallacher et al already recognized this correlation in the
1990s.10 Several further studies provide similar
results.2,11–13 So far, there is a lack of literature on the
long-term development of BMD in PWH and its potentially
influencing factors over time.

Our study shows that, on the one hand, BMD is reduced in
PWH, but on the other hand, remains constant for the
observed time span of at least 10 years. The cause of the
reduced BMD in PWH is still unknown.

In general, a vitamin D deficiency is a frequently men-
tioned influencing factor on BMD. With vitamin D being
essential for the bone metabolism, a lack of it results in an
increased risk for osteoporosis.14 Within our study cohort,
78.8% of the patients suffered from a vitamin D deficiency
(<30ng/mL). Kempton et al reported reduced vitamin D
levels in one-third up to one-half of the PWHs.15 By contrast,
according to Rabenberg et al, only 38.4% adults in the
standard German population (38.3% of all men) suffer from
a vitamin D deficiency.16 Thus, a screening for vitamin D
deficiency and contingent substitution of vitamin D seem to
be reasonable.

As stated above, almost half of our participants (48.5%)
received an osteoporosis basic therapy with calcium and
vitamin D, three participants were treated with bisphospho-
nates in addition to that, and in one of those patients, treat-
ment was changed to Denosumab (Prolia), which had been
given for a period of 16 months prior to his last DEXA scan.
However, our data show that this kind of therapy didnot result
in a relevant improvement of their BMD. In fact, neither an
increase nor a decrease of BMD over time could be found.
According to Orwoll et al, osteoporosis basic therapy and
bisphosphonates can generally improve BMD in male
patients.17 Anagnostis et al examined the effect of bisphosph-
onates in PWH, detecting a reduction of bone resorption along
with a BMD enhancement on lumbar spine.18

One-third of our patients were repetitively treated with
oral or local glucocorticoids on demand during the observa-
tion period. But although glucocorticoids are a known risk
factor for osteoporosis due to inhibition of thebody’s vitamin
D production and osteoblasts’ activity,19 no significant de-
cline in t-score could be identified compared with the
participants not receiving glucocorticoids. Liu et al29 provide
a possible explanation for this, stating that the inhibition of
osteoblasts’ activity requires high doses of glucocorticoids.

The influence of concomitant infections (HCVand HIV) on
the bonemass has been awidely discussed topic.Wallny et al
pointed out that PWH with HCV infection had significantly
lower BMD levels than hemophiliacs without such an infec-
tion.2 This corresponds with observations made on non-
hemophilic, nontreated HCV-positive patients.20 Our results
suggest that neither HCV infections nor treatments with
interferons or DAA affect BMD in hemophiliacs in a signifi-

cant way over time. Bedimo et al described a decrease in
bone resorption markers due to treatment with pegylated
interferon and ribavirin.21 They did not explore the develop-
ment of BMD though. To the best of our knowledge, there is
no research on DAA’s influence on BMD until now.

Along withWallny et alwho could not identify a significant
influence of a concomitant infectionwithHIVonBMD inPWH,
ourdatadidnot reveal suchan influence in the courseof time.2

Still there are observations that nonhemophilic HIV-positive
patients have generally lower BMD levels.22 Furthermore,
Bolland et al stated that a cART therapy indeed causes an
initial decrease in bone mass, but 1 to 2 years after cART
induction, BMD levels stagnate without further decrease.23

Wallny et al suggested that physical inactivity, resulting
from joint destruction and concomitant chronic pain, could
be the main reason for osteopenia and osteoporosis.2 Biele-
mann et al could prove the significant influence of physical
activity on the bonemass during adolescent years, especially
in young male.24 In a meta-analysis, Paschou et al showed
that low BMD levels already occurred in hemophilic chil-
dren.4 But they were not able to detect an influence of
physical activity on bone mass. Thus, they assumed the
reason of low BMD in PWH to be found in early childhood.
However, in future studies on osteoporosis in PWH, the
activity level of the patients should still be taken into
account.

As our data show that BMD is constant in adult PWH over
the course of time, even though on a low level, we suggest
that physical inactivity has indeed some influence on BMD
but cannot be the only reason. If it were the cause of low
BMD, one would expect a progression of BMD loss.

Weratherbelieve that thehemophiliadisease itselfcouldbe
the main cause for the low BMD in PWH. This assumption is
supported by the results of Khawaji et al.25 They pointed out
that factor prophylaxis at an early age results in more physio-
logical BMD values. Additionally, in 2013, Recht et al could
provokea loss of BMDbyknockoutof factorVIII gene inmice.26

The correlation of a high Gilbert score and low BMDvalues,
as alreadypointedout byWallnyet al in2007, couldbeverified
in our follow-up.2 Thus, it may be a useful option in clinical
practice to pre-estimate a patient’s benefit of more invasive
osteoporosis diagnostics by means of the Gilbert score. Still, it
is not possible to drawa conclusion from a quantitative shift of
the Gilbert score to a quantitative shift of BMD.

Ghosh et al reported an increased risk of fractures in
patients with severe hemophilia.27 Anagnostis et al calculated
a greater risk for major osteoporotic and hip fractures, with
lower 25(OH)D levels and physical activity scores in patients
with low BMD compared with those with normal BMD.28 In
our opinion, the increased risk of osteoporotic fractures in
patients with low BMD not suffering from a bleeding disorder
should be reason enough to screen PWHs for the existence of
reduced BMD and to induce an appropriate therapy.

Limitation

The main limitations of our study are the small sample size
and the lack of a control group with nonhemophilic patients.
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To verify our results, extensive case-controlled studieswould
be required. Additionally, due to the long period of observa-
tion and the technical upgrading in the meantime, not all
DEXA scans were performed by the same device, meaning
that the results are not 100% comparable. Furthermore, the
t-score used to analyze BMD is not validated in patients
under 50 years of age. Finally, the vitamin D levels were
determined at any season, not considering that vitamin D
levels naturally increase during summer months.

Conclusion

Patients with hemophilia frequently suffer from a reduced
BMD. Our data suggest that BMD remains constant on a low
level over the course of time though. Main determinants for
the BMD in our cohort were BMI and the degree of hemo-
philic arthropathy. Concomitant viral infections, related
therapies, other comorbidities, and lifestyle habits do not
seem to have a significant influence on BMD in hemophiliacs.
A general risk factor for osteoporosis often found in PWH is a
vitamin D deficiency. Therefore, a standardized screening of
patients with hemophilia on BMD reduction by collecting
Gilbert score and vitamin D blood level seems appropriate.
More invasive osteoporosis diagnostics and related therapy
may follow the initial screening if necessary.

What Is Known about This Topic?

• Despite their sex and age, PWHs suffer from an in-
creased risk of osteoporosis; several risk factors have
been identified.2,10–13,24,25

What Does This Paper Add?

• To the knowledge of the authors, no data about the
long-term course of BMD in PWHdo exist yet, although
it seems reasonable to monitor this issue as well as
correlating factors to treat them correctly.

• The article suggests a simple screening for osteoporo-
sis based on vitamin D levels and the Gilbert score.

• Our study also emphasizes that further research on the
reason for osteopenia in PWH, whichmight be the lack
of coagulation factor itself and its specific treatment, is
necessary.
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