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Abstract

Introduction: Osteopenia and osteoporosis are well-known hemophilia A comorbidities. The pathogenesis of bone turnover alteration
resulting in reduced bone mass includes impaired osteoblastic differentiation and disinhibition of RANKL-induced osteoclastogenesis
as a result of a low FVIII level.

Aim: To evaluate the bone mineral density (BMD) in adult patients with severe hemophilia A and assess a possible correlation with the
bone remodeling biomarkers OPG/RANKL, CTX-1, osteocalcin, and Vit D.

Materials and methods: 28 male subjects with severe hemophilia A and 33 age-matched controls were recruited. The biomarkers were
tested with the ELISA assay and BMD with DEXA of the lumbar spine (LS) and total hip (TH).

Results: The patients had lower LS-BMD (—0.955+0.145 vs. 1.118+0.079, p=0.05) and TH-BMD (-0.840+0.147 vs. 0.951+0.075, p=0.05)
than those of the controls. The TH T-scores were —1.41+0.91 vs. 0.4£0.49 (p=0.05) and the LS T-scores —1.16+1.046 vs. 0.14+0.72
(p=0.05). 66.6% of patients under 50 years had osteopenia and 8.3% had osteoporosis. Fifty percent of those over 50 years old had
osteopenia and 20% had osteoporosis. We found significantly higher OPG levels (123.69+107.05 vs. 41.98+18.95, p=0.05) than that in
controls and lower SRANKL levels (23.49+29.39 vs. 131.32+201.27, p=0.05) and SRANKL/OPG ratio (0.27+0.35 vs. 5.28+10.01, p=0.05)
than those in controls. A positive correlation was found between SRANKL and the BMD T-score of lumbar spine (p=0.001) in the
patient group.

Conclusions: sSRANKL level and ratio can be used as predictors of low BMD.
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INTRODUCTION

Severe hemophilia is a rare X-linked inherited coagula-
tion disorder characterized by spontaneous bleeding into
the weight-bearing joints. The condition is caused by mu-
tations in factor VIII gene leading to complete deficiency
of the related clotting protein. Patients usually acquire ex-
tensive hemophilic arthropathy early in their life following
recurrent bleeds into the joints. As the population of pa-
tients with hemophilia (PWH) ages, healthcare providers
must pay more attention to age-related comorbidities. Low
bone mineral density (BMD) is one such co-morbidity.!!!
It is considered a metabolic disease characterized by low
bone density, impaired bone architecture, increase in bone
fragility, and risk of fractures. Gerstner et al.?) have found
that 27% of hemophilia patients have osteoporosis while
43% of them have low BMD.

The meta-analysis of Iorio et al.’) in 2010 and the sys-
tematic review and meta-analysis published by Paschou et
al. in 2014 confirmed the association between severe he-
mophilia and low BMD.

Men with hemophilia A exhibit a significant reduction
in both lumbar spine (LS) and total hip (TH) BMD, which
appears to begin in childhood. However, the relevant patho-
physiology is not exactly known and both processes of bone
resorption and bone formation could be hypothesized to be
altered. Immobility due to hemophilic arthropathy and a
lack of weight-bearing exercises, as well as HCV, HIV, low
BMI, alcohol and tobacco use, have all been blamed for the
decreased bone mass in those patients.!”!

Over the last few years, clinical and experimental evi-
dence has indicated that the deficiency of FVIII leads to
decreased BMD independent of hemarthroses, physical
activity, and medical comorbidities, suggesting a novel ef-
fect for FVIII outside the coagulation system.[®! Liel et al.l”]
found that FVIII knockout male mice had lower BMD and
cortical bone mass than the wild-type controls. Recht et
al.8) similarly showed that FVIII knockout mice decreased
cancellous bone fractional area and trabecular density.
Aronovitch et al.’! noted that thrombin exerted multiple
effects on osteoblasts including induction of differentia-
tion and inhibition of apoptosis as they express thrombin
receptors. They hypothesized that the complete absence of
factor VIII leads to deficient thrombin generation, result-
ing in ineffective thrombin-mediated signaling through
protease-activated receptor 1 (PAR1) expressing endothe-
lial cells. Lack of thrombin generation secondary to FVIII
deficiency could be a cause of increased osteoclast activity.

There are several bone biomarkers found to be associat-
ed with specific bone processes and overall skeletal health
— carboxy-terminal telopeptide of type I collagen (CTX-1)
is a marker of bone matrix resorption and osteocalcin of
bone formation, additionally receptor activator of nucle-
ar factor-«xB ligand (RANKL/osteoprotegerin (OPG ) axis
regulates osteoclast formation.'”) In 2009, Baud’'Huin et
al.'l demonstrated in a murine model that the FVIII-vWF
complex inhibited RANKL-induced osteoclastogenesis and

enhanced the inhibitory effect of OPG leading to bone
resorption. Recent papers!!?14] revealed the physical in-
teraction between vWF and OPG, a powerful inhibitor of
osteoclastogenesis and, therefore, of bone resorption. Thus,
the two main mechanisms for low FVIII involved in bone
turnover are direct mitogen effect on osteoblast and disin-
hibition of RANKL-induced osteoclastogenesis.

AIM

The aim of this study was to evaluate BMD in severe hemo-
philia A adult patients and to assess a possible correlation
with the circulating remodeling biomarkers OPG/RANKL,
CTX-1, osteocalcin, and Vit D levels.

MATERIALS AND METHODS

Patient's characteristics

The study was conducted on 28 male patients with severe
hemophilia A They were followed up at the Bleeding Dis-
orders Center, the Hematology Department at St George
University Hospital in Plovdiv, Bulgaria. The patients were
consecutively enrolled in the study. Their median age was
42.88 (range 18-71) years. The patient subgroups consisted
of those <50 years - 16 patients in our cohort (11 PWH
on-demand treatment and 5 on primary/secondary pro-
phylaxis) and those above 50 years - 12 patients all of them
receiving on-demand replacement therapy with FVIII
products. In addition, 33 male age-matched (median age
38.69 years) healthy controls were recruited on a voluntary
basis. Prior to midday, samples of fresh, frozen, citrated
plasma were collected from 61 male participants, and the
plasma was separated within 1 hour of collection. To elim-
inate the confounding effects of comorbidities, participants
with the presence of an FVIII inhibitor, HIV infection,
chronic hepatitis C or cirrhosis, renal dysfunction, and
those on antiepileptic drugs were excluded. All subjects
previously provided written informed consent and all pro-
cedures were approved by the local review board.

Measurement of plasma biomarkers

Levels of bone turnover markers were assessed using
original ELISA Kits Immunodiagnostic. Those included
RANKIL, OPG, osteocalcin, CTX-1, and Vit D levels. They
were tested in the Central Clinical Laboratory of St George
University Hospital in Plovdiv.

Bone densitometry (DXA)

Dual Energy X-Ray Absorptiometry (DXA) is considered
the gold standard for the diagnosis of osteoporosis world-
wide and it is also recommended to assess BMD for men
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at risk of osteoporosis. According to the World Health Or-
ganization classification system, for people over the age of
50 a T-score of less than —2.5 SD is defined as osteoporosis,
between —1 and —2.5 SD as osteopenia, and >-1 SD is con-
sidered normal. For patients under the age of 50, a Z-score
which is defined by comparing the expected BMD level in
the age-matched healthy group is used of —2 SD or below
is defined as osteoporosis, between —2 SD and —1 SD - os-
teopenia and above —1 SD is “normal”!’®! In our study, a
DXA scan of the lumbar spine (LS), and total hip (TH) was
performed by a Hologic Discovery C (S/N 47070) scanner.
Although BMD values (g/cm?) were also collected, T- and
Z-scores were primarily preferred in this study as they better
reflect the comparisons related to age. Thus, patients were
categorized into three groups — patients with normal BMD,
patients with osteopenia, and patients with osteoporosis.

Statistical analysis

Statistical analysis was performed using the SPSS for Win-
dows v. 22. Values were expressed as mean * standard de-
viation (SD) or median as appropriate. The student’s ¢-test
was used to compare two independent groups for normally
distributed parameters, while Mann-Whitney U-test was
used to compare two independent groups for non-normal-
ly distributed parameters. Spearman’s rank correlation co-
efficient (r) was used to analyze the relationship between
two continuous variables. P<0.05 was considered statisti-
cally significant.

RESULTS

The study population included 28 patients with severe
hemophilia A. Their mean body mass index was 24.86+3.59
and no correlation was observed between BMI and BMD.
Still, the mean weight of patients with normal BMD was
84.8 kg, which was found to be significantly higher than
the mean weight (73 kg) of patients with low BMD. The
control group included 33 male individuals with a mean
BMI of 22.61+2.84.

The PWH had lower LS-BMD (-0.955+0.145 g/cm?
vs. 1.118+0.79 g/cm?, p=0.05) (Fig. 1) and TH-BMD
(—0.840+0.147 g/cm? vs. 0.951+0.075 g/cm?, p=0.05) than
the controls .

The TH T-score in the group of patients was —1.41+0.91
vs. 0.4£0.49 (p=0.05) and the LS-T-score was —1.16+1.046
vs. 0.14+0.72 (p=0.05) (Fig. 2).

These results show that 66.6% of the patients <50 years
had osteopenia and 8.3% had osteoporosis (Fig. 3). There
was no statistically significant difference in the PWH sub-
group of those <50 years between subjects on-demand
vs. prophylaxis LS-BMD 0.894 g/cm? vs. 0.972 g/cm?, TH
BMD 0.882 g/cm? vs. 0.856 g/cm? at p<0.05.

Among those >50 years 50% had osteopenia and 20%
had osteoporosis (Fig. 4).
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PWH showed significantly higher OPG levels
(123.69+107.05 pg/ml vs. 41.98+18.95 pg/ml, p=0.05)
(Fig. 5) and lower sSRANKL levels (23.49+29.39 pg/ml vs.
131.324201.27 pg/ml, p=0.05) (Fig. 6) than healthy male
subjects. There was no difference in OPG and sSRANKL val-
ues between patients on-demand vs. prophylaxis. SRANKL/
OPG ratio was 0.27+0.35 vs. 5.28+10.01 (p=0.05).We found
a strong positive correlation between sRANKL and LS-
BMD as well as T-score of lumbar spine (p=0.001).
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Figure 5. OPG levels in the two groups of subjects.
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Figure 6. Difference in plasma levels of RANKL.

No statistically significant correlation could be demon-
strated between BMD and Vit D for levels above and be-
low 20 ng/mL, defined as deficiency (p=0.329).[°! Vitamin
D levels were found to be low (<20 ng/mL) in 12 patients
(42.86% ) and in 8 (24.24%) healthy controls but almost
equal number of those patients had normal and low BMD.
There was no statistically significant difference between
osteocalcin (1.45 ng/ml vs. 1.31 ng/ml) and CTX-1 levels
(7170.29 vs. 6844.32 pg/ml) between the two groups and no
correlation with BMD (p=0.432 and p=0.534).

DISCUSSION

The first study assessing bone density in patients with he-
mophilia was published by Gallacher et al.l'7! in 1994, indi-
cating that PWH had lower BMD (mean 0.19 g/cm? in LS
and 0.13 g/cm? in FN) than the healthy population. Liver
dysfunction and immobilization were defined to be the

primary relevant factors leading to low BMD. From 1994
to 2007, there was not enough published data about bone
health until Wallny et al.'®) shed light on osteoporosis in
hemophilia as an underestimated comorbidity. Osteopenia
and osteoporosis rates were 25.8% and 43.5%, respectively,
confirming the high prevalence of the complication in this
disease. According to a recent comprehensive report, oste-
oporosis in men over 50 years old in the European Union is
6.6%. Our study was the first in this country to confirm that
patients with severe hemophilia A experience decreased
BMD even in the young patient group <50 years — 74.9% .

In 2014, a systematic review and a meta-analysis includ-
ing ten studies suggested that patients with hemophilia
present a significant reduction in BMD of both LS and TH.
However, there was no evidence that age, BMI, physical ac-
tivity degree, or serologic status affected the BMD of LS.1*!
In our study, we did not find any significant correlation be-
tween BMI and low BMD, still, PWH and low BMD display
lower weight than patients with normal BMD. The observa-
tion is probably related to more affected joints and lack of
exercise. Other mechanisms include increased mechanical
load on the bone induced by high body weight. Adipocytes,
on the other hand, enhance the peripheral conversion of
androstenedione to estrogen, which helps to maintain the
bone health. Furthermore, hormones like leptin promote
bone development.[!”]

Our results are consistent with some previous
reports!!®2?) and could not demonstrate a significant cor-
relation between vitamin D levels and BMD (p=0.329),
CTX-1, and osteocalcin.

Increased OPG levels (123.69+107.05 pg/ml vs.
41.98+18.95 pg/ml, p=0.05) found in patients from our
center are most probably associated with compensatory
response to increased bone resorption and excessive osteo-
clastic activity as stated before in a recent study conducted
by Goldscheitter and Recht.?!) Another reason for the high-
er levels observed in our cohort is the fact that the vast ma-
jority received factor replacement therapy within 48 hours
of sample collection which is in line with the results of a
prospective study by Goldscheitter et al. in 2019 who found
6-fold increase of OPG and higher levels of OPG/RANKL
ratio between day 1 and day 5 after administration of FVIII
product.??! These results confirm that FVIII interferes with
this pathway and has a direct effect on bone turnover.

A strong positive correlation exists between SRANKL
and BMD as well as T-score of lumbar spines (p=0.001).
Our results confirm previous observations from Merchan
E and Valentino L3 who concluded that increased bone
resorption is the leading mechanism for reduced bone
mineral density in severe hemophilia A patients.

Limitations of the study are the absence of Hemophil-
ia Activities List (HAL) self-reported physical activity,
The International Society on Thrombosis and Hemostasis
Bleeding Assessment Tool (ISTH-BAT), HJHS scores, the
small number of PWH on primary/secondary prophylaxis
not enough to draw a comparison between the two groups
and type of product. It is well known that prophylaxis is
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not totally successful in preventing joint bleeding including
microhemorrhage which may play a role in the inflamma-
tory reaction leading to reduced BMD and osteoporosis.
The evidence was supported by the observation that chil-
dren with hemophilia also experience low BMD.[?* Fur-
ther research is needed to fully understand the biological
basis of reduced BMD in severe hemophilia A patients, to
confirm the results, and to conduct larger studies including
thrombin generation assays. Some of the novel non-fac-
tor replacement therapies claim to reach a level of 30% for
thrombin generation and there are several studies for pro-
phylaxis in children, which may prevent this complication
in the future.

CONCLUSIONS

Our results confirm the importance of regular screening of
the bone health of adult patients with hemophilia A and
suggest using SRANKL level and ratio as predictors of low
BMD.
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Pe3tome

BBefieHne: OcTeoneHns 1 0CTEONOpO3 ABIAITCA XOPOLIO M3BECTHBIMIU COITYTCTBYIOIIMY 3a60eBanuAmMy remModumn A. ITarore-
He3 M3MEeHEHN KOCTHOTO MeTabo/13Ma, IPMBOJAILETO K YMEHBIIEHIIO KOCTHOJ Macchl, BK/II0YaeT HapylueHye fuddepeHInpoBKy
octeobmactoB u pacropmakuBanue RANKL-MHAYIMPOBaHHOTO OCTEOK/IACTOTeHe3a B pe3y/brare Huskoro yposHs FVIIL

Lenb: Ouenntds MuHEpanbHYyIO IIOTHOCTb KOCTHOM TKaHK (MITKT) y MOXW/IbIX IalMeHTOB ¢ TKemoi ¢popmoii reModmwmm A u
OLIEHUTDb BO3MOXHYIO KOppe/Anmio ¢ 6uomapkepamu kocraoro pemogenuposannsa OPG/RANKL, CTX-1, ocTeoKa/IbLIMHOM 1 BUTa-

muHOM D.

Martepuanbl u meTofbl: boio HabpaHo 28 iy MY>KCKOTo Hosa ¢ TsoKénoit popmoit remodumnm A u 33 nuia COOTBETCTBOBAIINX I10
BO3pACTy B Ka4yeCTBe KOHTPO/IbHOI IPyIIIbl. Buomapkeps! 6bi1y IpoBepeHs! ¢ momonibio ananusa ELISA 1 BMD ¢ DEXA nosicany-
HOTO oTfena o3BoHouHMKa (LS) u Bcero 6expa (TH).

Pe3ynbrartbl: Y 60mbHbIX 6b11a 6071ee HU3Kas LS-BMD (-0.955+0.145 nmporus 1.118+0.079, p=0.05) u TH-BMD (-0.840 + 0.147 npo-
tuB 0.951 £ 0.075, p=0.05), 4eM y KOHTpO/bHOI rpymnnbl. T-mokasarenmu TH 6bumi -1.41 + 0.91 nmpotus 0.4 + 0.49 (p=0.05), a T-nokasa-
tenmu LS -1.16 + 1.046 nporus 0.14 + 0.72 (p=0.05). Y 66.6 % 60mbHbIX 10 50 seT 6bl1a ocTeoneHns, y 8.3% — ocreonopos. Y 50% 1y
crapie 50 yet 6b11a ocTeomnenus, a y 20% — ocTeonopos. Mbl 06Hapy>Xuy 3Ha4UTeNbHO 60tee Boicokue ypoBau OPG (123.69£107.05
npoTus 41.98+18.95, p=0.05), 4eM B KOHTpPO/IbHOII rpymne, 1 6onee Huskue ypoBHu SRANKL (23.49+29.39 mpotus 131.32+201.27,
p=0.05) n oTHOmeHe SRANKL/OPG (0.27+0.05). 0.35 mpoTtus 5.28+10.01, p=0.05), yeM B KOHTpoJIe. BbIsB/IeHa IOTIOKUTENbHASA KOP-
penanusa mexxny SRANKL u T-6ammom BMD nosican4Horo oTesna no3soHo4Hnka (p=0.001) B rpymnie 60/IbHBIX.

3akntoyeHue: Yposenb u cooTHoueHre SRANKL MO)XHO 1CII0Ib30BaTh B Ka4ecTBe MPefUKTOPOB HI3Koit BMD

KnioueBble cnoBa
nedpuuut FVIIL, ocreoniopos, RANKL, OPG
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