
High serum sclerostin levels in children with haemophilia A

Children with Haemophilia A have reduced bone mineral

density (BMD) and are at risk for developing osteoporosis

and fractures later in life (Paschou et al, 2014). The patho-

genesis of low BMD in haemophilics is multifactorial and

includes immobilization as well as haemophilic arthropathy

(Wren & Gilsanz, 2006; Giordano et al, 2013). Crucial path-

ways regulating bone turnover are the receptor activator of

nuclear factor-jB ligand (RANKL)/osteoprotegerin (OPG)

axis and WNT/b-catenin signalling (Baron & Kneissel, 2013).

The former regulates osteoclast formation and the latter

osteoblast differentiation. There are few data about key regu-

lators of bone turnover in Haemophilia. Our aim was to

evaluate the serum levels of the WNT signalling inhibitors,

sclerostin and DKK1, as well as of RANKL and OPG, and

their correlation with bone remodelling markers and dual

X-ray absorptiometry parameters.

Forty-four subjects affected with severe Haemophilia A

(mean age 10�11 � 6�1 years) were consecutively enrolled by

six Italian Paediatric Units belonging to the National Scien-

tific Society for Paediatric Haematology and Oncology and/

or the Italian Haemophilia Centres Association. In addition,

40 age-matched controls, who lived in the same geographic

area, referred to hospital for minor surgery or electrocardio-

graphic screening, were recruited on a voluntary basis.

All subjects provided written informed consent and all

procedures were approved by local institutional review

boards. Height, weight and body mass index (BMI) were

measured and converted to age- and sex-specific Z-scores.

Puberty was classified according to Tanner (Tanner &

Whitehouse, 1976). Joint evaluation was performed using the

Haemophilia Joint Health Score (HJHS) (Feldman et al,

2011). Calcium, phosphorus, alkaline phosphatase (ALP),

intact parathyroid hormone (PTH), 25(OH)-Vitamin D,

osteocalcin and C-terminal telopeptide of type I collagen

(CTX-I) were measured. The analysis of sclerostin, DKK1,

OPG and RANKL was performed as multiplex assay (EMD

Millipore Corporation, Billerica, USA) with the Luminex

technology, and carried out at Bioclarma srl, Torino, Italy.

Lumbar spine area BMD (LS-BMD) was determined at L1–
L4 using a Hologic QDR 4500 device. Linear correlations

were calculated with Pearson’s or Spearman’s correlation

coefficient.

Clinical characteristics, bone metabolism markers and LS-

BMD Z-scores are shown in Table I. Haemophilics showed a

statistical significant reduction of 25(OH)-Vitamin D

together with increased osteocalcin (P < 0�01). LS-BMD

Z-scores were between 0 and �1 in the in the most of

subjects; six patients (12�2%) had LS-BMD Z-scores between

�1 and �2, and only 2 (4%) had a value < �2. The average

of LS-BMD Z-scores was within the normal range but lower

than controls. Serum sclerostin levels were significantly

increased respect to controls (1844�7 � 671�1 vs. 1521�2 �
285 pg/ml, P < 0�028). No significant differences in OPG

(425 � 87�4 vs. 452 � 110�8 pg/ml), RANKL (75�84 � 47�30
vs. 72�09 � 26�50 pg/ml) and DKK1 (3350�5 � 1336�3 vs.

3521�14 � 1173�04) levels were found in haemophilics with

respect to controls. Fifteen haemophilics showing PTH levels

beyond the physiological range had significant higher

Table I. Clinical characteristics of the study groups.

Haemophilic

patients

(n = 44)

Controls

(n = 40)

P valueMean (SD) Mean (SD)

Age, years 10�11 (6�1) 10�9 (5�3) ns

Tanner stage I

(prepubertal)

27 22 –

Tanner stage II

(pubertal)

17 18 –

Height-SDS 0�98 (1�43) 0�36 (1�02) ns

BMI-SDS 0�21 (1�01) 0�25 (0�78) ns

Factor VIII 4�07 (3�82) –

Calcium (mmol/l) 2�44 (0�11) 2�42 (0�10) ns

Phosphate (mmol/l) 1�43 (0�19) 1�38 (0�18) ns

CTX-I (ng/l) 1�17 9 10�3

(0�51 9 10�3)

1�28 9 10�3

(0�63 9 10�3)

ns

Alkaline phosphatase

(u/l)

206�44 (91�03) 238�00 (109�83) ns

Intact PTH (ng/l) 31�10 (16�09) 19�5 (3�89) <0�01
Osteocalcin (nmol/l) 10�09 (5�34) 6�54 (3�28) <0�01
25(OH)-

Vitamin D (nmol/l)

69�15 (36�50) 96�60 (36�75) <0�01

LS –BMD Z-scores �0�42 (0�73) 0�13 (0�58) <0�01
HJHS 1�40 (2�75) – –

SDS, standard deviation score; BMI, body mass index; CTX-I, C-ter-

minal telopeptides type I collagen; PTH, parathyroid hormone; LS-

BMD: lumbar spine bone mineral density; HJHS, haemophilia joint

health score.

Results are presented as means � standard deviation (SD). In

parameters with normal distribution, mean values were compared

using unpaired Student t-test, whereas in parameters with skewed

distribution, significance was assessed with Mann–Whitney test. For

statistical analysis, the Statistical Package for the Social Sciences (SPSS)

for Windows, version 22.0 (SPSS Inc., Chicago, IL, USA) was used.
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RANKL levels (87�37 � 43�31 vs. 50�29 � 31�5 P < 0�03)
and lower OPG/RANKL ratio (6�08 � 4 vs. 11�54 � 9�90,
P < 0�03) than patients with normal PTH levels.

Serum sclerostin levels were significantly correlated with

height-standard deviation score (SDS) (r = 0�446, P = 0�01).
After adjustment for age, sclerostin levels correlated with HJHS

(r = 0�222, P = 0�001), LS-BMD Z-scores (r = �0�201,
P < 0�05), OPG (r = �0�276, P = 0�0001), RANKL (r = 0�092,
P = 0�05), OPG/RANKL ratio (r = �0�136, P < 0�01), 25

(OH)-Vitamin D (r = �0�296, P = 0�0001), PTH (r = �0�203,
P = 0�0001), osteocalcin (r = �0�193, P = 0�0001), calcium

(r = �0�315, P = 0�0001) and phosphorus (r = �0�269, P =
0�0001). Further, HJHS significantly correlated with PTH

(r = �0�11, P = 0�05), 25(OH)-Vitamin D (r = -0�296, P =
0�0001), OPG (r = �0�184, P = 0�001), RANKL (r = 0�194,
P = 0�0001) and LS-BMD Z-scores (r = �0�340, P < 0�0001).

Linear regression analyses showed that sclerostin levels

were best predicted by height-SDS (r = 0�446, P < 0�01).
Further, with adjustment for age, multiple linear regression

analysis for sclerostin as dependent variable showed that the

best predictors were HJHS, OPG, 25(OH)-Vitamin D, PTH

and osteocalcin (r = 0�540, P < 0�0001) (Table II).

In the present study we demonstrated that haemophilics

show high sclerostin serum levels. Previous studies demon-

strated that high sclerostin levels are associated with

increased fracture risk, particularly when paired with lower

BMD (revised in Clarke & Drake, 2013). Furthermore, scle-

rostin levels were significantly correlated with height-SDS. A

possible explanation is that the most of our patients were

pre-pubertal, and sclerostin levels have been positively corre-

lated with bone age before puberty, but negatively associated

with bone age after pubertal onset (Clarke & Drake, 2013).

After adjustment for age, we found that sclerostin correlated

with PTH and LS-BMD Z-scores, confirming previous stud-

ies (Clarke & Drake, 2013). Consistent with the positive cor-

relation between sclerostin, RANKL and OPG/RANKL ratio,

the inhibition of WNT pathway also regulates osteoclast

formation and resorption, increasing RANKL expression and

decreasing OPG levels in osteoblasts (Colucci et al, 2011).

The degree of osteopenia showed a significant correlation

with joint involvement, supporting the importance of

weight-bearing activity in maintaining adequate BMD among

haemophilics. The inverse correlation between sclerostin and

25(OH)-Vitamin D and osteocalcin (Alioglu et al, 2012) con-

firms that sclerostin increase could be one factor of bone loss

in haemophilics. Additionally, the patients with PTH levels

above the normal value had also higher levels of RANKL and

lower OPG/RANKL ratio than patients with normal PTH

levels, in accordance with data on young adult haemophilics

that show a significant trend toward osteoclastogenesis

(Anagnostis et al, 2014).

In conclusion, our results show that sclerostin plays a role

in regulating bone mass in Haemophilia. It would seem to

be a compensatory increase in the bone formation rate dem-

onstrated by high osteocalcin levels in young haemophilics.

Thus, longitudinal studies are needed to evaluate if sclerostin

measurements should be introduced into routine clinical

evaluation of low bone mass in children with Haemophilia.
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Table II. Multivariate analysis models.

Dependent variable Independent variable b P r

Model 1

Sclerostin OPG 0�420 0�0001 0�451
Osteocalcin �0�388 0�0001
25-(OH) Vitamin D �0�385 0�0001

Model 2

Sclerostin HJHS 0�261 0�0001 0�540
OPG �0�451 0�0001
25(OH)-Vitamin D �0�344 0�0001
PTH �0�209 0�0001
Osteocalcin �0�297 0�0001

OPG, osteoprotegerin; HJHS, Haemophilia Joint Health Score; PTH,

parathyroid hormone.

b = regression coefficients.
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