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Abstract
Objective Sclerostin is an osteocyte-derived glycoprotein which inhibits the canonical Wnt pathway essential for osteoblastic
activity decreasing bone formation. Its potential role in rheumatoid arthritis (RA) pathogenesis was highlighted by experimental
studies. Here we measured the serum sclerostin in RA patients and evaluated its relationship with disease activity and damage.
Methods One hundred RA patients and 80 age and sex-matched healthy controls were enrolled in the study. Bone biomarkers
were evaluated for all participants including total calcium, phosphorus, alkaline phosphatase, 25-hydroxy vitamin D, and intact
parathyroid hormone, in addition to fibroblast growth factor-23 (FGF23) and serum sclerostin. For RA patients, carotid intima-
media thickness, brachial artery flow dilatation, and musculoskeletal ultrasonography using ultrasonography-7 joint score were
done, and DAS28-ESR was calculated.
Results Median serum sclerostin in our patients was 186.5 ± 22.7 pg/ml which was significantly higher than in controls 60.6 ± 7.1 pg/
ml (p < 0.002). Serum sclerostin showed no correlation with disease activity, bone erosions, carotid intima-media thickness, brachial
flow dilatation, and the examined bone biomarkers. However, it had a strong correlation with FGF23 (r coefficient 0.988, p < 0.000).
Conclusion Although serum sclerostin was elevated in RA patients, it could not be used as a prognostic marker for disease
activity, bone erosions or atherosclerosis.

Key Points
• Serum sclerostin may not reflect changes in the joint microenvironment being not correlated with ultrasonography-detected synovitis or erosions.
• Serum sclerostin was elevated in RA patients irrespective to their age or gender.
• The positive correlation with FGF23 may provide evidence for sclerostin contribution in bone demineralization in RA patients.

Keywords Fibroblast growth factor-23 .Musculoskeletal ultrasonography .Rheumatoid arthritis . Sclerostin .Ultrasonography-7
joint score

Introduction

Rheumatoid arthritis (RA) is an autoimmune disease that pre-
dominantly affects the synovial joints. It is characterized by
regional and systemic bone loss [1]; the former results in peri-

articular osteopenia, bone erosions, and joint damage, while
the systemic bone loss increased the risk of osteoporotic frac-
tures [2–4]. Both may occur early in the disease, and are likely
to share the same pathophysiological mechanisms that en-
hance osteoclast-mediated bone resorption and inhibit
osteoblast-mediated bone formation [5–7].

The bone formation and mineralization are under the restrict
control of the Wnt signaling pathway [3]. The Wnt signals
through canonical (β-catenin-dependent) and non-canonical (β-
catenin-independent) pathways [8]. Canonical Wnt/β-catenin
pathway is activated by binding of Wnt proteins to receptor
complexes composed of frizzled receptors and co-receptors of
the low-density lipoprotein receptor-related protein (LRP) family,
LRP5 and 6. This event stabilizes the cytosolic β-catenin,
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allowing its translocation to the nucleus to activate gene tran-
scription promoting osteoblast differentiation and bone formation
[9]. An overactive Wnt/β-catenin pathway is found in the syno-
vial membrane of RA patients [8, 10]. However, it may have
different roles in different types of cells. Both fibroblast-like
synoviocytes (FLS) and osteoblasts are derived from the mesen-
chymal cells. While the Wnt signaling pathway results in prolif-
eration of FLS, its effect on osteoblast precursors seems to be
blocked by several inhibitors, which also upregulated in the in-
flamed synovium and secreted by osteocytes, leading to suppres-
sion of bone formation [11].

Among the numerous inhibitors, Dickkopf homolog
(DKK-1) and sclerostin have been most studied in animal
models and adult populations [12]. In addition to their anti-
anabolic effect, they promote the catabolic activity of osteo-
clast through expression of receptor activator of nuclear factor
kappa-Β ligand (RANKL), and decreasing the expression of
osteoprotegerin (OPG) [13, 14]. DKK-1 was found to be
raised in serum RA patients [15] with positive correlation with
disease activity, bone erosions, and bone mineral density
(BMD), reflecting its role in RA pathogenesis [16–18].
Compared with DKK-1 that is produced by many cell types
that address a concern about its specificity, sclerostin in par-
ticular gained attention being secreted by limited cell types. It
is secreted almost exclusively by osteocytes. To lesser extent,
it may be produced by vascular cells [13].

In addition to bone loss, RA is characterized by accelerated
atherosclerosis that so far has been linked to pro-inflammatory
cytokines together with the traditional risk factors.
Interestingly, individuals with mutations in LRP6, the co-
receptor target of sclerostin, exhibit premature coronary artery
disease as well as severe osteoporosis [12]. In consequence,
sclerostin may qualify as a candidate for the bone-vascular
axis and so a potential player in RA pathogenesis.

The serum levels of sclerostin in RA as well as its exact
contribution in bone destruction and inflammation were in-
consistent among studies [19–22]. In this study, we explored
the potential role of sclerostin in RA, evaluating the relation-
ship between serum sclerostin levels and RA disease activity,
disease damage, biomarkers of bone profile including alkaline
phosphatase (ALP), 25-hydroxy vitamin D, intact parathyroid
hormone (iPTH), and fibroblast growth factor-23 (FGF23)
and co-morbidity, namely accelerated atherosclerosis.

Patient and methods

Patients were recruited from the outpatient Rheumatology and
Clinical Immunology clinic and Internal Medicine
Departments of Kasr Al-Ainy hospital; that is considered a
tertiary referral center serving patients from all governorates
of Egypt, during June to December 2017. A total of 100 RA
patients fulfilling the 2010 ACR/EULAR classification

criteria [23] plus 80 healthy volunteers of comparable age
and sex to the patients’ group were included in our cross-
sectional, case-control study.

With regard to control, care was taken in selecting healthy
volunteers who were not on supplemental therapy at least
1 month before the study.

The main exclusion criteria include RA patients with man-
ifestations overlapped with other autoimmune diseases, ex-
cept for Sjögren’s syndrome. All the participants provided
signed informed consent and the study was approved by the
local ethics committee.

All participants were subjected to thorough history and
comprehensive physical examination. The disease duration,
medication history, functional assessment using modified
health assessment questionnaire (mHAQ), and 28 tender and
swollen joint counts were recorded for all patients. Disease
activity was determined using the Disease Activity Score with
a 28 joint count and ESR (DAS 28-ESR); it was graded as
follows: DAS28 ≤ 2.6 = clinical remission, ≤ 3.2 = low dis-
ease activity, ≤ 5.1 = moderate disease activity, and > 5.1 =
high disease activity [24]. mHAQ was calculated and scored
as mild (MHAQ < 1.3), moderate (1.3 < MHAQ < 1.8), and
severe (MHAQ > 1.8) functional losses [25].

Serum sclerostin was obtained from all participants in ad-
dition to serum, creatinine, urea, and bone biomarkers includ-
ing total calcium, phosphorus, ALP, 25-hydroxy vitamin D,
iPTH, and FGF23. The complete blood count (CBC), eryth-
rocyte sedimentation rate (ESR), C-reactive protein (CRP),
lipid profile, rheumatoid factor (RF), and anti-cyclic
citrullinated peptide (anti-CCP) were done for RA patients.

The serum level of 25-hydroxy vitamin D was measured
using high-performance liquid chromatography (HPLC). The
serum level of iPTH was evaluated using enzyme amplified sen-
sitivity immunoassay (Roche Diagnostics, Indianapolis, IN). The
serum level of intact FGF23 was determined using a two-site
(NH2-terminal/C-terminal) enzyme-linked immunosorbent as-
say (ELISA) (Immutopics, San Clemente, CA). According to
the instructions of the manufacturer, samples were collected in
the morning after 12-h fasting. The collected samples were cen-
trifuged and the plasma was separated from the cells. Samples
were assayed immediately or stored at – 70 °C or below. Serum
sclerostin was assayed using ELISA assay (Quantikine ELIZA)
according to the manufacturer’s instructional protocol. RF and
anti-CCP were considered positive when their concentrations
were higher than the cut-off value of the kit (15 IU/ml for RF
and 20 U/ml for anti-CCP); high titer was considered if the level
is 3 times upper the cut-off value.

The patients only were subjected to musculoskeletal ultra-
sonography (MSUS) and Doppler studies for carotids and
brachial arteries. Both were performed using a (LOGIQ-P6),
on the same day of clinical and laboratory assessment, by two
examiners (one examiner for each study) who were blinded to
clinical data.
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Musculoskeletal ultrasonographic assessment

Gray scale ultrasonography (GS) and power Doppler ultraso-
nography (PD) were performed using a high-frequency broad-
band linear array transducer; at 10–13 MHz. Power Doppler
(PD) settings were adjusted to low wall filters, and a pulse
repetition frequency of 500 Hz that enhance the sensitivity
for detecting synovial vessels without or withminimal artifact.
Standardized methodology according to German
ultrasonography-7 score (US-7) was applied [26]. The patients
were examined in the following seven joint areas: wrist, sec-
ond and third metacarpophalangeal (MCP), second and third
proximal interphalangeal (PIP), and second and fifth
metatarsophalangeal joints of the clinically more affected
hand and foot. The GS and PD synovitis as well as PD teno-
synovitis were scored on 0–3 semiquantitative scales [27].
The GS Tenosynovitis and erosions were scored for presence
or absence. Sum scores of GS, PDS, and erosions will be
calculated as the sum of GS synovitis, PD synovitis, GS teno-
synovitis, PD tenosynovitis, and erosions.

Carotids and brachial artery Doppler

Doppler studies were performed for evaluation of the carotid
intema media thickness (CIMT) and brachial flow-mediated
dilatation using a linear 10–13 MHz transducer.

The CIMTwas evaluated in a supine position. The gain set-
tings were adjusted optimally to facilitate edge detection. A sin-
gle measurement was taken manually for both sides in a longi-
tudinal view just before the bifurcation of common carotid artery
[28]. Atherosclerosis is defined as CIMT score > 0.9 mm [29].

Flow-mediated dilatation (FMD) of the brachial artery was
assessed in the right arm as described in a technique report by
the International Brachial Artery Reactivity Task Force [30].
The initial measurement of the brachial artery diameter was
done at rest (Di). Then, ischemia was induced by inflating the
pneumatic cuff to a pressure 50 mmHg above a systolic one
[30], for 10 min, in order to obliterate the brachial artery and
induce ischemia. A 10-min occlusion period was used as
prolonged period of ischemia was shown to induce greater
reperfusion [31]. Subsequently, the cuff was deflated and the
artery diameter was re-measured once 60 s post deflation (Df),
beingmaximal vasodilation was previously observed after this
period. FMD was calculated with the formula: FMD = [(Df –
Di)\ DI] × 100 [32]. Zero % indicates failure of dilatation
reflecting vascular stiffness.

Statistical analysis

Data were coded and entered using the statistical package
SPSS (Statistical Package for the Social Sciences) version
12. Data was summarized using mean and standard deviation

in quantitative data and using frequency (count) and relative
frequency (percentage) for categorical data. For comparing
categorical data, chi square (χ2) test was performed to com-
pare qualitative variables between groups. Fisher exact test
was used instead when one expected cells are less than 5.
Unpaired t test was used to compare quantitative variables of
parametric data. Mann-Whitney U test was used instead of
unpaired t test in independent samples. One-way ANOVA test
was used to compare quantitative variables between more than
two groups in normally distributed variables. p values less
than 0.05 were considered statistically significant.

Results

The demography, drug profile, laboratory, ultrasonography,
and Doppler characteristics of our patients are demonstrated
in Table 1. The enrolled RA patients were predominantly fe-
males (84%). They had a mean age of 45 ± 13 years and mean
disease duration of 7 ± 7.58 years. Most patients were sero-
positive for either RF (67%) or anti-CCP (52%), and 20%was
sero-negative.

The studied group had generally mild levels of functional
impairment, as measured by the mHAQ (mean 0.912 ±
0.866), while they showed different degrees of disease activity
as defined by DAS28-ESR (mean was 4.66 ± 1.38). Eleven of
our patients were in remission.

The majority of our patients (58%) had erosions in at least
one site of the scanned joints as assessed using US-7 score.
Other US values are illustrated in Table 1. Carotid Doppler
assessment revealed 52 patients with evidence of atheroscle-
rosis as defined as CIMT > 0.9 mm. Eleven patients had fail-
ure of brachial artery FMD reflecting endothelial dysfunction.

25-OH-Vitamin D were significantly low in our patients
with mean of 17.1 ± 5.5 ng/ml, in comparison with the control
with mean of 36.6 ± 3.3 ng/ml (p value < 0.001).

It should be noted that at the time of the study, none of our
patients were receiving vitamin D replacement therapy. Only
those who received steroid treatment took prophylactic doses
of vitamin D (Table 2).

On the other hand, iPTH, FGF23, and sclerostin levels
were significantly higher in our patients in comparison with
the control (p value 0.043, < 0.001, and < 0.002 respectively),
as illustrated in Fig. 1a–d.

Relationships of serum sclerostin with demographic, clini-
cal, laboratory, and radiological parameters of our patients are
demonstrated in Tables 3 and 4. Regarding the patients’ de-
mography, sclerostin levels showed no relationship with the
patients’ serology, gender (Table 3), age, or disease duration
(Table 4). Regarding the disease-modifying antirheumatic
drugs (DMARDs) used in the treatment of our patients, the
sclerostin levels did not show a relationship with any of the
synthetic DMARDs (Table 3). In addition, they showed no
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correlation with the doses of prednisone and methotrexate
(Table 4). This could not be studied in respect to the biological
DMARDS as only ten patients of the cohort received such
treatment at the time of study.

The serum sclerostin showed no correlation with disease
activity measured by clinical score DAS-28-ESR. Moreover,
serum sclerostin levels showed no statistical significant differ-
ence between the different categories of disease activity (Fig.

1e). Furthermore, no correlation was found with different US-
7 scores including GS synovitis (p 0.977), PD synovitis (p
0.783), GS tenosynovitis (p 0.975), and PD tenosynovitis (p
0.998) as well as the ultrasonography-detected erosions
(Table 4).

Sclerostin levels also showed no significant correlation
with cholesterol profile, carotid intema media thickness, and
brachial flow dilatation (Table 4). Finally, its levels showed no

Table 1 Demographic data of
rheumatoid arthritis patients Number = 100 (%) Mean ± SD

Female/male 84 (84) / 16 (16)

Age (year) 45.16 ± 12.63

Disease duration (year) 7.2 ± 7.58

Serology

Sero-negative 20 (20)

RF-positive ≤ 3ULN ≥ 3 ULN 40 (40) 27 (27)

ACPA-positive ≤ 3ULN ≥ 3 ULN 32 (32) 20 (20)

Drug profile

Prednisone (mg/day) 65 (65) 7.96 ± 3.56

Leflunomide (mg/day) 48 (48) 20 ± 0

Hydroxychloroquine (mg/day) 37 (37) 325.7 ± 87.9

Methotrexate (mg/week) 62 (62) 15.5 ± 5.6

Sulfasalazine (mg/day) 6 (6) 1500 ± 547.7

Cyclosporin (mg/day) 1 (1) 150 ± 0

Biologic {etanercept, rituximab, tocilizumab} 10 (10) {4,4,2}

mHAQ 0.912 ± 0.866

DAS-28 ESR 4.66 ± 1.38

Remission (DAS 28 ≤ 2.6) 10

Low disease activity (> 2.6 and ≤ 3.2) 3

Moderate disease activity (> 3.2 and ≤ 5.1) 53

High disease activity (DAS 28 > 5.1) 34

Lab ESR (mm/h) 54.29 ± 31.64

CRP (mg/dl) 4.65 ± 8.59

Total Cholesterol (mg/dl) 186.11 ± 39.23

LDL (mg/dl) 115.17 ± 31.3

HDL (mg/dl) 46.22 ± 12.73

Triglyceride (mg/dl) 135.57 ± 54.92

MSUS-7 Score GS synovitis (0–27) 5.2 ± 4.6

PD synovitis(0–39) 3.8 ± 5.1

GS tenosynovitis (0–7) 1.1 ± 1.4

PD tenosynovitis (0–21) 1.6 ± 2.9

Erosions (0–14) 58 (58) 1.4 ± 1.6

Carotid intimae media thickness Right 0.08 ± 0.02

Left 0.09 ± 0.06

Thickness > 0.9 mm at any site 52 (52)

% FMD of the brachial artery 4.596 ± 3.99

Zero % brachial artery FMD 11 (11)

RF, rheumatoid factor; ACPA, anti-citrullinated protein antibody; mHAQ, modified health assessment question-
naire;DAS-28, Disease Activity Score with a 28 joint count; ESR, erythrocyte sedimentation rate;CRP, C-reactive
protein; LDL, low-density lipoprotein; HDL, high-density lipoprotein; MSUS, musculoskeletal ultrasonography;
GS, gray scale; PD, power Doppler; FMD, flow-mediated dilatation
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correlation with serum calcium, phosphorus, ALP, iPTH, or 25-
OH-Vitamin D (Table 4). A significant correlation was found
with FGF-23 (r 0.988, p value 0.00) as shown in Table 4.

Discussion

In this current study, the sclerostin levels were significantly
elevated in RA patients compared with controls. This was also
reported by El-Bakry et al.; they demonstrated 96.8%
sclerostin sensitivity to discriminate RA patients from control
at serum level of 267 ng/dl using ROC curve analysis [20].

Other studies had demonstrated no significant difference in
the serum sclerostin levels between RA patients and controls
[19, 21, 22], although Paccou et al. assumed that was attrib-
uted to the disease status of their RA cohort, being most of
them were in clinical remission or presented low disease ac-
tivity [19]. This was not the case in study conducted by
Mehaney et al., as 95% of their RA population had moderate
and high disease activity [21].

Reasons for these seemingly discrepant results are unclear.
One potential explanation is that levels of sclerostin have a
broad range even between normal individuals, so it is difficult
to define normal levels and distinguish them from abnormal
ones. The differences in the sclerostin values may also be
related to different commercially available assays for circulat-
ing sclerostin [33].

In our study, we found no correlation of sclerostin level and
the patients’ age, their gender, disease duration, or serology,
which was in harmony with previous studies [19–21].

Despite the elevated serum sclerostin levels in our patients,
they were not statistically correlated with inflammatory
markers (ESR and CRP), disease activity score (DAS-28
ESR), and mHAQ. In addition, serum sclerostin levels
showed no statistical significant difference between the differ-
ent categories of disease activity. Moreover, they were not
correlated with ultrasonography-detected synovial hypertro-
phy, hyperemia, or bone erosions. These findings are consis-
tent with many clinical studies that failed to establish a link
between serum sclerostin and disease activity [19–22] on one
hand as well as X-ray radiographic erosions on the other hand
[21, 22]. By contrary, El-Bakry et al. found a significant cor-
relation between the serum sclerostin level and the radio-
graphic damage as assessed by the Larsen score [20].

These data should be interpreted carefully as serum levels
of many biomarkers change depending on many circum-
stances. This has been demonstrated with sclerostin levels,
which have been shown to be altered in response to hormonal
stimuli and across a variety of normal physiological and path-
ophysiological conditions. Furthermore, current evidence in-
dicates that sclerostin likely functions as a local/paracrine reg-
ulator of bone metabolism rather than as an endocrine hor-
mone [33]. Accordingly, the sclerostin levels may not always
reflect the tissue concentration, so they do not necessarily
indicate local activity and damage. These aspects can explain
why other similar studies done regarding serum levels of
sclerostin in RA also had inconsistent results.

The role of sclerostin in developing bone erosions has been
demonstrated in animal models. In TNF-α transgenic mice
model of RA, inhibition of sclerostin with a monoclonal anti-
body arrested the progression of bone erosions, as well as peri-

Table 2 Comparison between
patients and control Patients = 100 Control = 80 p value

N (%) Mean ± SD N (%) Mean ± SD

Sex Male 16 (16) 13 (16.3) 1.000
Female 84 (84) 67 (83.8)

Age 45.16 ± 12.63 46.3 ± 10.82 0.522

Diabetes 6 (6) 0 0.034*

Hypertension 15 (15) 0 < 0.001**

Smoking status 3 (3) 0 0.255

Urea (mg/dl) 27.5 ± 12.2 13.35 ± 2.37 < 0.001**

Creatinine (mg/dl) 0.76 ± 0.25 0.76 ± 0.1 0.771

Corrected calcium (mg/dl) 8.96 ± 0.57 9 ± 0.32 0.412

Phosphorous (mg/dl) 3.82 ± 0.62 3.66 ± 0.23 < 0.001**

Alkaline phosphatase (U/L) 138.52 ± 7.92 61.31 ± 13.77 < 0.001**

Vitamin D status

Deficient 73 (73.7) 0 (0) < 0.001**

Insufficient 25 (25.3) 0 (0)

Sufficient 1 (1) 80 (100)

*Significant, **highly significant
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articular and systemic bone loss [34]. Interestingly, in rat
adjuvant-induced arthritis model, Courbon et al. demonstrated
early expression of sclerostin before the onset of synovial
inflammation, which was associated with inhibited regional
bone formation. They assumed that before arthritis, onset os-
teocytes were the primary source for sclerostin rather than
synovium [35]. The early expressed sclerostin may be contrib-
uted to the peri-articular osteopenia, a common finding in RA
patients, that frequently precedes the development of marginal
joint erosions and may have high predictive value with respect
to the subsequent development of marginal joint erosions in
the hand [2]. Notably, Vincent et al. revealed TNF-α-
enhanced sclerostin synthesis by osteoblast and synovial fi-
broblast, confirming the role of inflammation in enhancing
sclerostin production [36].

In the current study, our patients were significantly
having low vitamin D levels and elevated iPTH com-
pared with the control. In addition, the vitamin D defi-
ciency was only detected in our RA patients (73%).
These results to some extent correspond to a meta-
analysis conducted on fifteen studies and included a total
of 1143 RA patients and 963 controls. This meta-analysis
showed that the serum vitamin D level was significantly
lower in the RA patients who were more prevalent for
vitamin D deficiency compared with the control group
(55.2% vs. 33.2) [37].

Despite low levels of vitamin D, the serum phosphorus in
RA group was essentially normal and even was significantly
higher compared with control. This was also reported by other
studies [38, 39].

Fig. 1 The serum concentrations
of a Sclerostin, b FGF-23, c
iPTH, and d 25-OH vitamin D in
RA patients and healthy individ-
uals. e Distribution of sclerostin
levels in RA patients according to
the category of disease activity as
defined by DAS 28-ESR. FGF-
23, fibroblast growth factor-23;
iPTH, intact parathyroid hor-
mone. The asterisk indicates that
is is significant; double asterisks
indicate that it is highly
significant
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Wehypothesized that increased bone turnover as evidenced
by the presence of erosion in 58% in the RA group may
explain this. The FGF-23, which was elevated in our patients,
normalized the serum phosphorus by increasing renal
excretion.

FGF-23 is another osteocytes-derived hormone that
handles vitamin D metabolism and renal phosphate to
match bone mineralization and remodeling. The acceler-
ated bone remodeling increased phosphate efflux, enhanc-
ing FGF-23 that is in turn increases renal phosphate ex-
cretion and suppresses 1,25(OH)2D, with subsequent os-
teomalacia [40].

The association of FGF23 and bone demineralization in
RA patients was evaluated by Sato et al. They found that the
serum FGF23 levels in patients with RAwere positively cor-
related with bone resorption markers, namely the serum ma-
trix metalloproteinase-3 (r = 0.331, p = 0.015) and type I col-
lagen cross-linked N-telopeptide (r = 0.272, p = 0.034) [41].

In our study, we did not reveal significant correlations be-
tween sclerostin levels and bone biochemical markers, namely

iPTH, 25(OH) vitamin D, ALP, calcium, and phosphorus.
This is in harmony with Paccou et al. who could not find
significant correlations between sclerostin on one hand and
C-telopeptide, iPTH, calcium, and phosphorus on the other
hand [19].

Interestingly, the serum sclerostin was strongly correlat-
ed with FGF-23. Accordingly, we assumed that sclerostin
may have indirect influence on the mineralization and vi-
tamin D status through regulation of FGF-23.

It is revealed that sclerostin may directly regulate FGF-23
in experimental models, through inhibiting PHEX (a
membrane-bound endopeptidase) [42], that was found to

Table 4 Correlations between serum sclerostin levels and
characteristics of RA patients

Variables Sclerostin (pg/ml)

r p value

Age − 0.035 0.643

Disease duration 0.072 0.478

FGF23 (pg/mL) .988** 0.000

25-OH-Vitamin D (ng/ml) − 0.082 0.416

iPTH (pg/mL) − 0.051 0.611

Corrected calcium 0.102 0.311

Phosphorous 0.134 0.183

Alkaline phosphatase 0.12 0.233

ESR − 0.054 0.598

CRP 0.069 0.500

Total cholesterol − 0.107 0.289

LDL − 0.191 0.058

HDL 0.106 0.294

Triglyceride − 0.118 0.243

mHAQ − 0.101 0.319

Disease activity

DAS-28 ESR − 0.011 0.916

US-7 score

GS synovitis (0–27) − 0.003 0.977

PD synovitis(0–39) − 0.028 0.783

GS tenosynovitis (0–7) 0.003 0.975

PD tenosynovitis (0–21) 0.000 0.998

US-7 erosions (0–14) 0.123 0.222

Carotid intima-media thickness

Right carotid 0.099 0.329

Left carotid 0.096 0.340

% of FMD of the brachial artery − 0.038 0.711

Prednisone dose (mg/day) 0.198 0.115

Methotrexate dose (mg/week) 0.158 0.221

ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; LDL, low-
density lipoprotein; HDL, high-density lipoprotein; mHAQ, modified
health assessment questionnaire; DAS-28, Disease Activity Score with a
28 joint count; US-7 score, ultrasonography-7 score; GS, gray scale; PD,
power Doppler; FMD, flow-mediated dilatation

Table 3 Subgroup analysis and comparison of mean sclerostin levels
according to gender, serology, and drugs

Sclerostin (pg/ml)

Mean ± SD p value

Gender

Female 185.7 ± 23.9 0.384
Male 191.1 ± 14.9

Serology RF

Negative 184.9 ± 24 0.343
≤ 3 ULN 188.9 ± 22.8

≥ 3 ULN 185 ± 21.5

ACPA 0.649
Negative 184.4 ± 23.5

≤ 3 ULN 187.7 ± 21.2

≥ 3 ULN 189.7 ± 23.7

Drugs Prednisone

No 184 ± 23.7 0.417
Yes 187.9 ± 22.2

Methotrexate

No 183 ± 22 0.222
Yes 188.7 ± 23

Leflunomide

No 185.4 ± 21.9 0.621
Yes 187.7 ± 23.7

Sulfasalazine

No 186 ± 22.6 0.358
Yes 194.8 ± 25.1

Hydroxychloroquine

No 187 ± 22.9 0.782
Yes 185.7 ± 22.7

RF, rheumatoid factor; ACPA, Anti-citrullinated protein antibody
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degrade FGF-23 [43]. This was supported by studies done in
sclerostin knockout mice, which showed reduced concentra-
tions of FGF-23 together with increased concentrations of
1α,25(OH)2D compared with those found in wild mice.
These changes were not associated with altered levels of
PTH reflecting that the increase of 1α,25(OH)2D was likely
to be due to the decrement in serum FGF-23; the latter was
likely downregulated as a result of deficient sclerostin [44].

The increased atherosclerotic risk is well established in RA
patients increasing the cardiovascular co-morbidity in these
patients [45]. In our study, 52 patients had increased carotid
intima-media thickness, and 11 had failure of FMD which
reflect atherosclerotic changes. However, no correlation has
been found between sclerostin levels and CIMT, as well as
with FMD.

Although emerging evidence suggests implication of
Wnt pathway in vascular calcification and atherosclerosis
[46], positive association of sclerostin, a Wnt pathway
inhibitor, with vascular calcification was found in diabetic
[47] and CKD patients [48]. Whether this indicates a di-
rect implication in the development of vascular calcifica-
tions or simply reflects a phenotypic change of the vascu-
lar wall cells towards a bone-like phenotype is not fully
understood [47].

This study has strengths and limitations. The strengths
are the relatively large sample size of both patients and
control. The variety of RA patients who presented the dif-
ferent types of disease activity added to the power of this
current study.

It is noteworthy to mention that the composite clinical
scores to assess disease activity and plain radiography to as-
sess joint damage were the tools used in previous clinical
studies. By contrast, we used the ultrasonography in our as-
sessment. The ultrasonography has recently emerged as a val-
id tool for accurate assessment of synovial hypertrophy and
hyperemia that were found to be more superior to clinical
assessment and not inferior to MRI. Furthermore, the ultraso-
nography is more sensitive to detect bone erosions in compar-
ison with plain X-ray [49].

The number and distribution of joints that should be eval-
uated by ultrasonography to reflect a good assessment of RA
status are still under debate. Many studies showed comparable
results of comprehensive and restricted joint count [50, 51]. In
this study, we preferred using the reduced US-7 score that
allowed assessment of joints and tendons as well as erosions,
in locations that are frequently affected by RA, in three sepa-
rate scores [26].

The main limitations include the cross-sectional design of
our study; longitudinal studies are more favorable in studying
the biomarkers. They allow to evaluate the changes in serum
biomarkers regarding to the disease activity status; also they
are more able to detect the variations of biomarkers’ levels
according to different circumstances [52].

Another limitation was the assessment of bone erosions on
the clinically affected side, which may underestimate the ero-
sive status of our patients. Finally we did not assess the BMD
as a valid tool to assess the risk of osteoporosis; however,
instead we evaluated bone biomarkers like ALP, iPTH, 25
(OH) vitamin D, and FGF-23.

Conclusion

In the era of using anti-sclerostin monoclonal antibodies in
treatment of postmenopausal osteoporosis and possibility to
use such medications in RA patients who have significant risk
of osteoporosis, it is important to explore the role of sclerostin
in RA patients. This study was conducted on a large sample
size and found significant elevation of serum sclerostin in RA
patients in comparison with control.

The serum sclerostin was positively correlated with FGF23
that may provide evidence for its contribution in bone demin-
eralization in RA patients. Serum sclerostin may not reflect
changes in the joint microenvironment; it was not correlated
with the disease activity or ultrasonography-detected activity
and marginal erosions. Thus, future studies evaluating
sclerostin in synovial fluid and biopsy may provide deep in-
sights in its function in joint microenvironment of RA pa-
tients. This may provide the link between experimental and
clinical studies; in addition, it could explain the contradictory
results between the clinical studies themselves.

Finally, serum sclerostin did not reflect the atherosclerotic
status and vascular stiffness in the RA patients. In conclusion,
although serum sclerostin may be elevated in RA patients, its
measurement cannot be used as a marker for clinical activity
and damage.
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