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Abstract
Purpose  Vascular calcification (VC) is known to be prevalent in patients with end-stage renal disease (ESRD). Sclerostin 
has been identified to be involved in the cross-talk between the kidney, vasculature, and bone. The aims of the present study 
were to evaluate vessel sclerostin expression and its correlation with VC, as well as serum sclerostin levels.
Methods  A total of 51 adult ESRD patients undergoing living donor renal transplant (RT) were enrolled in this study. 
Serum sclerostin levels were measured by enzyme-linked immunosorbent assays. The thoracic aorta calcification (TAC) 
was measured by computed tomography (CT). The aortic calcification area index (ACAI) was used to evaluate the severity 
of TAC. During the RT surgery, the internal iliac arteries were collected and paraffin-embedded in 40 patients, followed by 
immunohistochemical staining for sclerostin expression and von Kossa-staining for vascular medial calcification degree.
Results  The prevalence rate of TAC detected by CT was 58.82%. The positive rates of the internal iliac arterial calcifica-
tion and vessel sclerostin expression were both 45%. Vessel sclerostin was strongly co-localized with medial calcification. 
Multivariate analyses revealed that only serum sclerostin was significantly associated with the presence of TAC, the severity 
of TAC and the positive expression of vessel sclerostin. Kappa test showed that the consistency of the two different calci-
fication assessment methods, as well as the consistency of vessel sclerostin expression and von Kossa-staining were high. 
Furthermore, the cutoff points of serum sclerostin for vessel sclerostin expression, the presence of VC evaluated by CT and 
that evaluated by pathology were 1599.92 pg/mL, 2475.52 pg/mL, and 2116.23 pg/mL, respectively.
Conclusions  The two methods, namely CT and pathology, to evaluate VC were highly consistent. Serum sclerostin was an 
independent determinant of positive expression of vessel sclerostin and VC in ESRD patients eligible for RT.
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Introduction

Vascular calcification (VC) is known to be one of the driving 
forces for the remarkably elevated cardiovascular morbidity 
and mortality, with a prevalence rate of nearly 90% in end-
stage renal disease (ESRD) patients [1]. Nevertheless, data 
regarding predictors of VC are still limited.

Sclerostin, a glycoprotein (22.5 kDa) produced by the 
SOST gene, is a mainly osteocyte-derived soluble inhibi-
tor of the canonical Wnt-β-catenin signaling pathway [2]. 
Cumulative evidence implies that serum sclerostin may play 
a crucial role in the cross-talk between the kidney, vascu-
lature, and bone [3]. Recent experimental and clinical evi-
dence demonstrates expression of extraosseous sclerostin 
in calcifying vascular smooth muscle cells (VSMCs), in 
aortic extracts and in aortic valves [4–7]. In addition, it was 
validated that in hemodialysis patients, sclerostin strongly 
co-localized with areas of calcification in aortic valve tissue 
[8]. These data corroborate the fact that sclerostin may play 
a critical role in the development of VC. However, the stud-
ies on the association of serum sclerostin with VC in ESRD 
patients are inconsistent. While some studies have suggested 
a positive correlation between elevated sclerostin and VC 
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[9–13], other studies have shown no [8] or even negative 
correlation between them [14–16]. To date, there was no 
clear explanation for these discrepant findings. Additionally, 
it remains unknown whether extraosseous sclerostin can spill 
over to the circulation and whether sclerostin will be studied 
as a candidate risk factor for VC in ESRD patients.

To our knowledge, there have been few reports about the 
relationship between the vessel sclerostin expression, the cir-
culating sclerostin levels and VC. Regarding the hypothesis 
that changes in the levels of sclerostin may influence the pro-
cess of VC, this study aimed to investigate the internal iliac 
arterial sclerostin expression, serum sclerostin levels and VC 
in different parts by different detection methods in ESRD 
patients undergoing living donor renal transplantation (RT).

Methods

Study design

Between April 2016 and August 2017, 51 adult ESRD 
patients undergoing living donor RT at the Department of 
Urology, the Third Affiliated Hospital of Soochow Univer-
sity, Changzhou, China were enrolled in this cross-sectional 
observational study. Of these patients, 7 were pre-dialysis, 
37 were undergoing hemodialysis (HD), and 7 were under-
going peritoneal dialysis (PD). Inclusion criteria were as 
follows: (1) patients ranged in age from 18 to 75; (2) patients 
were able to provide consent; (3) PTH ≤ 800 pg/mL; and 
(4) patients had no history of parathyroidectomy. Patients 
were excluded if they had any severe infection, malignancy, 
primary hyperparathyroidism, active autoimmune disease 
at the time of blood sampling, had any acute cardiovascular 
event in the preceding 3 months, or refused to provide an 
informed consent.

Baseline data including the demographic characteris-
tics, initial kidney disease, prescribed medications, smok-
ing status, comorbidities including diabetes mellitus (DM), 
and prior history of cardiovascular disease (CVD) were 
collected from the medical records. CVD was defined as 
history of coronary death, myocardial infarction, coronary 
insufficiency, angina, ischemic stroke, hemorrhagic stroke, 
transient ischemic attack, peripheral artery disease or heart 
failure.

The study protocol was performed according to the Ethics 
Committee of the Third Affiliated Hospital of Soochow Uni-
versity, China. All participants provided written informed 
consent before entering the study.

Biochemical measurement

In pre-dialysis patients and PD patients, blood samples were 
collected in the morning, after overnight fasting; and in HD 

patients, fasting morning blood samples were harvested after 
the long dialysis interval prior to dialysis. All of the samples 
were immediately centrifuged and analyzed for serum cre-
atinine (SCr), blood urea nitrogen (BUN), uric acid, calcium 
(Ca), phosphate (P), serum albumin, glucose, C-reactive pro-
tein (CRP), total cholesterol (TC), triglyceride (TG), hemo-
globin (Hb), alkaline phosphatase (AKP) (UniCel AU5800 
immunoassay systems, Beckman Coulter, USA), and intact 
parathyroid hormone (iPTH) (Beckman Coulter’s UniCel 
DxI 800 immunoassay systems, Beckman Coulter, USA) via 
standard laboratory procedure using an automated analyzer. 
Corrected serum Ca was adjusted to serum albumin level, 
according to Payne’s formula [17].

In addition, serum was stored at − 80 °C until further 
analyses. Commercially available enzyme-linked immuno-
sorbent assays were used to determine levels of serum bone-
specific alkaline phosphatase (BSAP) (Beckman Coulter, 
USA), osteoprotegerin (OPG) (eBioscience, USA), human 
soluble α-Klotho (IBL-Immuno, Japan), human fibroblast 
growth factor-23 (FGF23) (EMD Millipore, USA), and 
serum sclerostin (BioMedica, Austria; intra- and inter-assay 
coefficients of variation were < 7% and 10%, respectively).

Vascular calcification assessment

Non-enhanced computed tomography (CT) was performed 
on a 64-detector CT scanner (Optima CT660, General Elec-
tric Healthcare) on the day of blood sampling to measure the 
thoracic aorta calcification (TAC). Foci of the TAC were 
detected by an experienced radiologist, blinded to clinical 
and biological data.

TAC was defined as the presence of calcium within the 
boundaries of the descending thoracic aorta visualized on 
CT, measuring from the lower edge of the pulmonary artery 
bifurcation inferiorly to the cardiac apex. The ascending 
thoracic aorta is also visualized on these scans. However, 
previous studies suggested that ascending thoracic aorta 
calcium was uncommon in a cohort free of clinical CVD 
at baseline and descending aorta concentrated most of the 
calcifications [18, 19]. Moreover, descending thoracic aortic 
calcification was confirmed to be associated with CVD and 
non-CVD morbidity and mortality [20, 21]. Given these, we 
only included the descending aorta in this analysis.

We used the aortic calcification area index (ACAI), which 
was derived using a method described in a prior paper, to 
evaluate the severity of TAC [22]. During imaging, ten slices 
of the descending thoracic aorta were obtained at 1-cm inter-
vals. The area of each aortic cross section and calcification 
was measured using NIH Image software (NIH: National 
Institutes of Health, United State of America). The calcifica-
tion area was then divided by the aortic cross-sectional area 
and expressed as a percentage (%). ACAI was taken as the 
mean value of the ten slices.
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During the living donor RT surgery, the internal iliac 
arteries were collected in 40 patients. Samples were imme-
diately fixed in 4% phosphate-buffered formalin, and subse-
quently embedded in paraffin. The degree of vascular medial 
calcification was examined by the von Kossa-staining.

Cardiovascular risk assessment

If patients had an age range of 30–74 year and had no history 
of CVD at the baseline examination, their cardiovascular 
risk was estimated by Framingham risk scores, basing on 
age, gender, smoking status, systolic blood pressure, treat-
ment for hypertension, diabetes, and body mass index (BMI) 
[23]. Due to the non-Gaussian Framingham risk score distri-
bution, we dichotomized it into two groups, below 10 (low 
risk) and equal or above 10 (intermediate/high risk), accord-
ing to the International Atherosclerosis Society.

Immunohistochemistry

The internal iliac arteries were collected during RT opera-
tions with end-to-end anastomosis, and then the arteries 
were paraffin-embedded and cut prior to immunohistochemi-
cal (IHC) staining for sclerostin (Abcam, Cambridge, UK).

Statistical analyses

Statistical analyses were conducted using SPSS 17.0 soft-
ware. All continuous variables were checked for normal dis-
tribution and non-normally distributed variables were trans-
formed as logarithms or reciprocals. Continuous factors are 
expressed as mean ± standard deviation. Student’s t test was 
used to compare the differences between two groups. Cat-
egorical factors are presented by frequencies and percentage. 
The Chi-square test was applied to evaluate differences in 
prevalence. To establish parameters associated with vessel 
sclerostin expression and TAC, we studied all exploratory 
factors in the first instance in a univariate logistic regres-
sion model. Factors which showed a P-value < 0.1 in the 
univariate analyses were studied simultaneously in a multi-
variate logistic regressions. Receiver operating characteris-
tics (ROC) were plotted and areas under the curve (AUCs) 
were calculated. Sensitivity/specificity for the cutoff point 
of serum sclerostin levels for discriminating positive vessel 
sclerostin expression, positive internal iliac artery calcifi-
cation examined by von Kossa-staining and positive TAC 
measured by CT was calculated. Kappa test was employed 
to determine the consistency of different calcification assess-
ment methods, as well as the consistency of vessel sclerostin 
expression and VC. Statistical significance was defined at 
the level of P < 0.05.

Results

Characteristics of the study population

The demographics, clinical characteristics, biochemical 
data, and comorbidities of the patients are summarized 
in Table 1. A total of 51 adult ESRD patients undergo-
ing living donor RT were recruited for the present study. 
Twenty-three patients had chronic glomerulonephritis, 2 
had hypertensive nephrosclerosis, 2 had polycystic kid-
ney disease, 1 had IgA nephropathy, 1 had diabetic kid-
ney disease, and 22 had unknown causes. Twelve patients 
used calcium-containing phosphate binders. No one used 
calcium-free phosphate binders or Cinacalcet. The calcifi-
cation and sclerostin expression of the internal iliac arter-
ies were detected in 40 patients and the positive rates were 
both 45%. Only 35 patients were considered eligible for 
estimating their cardiovascular risk by using Framingham 
risk scores. Forty-nine percent of patients had a severe 
cardiovascular risk with a Framingham risk score equal 
or above 10.

Parameters associated with TAC​

Table 1 compares the clinical and biochemical parameters 
between patients with and without TAC. In the present 
study, 58.82% (30 of 51) of the patients had detectable 
calcifications on CT. Patients with TAC were older, more 
often diabetic, had higher BMI, and had a higher preva-
lence of CVD. Moreover, patients with TAC had signifi-
cantly higher glucose, CRP, serum sclerostin, and lower 
diastolic blood pressure when compared with patients 
free of TAC. In addition, the positive rate of sclerostin 
staining was significantly higher in the TAC group than 
in the non-TAC group. Treatment differences were not 
observed except for more use of calcium-containing phos-
phate binders in patients with TAC versus non-calcified 
thoracic aorta. Patients with TAC exhibited a tendency 
toward higher Framingham score than patients without 
TAC, although this was not significant. There were no 
additional parameters with significant differences between 
the two groups.

In univariate logistic regression, older age, diabetes, 
CVD history, higher BMI, higher glucose, higher scle-
rostin levels, lower the reciprocal of CRP, and lower dias-
tolic blood pressure were all associated with the presence 
of TAC (Table 2).

Relying on the P-values obtained in the univariate 
analyses (P ≤ 0.1 in Table 2), age, diabetes history, CVD 
history, BMI, diastolic blood pressure, calcium-containing 
phosphate binders use, glucose, the reciprocal of CRP and 
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serum sclerostin were included in the multivariate regres-
sion analyses. Among these, age (P = 0.009), the recipro-
cal of CRP (P = 0.014) and serum sclerostin concentra-
tions (P = 0.048) were the only parameters that remained 
significantly associated with TAC. Patients with TAC 

showed an increased prevalence of diabetes when com-
pared with patients without TAC, although insignificant 
(P = 0.066; Table 2). Collinearity was excluded in all 
regression analyses.

Table 1   Characteristics of ESRD patients in positive and negative thoracic aorta calcification groups

ESRD end-stage renal disease, TAC​ thoracic aorta calcification, DM diabetes mellitus, CVD cardiovascular disease, BMI body mass index, ESA 
erythropoietin stimulating agents, Hb hemoglobin, TG triglyceride, TC total cholesterol, SCr serum creatinine, BUN blood urea nitrogen, CRP 
C-reactive protein, iPTH intact parathyroid hormone, Ca calcium, P phosphate, FGF-23 fibroblast growth factor-23, AKP alkaline phosphatase, 
BSAP bone-specific alkaline phosphatase, OPG osteoprotegerin
a Number = 40
b Number = 35

All patients (n = 51) TAC(+) (n = 30) TAC(−) (n = 21) P value

Clinical parameters
 Age (years) 54.63 ± 12.84 60.63 ± 9.55 46.05 ± 12.2 0.000
 Males, n (%) 35 (68.63%) 20 (66.67%) 15 (71.43%) 0.718
 DM, n (%) 15 (29.41%) 14 (46.67%) 1 (4.76%) 0.001
 CVD, n (%) 16 (31.37%) 13 (43.33%) 3 (14.29%) 0.028
 BMI (kg/m2) 22.07 ± 3.32 22.92 ± 3.41 20.87 ± 2.86 0.029
 Smoking, n (%) 13 (25.49%) 6 (20%) 7 (33.33%) 0.282
 Systolic blood pressure (mmHg) 143.1 ± 24.72 139.97 ± 24.51 147.57 ± 24.9 0.284
 Diastolic blood pressure (mmHg) 87.45 ± 15.45 82.33 ± 13.68 94.76 ± 15.17 0.004

Drug prescription
 ESA use, n (%) 45 (88.24%) 25 (83.33%) 20 (95.24%) 0.194
 Calcitriol use, n (%) 23 (45.1%) 16 (53.33%) 7 (33.33%) 0.158
 Calcium-containing phosphate binders use, n (%) 12 (23.53%) 10 (33.33%) 2 (9.52%) 0.049
 Anti-hypertensive agents use, n (%) 45 (88.24%) 26 (86.67%) 19 (90.48%) 0.678

Metabolic and inflammation biomarkers
 Hb (g/L) 104.72 ± 20.04 105.19 ± 20.38 104.06 ± 20.03 0.845
 TG (mmol/L) 1.93 ± 1.11 2.13 ± 1.22 1.66 ± 0.9 0.139
 TC (mmol/L) 4.2 ± 1.18 4.12 ± 1.15 4.32 ± 1.24 0.556
 Glucose (mmol/L) 6.23 ± 2.19 6.84 ± 2.25 5.36 ± 1.82 0.016
 SCr (μmol/L) 787.43 ± 217.98 751.77 ± 186.56 838.39 ± 252.36 0.165
 BUN (mmol/L) 17.66 ± 4.81 17.42 ± 4.75 18 ± 4.98 0.675
 Uric acid (μmol/L) 356.7 ± 98.53 364.96 ± 99.42 344.9 ± 98.45 0.48
 1/ (CRP) (ml/mg) 129.32 ± 88.54 91.03 ± 78.65 176.72 ± 77.67 0.001
 Albumin (g/L) 29.49 ± 5.76 28.64 ± 5.87 30.72 ± 5.52 0.207

Vascular calcification scoring by the pathologist and cardiovascular risk
 Internal iliac artery calcification, n (%)a 18 (45%) 18 (78.26%) 0 (0.00%) 0.000
 Framingham score ≧ 10, n (%)b 17 (48.57%) 11 (64.71%) 6 (33.33%) 0.063

Mineral-bone disease biomarkers
 Log (iPTH) (pg/mL) 2.28 ± 0.43 2.35 ± 0.46 2.18 ± 0.38 0.152
 Corrected Ca (mmol/L) 2.58 ± 0.2 2.6 ± 0.2 2.56 ± 0.2 0.472
 P (mmol/L) 1.74 ± 0.61 1.68 ± 0.63 1.84 ± 0.6 0.377
 Log (FGF-23) (pg/mL) 3.12 ± 0.92 3.18 ± 0.92 3.03 ± 0.94 0.591
 Klotho (pg/mL) 386.03 ± 162.73 375.8 ± 164.34 400.62 ± 163.3 0.597
 Log (AKP) (μ/L) 1.96 ± 0.21 2.00 ± 0.23 1.91 ± 0.19 0.16
 BSAP (ng/mL) 38.27 ± 27.55 40.16 ± 25.81 35.64 ± 30.24 0.572
 OPG (ng/mL) 320.45 ± 86.07 331.93 ± 97.77 308.42 ± 72.28 0.377
 Serum sclerostin (pg/mL) 2365.97 ± 1537 2944.52 ± 1711 1567.02 ± 730.8 0.000
 Positive sclerostin staining, n (%)a 18 (45%) 17 (73.91%) 1 (5.88%) 0.000
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Based on the extent of descending thoracic aortic calci-
fication, patients were divided into two groups according 
to whether the ACAI was below or above the mean value. 
Severe calcification was present in 43.33% (13 of 30) of the 
patients with detectable TAC according to the ACAI being 
higher than the mean value. In this group, the utilization 
rate of calcium-containing phosphate binders was higher 
whereas the levels of serum sclerostin were significantly 
lower. Patients with higher ACAI appeared to have more 
severe hypoalbuminemia, although insignificant (Table 3).

As shown in Table 4, there was a significant associa-
tion between severe TAC and higher utilization rate of cal-
cium-containing phosphate binders (P = 0.045) and lower 
sclerostin levels (P = 0.011) in the univariate analyses. In 
multivariate regression analyses, only serum sclerostin was 
significantly associated with severe TAC (P = 0.011).

Determinants of positive sclerostin expression 
in the internal iliac arteries

Among the internal iliac arteries from the ESRD patients, 
18 (45%) vessels had positive sclerostin staining. The 
patients with positive sclerostin staining were more likely 
to have (1) higher mean age, BMI, and incidences of DM; 
(2) decreased levels of diastolic blood pressure and usage 
rate of erythropoietin stimulating agents (ESA); (3) signifi-
cantly higher rate of VC measured by two different methods; 
and (4) higher glucose, CRP and serum sclerostin levels. 

However, no obvious differences were found in other vari-
ables between the two groups (Table 5).

According to univariate logistic regression analyses, posi-
tive vessel sclerostin expression was significantly correlated 
with old age, diabetes, higher BMI, higher glucose, higher 
sclerostin levels, lower the reciprocal of CRP and lower 
diastolic blood pressure. In multivariate analyses, only BMI 
(P = 0.032), the reciprocal of CRP (P = 0.034) and sclerostin 
levels (P = 0.008) were identified as independent determi-
nants of positive vessel sclerostin expression (Table 6). Col-
linearity was excluded in all regression analyses.

Relationship between sclerostin and vascular 
calcification

As shown in Fig. 1, von Kossa-staining and sclerostin stain-
ing of the internal iliac arteries, and calcification of thoracic 
aorta detected by CT were all positive in 17 patients, and 
all negative in 16 patients. Only one patient had a positive 
sclerostin expression but negative VC measured by the above 
two methods, while another patient had the opposite result. 
In addition, TAC were identified by CT in five patients while 
there was no sclerostin expression in the non-calcified inter-
nal iliac arteries. IHC staining showed that the sclerostin was 
localized in the artery media layer and strongly co-localized 
with areas of calcification.

Besides, Kappa test showed that the consistency of the 
two different calcification assessment methods, as well as 

Table 2   Univariate and 
multivariate logistic regression 
analyses between thoracic 
aorta calcification and clinical 
characteristics

DM diabetes mellitus, CVD cardiovascular disease, BMI body mass index, iPTH intact parathyroid hor-
mone, Ca calcium, P phosphate, FGF-23 fibroblast growth factor-23, AKP alkaline phosphatase, BSAP 
bone-specific alkaline phosphatase, OPG osteoprotegerin

Variables Univariate 95% CI P Multivariate 95% CI P

Age 1.118 (1.051, 1.19) 0.000 1.112 (1.026, 1.206) 0.009
DM 17.5 (2.074, 147.645) 0.009 – 0.066
CVD 4.588 (1.109, 18.975) 0.035 – 0.266
BMI 1.25 (1.015, 1.541) 0.036 – 0.171
Smoking 2 (0.559, 7.151) 0.286 – –
Diastolic blood pressure 0.938 (0.895, 0.984) 0.009 – 0.421
Calcium-containing phos-

phate binders use
4.75 (0.919,24.558) 0.063 – 0.259

Glucose 1.443 (1.053, 1.978) 0.023 – 0.260
1/(CRP) 0.986 (0.978, 0.995) 0.003 0.985 (0.974, 0.997) 0.014
Log (iPTH) 2.755 (0.681, 11.147) 0.155 – –
Corrected Ca 2.938 (0.164, 52.589) 0.464 – –
P 0.654 (0.258, 1.66) 0.371 – –
Log (FGF-23) 1.19 (0.639, 2.22) 0.583 – –
Klotho 0.999 (0.996, 1.003) 0.589 – –
Log (AKP) 9.052 (0.389, 210.756) 0.17 – –
BSAP 1.006 (0.985, 1.028) 0.565 – –
OPG 1.003 (0.996, 1.011) 0.372 – –
Serum sclerostin 1.001 (1, 1.002) 0.005 1.001 (1, 1.002) 0.048
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the consistency of sclerostin expression and von Kossa-
staining were high (Kappa value = 0.754, P = 0.000; Kappa 
value = 0.899, P = 0.000, respectively). However, the con-
sistency of sclerostin expression and VC detected by CT was 
common (Kappa value = 0.655, P = 0.000).

Furthermore, ROC curve analyses showed that the cutoff 
point of serum sclerostin levels to discriminate patients with 
and without vessel sclerostin expression, patients with and 
without VC evaluated by CT, and patients with and with-
out VC evaluated by pathology were 1599.92 pg/mL with 
88.9% sensitivity and 71.4% specificity, 2475.51 pg/mL with 
54.5% sensitivity and 87.5% specificity, and 2116.23 pg/mL 
with 82.4% sensitivity and 81.8% specificity, respectively. 
The AUCs of the serum sclerostin levels for predicting 

the above indicators were 0.884 (95% confidence interval 
(CI) 0.716–0.972, P = 0.000), 0.69 (95% CI 0.519–0.862, 
P = 0.048), and 0.85 (95% CI 0.72–0.98, P = 0.000), respec-
tively (Fig. 2).

Discussion

The major findings of this study were (1) that the positive 
rates of sclerostin expression and von Kossa-staining in the 
internal iliac arteries were highly consistent, meanwhile, 
sclerostin strongly co-localized with areas of calcification; 
(2) that the consistency of the two different calcification 
assessment methods, CT and pathology, was high; and (3) 

Table 3   Characteristics of 
ESRD patients with different 
thoracic aorta calcification 
severity according to the aortic 
calcification area index

ACAI > 9.3% (n = 13) ACAI ≤ 9.3% (n = 17) P value

Clinical parameters
 Age (years) 60.54 ± 10.93 60.71 ± 8.7 0.963
 Males, n (%) 9 (69.23%) 11 (64.71%) 0.794
 DM, n (%) 7 (53.85%) 7 (41.18%) 0.491
 CVD, n (%) 6 (46.15%) 7 (41.18%) 0.785
 BMI (kg/m2) 23.95 ± 4.27 22.13 ± 2.43 0.151
 Smoking, n (%) 2 (15.38%) 4 (23.53%) 0.58
 Systolic blood pressure (mmHg) 139 ± 27.01 140.71 ± 23.25 0.854
 Diastolic blood pressure (mmHg) 81.31 ± 12.49 83.12 ± 14.85 0.726

Drug prescription
 ESA use, n (%) 12 (92.31%) 13 (76.47%) 0.249
 Calcitriol use, n (%) 7 (53.85%) 9 (52.94%) 0.961
 Calcium-containing phosphate binders 

use, n (%)
7 (53.85%) 3 (17.65%) 0.037

 Anti-hypertensive agents use, n (%) 11 (84.62%) 15 (88.24%) 0.773
Metabolic and inflammation biomarkers
 Hb (g/L) 98.06 ± 12.87 110.64 ± 23.57 0.094
 TG (mmol/L) 2.48 ± 1.6 1.89 ± 0.84 0.204
 TC (mmol/L) 3.91 ± 1.2 4.26 ± 1.13 0.416
 Glucose (mmol/L) 6.83 ± 2.04 6.84 ± 2.47 0.991
 SCr (µmol/L) 806.22 ± 198.06 710.12 ± 171.5 0.166
 BUN (mmol/L) 17.59 ± 3.79 17.29 ± 5.49 0.865
 Uric acid (µmol/L) 374.49 ± 100.15 357.68 ± 101.31 0.654
 1/(CRP) (ml/mg) 88.13 ± 80.3 93.16 ± 80.17 0.876
 Albumin (g/L) 26.4 ± 5.1 30.35 ± 5.98 0.067

Mineral-bone disease biomarkers
 Log (iPTH) (pg/mL) 2.4 ± 0.56 2.32 ± 0.38 0.632
 Corrected Ca (mmol/L) 2.6 ± 0.18 2.6 ± 0.21 0.942
 P (mmol/L) 1.74 ± 0.51 1.64 ± 0.72 0.663
 Log (FGF-23) (pg/mL) 3.26 ± 1.12 3.11 ± 0.76 0.666
 Klotho (pg/mL) 389.76 ± 163.39 365.12 ± 169.26 0.691
 Log(AKP) (µ/L) 2.05 ± 0.27 1.96 ± 0.19 0.3
 BSAP (ng/mL) 44.51 ± 26.66 36.63 ± 25.39 0.423
 OPG (ng/mL) 363.97 ± 43.73 299.89 ± 126.1 0.137
 Serum sclerostin (pg/mL) 1890.76 ± 962.38 3800.7 ± 1725.4 0.001
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that serum sclerostin was a relatively reliable and sensitive 
predictor to discriminate the expression of vessel sclerostin 
and the presence and severity of VC.

In our study, the presence of TAC was influenced by 
age, diabetes, CVD history, BMI, serum sclerostin levels, 
serum CRP levels and diastolic blood pressure in univariate 
logistic regression. Nevertheless, only age, CRP and serum 
sclerostin concentrations remained statistically significant 
in the multivariate regression analyses. Additionally, serum 
sclerostin was the only parameter to be significantly associ-
ated with the severity of TAC in the multivariate regres-
sion analyses. As previously reported, CRP might reflect 
the damage of inflammatory cells and cytokines to blood 
vessels, which might be important in the development of 
VC [24]. Furthermore, a previous study showed that VC in 
CKD occurred before the elevation of serum phosphorus 
[25]. The above studies may explain our results that serum 
sclerostin and CRP, but not serum phosphate levels, were 
positive associated with VC. Besides, the present study did 
not confirm an independent association of high levels of 
OPG with VC in contrast to a previous study by Morena 
et al. [11]. Similarly, the link between FGF23 and VC was 
not obtained in our study, which was in accordance with 
several previous studies [12, 26], whereas was contrary to 
other observations [27, 28].

Additionally, our study revealed that the results of ves-
sel sclerostin expression and calcification staining were 
highly consistent. Moreover, vessel sclerostin expression 
was strongly co-localized with areas of medial calcifica-
tion. Previous animal and in vitro studies have indeed 

shown increased expression of sclerostin both in calcified 
VSMCs as well as in a mouse model of medial calcifica-
tion [4, 29]. More specifically, sclerostin was reported in 
aortic tissue adjacent to areas of calcification in 15 HD 
patients [8], which was in accordance with our study. 
However, a recent observational study by Qureshi et al. 
refuted our view [10]. We speculate that preanalytical 
sclerostin stability, assay characteristics, heterogeneity in 
enrolled patients, cohort size, differences in sensitivity of 
the methods used to measure VC, variable regions in arte-
rial territories examined, and statistical issues involving 
power may contribute to the discrepancies. Although in 
our study, the consistency between CT and pathological 
examination was high, CT images were unable to discrimi-
nate between intimal and medial calcification, otherwise 
stated, to some extent, pathological examination was better 
than CT in assessing VC.

It was worth noting that our study failed to find a rela-
tion between CVD and VC detected by CT in multivariate 
analyses or vessel sclerostin expression in univariate and 
multivariate analyses, which was in accordance with a previ-
ous study [30]. We speculate that this is because the medial 
wall calcification is not a detector of atherosclerosis, the 
major cause of CVD.

In the present study, ROC curve analyses were used to 
detect the cutoff point of serum sclerostin levels to predict 
positive VC evaluated by CT or by the pathologists. We 
found that in ESRD patients undergoing RT, when serum 
sclerostin concentration was > 2475.51 pg/mL, it strongly 
indicated that there may be aortic calcification.

Table 4   Parameters associated 
with severe thoracic aorta 
calcification (the aortic 
calcification area index above 
9.3%), in univariate and 
multivariate analyses

DM diabetes mellitus, CVD cardiovascular disease, BMI body mass index, iPTH intact parathyroid hor-
mone, Ca calcium, P phosphate, FGF-23 fibroblast growth factor-23, AKP alkaline phosphatase, BSAP 
bone-specific alkaline phosphatase, OPG osteoprotegerin

Variables Univariate 95% CI P Multivariate 95% CI P

Age 0.998 (0.924, 1.078) 0.961 – –
DM 0.6 (0.14, 2.575) 0.492 – –
CVD 0.817 (0.19, 3.505) 0.785 – –
BMI 1.19 (0.933, 1.516) 0.16 – –
Smoking 1.692 (0.259, 11.065) 0.583 – –
Calcium-containing phos-

phate binders use
0.184 (0.035, 0.963) 0.045 – 0.226

Albumin 0.874 (0.751, 1.016) 0.079 – 0.638
Log (iPTH) 1.507 (0.299, 7.589) 0.619 – –
Corrected Ca 0.866 (0.02, 36.714) 0.94 – –
P 1.312 (0.404,4.255) 0.652 – –
Log (FGF-23) 1.2 (0.541, 2.661) 0.654 – –
Klotho 1.001 (0.996, 1.005) 0.68 – –
Log (AKP) 6.095 (0.201, 184.528) 0.299 – –
BSAP 1.013 (0.983, 1.043) 0.414 – –
OPG 1.009 (0.996, 1.023) 0.173 – –
Serum sclerostin 0.999 (0.998, 1) 0.011 0.999 (0.998, 1) 0.011
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Our results showed unequivocally that both serum scle-
rostin and vessel sclerostin were involved in VC, suggesting 
that sclerostin may be implicated in the pathophysiology of 
VC via a systemic and local effect, be it direct or indirect. 

Furthermore, our study indicated that the patients with more 
severe TAC had significantly lower sclerostin levels. Simi-
larly, both Kirkpantur et al. [31] and Balci et al. [32] dis-
covered that serum sclerostin was significant predictor of 

Table 5   Characteristics of ESRD patients in positive and negative vessel sclerostin expression groups

ESRD end-stage renal disease, IHC immunohistochemical, DM diabetes mellitus, CVD cardiovascular disease, BMI body mass index, ESA 
erythropoietin stimulating agents, Hb hemoglobin, TG triglyceride, TC total cholesterol, SCr serum creatinine, BUN blood urea nitrogen, CRP 
C-reactive protein, TAC​ thoracic aorta calcification, iPTH intact parathyroid hormone, Ca calcium, P phosphate, FGF-23 fibroblast growth fac-
tor-23, AKP alkaline phosphatase, BSAP bone-specific alkaline phosphatase, OPG osteoprotegerin
a Number = 28

All patients (n = 40) IHC staining for sclerostin P value

Positive (n = 18) All patients (n = 40)

Clinical parameters
 Age (years) 55.25 ± 12.69 61.11 ± 10.84 50.45 ± 12.27 0.007
 Males, n (%) 28 (70%) 15 (83.33%) 13 (59.09%) 0.096
 DM, n (%) 13 (32.5%) 10 (55.56%) 3 (13.64%) 0.005
 CVD, n (%) 12 (30%) 8 (44.44%) 4 (18.18%) 0.071
 BMI (kg/m2) 22.18 ± 3.46 23.68 ± 3.45 20.95 ± 3.02 0.011
 Smoking, n (%) 11 (27.5%) 5 (27.78%) 6 (27.27%) 0.972
 Systolic blood pressure (mmHg) 139.45 ± 23.73 134.06 ± 20.37 143.86 ± 25.78 0.197
 Diastolic blood pressure (mmHg) 85.33 ± 15.72 79.44 ± 12.47 90.14 ± 16.71 0.03

Drug prescription
 ESA use, n (%) 36 (90%) 14 (77.78%) 22 (100%) 0.02
 Calcitriol use, n (%) 19 (47.5%) 8 (44.44%) 11 (50%) 0.726
 Calcium-containing phosphate binders use, n (%) 10 (25%) 4 (22.22%) 6 (27.27%) 0.714
 Anti-hypertensive agents use, n (%) 34 (85%) 15 (83.33%) 19 (86.36%) 0.789

Metabolic and inflammation biomarkers
 Hb (g/L) 103.97 ± 19.8 104.84 ± 23.7 103.25 ± 16.49 0.805
 TG (mmol/L) 1.92 ± 1.19 2.14 ± 1.52 1.75 ± 0.83 0.307
 TC (mmol/L) 4.2 ± 1.15 4.01 ± 1 4.36 ± 1.27 0.354
 Glucose (mmol/L) 6.26 ± 2.32 7.25 ± 2.49 5.44 ± 1.86 0.012
 SCr (µmol/L) 765.34 ± 206.28 798.83 ± 162.38 737.94 ± 236.5 0.36
 BUN (mmol/L) 17.2 ± 4.82 16.53 ± 4.36 17.74 ± 5.19 0.437
 Uric acid (µmol/L) 349.11 ± 97.01 338.83 ± 97.14 357.52 ± 98.35 0.551
 1/(CRP) (ml/mg) 103.89 ± 85.64 65.16 ± 65.07 135.58 ± 88.62 0.008
 Albumin (g/L) 29.23 ± 5.94 29.89 ± 6.54 28.68 ± 5.5 0.526

Vascular calcification and cardiovascular risk
 Internal iliac artery calcification, n (%) 18 (45%) 17 (94.44%) 1 (4.55%) 0.000
 TAC, n (%) 23 (57.5%) 17 (94.44%) 6 (27.27%) 0.000
 Framingham score ≧ 10, n (%)a 13 (46.43%) 6 (60%) 7 (38.89%) 0.714

Mineral-bone disease biomarkers
 Log (iPTH) (pg/mL) 2.32 ± 0.45 2.27 ± 0.41 2.36 ± 0.49 0.539
 Corrected Ca (mmol/L) 2.58 ± 0.2 2.59 ± 0.17 2.57 ± 0.23 0.705
 P (mmol/L) 1.71 ± 0.66 1.61 ± 0.59 1.8 ± 0.71 0.38
 Log (FGF-23) (pg/mL) 3.17 ± 0.96 3.21 ± 0.78 3.13 ± 1.11 0.815
 Klotho (pg/mL) 381.53 ± 153.23 354.86 ± 124.74 403.35 ± 172.92 0.326
 Log(AKP) (µ/L) 1.98 ± 0.23 1.94 ± 0.21 2.01 ± 0.25 0.372
 BSAP (ng/mL) 35.71 ± 28.39 40.15 ± 35.14 31.72 ± 20.71 0.382
 OPG (ng/mL) 322.4 ± 77.18 327.13 ± 97.58 319.33 ± 63.2 0.782
 Serum sclerostin (pg/mL) 2252.2 ± 1278 3038.13 ± 1334 1578.56 ± 747.5 0.000
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arteriovenous fistula calcification in hemodialysis patients 
according to univariate analyses; nevertheless, this correla-
tion became inverse following multivariate analyses, which 
were in accordance with a previous study in CKD patients 
not yet receiving dialysis [5]. In addition, previous studies 
confirmed that sclerostin could inhibit the Wnt/β-catenin 
canonical signaling pathway [33], which may be involved 
in VSMCs proliferation and migration, both in vivo and 
in vitro [34, 35]. Therefore, we put forward the hypothesis 
that high sclerostin levels or sclerostin overexpression in 
calcifying vasculature might be vasculoprotective and anti-
calcific, most probably by attenuate the upregulation of the 
canonical Wnt pathway that aimed to retard further VC [4, 
36]. We expect that sclerostin, superior to OPG, FGF23, 
and serum phosphorus, may be used as a promising blood 
marker in assessing VC in ESRD patients undergoing RT, 
and prevention of VC may be possible through the modula-
tion of sclerostin levels.

Previous literature data confirmed that serum sclerostin 
levels in ESRD patients were remarkably increased [37, 
38]. However, the source of elevated circulating sclerostin 
remained elusive. The present study showed a significant 
correlation of peripheral serum sclerostin and vascular scle-
rostin levels, supporting the data from our previous observa-
tion [39]. Cejka et al. [40] confirmed an increase in urinary 
sclerostin excretion with declining kidney function. Both 
animal and human experiments revealed that sclerostin oste-
ocyte expression decreased in more severe CKD stages [41, 
42]. Together with these published data, we hold the opinion 
that the increase of serum sclerostin may be due to increased 
vascular production, being independent of diminished renal 
clearance and increased bone production.

Apart from serum sclerostin levels, serum CRP con-
centrations were also independent determinants of posi-
tive vessel sclerostin expression, suggesting inflammatory 
cytokines may paly a role in sclerostin regulation, which 
was compatible with previous studies [43, 44]. It was note 
worthy that a link between iPTH and sclerostin had not been 
obtained in our study, corroborating with the results of other 
previous analyses in predialysis CKD patients [11, 38]. 

Conversely, data from both rodent models and CKD1-5D 
patients demonstrated an inverse correlation between iPTH 
and sclerostin [45, 46]. We hypothesized that differences 
in the applied assays, low levels of iPTH observed in our 
study and low sample size may partially be responsible for 
the discrepancies.

This study is the first to jointly explore the relation-
ship between serum sclerostin, vessel sclerostin and VC 
in a cohort of Chinese ESRD patients. Several particular 
strengths of the study are the use of both histological assess-
ment and imageological diagnosis to evaluate the presence 
of VC and the use of ACAI to evaluate the severity of TAC. 
Limitations of this study include the small sample size, the 
cross-sectional and single-center design, the lack of bone 
histomorphometry data to detect sclerostin of osteocytic 
origin, the lack of evaluating the molecular expression of 
sclerostin in the internal iliac segments, the lack of assess-
ing the tissue expression of FGF-23, a-klotho, OPG and 
other biomarkers, and the weak association between serum 
sclerostin levels and positive VC. Additionally, the study 
participants are relatively younger, without severe second-
ary hyperparathyroidism or severe comorbidities, suggesting 
that they are not representative of the overall ESRD popula-
tion. Finally, the trial design does not allow drawing firm 
conclusions whether sclerostin is within the aetiological 
pathway of uremic VC and whether baseline sclerostin is a 
risk factor for VC progression.

Conclusions

In conclusion, we found that 58.82%, 45%, and 45% of 
ESRD patients undergoing living donor RT showed posi-
tive TAC detected by CT, positive VC detected by the 
pathologists, and positive expression of sclerostin in the 
internal iliac artery media layer, respectively. The results of 
VC assessed by different methods were highly consistent. 
Serum sclerostin levels are the co-determinants of positive 
vessel sclerostin expression and the presence as well as the 
severity of VC. Circulating sclerostin concentrations may 

Table 6   Univariate and 
multivariate logistic regression 
analyses between vessel 
sclerostin expression and 
clinical characteristics

DM diabetes mellitus, CVD cardiovascular disease, BMI body mass index, CRP C-reactive protein

Variables Univariate 95% CI P Multivariate 95% CI P

Age 1.084 (1.017, 1.154) 0.013 – 0.555
DM 7.917 (1.711, 36.633) 0.008 – 0.919
CVD 3.6 (0.864, 15.008) 0.079 – 0.569
BMI 1.326 (1.043, 1.687) 0.021 1.478 (1.035, 2.112) 0.032
Diastolic blood pressure 0.949 (0.902, 0.998) 0.042 – 0.473
Glucose 1.472 (1.062, 2.041) 0.02 – 0.826
1/(CRP) 0.988 (0.979, 0.998) 0.013 0.982 (0.966, 0.999) 0.034
Serum sclerostin 1.002 (1.001, 1.003) 0.002 1.002 (1.001, 1.004) 0.008
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Fig. 1   Thoracic AoC evaluated 
by CT, von Kossa-staining in 
internal iliac arteries, and IHC 
staining of sclerostin staining 
in internal iliac arteries from 
ESRD patients. a positive 
expression of the above three 
indicators (× 100); b negative 
expression of the above three 
indicators (× 100); c positive 
expression of sclerostin while 
negative expression of VC 
measured by CT as well as by 
von Kossa-staining (× 100); d 
positive expression of thoracic 
AoC while negative expression 
of sclerostin and von Kossa-
staining in internal iliac arteries 
(× 100); e positive expression of 
VC measured by CT and by von 
Kossa-staining while negative 
expression of sclerostin in inter-
nal iliac arteries (× 100)
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partly reflect production and secretion by the cells of the 
vasculature.
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