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Abstract

Background: Sclerostin is a soluble inhibitor of the Wnt signalling pathway and has been shown to be associated with decreased
bone turnover and vascular and/or valvular calcification in patients with chronic kidney disease. Common carotid artery
intima-media thickness (CIMT) assessment and common carotid artery (CCA) plaque identification with ultrasound imaging
are well-recognized tools for the identification and monitoring of atherosclerosis. The aim of the present study was to
investigate whether the circulating levels of sclerostin might be associated with carotid artery atherosclerosis in prevalent
haemodialysis patients.

Methods: In this cross-sectional study, serum sclerostin concentrations were measured using a commercially available
enzyme-linked immunosorbent assay kit. CIMT was measured and carotid plaques were identified by B-mode and Doppler
ultrasound imaging.

Results: One hundred and twenty-two prevalent haemodialysis patients were involved in the study. Serum sclerostin levels
were higher in patients with plaques in CCA than patients free of plaques (227 + 166 versus 117 + 91 pmol/L, P =0.016). A
significant correlation was recorded between serum sclerostin levels and CIMT (r = 0.459, P < 0.0001). In the multiple regression
analysis, sclerostin concentrations were one of the independent factors that remained significantly associated with CIMT.

Conclusion: Sclerostin is independently associated with CIMT although further studies are needed.
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Introduction likely link being the development of vascular calcification [1, 2].

A growing body of evidence indicates that abnormalities of
bone and mineral metabolism in chronic kidney disease (CKD)
may contribute to the development of cardiovascular disease
(CVD) and increased cardiovascular mortality, with the most

The signalling pathways involved in these processes remain in-
completely understood [3, 4] and accumulating data have raised
interest in understanding bone and mineral metabolism regula-
tion and its consequences in patients with CKD.
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Sclerostin is a soluble inhibitor of the Wnt/b-catenin (canonic-
al) signalling pathway [5]. The main action of sclerostin is a
decrease in bone formation via inhibiting osteoblast proliferation
and differentiation, and promoting osteoblast apoptosis [6].
Recently, increased levels of sclerostin were shown to be asso-
ciated with decreased bone turnover and osteoblast number in
dialysis patients [7]. On the other hand, sclerostin has been
demonstrated to be upregulated during vascular smooth muscle
cell (SMC) calcification in vitro [8]. More recently, it was shown
that high serum sclerostin was associated with the extent of aortic
valve calcification and that in aortic valve tissue, sclerostin strong-
ly co-localized with areas of calcification in dialysis patients [9].

Since CKD mineral and bone disorder influences cardiovascu-
lar event rate and mortality in CKD populations, the relationship
between serum sclerostin levels and the future outcome was
analysed in CKD cohorts. Recent studies in haemodialysis pa-
tients [10, 11] and in non-dialysed CKD patients [12] revealed
the association of high levels of serum sclerostin with higher
mortality in dialysis patients. In contrast, low serum sclerostin
levels were shown to be associated with increased mortality
risk in haemodialysis patients [13, 14]. These studies were per-
formed in subjects with different clinical characteristics and
with different sclerostin assays, yielding more questions as to
whether sclerostin will be used as a biomarker for both cardio-
vascular and bone health statuses in CKD.

Wnt signalling activity in general and sclerostin activity in
particular are associated with ectopic and vascular calcification
processes beyond bone mineralization [15]. Further evidence is
needed to answer the question regarding the effects of sclerostin
on arteriosclerosis (pro- or anti-calcific). Therefore, the aim of the
present study was to investigate the association of circulating
concentrations of sclerostin with carotid artery atherosclerosis
in prevalent haemodialysis patients, due to limited data in this
area.

Materials and methods

Patients

The study was conducted at the RFM Dialysis Center, Ankara,
Turkey in August 2011. One hundred and fifty-seven haemodialy-
sis patients were screened based on the following inclusion/
exclusion criteria: 18 years or older, stably treated with haemodi-
alysis for at least 1 year, Kt/V>1.2 during the previous 6 months,
and no signs of liver disease, clinically evident active infection,
autoimmune disease or known malignancy. Overall, participants
were comprised of 122 prevalent haemodialysis patients (64
women and 58 men, mean age 55 + 13 years, mean haemodialysis
vintage: 58 + 20 months, on haemodialysis three times a week).
The patients were suffering from end-stage renal disease (ESRD)
due to diabetic nephropathy (n = 38), hypertensive nephrosclerosis
(n =32), chronic glomerulonephritis (n=25), chronic pyeloneph-
ritis (n=12) and polycystic disease (n=8). The renal diagnosis
was unknown in seven patients. The presence of residual renal
function (RRF) was defined as residual glomerular filtration rate
>1 mL/min/1.73 m? The mean RRF was 0.7 + 1.1 mL/min/1.73 m?.
Further detail about hemodialysis therapy is included in the
section “Supplementary Data”.

Angiotensin-converting enzyme inhibitors (n =46), angiotensin
receptor blockers (n = 62), beta-blockers (n = 76) and calcium channel
blockers (n = 70) were given for hypertension management. Patients
were prescribed treatments including CaCO; (30%), sevelamer-HCl
(26%), Ca acetate (44%), calcitriol (69%), anti-platelet agents (71%),
warfarin (4%) and erythropoietin (59%). The mean erythropoietin

dose was 145 U/kg/week, achieving a mean haemoglobin (Hb)
serum level of 11.2 g/dL; <10% of patients had serum Hb <10 g/dL.

None of the patients received glucocorticoid, statin, bispho-
sphonates or denosumab. Calcimimetics were not used in this
cohort.

The study protocol was performed according to the Declar-
ation of Helsinki and was approved by the local ethics committee
of Yuksek Ihtisas Training and Research Hospital, Ankara, Turkey
and all the patients provided their written informed consent
before entering the study.

Clinical parameters and biochemical assays

Information regarding baseline demographic characteristics, the
aetiology of ESRD and the presence of diabetes mellitus (DM) was
collected by reviewing medical records. Cardiovascular history
was defined as history of myocardial infarction, percutaneous
coronary artery intervention, cardiac by-pass or valvular surgery,
peripheral artery disease or stroke.

Venous blood samples were drawn after an overnight fasting
period. The blood sample was obtained directly through an ar-
teriovenous fistula on a mid-week non-dialysis day. Biochemical
serum parameters (creatinine, blood urea nitrogen, glucose, elec-
trolytes, albumin and complete blood count calcium, phosphate,
lipids, protein, cholesterol and triglycerides) were performed via
the standard laboratory procedure, using an automated analyser.
Serum C-reactive protein (CRP) level was detected by rate nephe-
lometry (IMAGE). The spKt/V value was calculated according to
the Daugirdas second-generation formula [16]. The normalized
protein catabolic rate (nPCR) was calculated as a measure of the
daily protein intake of patients [17].

Outcome, exposures and covariates

The primary outcome was the association of circulating con-
centrations of sclerostin with carotid artery atherosclerosis in
prevalent haemodialysis patients. The primary exposure variable
was the baseline serum sclerostin level, measured at the initi-
ation of outpatient haemodialysis. The serum sclerostin level
was measured via a commercially available enzyme-linked im-
munosorbent assay (R&D Systems, Minneapolis, MN), according
to the manufacturer’s instructions and as used in previous stud-
ies by Cejka et al. [7, 18]. The intra-assay and inter-assay coeffi-
cients of variation were 7.5 and 6.3%, respectively. The serum
intact parathormone and alkaline phosphatase levels were stud-
ied by means of a computerized auto-analyser (Hitachi 717; Boeh-
ringer-Mannheim). The intact parathormone level was measured
by the electrochemiluminescence immunoassay [Roche PTH
(Intact PTH)]. The serum was available for the radioimmunoassay
of 25-dihydroxy vitamin D3 levels (DiaSorin Corporation, Still-
water, MN) in all patients.

Common carotid B-mode and Doppler ultrasound
imaging

A high-resolution B-mode ultrasound of the common carotid arter-
ies (CCAs) with scanning on the longitudinal axis until the bifurca-
tion and on the transversal axis was performed using an
instrument generating a wide-band ultrasonic pulse with a middle
frequency of 7.5 MHz (Siemens Elegra Ultrasonography Systems,
Tokyo, Japan). For each carotid artery, two longitudinal measure-
ments were obtained by rotating (1801 increments) the vessels
along the axis. All patients were blindly examined by one experi-
enced operator. Carotid artery intima media thickness (CIMT) is
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Table 1. Baseline demographic and clinical characteristics of patients

All patients Patients with Patients with no

Parameter (n=122) plaques in CCA (n=90) plaques in CCA (n=32) P-value
Age (years) (mean + SD) 55+13 62+10 50+ 14 0.03
Female/male (n/n) 64/58 44/46 20/12 0.32
Haemodialysis vintage (months) (mean + SD) 58 +20 66+ 19 55+29 0.13
Diabetes (n, %) 38 (31) 32 (35.5) 6 (18.8) 0.04
Cardiovascular history (n, %) 49 (40) 39 (43.3) 10 (31.2) 0.20
Smoking (n, %) 27 (22.1) 24 (26.6) 3(9.3) 0.16
RRF (mL/min/1.73 m? (mean + SD) 0.70+1.10 0.72+1.00 0.70+0.90 0.48
Ultrafiltration (kg/dialysis session) (mean + SD) 2.70+1.20 2.90+1.00 2.60+1.20 0.78
AV fistula flow (mL/min) (mean + SD) 295 + 64 300+58 294 + 60 0.56
BMI (kg/m?) (mean + SD) 21.9+3.0 22.3%35 21.9+27 0.36
Systolic BP (mmHg) (mean + SD) 123+28 126 +19 118+28 0.03
Diastolic BP (mmHg) (mean + SD) 69 +10 694 66 +12 0.42
Hb (g/dL) (mean + SD) 11.1+1.0 11.0+1.5 10.6+1.3 0.33
Calcium (mg/dL) (mean + SD) 8.9+0.7 9.2+0.4 8904 0.45
Phosphate (mg/dL) (mean + SD) 52+1.0 53+0.6 4.99 +0.67 0.13
Alkaline phosphatase (IU/L) (mean + SD) 136 +102 139+ 104 132+108 0.95
25-OH Vitamin D5 (nmol/L) (mean + SD) 14+9 17 +12 13+9 0.39
Log iPTH (pg/mL) (mean + SD) 2.20+0.42 2.10+0.40 2.28+0.41 0.003
Sclerostin (pmol/L) (mean = SD) 152 +£137 227 +166 117 +£91 0.016
LDL-C (mg/dL) (mean + SD) 100+ 37 90 +44 104 +37 0.04
HDL-C (mg/dL) (mean + SD) 3911 3749 40+12 0.24
Triglycerides (mg/dL) (mean + SD) 144 (102; 312) 139 (122; 301) 146 (102; 312) 0.48
Uric acid (mg/dL) (mean + SD) 6.5+0.9 6.4+0.8 6.9+1.0 0.09
CRP (mg/L) (mean + SD) 11 (0.6; 36) 19 (1; 36) 9(0.6; 17) 0.02
Albumin (g/L) (mean + SD) 3.95+0.37 3.80+0.34 4.09+0.57 0.04
nPCR (g/kg/d) (mean + SD) 1.1 (0.92; 1.29) 1.0 (0.92; 1.25) 1.1 (0.98; 1.29) 0.88
Kt/Virea (mean + SD) 1.65+0.26 1.64+0.19 1.68+0.12 0.62
ESA use (n, %) 72 (59) 53 (58.8) 19 (59.3) 0.95
Calcitriol use (n, %) 84 (69) 61 (67.7) 23(71.8) 0.82
Calcimimetic use (n, %) 0

Statin use (%) 0

Anti-hypertensive agents use (n, %) 68 (55.7) 50 (55.5) 18 (56.2) 0.89
Aspirin/anti-platelet agents use (n, %) 92 (75) 67 (74.4) 25 (78) 0.77
Treatment with calcium-based phosphate binders (n, %) 83 (74) 67 (74.4) 16 (50) 0.20

AV, arteriovenous; BP, blood pressure; BMI, body mass index; ESA, erythropoiesis-stimulating agent; CRP, C-reactive protein; Log iPTH, logarithm of serum intact parat
hormone; LDL-C, low-density lipoprotein cholesterol; nPCR, normalized protein catabolic rate; HDL-C, high-density lipoprotein cholesterol; statins, HMG-CoA (3-

hydroxy-3-methylglutaryl coenzyme A) reductase inhibitors.

measured at 1 cm proximal to the bifurcation on each side as pre-
viously described [19].

Statistical analysis

Data analysis was performed by using SPSS for Windows, version
11.5 (SPSS, Inc., Chicago, IL). Whether the distributions of continu-
ous variables were normal or not was determined with the use of
the Shapiro Wilk test. Normally distributed continuous variables
are presented as mean + standard deviation, and non-normally
distributed continuous variables are presented as median with
25th and 75th percentiles. Categorical data are presented as
percentages.

Differences in clinical and biochemical parameters were com-
pared using the analysis of variance for continuous variables and
the #? test for categorical variables, whereas the non-parametric
Kruskal-Wallis test was used for non-normally distributed con-
tinuous variables.

Spearman correlation coefficients were obtained for all poten-
tial predictor variables to look for confounding variables. A
P-value of <0.05 was considered statistically significant. Linear
regression analyses were performed to examine relationships

between CIMT and clinical variables. Multiple regression analysis
was performed to assess the combined effects of clinical vari-
ables on CIMT.

Results

Association of baseline characteristics and sclerostin

The demographic and clinical characteristics of the study patients
are depicted in Table 1. The mean serum sclerostin level in
haemodialysis patients was higher when compared with age-
and gender-matched healthy controls (152 + 137 versus 19+8
pmol/L, P <0.0001). Sclerostin levels were not significantly differ-
ent in patients with a positive history of hypertension (172 + 128
versus 153 + 132 pmol/L, P = 0.50), dyslipidaemia (149 + 112 versus
159+ 127 pmol/L, P=0.73) and smoking (162 + 135 versus 144 +
128 pmol/L, P=0.32) compared with those without. However,
male patients had significantly higher serum sclerostin levels
than female patients (203 + 112 versus 131 + 105 pmol/L, P =0.04).
Moreover, patients with a positive cardiovascular history had
higher serum levels than patients that did not have such history
(198 +127 versus 133+119 pmol/L, P=0.048). Furthermore,
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patients with type 2 DM tended to have higher sclerostin levels
than patients without DM (198 + 116 versus 154 + 129 pmol/L,
P=0.09). No interaction between the use of calcitriol and serum
sclerostin levels was found.

No significant correlations were observed between serum
sclerostin levels and age, haemodialysis vintage, systolic and
diastolic blood pressure (BP), low-density lipoprotein (LDL)- and
high-density lipoprotein (HDL)-cholesterol, triglycerides, Hb,
serum albumin, calcium, phosphate, alkaline phosphatase, uric
acid and CRP levels. However, sclerostin levels were negatively
correlated with log serum intact parathormone levels (r = —0.222,
P =0.005).

Association of baseline characteristics and presence
of atherosclerotic plaques in carotid artery

Table 1 shows that patients with atherosclerotic plaques in
carotid artery were older and had higher systolic BP, serum levels
of sclerostin and CRP levels and also a higher prevalence of DM.
Moreover, these patients had lower log serum intact parathor-
mone levels, LDL-cholesterol and albumin concentrations when
compared with patients free of plaques (Table 1).

Risk factors for increased CIMT

CIMT significantly correlated with age (r=0.29, P = 0.05), smoking
(r=0.08, P=0.045), haemodialysis vintage (r=-0.377, P = 0.048),
systolic BP (r=0.41, P =0.05), serum albumin (r=-0.35, P=0.01),
CRP (r=0.32, P=0.016), phosphate (r=0.403, P=0.0001) and log
intact parathormone levels (r =0.29, P =0.028).

Serum sclerostin levels and CIMT

Significant correlations were recorded between serum sclerostin
levels and CIMT (r =0.459, P < 0.0001; Figure 1). Serum sclerostin
levels were positively correlated with CIMT in both diabetic
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Fig. 1. Correlation between serum sclerostin levels and carotid artery intima-
media thickness (CIMT).

(r = 0.676, P=0.008; Figure 2) and non-diabetic haemodialysis
patients (r=0.504, P =0.003; Figure 3).

Linear regression analysis

Independent variables included in the multivariable model were
the variables found to correlate significantly with CIMT (age,
smoking, systolic BP, serum albumin, CRP, phosphate, sclerostin
and log intact parathormone levels) and the variables found to
have statistical significance in the univariate analysis (haemodi-
alysis vintage, presence of DM, positive cardiovascular history
and treatment with calcium-based phosphate binders). More-
over, LDL-cholesterol levels were also involved in the final ana-
lysis because of the related P-value of <0.2 in the univariate
analysis.

Among these, age, log intact parathormone levels, serum CRP
and sclerostin concentrations were the only parameters that re-
mained significantly associated with CIMT (Table 2). Levels of
phosphate in the highest tertile showed an increased prevalence
for the presence of atheromatous plaque in the carotid artery
when compared with the lowest tertile, although this was not
significant (Table 2). The results did not differ significantly
when further adjusted for vitamin D and oral phosphate binder
use (data not shown). Similarly, no interaction has been found
with oral phosphate binders.

Discussion

The present study depicts independent associations between
serum sclerostin levels, abnormal CIMT and carotid plaques in
maintenance haemodialysis patients. The results raise the possi-
bility of a specific pathophysiologic effect of sclerostin on athero-
sclerosis, distinct from its effects on bone metabolism. Increased
SMC proliferation and migration entirely change the composition
and structure of the blood vessel wall, leading to atherosclerosis
[20]. Canonical Wnt signalling and accompanying p-catenin
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Fig. 2. Correlation between serum sclerostin levels and carotid artery intima-
media thickness (CIMT) in diabetic haemodialysis patients (r=0.676, P =0.008).
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activation have been shown to be pro-proliferative in arterial and
venous SMCs, both in vitro and in vivo [17]. Sclerostin slows the ca-
nonical Wnt signalling pathway and inhibits osteoblast activity
and bone formation by sequestering LRP5 and LRP6 [21]. More-
over, missense mutations in LRP6 have been shown to be asso-
ciated with premature coronary artery disease [22]. Retarding
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Fig. 3. Correlation between serum sclerostin levels and carotid artery intima-
media thickness (CIMT) in non-diabetic haemodialysis (r = 0.504, P =0.003).
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the Wnt signalling pathway by using a dominant-negative LRP
has been depicted to significantly reduce arterial SMC prolifer-
ation [23]. Furthermore, FrzA/sFRP-1, a secreted antagonist of
the Wnt-Frizzled pathway, delayed arterial SMC entry into the
S-phase [24]. In addition to SMC proliferation, animal models of
intimal thickening have revealed increased p-catenin levels,
which suggest the involvement of the Wnt-p-catenin pathway
also in SMC migration [25, 26]. Moreover, Wnt proteins are also
known to promote the migration of various cell types, including
monocytes and endothelial cells [20, 27, 28]. Furthermore, the
Wnt pathway has been described to play an important role in
the regulation of endothelial inflammation, vascular calcification
and mesenchymal stem cell differentiation [29]. As a result, con-
sidering the fact that atherosclerosis is both an actively regulated
and progressive process, we might speculate that high sclerostin
levels might be indicative of a sort of defensive mechanism that
may attenuate the upregulation of the canonical Wnt pathway
[30, 31] and lead to the restoration of quiescent Wnt signalling
observed under healthy conditions.

Our data also reveal increased sclerostin levels in patients with
carotid plaques compared with patients without. Sclerostin has
been demonstrated to be upregulated in vascular SMC, which pre-
viously transformed into osteocytic phenotype under calcifying
circumstances [8]. Recently, it has been suggested that increased
circulating sclerostin levels might protect dialysis patients from
cardiovascular calcification, and that low bone-specific alkaline
phosphatase activity may be the causal pathway [32]. Sclerostin
is a potent inhibitor of alkaline phosphatase activity, which inacti-
vates the potent calcification inhibitor, the inorganic pyrophos-
phate [13]. In line with previous work, accumulating data suggest
that Wnt signalling pathway inhibitors overexpression in calcify-
ing vasculature (advanced carotid plaques and calcified aortas)

Table 2. Univariate and multivariate logistic regression analysis for CIMT

Parameter HR; 95 CI% P-value HR; 95 CI% P-value
Age 1.09 (0.99, 1.13) 0.040 1.02 (0.94-1.20) 0.050
Men 1.24 (1.08-1.36) 0.760
Dialysis vintage 1.42 (1.26-1.55) 0.010 1.14 (0.99-1.29) 0.306
Smoking 1.16 (1.06-1.32) 0.050 1.06 (1.01-1.14) 0.270
Presence of type 2 DM 6.32 (3.00-18.44) 0.001 4.19 (1.44-8.60) 0.380
Positive cardiovascular history 3.40 (1.17-9.56) 0.029 2.36 (1.17-8.22) 0.120
Treatment with calcium-based phosphate binders 2.43 (1.36-3.99) 0.025 1.30 (1.19-2.41) 0.150
BMI 0.98 (0.76-1.11) 0.890
Systolic BP 1.08 (1.03-1.17) 0.040 0.98 (0.95-1.01) 0.478
Diastolic BP 0.98 (0.92-1.8) 0.910
LDL-cholesterol 1.17 (1.00-1.29) 0.192 1.05 (1.00-1.09) 0.321
HDL-cholesterol 0.92 (0.86-1.01) 0.340
Triglycerides 1.00 (0.98-1.02) 0.870
Hb 1.17 (1.14-1.59) 0.419
Albumin 0.64 (0.59-0.82) 0.020 0.77 (0.62-0.88) 0.326
Calcium 1.03 (0.98-3.01) 0.898
Phosphate (reference) T1 1.00 0.91

T2 versus T1 1.08 0.73

T3 versusT1 1.23 0.63
Log serum intact PTH 1.26 (1.10-1.62) 0.044 1.13 (1.08-1.47) 0.050
25-hydroxy vitamin Ds 0.77 (0.72-0.91) 0.660
Sclerostin 0.47 (0.33-0.66) 0.006 0.61 (0.44-0.78) 0.030
Uric acid 0.84 (0.69-1.09) 0.510
CRP 1.22 (0.97-1.37) 0.010 1.19 (0.99-1.28) 0.019
Alkaline phosphatase 1.02 (0.99-1.22) 0.472

DM, diabetes mellitus; BMI, body mass index; BP, blood pressure; Log iPTH, logarithm of serum intact parat hormone; CRP, C-reactive protein; T1, phosphate tertile

1 (<4.57 mg/dL); T2, phosphate tertile 2 (4.57, 5.26 mg/dL); T3, phosphate tertile 3 (>5.26 mg/dL).
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might even be vasculoprotective and anti-calcific, most probably
by closing a feedback loop that aims to retard further mineraliza-
tion [3, 8]. A more recent experimental rat model supports this
idea by showing the overexpression of secreted Frizzled-related
proteins (another group of Wnt pathway inhibitors) in the late
but not the early stages of vascular calcification [3]. Furthermore,
our previous observation on arteriovenous fistula calcification
[15] also seems in line with the above-mentioned reports which
showed that in patients with CKD, higher circulating sclerostin le-
vels were independently associated with a lower risk for vascular
calcification. The association between CIMT and serum sclerostin
in the present study is somewhat in contrast to the findings of a re-
cent work that showed a lack of correlation between sclerostin and
a surrogate marker of arterial stiffness in CKD patients [33]. How-
ever, a negative association was seen between circulating concen-
trations of other secreted Wnt signalling inhibitor (DKK1) and
arterial stiffness marker [33]. Different demographic and clinical
characteristics of the study patients (haemodialysis vintage, per-
centage of diabetic patients, etc.) cohort size, preanalytical bio-
marker stability and assay characteristics of the investigated
biomarkers might influence such associative investigations [9].

In this work, male haemodialysis patients had significantly
higher serum sclerostin levels than female patients. Larger bone
mass in males, hormonal effect (a role of oestrogen in reducing
sclerostin levels), skeletal remodelling and imbalances in vascular
remodelling with aging in males might be responsible for the ob-
served differences [34-36]. Furthermore, diabetic patients tended
to have higher sclerostin levels in this study. Type 2 DM is fre-
quently associated with increased sclerostin concentrations
due to, particularly in the presence of atherosclerotic disease
[37], decreased serum iPTH levels and low bone turnover [35] as
well as increased fat mass [38] and bone mineral density [39]. How-
ever, some more recent studies revealed no significant difference
in sclerostin levels regarding DM [11, 32, 40]. Contradictory results
might originate from different patient characteristics, preanalyti-
cal sclerostin stability and assay characteristics [9].

The positive correlation between CIMT and sclerostin levels in
diabetic haemodialysis patients in the present work contrasts
with the general diabetic population [30, 41]. Different kits were
used to measure sclerostin level in this study and therefore, the
preanalytical biomarker stability and assay characteristics of
the sclerostin might explain the differences [9]. Furthermore,
the presence of uraemia may contribute to both increased scler-
ostin levels and atherosclerosis, and in this situation, the influ-
ence of sclerostin levels could be more pronounced. Moreover,
the same controversy might be observed in the nature of the as-
sociation between sclerostin and CIMT, as seen previously in the
survival studies of CKD populations [10-14].

Despite commonly observed negative association between
haemodialysis vintage and surrogate markers of atherosclerosis
[42-44] in dialysis patients, statistical significance was lost when
adjustments were performed with stronger clinical and labora-
tory parameters. This is somewhat in contrast to other studies re-
vealing haemodialysis vintage as an independent predictor in
CVD surrogate parameters [45, 46]. These studies emphasize
that vascular damage caused by uraemia is time sensitive, and
atherosclerotic disease is a complex and multifactorial process
that still requires more basic research and clinical data.

The limitations of the present work include the cross-sectional
nature of both sclerostin and CIMT measurements, the relatively
small sample size and the lack of bone histomorphometric
data and bone biomarkers. Finally, we are not able to establish
the causative nature of the associations between sclerostin
and CIMT.

In conclusion, additional investigations are needed to eluci-
date whether changes in sclerostin levels (or the Wnt-p-catenin
pathway) play a significant role in the pathogenesis of athero-
sclerotic disease in patients with CKD.

Supplementary data

Supplementary data are available online at http:/ckj.oxford
journals.org.
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