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Background: The chronic kidney disease (CKD)-mineral and bone disorder (MBD) syndrome is an
important contributor to the CKD-associated cardiovascular disease and high mortality rates.
Sclerostin, a protein synthesized in osteocytes, is a potent downregulator of bone metabolism and
a novel candidate for the bone-vascular axis in CKD patients. We tested whether serum sclerostin
values are predictive for all-cause mortality and cardiovascular events (CVEs) in a CKD population.

Methods: Serum sclerostin was obtained from 173 CKD (stage 3–5) and 47 control patients, and its
concentration was correlated with estimated glomerular filtration rate and to mineral and vascular
abnormalities that are present in the CKD evolution. All-cause mortality and CVEs were also an-
alyzed in relation to serum sclerostin values.

Results: Patients with CKD showed higher sclerostin levels (median 63.5 pmol/L vs 52 pmol/L, P �

.001) than controls, with values progressively higher across the CKD stages. In univariate analysis,
serum sclerostin concentrations were correlated with gender, estimated glomerular filtration rate,
flow-mediated dilatation, and endothelium-independent vasodilatation as markers of endothelial
dysfunction and with different serum CKD-MBD–associated parameters. However, in multivariate
analysis, only gender, fibroblast growth factor-23, phosphate, flow-mediated dilatation, and cho-
lesterol remained significantly associated with sclerostin levels. During the observational period,
there were 19 deaths and 50 CVEs. In survival analysis, different sclerostin levels were associated
with all-cause mortality and CVEs in these patients.

Conclusions: This is the first study that shows that serum sclerostin values are associated, even after
multiple adjustments, with fatal and nonfatal CVEs in a nondialyzed CKD population. (J Clin En-
docrinol Metab 99: E1854–E1861, 2014)

The increased cardiovascular risk observed in patients
with chronic kidney disease (CKD) is multifactorial

and is due partly to pathophysiological processes specific
to chronic kidney disease that make prevention of cardio-

vascular disease by standard interventions directed at sin-
gle traditional risk factors difficult (1). As kidney function
worsens, there is a progressive alteration of mineral ho-
meostasis, with a disruption of normal serum and tissue
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concentrations of phosphorus and calcium and changes in
circulating levels of hormones. The CKD-mineral and
bone disorder (CKD-MBD) syndrome is an extremely im-
portant complication of kidney diseases and is present
early in the evolution of CKD (2, 3). It describes the com-
plex bone and mineral abnormalities that occur in CKD
and is an important contributor to the CKD-associated
cardiovascular disease and high mortality rates (4, 5).

Sclerostin (22.5 kDa), a protein synthesized in osteo-
cytes, acts as an inhibitor of the Wnt coreceptor low den-
sity lipoprotein receptor-related protein5/6. Wnt pathway
activation promotes the osteoblast cell lineage by control-
ling proliferation, maturation, terminal differentiation,
and bone formation (6). Sclerostin is a potent downregu-
lator of bone metabolism, thus being a novel candidate for
this bone-vascular axis in CKD patients.

Serum sclerostin levels increase with the progression of
CKD (7–9) and are associated with bone mass (10, 11),
various histomorphometric parameters of bone turnover
(12), and cardiovascular calcification (13, 14). Recently,
Viaene et al (15) showed that in hemodialysis (HD) pa-
tients, high circulating sclerostin levels are associated with
improved survival.

The aim of this study was to evaluate in a nondialyzed
CKD population the relationship between sclerostin, dif-
ferent parameters of CKD-MBD, and endothelial function
and to test its ability in predicting future cardiovascular
events (CVEs) and mortality.

Patients and Methods

Patients and study design
Between November 2010 and August 2013, 289 patients

were referred to the Renal Unit of the Gülhane School of Med-
icine Medical Center, Ankara, Turkey, for suspected or manifest
renal failure. All patients included in the study were previously
diagnosed as having CKD according to National Kidney Foun-
dation K/DOQI Guidelines (16) and were followed in our unit
for at least 3 months to exclude acute kidney injury. By protocol,
and to minimize any confounding effects of conditions that may
influence CKD-MBD assessment at baseline, 49 patients who
were taking phosphate binders (n � 19) or supplemental vitamin
D pills (n � 30) were excluded from this observational cohort.
Otherwise, other exclusion criteria including acute infections
and unwillingness to participate in the study were applied (n �
30). In addition 37 eligible patients withdrew informed consent.
Stages of CKD were determined using estimated glomerular fil-
tration rates (eGFRs) that were estimated at inclusion according
to the Modification of Diet in Renal Disease Equation (17). In
total, 173 patients were included in the final analysis: 60 patients
with stage 3, 55 patients with stage 4, and 58 patients with stage
5 CKD. None of the patients in stage 5 CKD were on dialysis.
Some of the subjects that we enrolled were included in our pre-
vious study (18).

We further recruited in the control group 47 patients,

matched to the CKD patients for age and gender, from our out-
patient department whose primary reason for referral did not
include diabetes or cardiovascular or renal disease.

All included patients were followed up for time-to-event anal-
ysis until occurrence of fatal or nonfatal CVEs. Information on
fatal and nonfatal CVEs including death, stroke, and myocardial
infarction were obtained from the Gülhane School of Medicine
Medical Center registries. Death certificates and hospital records
were reviewed by 3 of the investigators unaware of baseline pa-
rameters. If information could not be obtained, the patient was
assumed to be lost to follow-up starting from the date of the last
actual visit.

The Gülhane School of Medicine ethical committee approved
the study protocol, and all patients were included in the study
after signing informed consent forms.

Arterial blood pressure (BP) was determined in the morning
in all patients by a physician by 3 consecutive measurements,
each after a 15-minute resting period, with the mean values cal-
culated for systolic and diastolic pressure.

Biochemical analyses
All blood samples were obtained from patients in the morn-

ing, after 12 hours of fasting, for measurement of serum albumin,
high-sensitivity C-reactive protein (hsCRP), and fasting plasma
glucose, total serum cholesterol, triglyceride, and high- and low-
density lipoprotein cholesterol. The serum basal insulin value
was determined by the coated tube method (Diagnostic Products
Corp). The homeostasis model assessment of insulin resistance
(HOMA-IR) was computed using the following formula:
HOMA-IR � fasting plasma glucose (milligrams per deciliter) �
immunoreactive insulin (micro-international units per millili-
ter)/405 (19). Proteinuria was quantified using 24-hour timed
urine collection.

Serum sclerostin was measured using the quantitative sand-
wich ELISA method developed by Biomedica. In our laboratory,
2 samples of known concentrations were tested 6 times to assess
intra-assay variability (4%), and 2 samples of known concen-
trations were tested in 3 assays to assess interassay variability
(3%). Sclerostin measurements are reported throughout in pi-
comoles per liter, with the lower limit of detection less than 10
pmol/L.

Intact fibroblast growth factor-23 (FGF23) was measured
using an ELISA according to the manufacturer’s protocol
(Kainos Laboratories International). This second-generation,
2-site, monoclonal antibody ELISA has previously been shown
to recognize the biologically active intact FGF23. The Kainos
intact FGF23 assay has a lower limit of detection of 3 pg/mL and
intra-assay and interassay coefficients of variation of less than
5%. The calculated overall intra-assay coefficient of variation
was 2.5%, and the calculated overall interassay coefficient of
variation was 2.8%. We measured all samples in duplicate.

To measure 25-hydroxyvitamin D, we used HPLC kits fol-
lowing the manufacturer’s instructions (ImmuChrom GmbH).
Quantification of 25-hydroxyvitamin D3 was made by anHPLC
system with UV (264 nm) detector (Thermo Electron). The intra-
assay coefficient of variation was 0.9% to 2.9%, the calculated
interassay coefficient of variation was 1.7% to 3.9%, and re-
covery was 91%. Intact PTH (iPTH) was measured by immu-
noradiometric assay, using a commercial kit (Immulite intact
PTH) from Diagnostic Products Corp with a sensitivity of 1
pg/mL.
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Assessment of endothelial function
Endothelium-dependent vasodilatation (flow-mediated dila-

tation [FMD]) and endothelium-independent vasodilatation (ni-
troglycerine-mediated dilatation [NMD]) of the brachial artery
were assessed noninvasively, using high-resolution ultrasound as
described by Celermajer et al (20). The method for the vascular
assessment met the criteria established by the International Bra-
chial Artery Reactivity Task Force (21). Measurements were
made by a single observer using an ATL 5000 ultrasound system
(Advanced Technology Laboratories Inc., Bothell, WA.) with a
12-Mhz probe. The maximum FMD and NMD dilatation di-
ameters were calculated as the average of the three consecutive
maximum diameter measurements. The FMD and NMD were
then calculated as the percent change in diameter compared with
baseline resting diameters. The intra-observer coefficient of vari-
ation for FMD was 5.9%.

Statistical analysis
All statistical analyses were performed using SPSS version

15.0 (SPSS Inc) statistical package. Nonnormally distributed
variables are expressed as median (range) and normally distrib-
uted variables as mean � SD, as appropriate. A P value � .05 was
considered to be statistically significant. Between-group com-
parisons were assessed for nominal variables with the �2 test, by
Mann-Whitney U or Kruskal-Wallis test for nonnormally dis-
tributed variables, and by independent t test or one-way
ANOVA for normally distributed variables. Spearman’s rank
correlation was used to determine correlations between paired
variables. Backward stepwise multivariate regression analysis
was used to assess the predictors for sclerostin. Survival and
time-to-event analysis of cardiovascular outcomes were done
using Kaplan-Meier with log-rank test used to compare groups
and Cox proportional hazards model, including adjustment for
potential confounding factors. For multivariable Cox analysis,
the backward stepwise method was applied. We included in the
model all univariate predictors for mortality and used a removal
probability of .05. Data are presented in the form of hazard ratios
(HRs) and 95% confidence intervals (CIs). We performed boot-
strapping validation when needed to avoid the problem of over-
fitting due to the low number of incident outcomes.

Results

Characteristics of the study population
Our study included 173 patients (median age 47, IQR

38–59 years, 49.7% males) with CKD and 47 controls
(non-CKD, nonhypertensive, and nondiabetic). Primary
renal disease was diabetes-associated nephropathy
(26%), hypertension (19.1%), chronic glomerulonephri-
tis (16.8%), polycystic kidney disease (6.4%), reflux ne-
phropathy (6.4%), and unknown etiology (25.4%).

As expected, patients with CKD had higher systolic BP
and hsCRP values and lower albumin levels, altered min-
eral metabolism (as determined by lower serum calcium
and vitamin D and higher phosphate, iPTH, and FGF23),
and endothelial function (as evaluated by FMD and
NMD) (see Table 1) compared with controls. Different

demographic, clinical, and biological characteristics of the
study population across stages of CKD are shown in Sup-
plemental Table 1.

CKD patients had significantly higher sclerostin values
than controls (median 63.5 vs 52.0 pmol/L, P � .001;
mean difference 17.7, 95% CI 13.9–21.4 pmol/L).

There was no difference in sclerostin levels between
diabetic and nondiabetic patients (median 73.0 [range �

54.2–87.2] pmol/L vs 60.6 [range � 55.3–72.1] pmol/L,
P � .11), or between male and female patients (median
63.2 [range � 54.7–88.8] pmol/L vs 63.5 [range � 55.7–
73.0] pmol/L, P � .28). Importantly, sclerostin values sig-
nificantly increased across the 3 CKD stages (P � .001; see
Figure 1 and Supplemental Table 1). We further divided
the CKD patients into 2 subgroups according to the
sclerostin median value (63.5 pmol/L). Patients with
sclerostin levels above the median had significantly higher
CRP, glucose, FGF23, iPTH, alkaline phosphatase (ALP),
and phosphate and lower calcium, eGFR, FMD, and
NDM values (see Table 1).

Correlations of serum sclerostin with
demographic, clinical, and biological parameters

In univariate analysis, we identified eGFR, phosphate,
and iPTH as the best significant correlates for serum
sclerostin levels. In multivariate linear regression analysis,
including all the univariate predictors of sclerostin, only
FGF23, phosphate, cholesterol, FMD, and gender main-
tained an independent association (R2 of the model �

0.42) with sclerostin values (Table 2).

All-cause mortality and CVEs according to
sclerostin levels

The mean follow-up period was 26 (range � 23–31)
months. During this period, 19 patients died, 11 due to
cardiovascular causes. Cardiovascular mortality was de-
fined as death due to coronary heart disease (n � 8), sud-
den death (n � 1), or stroke (n � 4). A total of 39 nonfatal
CVEs took place during the follow-up period. These in-
cluded stroke (n � 12), myocardial infarction (n � 23),
and peripheral vascular disease (n � 4).

Using sclerostin as a continuous variable, we found in
univariate Cox analysis that its levels are associated with
all-cause mortality (HR � 1.03, 95% CI 1.01–1.04, P �

.003) and CVEs (HR � 1.03, 95% CI 1.02–1.04, P �

.001). After adjustment for all univariate predictors,
sclerostin levels remained significantly associated only
with CVEs (see Supplemental Table 2).

There were 5 deaths and 7 CVEs in the group of patients
with sclerostin levels below the median, whereas in the
other group, there were 14 deaths and 43 CVEs. Kaplan-
Meier curves show significantly higher all-cause mortality
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and CVE rates in CKD patients with serum sclerostin lev-
els above the median (see Figure 2). In unadjusted Cox
regression, patients with sclerostin values �63.5 pmol/L
had an HR for death of 3.19 (95% CI 1.15–8.89, P � .03)

and for CVEs of 7.74 (95% CI 3.47–17.24, P � .001),
respectively (see Table 3). However, in multivariate Cox
analysis, sclerostin levels above the median again re-
mained significantly associated only with CVEs (HR �
7.25, 95% CI 3.25–16.19, P � .001), independently of
eGFR, markers of endothelial dysfunction, or other CKD-
MBD parameters.

As a supplementary sensitivity analysis, we further
evaluated the predictive power of median sclerostin value
for all-cause mortality and CVEs in each CKD stage. In
every CKD stage, a sclerostin value above the median in-
creases the risk for CVEs, but not for all-cause mortality
(see Supplemental Figures 1–3).

Finally, we performed a receiver operating character-
istic curve analysis and found a better cutoff for sclerostin
as survival predictor in this CKD population. A value of
sclerostin �69 pmol/L had a sensitivity of 67.5% and a
specificity of 73.7%, with positive predictive value of
95.4% and a negative predictive value of 21.9%. The
group with a sclerostin value �69 pmol/L remained, even
after multiple adjustments and bootstrapping validation,

Table 1. Demographic Characteristics, Biochemical Parameters, and Vascular Assessments of the Study Populationa

Controls CKD Patients Pb
Sclerostin
<63.5 pmol/L

Sclerostin
>63.5 pmol/L Pc

n 47 173 87 86
Age, y 49.0 (47.0–59.0) 47.0 (38.0–59.0) .34 46.0 (38.0–60.0) 49.5 (38.0–58.3) .61
Male, n (%) 21 (44.7%) 86 (49.7%) 0.62 43 (49.4%) 43 (50.0%) 1.00
Diabetes, n (%) - 45 (26.0%) NA 17 (19.5%) 28 (32.6%) .06
Smoking, n (%) 18 (38.3%) 80 (46.2%) .41 39 (44.8%) 41 (47.7%) .76
Hypertensive, n (%) - 33 (19.1%) NA 14 (16.1%) 19 (22.1%) .34
BMI, kg/m2 26.0 (24.5–26.5) 25.7 (24.0–27.5) .90 26.0 (24.0–28.0) 25.0 (23.5–27.0) .14
Albumin, g/dL 4.3 (4.1–4.6) 4.0 (3.8–4.4) <.001 4.0 (3.8–4.4) 4.1 (3.7–4.4) .82
hsCRP, mg/L 2.0 (1.7–3.0) 18.0 (13.0–25.0) <.001 17.0 (12.0–21.0) 21.0 (14.0–27.0) .001
Proteinuria, g/d 1.4 (0.8–1.9) NA 1.3 (0.8–1.8) 1.5 (0.8–2.2) .28
Cholesterol, mg/dL 198.0 (188.0–208.0) 198.0 (186.0–210.0) .61 200.0 (195.0–219.0) 198.0 (183.8–208.3) .09
HDL-cholesterol, mg/dL 45.0 (41.0–49.0) 45.0 (40.0–49.0) .31 45.0 (40.0–49.0) 44.0 (38.0–49.0) .08
LDL-cholesterol, mg/dL 125.0 (120.0–131.0) 125.0 (116.0–136.0) .50 128.0 (120.0–137.0) 124.0 (110.8–134.3) .33
Triglycerides, mg/dL 142.0 (136.0–152.0) 142.0 (131.0–155.0) .69 141.0 (131.0–154.0) 142.0 (129.8–158.0) .53
SBP, mm Hg 129.0 (125.0–133.0) 133.0 (127.0–138.0) .003 133.0 (124.0–137.0) 129.0 (133.0–138.3) 0.20
DBP, mm Hg 83.0 (81.0–86.0) 83.0 (81.0–88.0) .14 83.0 (81.0–88.0) 83.0 (81.0–86.3) .69
HOMA-IR, �IU/mL 1.3 (1.2–1.6) 1.5 (1.3–2.1) <.001 1.5 (1.3–1.9) 1.6 (1.4–2.2) .08
Glucose, mg/dL 85.0 (78.0–90.0) 90.0 (81.0–101.0) .002 88.0 (81.0–96.0) 92.0 (82.8–104.3) .01
FGF23, rU/mL 30.3 (25.8–34.5) 44.5 (34.5–66.0) <.001 38.0 (33.2–56.8) 53.6 (36.1–68.1) .002
Vitamin D, nmol/L 54.6 � 7.8 45.4 � 10.9 .001 45.4 � 9.89 45.4 � 12.1 .99
PTH, pg/mL 42.0 (33.0–52.0) 154.0 (129.5–231.0) <.001 142.0 (120.0–165.0) 192.0 (151.5–245.5) <.001
ALP, U/L 52.0 (44.0–113.0) 78.0 (49.0–119.5) .03 66.0 (46.0–112.0) 90.5 (54.8–129.8) .002
Calcium, mg/dL 9.2 (8.7–9.6) 8.2 (7.9–8.5) <.001 8.2 (7.9–8.7) 8.0 (7.9–8.3) .024
Phosphate, mg/dL 3.8 (3.4–4.1) 5.0 (4.5–7.4) <.001 4.8 (4.1–5.2) 6.0 (4.9–7.3) <.001
FMD, % 8.5 (8.3–9.2) 6.4 (5.7–7.4) <.001 7.0 (6.4–7.4) 5.9 (5.2–6.4) <.001
NMD, % 13.4 (12.8–13.7) 12.8 (12.1–13.2) <.001 12.9 (12.6–13.2) 12.6 (12.0–13.0) .001
Sclerostin, pmol/L 52.0 (49.0–54.9) 63.5 (55.3–78.9) <.001 55.3 (50.3–58.5) 78.9 (69.0–97.9) <.001
eGFR, ml/min/1.73m2 116.0 (113.0–119.0) 23.0 (4.0–38.0) <.001 27.0 (21.0–47.0) 15.0 (3.0–27.0) <.001

Abbreviations: BMI, body mass index; DBP, diastolic BP; HDL, high-density lipoprotein; hsCRP, high-sensitive C reactive protein; LDL, low-density
lipoprotein; NA, not applicable; SBP, systolic BP.
a Data are expressed as mean � SD or median (range) as appropriate. Bold values are statistically significant.
b Comparison between controls and CKD patients.
c Comparison between groups.

Figure 1. Serum sclerostin values (picomoles per liter) in the control
group and across the CKD population.
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associated with all-cause mortality (see Supplemental Ta-
ble 3). Forcing eGFR, age, or proteinuria into the model
didn’t affect the final results.

Discussion

Our study shows that sclerostin levels are associated with
markers of CKD-MBD and vascular function in a CKD
stage 3 to 5 population. Most importantly, we demon-
strated for the first time that in a predialysis CKD cohort,
serum sclerostin values are associated, even after multiple
adjustments, with fatal and nonfatal CVEs.

Sclerostin, the product of the SOST gene in osteocytes,
is a glycoprotein that inhibits osteoblast and bone forma-
tion. Sclerostin acts as an inhibitor of the Wnt coreceptor
low density lipoprotein receptor-related protein 5/6. The

Table 2. Univariate and Multivariate Associates of
Sclerostin as a Continuous Variable in Nondialysis CKD
Patients

Parameters � or � P

Univariate �
hsCRP, mg/L 0.29 �.001
FGF 23, rU/mL 0.32 �.001
iPTH, pg/ml 0.37 �.001
ALP, U/L 0.23 .003
Phosphate, mg/dL 0.47 �.001
FMD, % �0.52 �.001
NMD, % �0.27 �.001
eGFR, ml/min/1.73 m2 �0.41 �.001
Cholesterol, mg/dL �0.15 .04
Gender (1 � male, 2 � female) �0.15 .04

Multivariate �
FGF23, rU/mL 0.25 .002
FMD, % �5.22 .001
Phosphate, mg/dL 4.94 �.001
Cholesterol, mg/dL �0.14 .03
Gender (1 � male, 2 � female) �5.72 .03

Figure 2. Kaplan-Meier analysis for all-cause mortality and CVE according to median (63.5 pmol/L) sclerostin groups. CVE represents both fatal
and nonfatal CVEs.

Table 3. Univariate and Multivariate Cox Analysis
Predicting All-Cause Mortality and Cardiovascular Events
Using Sclerostin Median (63.5 pmol/L) Groups

Parameters HR (95% CI) P

Fatal events (n � 19)
Univariate analysis

Diabetes (yes/no) 5.35 (2.07–13.82) .001
FMD, % 0.47 (0.29–0.76) .002
DBP, mm Hg 0.89 (0.81–0.99) .04
Glucose, mg/dL 1.01 (1.00–1.02) .01
Phosphate, mg/dL 1.42 (1.07–1.88) .02
iPTH, pg/mL 1.01 (1.00–1.01) .02
Sclerostin median groups 3.19 (1.15–8.89) .03

Multivariate analysis
Diabetes (yes/no) 4.54 (1.73–11.89) .002
FMD, % 0.49 (0.29–0.83) .008
DBP, mmHg 0.87 (0.76–0.99) .03

CVEs (n � 50)
Univariate analysis

Diabetes (yes/no) 2.75 (1.56–4.83) �.001
FMD, % 0.50 (0.38–0.67) �.001
NMD, % 0.66 (0.48–0.92) .02
SBP, mm Hg 1.03 (1.00–1.06) .04
Glucose, mg/dL 1.01 (1.00–1.01) .03
Hypertension (yes/no) 2.81 (1.57–5.03) �.001
Phosphate, mg/dL 1.44 (1.20–1.71) �.001
iPTH, pg/mL 1.01 (1.00–1.01) .04
FGF23, rU/mL 1.03 (1.01–1.04) �.001
eGFR, ml/min/1.73m2 0.98 (0.96–0.99) .004
Sclerostin median groups 7.74 (3.47–17.24) �.001

Multivariate analysis
Diabetes (yes/no) 2.37 (1.35–4.18) .003
Sclerostin median groups 7.25 (3.25–16.19) �.001

Abbreviations: DBP, diastolic BP; SBP, systolic BP.
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canonical Wnt pathway has a bone-anabolic and anticata-
bolic effect. Wnt signaling inhibits bone resorption and
upregulates osteoprotegerin, which binds and inhibits the
receptor activator of nuclear factor-�B ligand.

The sclerostin levels from our control group were sim-
ilar to other non-CKD studied populations (22, 23). Our
study confirms previous findings that show increased lev-
els of sclerostin in CKD patients (11, 14, 24). Recently, it
has been established that these levels are not the result of
reduced renal clearance, because urinary sclerostin excre-
tion increases with declining eGFR (9). Sabbagh et al (7)
suggests that an increase in osteocyte production is most
likely the primary event that leads to the elevation in serum
sclerostin levels observed in CKD patients.

It has been shown, both in non-CKD (25) and CKD (11,
12) patients, that sclerostin levels are associated with PTH
values. In contrast with these aforementioned studies, af-
ter multiple adjustments, in our cohort, sclerostin and
PTH levels were not related. There are several potential
explanations for this lack of correlation. First, in our CKD
population, iPTH levels were relatively low. Second, there
are important methodological differences among the pub-
lished studies regarding the type of CKD population and
of sclerostin assays. Third, and possibly the most impor-
tant hypothesis, there could be PTH-independent mech-
anisms for sclerostin regulation.

In line with this last assumption, the present study
shows that sclerostin is correlated with FGF23 and phos-
phate. Recently, it was hypothesized that CKD-MBD has
an impact on the Wnt pathway and that phosphorus and
FGF-23 could be additional modulators of sclerostin ex-
pression (8). The same group also showed in an animal
model that a high-phosphate diet was associated with an
increase in both serum and bone sclerostin levels (26).
These corroborated results strengthen the possible role of
phosphorus and FGF23 in sclerostin regulation through a
PTH-independent mechanism (8).

Numerous data now implicate the Wnt pathway in
metabolic disease (27, 28). It has been shown that high
levels of sclerostin are associated with hyperlipidemia in
animal models (29) and non-CKD patients (30). Our re-
sults are in agreement with the findings of Claes et al (13)
who found an inverse relationship between cholesterol
and sclerostin levels in CKD patients. Osteocytes are
formed during the terminal differentiation of bone-form-
ing osteoblasts (30), and serum cholesterol has inhibitory
effects on this process (31). Whether this negative corre-
lation between sclerostin, as a marker of osteocyte number
and activation (11), and cholesterol levels in CKD implies
an increased transformation of osteoblasts or a negative
feedback response to the increased number of osteoblasts
in CKD patients needs further investigation.

It is now well established that in CKD patients, vascular
calcifications are common and related to worse outcomes
(32). Previous studies have described different relation-
ships between sclerostin and vascular disease. Some of
them have observed that higher sclerostin levels are asso-
ciated with carotid intima thickness (33), aortic calcifica-
tion (14, 34, 35), or pulse wave velocity (35). Increased
sclerostin expression was associated with calcification of
aortic valves (14) or cultured mouse vascular smooth mus-
cle cells (33, 36). In contrast with the aforementioned stud-
ies, an inverse relationship between sclerostin levels and
vascular calcification was noted in diabetic African Amer-
ican (37) or CKD (12) patients. Whether these different
outcomes are the result of subject selection, differences in
population ancestry or different competing factors used in
multivariable analysis remains unknown.

Our study shows an independent relationship with
FMD, a known marker of endothelial dysfunction. Addi-
tionally, we also found that higher levels of sclerostin are
predictive for fatal and nonfatal CVEs and even mortality.
Recently, and in contrast with our results, Viaene et al (15)
showed that higher levels of sclerostin are associated with
improved survival in HD patients. However, although a
trend toward worse survival in patients with sclerostin
values below the median was observed in univariate anal-
ysis, this conclusion was drawn only after adjustments for
age and gender. The authors explained their findings by
the known suppressor effect of sclerostin on bone-specific
alkaline phosphatase, an inducer of vascular calcification
in CKD (38) and a biomarker associated with mortality in
HD (39, 40). By comparison, our study was done in CKD
patients not on dialysis and without any vitamin supple-
mentation, and thus the 2 populations probably had dif-
ferent renalosseouspathologies.Althoughdirectbonehis-
tomorphometry was not performed in either of these
studies, this hypothesis is supported by the differences ob-
served in serum vitamin D, PTH, or calcium levels. Be-
cause most of the CKD patients die before needing renal
replacement therapy, it is known that those on dialysis
probably have special unidentified characteristics, which
could also account for the different findings between these
2 studies. Another possible explanation is that, like other
markers of CKD-MBD, serum sclerostin levels could have
a U-shaped effect on mortality.

Our study has several limitations and strengths. Like
any observational study, no direct inferences could be
made between serum sclerostin levels and all-cause mor-
tality and CVE in this CKD population. Second, as men-
tioned before, we didn’t perform bone density or histo-
morphometry assessment and vascular calcification
analysis and as such couldn’t evaluate the impact of these
anomalies on sclerostin levels and on our outcomes. Third,
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although the difference in sclerostin levels between controls
and CKD patients is rather small, it has statistical signifi-
cance. Because, like phosphorus or other hormonal (vitamin
D,FGF23,andPTH) levels,moreabnormal sclerostinvalues
are proper to later CKD stages, this small difference could be
the result of a diluting effect of having included also patients
withnear-normalrenal function.Fourth,oursamplesizeand
number of outcomes were relatively small. However, we
used a holistic approach, analyzing serum sclerostin levels in
association with markers of endothelial dysfunction, inflam-
mation, or CKD-MBD.

Conclusions
This is the first study that demonstrates an increased

incidence in mortality and CVE in the presence of higher
serum sclerostin levels in CKD nondialyzed patients. The
exact role of sclerostin on the bone-vascular axis in CKD
and whether it represents only a marker or is actually an
effector needs further evaluation.
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