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Abstract Abnormalities of bone metabolism and

increased vascular calcification are common in chronic

kidney disease (CKD) and important causes of morbidity

and mortality. The Wnt signaling pathway may play a role

in the bone and vascular disturbances seen in CKD, termed

collectively ‘‘CKD–MBD.’’ The aim of the study was to

investigate the possible association of circulating concen-

trations of the secreted Wnt signaling inhibitors DKK1 and

sclerostin with BMD and arterial stiffness in predialysis

CKD. Seventy-seven patients (48 M, 29 F), mean age 57

(SD = 14) years with CKD stages 3B (n = 32) and 4

(n = 45) were studied. Sclerostin, DKK1, PTH, and

1,25(OH)2D were analyzed. BMD was measured at the

lumbar spine (LS), femoral neck (FN), total hip (TH), and

forearm (FARM). Arterial stiffness index was determined

by contour analysis of digital volume pulse (SIDVP). There

was a positive correlation between sclerostin and age

(r = 0.47, p \ 0.000). Sclerostin was higher in men than

women (p = 0.013). Following correction for age and

gender, there was a negative association between GFR and

sclerostin (p = 0.002). We observed a positive association

between sclerostin and BMD at the LS (p = 0.0001), FN

(p = 0.004), and TH (p = 0.002). In contrast, DKK1 was

negatively associated with BMD at the FN (p = 0.038). A

negative association was seen between DKK1 and SIDVP

(p = 0.027). Our data suggest that the Wnt pathway may

play a role in CKD–MBD. Prospective studies are required

to establish the clinical relevance of sclerostin and DKK1

as serological markers in CKD.
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Vascular calcification (VC) and bone/mineral disorders,

described as chronic kidney disease (CKD) mineral bone

disorder (MBD), are common findings in patients with

CKD and are major causes of morbidity and mortality [1].

Increased VC is linked with vascular stiffness [2]. Both VC

and arterial stiffness result in hypertension, left ventricular

hypertrophy, ischemic heart disease and cardiovascular

events, and reduced survival in this population [3].

Evidence over the last decade suggests a molecular link

between the dysregulation in bone metabolism and the
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process of VC, although the mechanistic pathways

involved are still incompletely understood [4]. VC is a

complex process which involves cellular phenotypic

changes from vascular smooth muscle cells (VSMCs) to

mineralizing osteoblast-like cells. These cells are able to

express several osteogenic genes such as the osteoblastic

transcription factor, cbfa1/Runx2, bone morphogenetic

protein 2 (BMP2), and Msx2 (a promoter of early osteo-

blast development) [5]. Evidence, derived mainly from

animal models, also suggests that the Wnt signaling path-

way may be implicated in the pathogenesis of VC [6].

Msx2-expressing cells promote VC, via the activation of

Wnt signals. Canonical Wnts signal via the heterodimeric

LDL receptor–related proteins LRP5 and LRP6 to stimu-

late osteogenic gene expression via nuclear b-catenin-

dependent transcription [7]. To add further support to this

hypothesis, several inhibitors of Wnt signaling, including

secreted frizzled-related proteins (SFRPs 1, 2, and 4) have

been shown to be overexpressed in areas of aortic calcifi-

cation [8]. Furthermore, expression of Dickkopf-1 (DKK1,

an inhibitor of the canonical Wnt pathway) is enhanced in

advanced atherosclerotic lesions [9]. Sclerostin, another

Wnt signaling inhibitor, has been shown to be upregulated

during VSMC calcification in vitro [10]. Circulating

DKK1 concentrations have been shown to be elevated in

patients with angina compared to healthy controls,

although this was not found when platelet-poor plasma was

assayed [9]. However, the associations between circulating

concentrations of the Wnt signaling inhibitors sclerostin

and DKK1, different levels of renal function, and vascular

stiffness in CKD, where extensive VC occurs, remains

unknown.

The importance of Wnt signaling in the regulation of

bone formation is well established and was first identified

when loss-of-function mutations in LRP5 led to disorders

associated with osteoporosis and gain-of-function muta-

tions caused disorders of increased bone mass such as Van

Buchem disease [11]. Sclerostin is expressed mainly in

bone, primarily osteocytes [12]. Circulating concentrations

of sclerostin have recently been associated with bone

density in postmenopausal women [13, 14]. Circulating

concentrations have been found to be higher in men and in

postmenopausal women with osteoporosis and during

immobility [14, 15]. In a recent study in CKD patients on

dialysis, sclerostin was negatively correlated with histo-

morphometric parameters of bone turnover and osteoblast

numbers, although DKK1 did not correlate with any his-

tomorphometric parameter [16]. Abnormalities in DKK1

expression and concentrations have also been reported in

bone disorders. Circulating DKK1 is negatively correlated

with bone mineral density (BMD) [17], and higher con-

centrations have been reported in patients with lytic bone

disease in multiple myeloma [18]. DKK1 is more widely

expressed than sclerostin and has been implicated in colon

cancer and rheumatoid arthritis [19, 20].

In light of the increasing evidence of a pathological link

between bone abnormalities and VC/arterial stiffness in

CKD, we hypothesized that a common regulatory pathway

may involve the soluble Wnt signaling inhibitors sclerostin

and DKK1. The aim of the study was to investigate the

possible association of circulating concentrations of DKK1

and sclerostin with BMD and arterial stiffness in predial-

ysis CKD.

Materials and Methods

Subjects

Seventy-seven ambulant predialysis patients (48 M, 29 F),

mean age 57 (SD = 14) years, attending the renal unit with

CKD stages 3B and 4 were recruited into this cross-sec-

tional study during consecutive weekly renal outpatient

clinics at Guy’s Hospital over 9 months. Informed written

consent was obtained from each subject who participated in

this study, in accordance with the Helsinki Declaration.

The study was approved by the Research and Ethics

Committee of Guy’s and St. Thomas’ NHS Trust. Patients

were divided into two groups according to the severity of

kidney disease based on the estimated glomerular filtration

rate (eGFR), calculated using the MDRD formula [21]:

group 1, eGFR 30–45 mL/min (CKD stage 3B); group 2,

eGFR \30 mL/min (CKD stage 4). Exclusion criteria

included patients who had a history of previous parathy-

roidectomy or recent hospital admissions (\1 month), were

on renal replacement therapy, or were on or had previously

received treatment with active vitamin D metabolites

(1-alfacalcidol, calcitriol), phosphate binders, or bisphos-

phonates. The demographics and clinical details of the

study population obtained from a questionnaire completed

by all participants are summarized in Table 1. Routine

biochemical analytes were measured immediately from

random nonfasting blood, while additional serum samples

were frozen and stored at -70 �C for subsequent analysis

of DKK1 and sclerostin. At the renal clinic, blood pressure

and digital volume pulse (DVP) were measured, and a

dual-energy X-ray absorptiometric (DXA) scan was

requested on all study participants to assess BMD at the

total hip (TH), femoral neck (FN), lumbar spine (LS), and

forearm (FARM).

Laboratory Measurements

Routine biochemical tests, such as serum creatinine,

potassium, calcium, phosphate, albumin, total cholesterol,

triglycerides, and HDL, were measured by standard
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laboratory methods on Roche Modular analyzers (Roche

Diagnostics, Burgess Hill, UK). High-sensitivity C-reactive

protein (CRP) was determined by particle-enhanced im-

munonephelometry (Dade Behring, Newark, DE) using the

BN ProSpec analyser. Serum intact PTH was measured by

electrochemiluminescence immunoassay on the Roche

Elecsys 2010 analyzer (Roche Diagnostics, Indianapolis,

IN). 25-Hydroxyvitamin D [25(OH)D] was measured by

radioimmunoassay (RIA) (Diasorin, Stillwater, MN). In-

terassay coefficients of variation (CV) were 7.9 and 7.3 %

at serum 25(OH)D of 40.4 and 131.8 nmol/L, respectively.

Levels of 1,25(OH)2D were measured by RIA (IDS,

Boldon, UK) as previously described [22].

Sclerostin was measured using a commercially available

enzyme-linked immunosorbent assay (ELISA) (Biomedica

Gruppe, Vienna, Austria) as previously reported [13]. The

detection limit of the assay was 2.6 pmol/L, and the assay

CV was 4.2 %. Serum DKK1 was measured by an ELISA

(DuoSet ELISA; R&D Systems, Abingdon, UK) according

to the manufacturer’s instructions and as used in previous

studies [16, 18]. The 96-well microtiter plates were coated

with 100 lL of anti-DKK1 monoclonal antibody diluted to

8.0 lg/mL. The detection antibody (goat anti-human

DKK1) was diluted to a concentration of 100 lg/mL.

The minimum detection limit was 631 pg/mL, and the

assay CV was 1.45 % at a serum DKK1 concentration of

889 pg/mL.

BMD

DXA (Discovery-A QDR Series; Hologic, Waltham, MA,

USA) was used to determine BMD of the TH, FN, LS, and

FARM. The CV for BMD measurements of the TH, FN,

and LS were 1.6, 2.5, and 1.6 %, respectively [23].

Arterial Stiffness Index

Contour analysis of DVP, which provides an index of large

artery stiffness, was used to assess arterial stiffness as

previously described [24]. DVP was measured by passing

an infrared light through the finger pulp, which produces a

typical waveform made up of a direct component and a

reflected component. The pressure wave transmitted

directly from the left ventricle to the finger produces the

direct or systolic component, while the reflected or dia-

stolic component is produced by the pressure wave trans-

mitted along the aorta to small arteries in the lower limb,

from where it is reflected back along the aorta to the finger.

The stiffness index (SI) is given by the height of the

individual divided by the time delay between the direct and

reflected waves in the DVP. SI derived from the analysis of

digital volume pulse (SIDVP) shows good correlation with

pulse wave velocity (PWV), which is the gold standard and

normally determined by carotid–femoral PWV (PWFcf)

[25, 26]. SIDVP has also been associated with cardiovas-

cular risk scores and shown to be useful in identifying

high-risk populations [27]. The mean value of SIDVP was

derived from a minimum of three measurements done on

each study participant by the same investigator. Mean

within-subject CV were 8 and 5 % at values of 4 and 10 m/

s, respectively.

Statistical Analysis

Statistical calculations were performed using the standard

statistical software package SPSS 17.0 for Windows

(LEADTOOLS�; LEAD Technologies, Charlotte, NC,

USA). Mean and SD were calculated for all continuous

variables. Nonparametric data were log-transformed.

Comparisons between groups were performed using Stu-

dent’s t test for parametric data and the Mann–Whitney

Table 1 Summary of demographics and clinical details of the study

population

Characteristic CKD 3B CKD 4

Number 32 45

Age (years, mean ± SD) 60 ± 13 55 ± 13

Female % (n) 44 (14) 38 (17)

Black race % (n) 25 (8) 20 (9)

Body mass index (kg/m2, mean ± SD) 28 ± 4 27 ± 6

Smokers % (n) 19 (6) 13 (6)

Blood pressure (mm Hg)

Systolic (mean ± SD) 130 ± 18 133 ± 23

Diastolic (mean ± SD) 74 ± 8 78 ± 14

Etiology of CKD % (n)

Diabetes 15.6 (5) 17.8 (8)

Hypertension 21.9 (7) 22.2 (10)

Glomerular disease 9.4 (3) 11.1 (5)

Renovascular disease 9.4 (3) 8.9 (4)

Polycystic kidney disease 12.5 (4) 13.3 (6)

IgA nephropathy 3.1 (1) 4.4 (2)

Reflux nephropathy 3.1 (1) 8.9 (4)

Other causes 28.1 (9) 24.4 (11)

Unknown causes 6.3 (2) 4.4 (2)

Duration of CKD (years), median (range) 4 (0.2–28) 7 (0.3–60)

Comorbidities % (n)

Hypertension 81.3 (26) 93.3 (42)

Diabetes 18.8 (6) 17.8 (8)

CVD 15.6 (5) 8.9 (4)

PVD 9.4 (3) 13.3 (6)

Stroke 6.3 (2) 4.4 (2)

GFR (mL/min) 38 ± 5 21 ± 4

CKD chronic kidney disease, CVD cardiovascular disease, PVD
peripheral vascular disease
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U test for nonparametric data. Univariate analyses were

carried out using Pearson’s correlation coefficients or

Spearman’s rank correlation. Multiple linear regression

analysis was employed to explore the association between

of DKK1 and sclerostin following correction for age,

gender, eGFR, and independent variables selected follow-

ing univariate analyses. Multiple linear regression analysis

was also used to investigate the association of sclerostin

and DKK1 with BMD and SIDVP. In all statistical analyses,

p \ 0.05 (95 % confidence interval) was considered to be

statistically significant.

Results

The baseline laboratory parameters SIDVP and BMD

(Z scores of TH, FN, LS, and FARM) of the study popu-

lation are shown in Table 2. They were divided into two

groups based on CKD stage: 3B and 4. There was no

significant difference in serum calcium, phosphate, and

25(OH)D between the two groups. 1,25(OH)2D was sig-

nificantly lower in patients with CKD stage 4 compared

to stage 3B (p \ 0.05). Serum CRP and PTH were sig-

nificantly higher in patients with CKD stage 4 compared

to stage 3B (p \ 0.05). No significant difference was

found in serum DKK1 and sclerostin between CKD stages

3B and 4.

Association of Sclerostin, DKK1, and Biochemical

Parameters

In univariate analyses, serum sclerostin correlated posi-

tively with age (r = 0.47, p \ 0.0001). Sclerostin was

significantly higher in men (mean 50.5 pmol/L, SD = 30)

compared to women (mean 34 pmol/L, SD = 15.8)

(p = 0.015). No significant correlation was seen between

DKK1 and sclerostin. Following correction for age and

gender, sclerostin was negatively correlated with eGFR

(Table 3). There was a significant negative correlation

between DKK1 and 1,25(OH)2D (r = -0.270, p = 0.018),

which did not remain after correction for age and gender.

No significant correlation was observed between serum

sclerostin or DKK1 with calcium, phosphate, 25(OH)D,

and PTH.

Association between DKK1, Sclerostin, and BMD

There was no significant difference in BMD between the

two groups (CKD stages 3B and 4), although the results

tended to be lower in patients with CKD stage 4 (Table 2).

Following univariate analyses, there was a significant

positive correlation between BMD at the LS and sclerostin

only (r = 0.33, p = 0.007) and no significant correlation

between DKK1 and BMD at any site. Multiple linear

regression analysis of BMD at the LS, FN, TH, and FARM

Table 2 Summary of the biochemical data, SIDVP, and BMD (expressed as Z scores) of the study population

Analyte CKD 3B CKD 4 Reference range

(n = 32) (n = 45)

Creatinine (lmol/L) 156.1 ± 33.4 273 ± 83* M: 59–104

F: 45–84

eGFR (mL/min/1.73 m2) 38 ± 5 21 ± 4* [90

Potassium (mmol/L) 4.7 ± 0.4 5.0 ± 0.6** 3.5–5.0

Albumin-corrected calcium (mmol/L) 2.34 ± 0.08 2.31 ± 0.12 2.15–2.55

Serum phosphate (mmol/L) 1.21 ± 0.20 1.33 ± 0.31 0.9–1.4

PTH (ng/L) 81.8 ± 45.0 130.0 ± 112.0** 10–65

25(OH)D3 (nmol/L) 41.8 ± 17.2 50.6 ± 26.8 Desirable level [60

1,25(OH)2D3 (pmol/L) 66.9 ± 32.3 44.0 ± 34.6** 40–150

hs-CRP (mg/L) 3.5 ± 3 6.3 ± 15** \3

DKK1 (pg/mL) 3,431.4 ± 5,828.9 2,822.4 ± 4,282.5

Sclerostin (pmol/L) 39.2 ± 18.9 48.4 ± 30.9

SIDVP (m/s) 9.8 ± 1.8 10.0 ± 2.5

Z score hip 0.45 ± 1.2 0.04 ± 1.04

Z score femur 0.28 ± 1.21 –0.16 ± 1.02

Z score spine 0.75 ± 1.96 0.07 ± 1.57

Z score forearm 0.47 ± 1.60 –0.03 ± 1.31

Values are expressed as mean ± SD

CKD 3B vs. 4, * p \ 0.0001, ** p \ 0.05
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as the dependent variable was carried out, following

adjustment for confounders including age, gender, eGFR,

BMI, physical activity, smoking habits, alcohol intake,

previous fracture, and PTH. In this model, we found that

sclerostin was positively associated with BMD at the FN

(p = 0.004), TH (p = 0.002), and LS (p = 0.0001)

(Table 4). In contrast, DKK1 was inversely associated with

BMD at the FN (p = 0.038) (Table 4).

Association between DKK1, Sclerostin, and SIDVP

SIDVP did not differ significantly between patients with

CKD stages 3B and 4 (Table 2). In univariate analyses of

the whole study population, a significant inverse correla-

tion was observed between SIDVP and DKK1 (r = -0.287,

p = 0.013), as illustrated in Fig. 1. No significant corre-

lation was found between SIDVP and sclerostin. SIDVP

correlated significantly with age (r = 0.276, p = 0.017),

systolic blood pressure (r = 0.242, p = 0.038), diastolic

blood pressure (r = 0.270, p = 0.021), and total choles-

terol (r = 0.227, p \ 0.05). Following correction for age,

gender, eGFR, diastolic blood pressure, total cholesterol,

triglycerides, CRP, and HDL, DKK1 remained a significant

negative predictor of SIDVP (p = 0.027). The results are

shown in Table 5. This model explained 33 % of the var-

iance in SIDVP.

Discussion

This study demonstrates that sclerostin is positively asso-

ciated with BMD at the hip and lumbar spine in CKD

stages 3B and 4, confirming similar findings in hemodial-

ysis patients [28]. In contrast, we observed for the first time

a negative association between DKK1 and BMD at the

femoral neck. Further, DKK1 was negatively associated

with SIDVP.

We observed increases in serum sclerostin in men

compared to women and as a function of age as previously

reported [13, 28]. Our data demonstrate that the increase in

sclerostin with age is also seen in patients with CKD and

may mainly reflect changes in sclerostin production with

generalized aging. The mechanism of increases in

Table 3 Relationship between serum sclerostin and eGFR after

correction for age and gender following multilinear regression anal-

ysis (dependent variable sclerostin)

Variables b -coefficients t p

Age 0.488 4.82 0.0001

Gender 0.23 2.31 0.024

eGFR –0.33 –3.27 0.002

DKK1 0.081 0.82 0.41

Significant variables are shown in bold. R2 = 0.34

Table 4 Multilinear regression analysis of BMD at the femoral neck

as the dependent and sclerostin and DKK1 as independent variables in

CKD stages 3B and 4

Variables b-coefficients t p

Age –0.67 –4.53 <0.001

Gender –0.04 –0.29 0.77

GFR 0.39 2.89 0.006

BMI –0.036 –0.31 0.76

Physical activity 0.086 0.72 0.47

Smoking habits 0.007 0.06 0.95

Alcohol intake –0.17 –1.45 0.15

Previous fracture 0.058 0.5 0.62

PTH (ng/L) –0.178 –1.48 0.14

Sclerostin (pg/mL) 0.42 3.04 0.004

DKK1 (pg/mL) –0.24 –2.13 0.038

Significant variables are shown in bold. R2 = 0.40

Fig. 1 Correlation between DKK1 and arterial stiffness (SIDVP).

Increases in SIDVP are linked with lower DKK1 concentrations

Table 5 Multilinear regression analysis of SIDVP as dependent var-

iable with sclerostin and DKK1 as independent variables

Variables b-coefficients t p

Age 0.26 1.8 0.08

Gender 0.22 1.85 0.07

GFR 0.01 0.11 0.9

Diastolic BP 0.38 3.06 0.003

Total cholesterol (mmol/L) –0.08 –0.47 0.64

Triglycerides (mmol/L) –0.007 –0.05 0.96

HDL (mmol/L) 0.28 1.7 0.09

C-reactive protein (mg/L) –0.11 –1.0 0.32

Sclerostin (pg/mL) 0.08 0.55 0.58

DKK1 (pg/mL) –0.25 –2.26 0.027

Significant variables are shown in bold. R2 = 0.34
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sclerostin in the elderly remains uncertain but may be a

consequence of imbalances in skeletal remodeling seen

with aging. Whether the elevations in sclerostin with age

lead to impairment in bone formation or effects on bone

resorption via its effects on the OPG/RANKL/RANK

pathway remains to be clarified. Indeed, data from animal

studies implicate the Wnt/B-catenin signaling pathways in

the regulation of OPG and RANKL [29]. The association

was independent of GFR, suggesting that the increases in

sclerostin are unlikely to be due merely to reduced renal

clearance but may reflect, at least in part, increased pro-

duction by osteocytes. Higher sclerostin concentrations

were observed in men, as previously documented [13, 28],

which may reflect larger bone mass in men. A strong

negative association was observed between GFR and

sclerostin, following correction for age and gender. High

sclerostin concentrations have been observed with pro-

foundly abnormal renal function in patients receiving

dialysis. This is related mainly to accumulation due to renal

impairment, although abnormalities in bone and mineral

metabolism may also contribute to some extent [28].

In contrast, DKK1 was not affected by age, gender, or

renal function [28]. There was a small but significant

negative correlation between 1,25(OH)2D and DKK1,

although this was no longer significant when corrected for

age, gender, and GFR. DKK1 has previously been shown

to be differentially regulated in a tissue-specific manner by

1,25(OH)2D in in vitro studies of human colon cells [30]

and murine bone marrow stromal cells [31]. In bone mar-

row stromal cells, 1,25(OH)2D suppresses DKK1, which

could explain, at least in part, the observed small negative

association between 1,25(OH)2D and DKK1 in the study

population. In our study there was no association between

PTH and DKK1, as observed previously in CKD stage 5D

(dialysis). The lack of association between PTH and scle-

rostin seen in our study is, however, different from the

findings of other studies [16, 28], which have shown a

negative correlation between PTH and sclerostin in CKD

stage 5D. Our study is the first to examine these issues in a

nondialyzed cohort of renal patients with better preserva-

tion of kidney function and, thus, a wider range of renal

function and CKD–MBD abnormalities. The negative

relationship between sclerostin and PTH has also been

demonstrated in some, but not all, studies of patients

treated with intermittent PTH [14, 32] and in primary

hyperparathyroidism, which normalizes postparathyroi-

dectomy [33, 34]. The lack of association in predialysis

CKD may be explained by differences in the study popu-

lation in terms of the degree of renal impairment or the

degree of skeletal resistance to PTH in CKD.

The relationship between circulating sclerostin and bone

mass is perplexing. As sclerostin is an inhibitor of bone

formation, one would expect to see a negative correlation

between this Wnt inhibitor and bone density. However,

several studies have now reported a positive relationship

between sclerostin and bone density in postmenopausal

women and in CKD stage 5D [13, 14, 28]. Our data extend

this observation for the first time to patients with predial-

ysis CKD as we found that sclerostin was a significant

independent predictor of BMD at the femoral neck, hip,

and lumbar spine. One explanation for our findings is that

as sclerostin is primarily produced by late osteoblasts and

osteocytes, its production may therefore be a direct

reflection of bone cell numbers and activity, although other

factors such as level of physical activity or age, as dis-

cussed above, could also contribute [13, 15]. However,

whether circulating sclerostin as measured by the currently

available immunoassays is biologically active remains to

be elucidated. We observed a negative correlation between

circulating DKK1 and BMD at the femoral neck. This is in

contrast to other studies in CKD stage 5D, where DKK1

was found to be unrelated to bone measures and did not

seem to influence bone status [16, 28]. Our finding of a

negative correlation between DKK1 and BMD in predial-

ysis CKD is biologically plausible as it is an inhibitor of

bone formation. Indeed, a previous small cross-sectional

study showed that serum DKK1 was increased in patients

with osteoporosis and correlated negatively with BMD at

the lumbar spine and femur [17]. Furthermore, DKK1 has

been implicated in myeloma bone disease, where increased

concentrations are associated with increases in lytic lesions

and reduction in bone formation [18]. The discrepant

association seen between DKK1 and sclerostin with BMD

may be explained, at least partly, by the differences in

tissue distribution of the two Wnt signaling inhibitors. One

explanation is that DKKI, unlike sclerostin, is produced not

only by the skeleton but also by other tissues implicated in

CKD–MBD, such as platelets and vascular cells. There-

fore, circulating concentrations of DKK1 may not depend,

solely, on skeletal production. However, as DKK1 is a

secreted protein, we can speculate that its extraskeletal

production can contribute to circulating concentrations,

which could in turn have a negative impact on the skeleton.

Moreover, DKK1 seems unaffected by renal clearance.

Another, more hypothetical explanation of the differences

between BMD and the two Wnt inhibitors is that extra-

skeletal production of DKK1 may have an impact on

sclerostin production and/or function as both factors bind

to LRP5 and LRP6 to inhibit Wnt signaling.

In addition to its important role in bone remodelling,

DKK1 may be implicated in the pathogenesis of VC, a

component of CKD–MBD. Indeed, we observed a negative

relationship between SIDVP (a surrogate marker of arterial

stiffness) and DKK1, suggesting that lower circulating

concentrations may lead to a reduction in vascular com-

pliance, presumably due to increases in VC. VC is subject

478 S. Thambiah et al.: Sclerostin and DKK1 in Predialysis CKD

123



to active osteogenic regulation, which includes BMP2-

Msx2 osteogenic signaling pathways [5]. Recent evidence

in animal studies suggests than Wnt ligands are upregu-

lated, while Wnt antagonists such as DKK1 are downreg-

ulated [6]. On the other hand, other studies have shown

increased expression of DKK1 in advanced carotid plaques

[9] or, indeed, other Wnt inhibitors such as SFRPs 1, 2, and

4 in severely calcified aortas [8]. It has been suggested that

this may be a defensive response, in cases where VC is well

established and severe, to block the Wnt pathway in order

to reduce ossification and avoid further progression [8].

Taken together these findings, including those of our study,

implicate DKK1 in the vascular integrity in CKD. Whether

changes in DKK1 are of direct pathological significance or

a secondary response remains to be established, but as both

VC and vascular stiffness have major impacts on the sur-

vival of patients with CKD, this requires further investi-

gations. DKK1 has been shown to be involved in the

inflammatory interaction between platelets and endothelial

cells, thought to be an important mechanistic pathway in

atherogenesis [9]. The use of DKK1 as a serological mar-

ker of VC and arterial stiffness in particular merits further

studies. We did not observe any association between cir-

culating sclerostin and SIDVP, although expression of

sclerostin is upregulated during calcification of VSMCs

[10]. However, this may be a local process and may not

influence circulating concentrations.

In conclusion, we have shown that the recently reported

positive relationship between circulating sclerostin with

age and bone mass is also seen in patients with predialysis

CKD. Circulating sclerostin is higher in men and is

affected, in part, by renal clearance. In contrast, DKK1 was

negatively associated with bone mass and arterial stiffness,

suggesting a role for this Wnt inhibitor in CKD–MBD.

However, an important limitation of our cross-sectional

study is that we cannot establish a causal effect of the Wnt

signaling inhibitors in the regulation of bone mass and

arterial stiffness in predialysis CKD. Nevertheless, our

findings are of interest and suggest that the Wnt signaling

pathway may be involved in the pathogenesis of CKD–

MBD. Further, larger, prospective studies are needed to

establish the clinical relevance of sclerostin and DKK1 as

serological markers in CKD–MBD.
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Navarro D, Barbáchano A, López de Silanes I, Ballestar E, Fraga

MF, Esteller M, Gamallo C, Bonilla F, González-Sancho JM,
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