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Abstract

Background: Wnt signalling inhibitors (Dickkopf-1 and Sclerostin) signalling
play a role in vascular development and may contribute to calcification. Aim:
To investigate the association between Dickkopf-1 and sclerostin serum con-
centrations in children undergoing maintenance hemodialysis with intimal
medial thickness and peak systolic velocity of the main arteries. Patients and
Methods: A study was conducted on 40 children undergoing maintenance
hemodialysis and controls of the same age and sex. The study measured the
initial medial thickness (IMT) and peak systolic velocity (PSV) of the main
vessels (carotid, ulnar, and femoral). Dickkopf-1 and sclerostin serum levels
in both groups were assessed, and a routine investigation was performed.
Results: The findings indicate that the levels of serum Dickkopf-1 and Scle-
rostin were significantly higher in the hemodialysis group 2540.65 (2215.4 -
2909.2 pg/ml) and 1.17 (0.85 - 2.03 ng/ml)respectively (P = 0.001), compared
to their control group it was 1110.45 (885.45 - 1527.65 pg/ml) and 0.28 (0.25 -
0.32 ng/ml)) respectively P = 0.001. Additionally, there was a significant in-
crease in intima-media thickness (IMT) with a decrease in peak systolic ve-
locity (PSV) in the main blood vessels, including the carotid, ulnar, and fem-
oral arteries. A significant correlation was also observed between Dickkopf-1
and sclerostin levels and IMT of the carotid, ulnar, and femoral arteries.
Conclusion: Wnt signalling inhibitors (Dickkopf-1 and Sclerostin) exert ef-
fects beyond the bone and significantly contribute to early vascular calcifica-
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tion in pediatric patients undergoing maintenance hemodialysis.
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1. Background

Patients with chronic kidney disease (CKD) have a higher likelihood of experi-
encing cardiovascular events. This increased risk cannot be solely attributed to
traditional risk factors like age, hypertension, and diabetes. Other factors related
to CKD and the chronic inflammatory state of ‘uremia’ may also contribute to
this heightened risk [1] [2].

Premature arterial stiffening is primarily caused by disrupted calcium phos-
phate balance, which is critical in mediating these associations [3].

In chronic kidney disease (CKD), there is a risk of early-stage damage and calci-
fication of blood vessels, which can quickly progress once dialysis is initiated [4] [5].

It’s essential to boost our knowledge of the mechanisms involved, create relia-
ble diagnostic methods, and establish effective prevention and treatment strate-
gies. Recognising and addressing these risk factors is vital for reducing the risk
of cardiovascular disease in patients [6] [7].

The Wnt signalling pathway plays a role in bone turnover. Calcifying smooth
muscle cells is similar to osteoblasts, and increasing evidence suggests Wnt’s in-
volvement in vascular calcification. Different studies have identified various in-
ducers, inhibitors, and regulatory proteins related to Wnt and other signalling

pathways [8].

“Dickkopf-1 and sclerostin are essential glycoproteins that play a pivotal
role in regulating bone formation by counteracting Wnt/S-catenin signal-

ling in osteoblasts and osteoclasts [9].”

Dickkopf-1, a secretory glycoprotein, can block the Wnt pathway by competi-
tively binding to receptors (e.g., LRP5/6, Kremen) on the cell membrane [10].

Dickkopf-1 promotes inflammation in atherosclerotic plaques and is an ath-
erogenic factor [11]. In a previous clinical study of patients with ACS, we found
that DKK1 plasma levels were not only correlated with disease severity but also
served as a prognostic predictor. Thus, DKK1 concentration may reflect the se-
verity and stability of coronary atherosclerosis [12].

Sclerostin, a glycoprotein secreted by osteocytes, robustly binds to the trans-
membrane receptors of osteoblasts, LRP5/6, and effectively suppresses osteoblast
proliferation, maturation, and differentiation. This inhibition results in the block-
ade of bone formation by interrupting the Wnt/-catenin signalling pathway [13].

Vascular smooth muscle cells (VSMCs) line the walls of arteries and regulate

blood pressure. During calcification, these cells can undergo a transformation

DOI: 10.4236/0jneph.2024.143037

398 Open Journal of Nephrology


https://doi.org/10.4236/ojneph.2024.143037

M. A. El-Salam et al.

similar to that of bone-forming cells, much like mesenchymal stem cells trans-
form into osteoblast cells during bone formation.

In atherosclerosis, the transformation of VSMCs into osteoblast-like cells
leads to the expression of sclerostin, which inhibits the Wnt pathway [14] [15].

The published data highlight that the upregulation of Wnt components facili-
tates the initiation and progression of atherosclerosis, arterial remodelling,
VSMC proliferation and phenotypic transition to the osteoblastic lineage in the
arterial wall [16].

In most, but not all, cross-sectional observational studies, circulating scle-
rostin levels are positively associated with cardiovascular calcification [17] [18].
This may be due to variations in the study design, the unique populations and
models studied, and the heterogeneous methods used.

We hypothesised that sclerostin and Dickkopf-1, which are Wnt antagonists
in circulation, may contribute to vascular calcification in children undergoing

maintenance hemodialysis.

2. Methods

This case-control study included 80 children. Of these, 40 were children with
end-stage renal disease and were undergoing maintenance hemodialysis. The
controls were of the same age and sex and were clinically healthy. These children
were selected from the Pediatric Hemodialysis Unit and outpatient general clinic
of AL-Zahraa Hospital, Al-Azhar University Cairo, Egypt. The age range of the
patients was 4-16 years; 13 (32.5%) were female, and 27 (67.5%) were male, and
they received dialysis three times a week for four hours per session at least three
months at the time of the study [19]. A low-flux polysulfone dialyzer on the
Fresenius 4008S was used for some patients, while a high-flux dialyzer was used
on the Fresenius 5008 machine. The most common cause of end-stage renal dis-
ease was acquired in 15 patients (37.5%), followed by focal segmental glomeru-
losclerosis in 10 patients (25%), interstitial nephritis in 3 patients (7.5%),
mesangial proliferative glomerulonephritis in 2 patients (5%), and congenital
causes in 12 patients (30%), including vesicoureteral reflux in 5 patients (12.5%),
multicystic dysplastic kidney in 5 patients (12.5%), and posterior urethral valve
in 2 patients (5%). The cause was unknown in 11 cases (27.5%), whereas Joubert
syndrome was responsible for 2 cases (5%). This study was conducted with the
participation of the pediatric (nephrology and hemodialysis), clinical pathology,
and radiology departments. Children with structural heart diseases were ex-
cluded from the study. All study populations were subjected to entire history
taking, including aetiology, the onset of CKD, duration of hemodialysis, cardiac
symptoms, medications, addition to routine and specific laboratory investiga-
tions, and radiological investigation that assessed the intimal medial thickness
IMT and the peak systolic velocity (PSV)of the main arteries. Written consent
was obtained from the participating parents in adherence to the ethical commit-

tee guidelines, Faculty of Medicine (for Girls), Cairo, AL-Azhar University, with
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Laboratory investigations

Sampling

Blood samples were collected during the mid-week dialysis session after a
12-hour overnight fast. The blood was drawn into three tubes using a vacuum
system: one with EDTA and two gel vacuum tubes. An EDTA tube was used to
analyze the CBC on the automated cell counter Swelab alpha. In contrast, one
gel tube was used to measure urea, creatinine, calcium, phosphorous, potassium,
cholesterol, and triglyceride levels using a Cobas C311 chemistry autoanalyzer
(Roche Diagnostics).

The second gel tube was centrifuged, and the serum was separated into two
tubes. After careful labelling, it was stored at —20 until the DKK and Sclerostin
assays.

Dickkopf levels were measured in the serum using ELISA with Fine Test kits.
Samples were added to wells coated with a specific antibody, followed by incuba-
tion with biotin-labelled antibodies and an HRP conjugate. TMB substrate was
added to create a blue colour in wells containing Dickkopf.1. After stopping the
reaction with sulfuric acid and measuring the optical density at 450 nm; the re-
sults were calculated using a standard curve

(https://www.fn-test.com/product/em0067/).

Quantitative determination of the serum sclerostin concentration was per-
formed using ELISA. The kits were delivered by Glory Bioscience (www. glory-
bioscience.com). In a microtiter plate, samples were added to wells coated with
antibodies specific to sclerostin (SOST), incubated with SOST antibody and la-
belled HRP to form an antibody-antigen-enzyme-antibody complex. The wells
were washed to remove non-specific complexes, and TMB substrate solution was
added. The TMB substrate became blue in the HRP enzyme-catalyzed wells. The
reaction was terminated by adding a stop solution, and the colour change was
measured at a wavelength of 450 nm. The concentration of SOST in the samples
was determined by comparing the (OD)cal density O.D. of the samples to the
standard curve.

Radiological investigations:

Doppler ultrasound was used to measure the intimal medial thickness and peak
systolic velocity of the main arteries, including the carotid, femoral, and ulnar ar-
teries, using our university hospital’s “Esaote MyLab 50 Xvision” apparatus.

Intimal medial thickness assessment.

The inner lining thickness of the carotid, femoral, and ulnar arteries was
measured using grey-scale ultrasound with a 7.5 MHz probe. Patients were ex-
amined while lying down with their heads slightly tilted to the side for carotid
measurements. For femoral measurements, the groin and abdominal area were
exposed. The intima-media thickness was determined as the distance between
the leading edge of the lumen-intima interface and the media-adventitia inter-

face on the artery’s far wall [20].
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Peak systolic velocity (PSV)

The peak systolic velocity (PSV) was measured using grayscale ultrasound
with a 7.5 MHz probe. Patients were examined while lying down. The groin area
was evaluated for femoral PSV, the neck was tilted to one side for carotid PSV,
and the ulnar artery of the upper limb was assessed. Gel was applied to the ex-
amination area, and femoral arteries were examined longitudinally using a 7.5
MH?z probe. Doppler examination included B-mode, colour mode, pulse wave,
and peak systolic velocity measurements.

Statistical analysis

Data were collected, revised, coded, and entered into the Statistical Package
for Social Science (IBM SPSS) version 27 by IBM in the USA. Qualitative data
were presented as numbers and percentages. In contrast, quantitative data were
presented as mean, standard deviations, and ranges when their distribution was
parametric and as median with interquartile ranges(IQR) when their distribu-
tion was nonparametric. The comparison between two groups with qualitative
data was done using the Chi-square test and Fisher exact test instead of the
Chi-square test when the expected count in any cell was less than 5.

The comparison between two independent groups with quantitative data was
done using an Independent t-test when the data were parametric and a Mann-
Whitney test when the data were non-parametric. Spearman correlation coeffi-
cients were used to assess the relation between two studied parameters in the
same group.

When the data were nonparametric, Spearman correlation coefficients were
used to assess the relation between two studied parameters in the same group.

The receiver operating characteristic (ROC) curve was used to determine the
best cut-off point based on sensitivity and specificity. Regarding probability val-
ues, it was explicitly stated that P > 0.05 was considered non-significant, while P
< 0.05 was deemed significant.

The results

Table 1 compares patients and their controls, revealing a significant increase
in systolic and diastolic blood pressure, cholesterol, triglyceride, urea, creatinine,
PTH, phosphate, and CRP levels in the hemodialysis group compared to their
controls. Additionally, platelet counts were higher in the patients than in their
controls. The same table shows a significant increase in sclerostin and DKK1 in
the hemodialysis group compared to their controls. Meanwhile, there was a sub-
stantial decrease in the haemoglobin, weight, and height z score in the patients
when compared to their controls.

Table 2 shows that the most common causes of CKD in the patient’s group
are acquired in 15 (37.5%), congenital in 12 (30%), and unknown in 11 (27.5),
followed by hereditary causes in 2 (5%).

Table 3 compares the two groups (hemodialysis patients and controls) regard-
ing the intima-media thickness (IMT) and peak systolic velocity (PSV) of the main

arteries. IMT of the carotid, ulnar, and femoral arteries was significantly higher
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Table 1. The clinical and laboratory data of the patients and their corresponding control group.

Control group

Patients group

Variable No. =40 No. =40 Test value P-value
Mean + SD Mean = SD
Age (years) 10.60 = 2.98 11.98 +3.39 1.929 0.057
SBP (mmHg) 101.75 + 7.89 131.0 £ 13.92 -11.560 0.001
DBP (mmHg) 61.38 £6.20 83.63 £9.13 -12.753 0.001
TLCX 10%/UL 7.72 £ 1.30 6.61 +2.31 2.655 0.01
RBCsX 10/UL 4.74 £ 0.37 3.51+0.63 10.669 0.001
Hb(gm/dl) 12.00 £ 0.86 9.46 + 1.85 7.911 0.001
Hct% 36.46 £ 2.50 28.61 £5.75 7.922 0.001
Platelet 10°/UL +79.96224 291.78 + 54.88 4.377 0.001
Ca(mg/dl) 9.61 +2.31 8.46 + 2.55 1.543 0.127
Ph(mg/dl) 3.51+0.63 5.44+2.18 -3.100 0.003
Cholesterol mg/dl 101.95 £ 11.79 168.93 £ 32.41 -12.281 0.001
Triglyceride mg/dl 83.38 £17.44 175.33 + 46.46 -11.718 0.001
Urea mg/dl 6.97 +£26.43 36.26 £ 113.9 112.97 0.001
Variable Median (IQR) Median (IQR) Test value P
Z-score: Wt 0.29 (-0.48 - 1.30) —-0.56 (-1.00 - 0.22) 3.137 0.002
Z-score: Ht 0.55 (~0.18 - 1.13) —0.43 (~1.24 - 0.30) 4.043 0.001
Z-score: BMI —0.32 (-0.82 - 1.13) —0.18 (~0.68 - 0.25) 0.720 0.474
CRP (mg/l) 3(2-4) 12.5 (8 - 24) —6.664 0.001
Creatinine(md/dl) 0.4 (0.25 - 0.50) 2.1 (1.65 - 3.20) —7.704 0.001
PTH (pg/ml) 54.5 (44.5 - 63.0) 342.5 (173.5 - 714) —7.430 0.001
Sclerostin (ng/ml) 0.28 (0.25 - 0.32) 1.17 (0.85 - 2.03) -7.701 0.001
Dickkopf-1 (pg/ml). 1100 (880 - 1537.8)  2540.65 (2215.4 - 2909.2) 6.805 0.001

SBP: systolic blood pressure; DBP: diastolic blood pressure; PTH: parathyroid hormone.

Table 2. Etiology of CKD of the study patients.

1ry lesion of CKD NI\cI)(.).(tZ)
Congenital 12 (30%)
Reflux nephropathy 5 (12.5%)
Posterior urethral valve 2 (5%)
Multicyclic dysplastic kidney 5(12.5%)
Hereditary 2 (5%)
Joubert syndrome 2 (5%)
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Continued
Acquired 15 (37.5%)
Focal segmental glomerulosclerosis 10 (25%)
Masango proliferative glomerulonephritis 2 (5%)
Interstitial nephritis 3 (7.5%)
Unknown 11 (27.5%)

Table 3. Comparison of IMT & PSV of the main arteries between the patient group &

control group.

Control group  Patients group

IMT (cm) No. =40 No. =40 t-test P-value
Mean * SD Mean * SD
Carotid 0.05 = 0.01 0.06 = 0.02 -2.992 0.004
Ulnar 0.04 £ 0.01 0.05 +0.01 -3.800 0.001
Femoral 0.05 = 0.01 0.07 £ 0.01 -6.616 0.001
Mean PSV cm/sec
Carotid 52.8 £ 8.16 47.35 +4.81 3.641 0.001
Ulnar 43.53 £ 6.26 38.8 £6.36 3.349 0.0003
Femoral 60 £ 8.54 57.43 £9.88 1.247 0.10806

IMT: intimal medial thickness; PSV: peak systolic velocity.

in the hemodialysis group than in the control group. Additionally, the PSV in
the carotid and ulnar arteries was considerably lower in the hemodialysis group
than in the control group.

Table 4 shows that sclerostin was significantly correlated with blood pressure,
platelet count, PTH, cholesterol, triglyceride, and CRP levels. Moreover, scle-
rostin was found to have a significant correlation with the intima-media thick-
ness (IMT) of the carotid, ulnar, and femoral arteries. However, there was a sig-
nificant negative correlation between sclerostin level and height, serum calcium
level, and peak systolic velocity (PSV) of the main arteries.

Similarly, the same table also reveals a significant correlation between Dick-
kopf-1. and age, blood pressure, platelets, cholesterol, triglycerides, and PTH
levels. Additionally, it showed a significant correlation with the IMT of the main
vessels’ carotid, ulnar, and femoral arteries, with a negative correlation with the
height and PSV of the main arteries.

Table 5 displays the optimal cutoff point, sensitivity, and specificity of scle-
rostin and Dickkopf-1 in predicting cardiovascular risk in children undergoing
maintenance hemodialysis. The sensitivity and specificity were 100.0%, 87.50%,
100.0%, and 97%, respectively.

Figure 1 depicts the cIMT of one patient group in the study, with a carotid in-
timal medial thickness of 0.04 cm.
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Table 4. Sclerostin and Dickkopf-1 level correlation with the study groups’ clinical, la-
boratory and radiological data

Sclerostin (ng/ml) Dickkopf-1 (pg/ml)
Variable
r p-value r p-value

Sclerostin (ng/ml) 1.000 0.574 0.001

Dickkopf-1 0.574 0.001
Age 0.298 0.062 0.349 0.027
Ht (cm) —0.486 0.001 -0.350 0.027
BMI 0.077 0.636 0.035 0.830
SBP (mmHg) 0.253 0.115 0.415 0.008
DBP (mmHg) 0.425 0.006 0.346 0.029
TLCX 10%/UL -0.082 0.615 —-0.009 0.954
RBCsX 10¢/UL 0.194 0.230 0.135 0.408
Hb (gm/dl) 0.185 0.252 0.171 0.291
Hct % 0.179 0.270 0.057 0.727
Platelet 10° /UL 0.440 0.004 0.362 0.022
Urea (mg/dl) -0.226 0.161 -0.182 0.261
Creatinine (mg/dl) -0.189 0.243 -0.163 0.316
Ca (mg/dl) —0.581 0.001 -0.311 0.051
Ph (mg/dl) -0.140 0.389 -0.125 0.441
ALP (U/L) -0.131 0.420 0.071 0.664
PTH (pg/ml) 0.631 0.001 0.406 0.009
Cholesterol (mg/dl) 0.423 0.007 0.093 0.570
Triglyceride (mg/dl) 0.514 0.001 0.246 0.126
CRP (mg/l) 0.628 0.001 0.378 0.016
Carotid IMT (cm) 0.663 0.001 0.516 0.001
Ulnar IMT (cm) 0.437 0.005 0.319 0.045
Femoral IMT (cm) 0.410 0.009 0.355 0.024

IMT: intimal medial thickness; BMI: body mass index; PTH: parathyroid hormone: ALP:
alkaline phosphatase.

Table 5. The best cut-off points for sensitivity and specificity of sclerostin and Dickkopf-1
in predicting cardiovascular risk in children on maintenance hemodialysis.

Cut off f o
Parameters . AUC  Sensitivity  Specificity +PV -PV
point
Sclerostin (ng/ml) >0.38  1.000 100.0% 100.0% 100.0% 100.0%
Dickkopf-1 (pg/ml)  >1851  0.945 87.50% 97.44% 97.2%  88.4%
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+ Dist 0.044 cm

Figure 1. Carotid intimal medial thickness in one of the study patient group.

Figure 2. The mean PSV of the carotid artery in one of the study patient group.

Figure 2 shows that one of the study patients’ groups, PSV, is 50 cm/sec.

Figure 3 shows a significant positive correlation between carotid IMT and
sclerostin serum levels.

Figure 4 shows a significant positive correlation between the carotid IMT and
Dickkopt-1.

Figure 5 shows the specificity and sensitivity of sclerostin and Dickkopf-1 Se-
rum levels in predicting cardiovascular risk in pediatric patients on regular he-
modialysis: 100.0%, 87.50%, 100.0%, and 97%, respectively.

3. Discussion

This case-control study is the first to describe the impact of sclerostin and Dick-

kopf-1 on vascular calcification (VC) in children undergoing hemodialysis by
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Figure 4. Correlation between the carotid IMT and Dickkopf-1 (DKKI).

investigating the correlation between sclerostin and Dickkopf-1 and inti-

ma-media thickness (IMT), peak systolic velocity of the main arteries, and tradi-
tional calcification markers.

The current study found that children undergoing maintenance hemodialysis

showed significantly increased levels of sclerostin and Dickkopf-1 in their serum.

As chronic kidney disease progresses, plasma sclerostin levels rise, reaching the

highest levels in HD patients [21]. However, the role of serum sclerostin and

Dickkopf-1 in patients with CKD varies across different studies. Some investiga-

tions have shown positive correlations, while others have suggested no or even

DOI: 10.4236/0jneph.2024.143037

406

Open Journal of Nephrology


https://doi.org/10.4236/ojneph.2024.143037

M. A. El-Salam et al.

100 T

80

o
S
1

Sensitivity
I

IS
o
|

20 .
s — Sclerostin (ng/ml)

---- DKK1

L 1 L I 1 1 1 I 1 1 1 I 1 L 1 I
0 20 40 60 80 100
100-Specificity

Figure 5. ROC curve for sclerostin and Dickkopf-1lin predicting cardiovascular risk in
children on maintenance hemodialysis.

negative correlations [16].

The current study recorded a significant increase in the IMT of the main ar-
teries and carotid, ulnar, and brachial arteries in children undergoing hemodial-
ysis. The thickness was notably higher in the hemodialysis group than in the
control group.

Vascular calcification (VC) is the bone-like material forming in blood vessels
due to inflammatory factors. However, the specific mechanisms behind VC in
patients with chronic kidney disease (CKD) are not fully understood yet. One
known mechanism involves transforming vascular smooth muscle cells
(VSMGs) into cells similar to bone tissue within the arteries [22] [23].

Furthermore, atherosclerosis, a chronic inflammatory condition, significantly
contributes to cardiovascular diseases by causing plaque rupture and throm-
bosis, as emphasised [24] [25]. Exciting research has found a significant positive
correlation between Sclerostin and Dickkopf-1 levels and the thickness of the
carotid, ulnar, and brachial arteries in hemodialysis patients. This study suggests
that sclerostin may directly affect atherosclerosis through biological mechanisms
related to Wnt signalling. Previous research has linked Wnt signalling to the de-
velopment of atherosclerosis. [26]. However, as Wnt inhibitors, sclerostin and
Dickkopf-1 are predicted to protect against atherosclerosis instead of increasing
its risk. Although sclerostin and Dickkopf-1 inhibit skeletal mineralization, this
is secondary to their effect on bone formation and osteoblast function and rep-
resents an entirely distinct process of vascular calcification [27] [28].

Sclerostin and Dickkopf-1 inhibit the canonical Wnt signalling pathway,
which controls cellular proliferation and differentiation and regulates bone for-

mation, immune responses [19], atherosclerosis, and vascular calcification [29]
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[30].

The presence of sclerostin in vascular tissue suggests it might directly affect
vascular calcification and atherosclerosis, consistent with previous observations
[31] [32].

Canonical Wnt signalling differentiates progenitor and vascular smooth mus-
cle cells in vascular calcification into osteo/chondrogenic phenotypes [33]. Both
dickkopf-1 and sclerostin [34] [35] reduce the expression of runt-related tran-
scription factor 2, which is crucial for osteogenic differentiation [36].

Numerous studies have unequivocally established a direct positive correlation
between serum sclerostin concentration and the severity of aortic valve, coro-
nary, or aortic calcification across diverse populations, encompassing patients
with end-stage renal disease (ESRD), less severe CKD, healthy men, and post-
menopausal women [37]-[38].

In a study of rheumatoid arthritis patients, a clear association was found be-
tween serum sclerostin levels and the severity of aortic calcification. However,
no association was observed with the severity of coronary artery calcification
[39].

It was established that there is an inverse association between serum sclerostin
concentration and the severity of abdominal aortic calcification in patients with
ESRD [40]. Di M et al found that overexpression of Dickkopf-1 results in en-
larged and destabilised atherosclerotic lesions and increased apoptosis in aortic
and carotid plaque [41].

The current study showed a significant decrease in the main arteries’ peak
systolic velocity (PSV). Pulse-wave velocity (PWV) is an unquestionably reliable
indicator of arterial stiffness. It is widely acknowledged as an independent pre-
dictor of cardiovascular events and mortality in patients with chronic kidney
disease (CKD) who require hemodialysis [42].

This study found that the decrease in PWV was significantly correlated with
the levels of sclerostin and Dickkopf-1. Previous studies have shown a negative
relationship between circulating Dickkopf-1 and arterial stiffness in patients
with CKD [43]. The current study reported a significant association of sclerostin
and Dickkopf-1 with systolic and diastolic blood pressure, which could be ex-
plained by arterial sclerosis and reduced PSV in these patients. Thickened cIMT
is strongly associated with incident hypertension risk [44].

We observed a significant correlation between Dickkopf-1 and sclerostin and
CRP and platelets. Dickkopf-1 is linked to inflammation, platelet activation, and
endothelial dysfunction, and it plays a crucial role in the early stages of athero-
sclerosis. In an inflammatory environment within the atherosclerotic plaques,
activated platelets release Dickkopf-1. This inhibits the Wnt/f-catenin pathway
in endothelial cells and contributes to the atherosclerotic process [45].

Our analysis revealed a significant correlation between sclerostin, cholesterol,
and triglycerides. However, we did not examine any other lipid profiles. In terms

of the potential role of abnormal lipid metabolism in mediating the connection
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between sclerostin and cardiovascular disease, a previous study also discovered a
positive link between sclerostin and LDL cholesterol [46], which is consistent
with our current findings. This may represent another mechanism through

which sclerostin influences CVD risk.

4. Limitations of the Study

Not many studies focus on this issue in the pediatric age group.

5. Conclusion

The current study implicates sclerostin and Dickkopf-1 in vascular calcification,
and they are highly independent early predictors of vascular calcification in

children on maintenance hemodialysis.

6. Recommendation

Further research is required to comprehend the roles of Dickkopf-1 and scle-

rostin in the pathophysiology of vascular calcification.
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