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Purpose: Biggest cause of death in chronic kidney disease-hemodialysis (CKD-HD) patients is cardiovascular disease (CVD).
Cardiovascular disease is often associated with mineral bone disorders (MBD), especially vascular and valvular calcification.
Biomarkers such as C-terminal-fibroblast growth factor-23 (FGF-23), intact parathyroid hormone (iPTH), and interleukin-6 (IL-6)
were investigated. Only few studies have focused on valvular calcification in CKD-HD patients, with controversial results. The present
study aimed to investigate whether high C-terminal-FGF-23, iPTH, and IL-6 can be used as determinants of valvular calcification in
CKD-MBD patients undergoing regular HD.
Patients and Methods: This was an analytical cross-sectional study which involved CKD-HD patients aged 18–60 years with no
history of CVD, malignancy, and diabetes mellitus. C-terminal FGF-23 was measured using enzyme-linked immunosorbent assay
(ELISA) kit, iPTH using chemiluminescent immunometric method, and IL-6 using sandwich enzyme immunoassay technique.
Valvular calcification on aortic and mitral valves was examined with echocardiography. Data analysis was done using Chi-square
d test or Fisher’s exact test as appropriate and multivariate logistic regression analysis.
Results: Bivariate analysis with Fisher’s exact test showed significant association of prevalence ratio (PR) of C-terminal FGF-23
(PR = 1.33; p = 0.003; CI (1.017–1.748)), iPTH (PR = 1.361; p = 0.002; CI (1.02–1.816)), and IL-6 (PR = 1.2; p = 0.019; CI (1.000–
1.446)) with valvular calcification. Multivariate analysis with logistic regression showed high C-terminal FGF-23 (exp (B) value of
16.44; p = 0.045; CI (1.07–252.75)), iPTH (exp (B) value of 33.312; p = 0.016; CI (1.94–571.71)), and IL-6 (exp (B) value of 21.58;
p = 0.0381; CI (1.18–394.87)) were determinants of valvular calcification in CKD-MBD patients undergoing regular HD.
Conclusion: This study demonstrated that high C-terminal FGF-23, iPTH, and IL-6 were determinants of valvular calcification in
CKD-MBD patients undergoing regular HD.
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Introduction
Chronic kidney disease (CKD) is a worldwide problem. It is estimated that 10% of the world’s population suffer from it
and the number keeps increasing especially in developing countries, including Indonesia.1,2 In Indonesia, prevalence of
CKD reached 3.8% in 2018, up from 1.8% in 2013.3 This number is followed by increasing number of active renal
replacement therapy (RRT) patients with hemodialysis (HD) still playing a primary role. In 2017, data from Indonesia
Renal Registry (IRR) showed number of active patients undergoing HD reached 77,892 people.4
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High incidence of CKD and increasing number of RRT patients cause several problems, such as high financial burden
and high mortality rate. In America, health cost burden of CKD keeps increasing from 41.2 billion US Dollars (USD) in
2010 to 50.4 billion USD in 2014.1 In Indonesia, the average annual cost per patient was 7,845.6 USD with HD as the
largest proportion of the cost (4,217.2 USD), followed by the cost of medicine (1,286.1 USD).5 This shows CKD-HD is
causing high financial burden to patients and health social security in the world.

Msaad et al did a cohort study on CKD-HD patients and found high mortality rate in those patients. Cardiovascular
disease (CVD), inflammation, and age were associated with CVD and all-cause mortality.6 In 2017, highest cause of
death in CKD-HD patients in Indonesia was CVD with mortality rate reaching 1,480 patients (37.3%).4

Chronic complications of CKD that are often associated with CVD are mineral and bone disorders in CKD (CKD-
MBD). Mineral bone disorder causes vascular and valvular calcification. Current evidence suggests that impaired mineral
homeostasis, hormonal imbalance, and inflammation play a role in promoting vascular calcification. Mineral homeostasis
and hormonal balance are closely related to Fibroblast Growth Factor-23 (FGF-23) and intact Parathyroid Hormone
(iPTH).7,8 High FGF-23 has been associated with vascular calcification in CKD and dialysis patients,9–11 but studies
regarding iPTH are still controversial.12,13 In an observational study on Asian population with CKD, serum inflammatory
markers such as C-reactive Protein (CRP) and Interleukin-6 (IL-6) were significantly higher in patients with vascular
calcification.14

While most studies have investigated association between those biomarkers and vascular calcification, only few
studies have focused on valvular calcification in CKD-HD patients. Studies regarding valvular calcification are needed
because both vascular and valvular calcification increase risk of CVD, CVD-related mortality, and all-cause
mortality.15,16 The present study aimed to investigate whether high C-terminal FGF-23, iPTH, and IL-6 can be used as
determinants of valvular calcification in CKD-MBD patients undergoing regular HD.

Materials and Methods
Study Population
This was an analytical cross-sectional study carried out in Hemodialysis Unit in Sanglah General Hospital, Denpasar,
Bali between April and October 2019. We enrolled CKD-HD patients aged 18–60 years that were willing to participate as
research subjects by signing written informed consent. This study procedure was approved by Ethics Committee of
Udayana University/Sanglah General Hospital with register number 1767/UN14.2.2.VII.14/LP/2019. This study was
conducted in line with the principles of the Helsinki declaration. The exclusion criteria were: 1) > 60 years old, 2) prior
history of CVD (myocardial infarct, angina, stroke, heart failure, atrial fibrillation, coronary angioplasty or artery bypass
graft, and valve replacement), 3) malignancy, and 4) diabetes mellitus. Seventy-six CKD-HD patients were examined to
investigate whether high FGF-23, iPTH, and IL-6 can be used as determinants of valvular calcification in CKD-MBD
patients undergoing regular HD.

Chronic kidney disease is defined as abnormalities in kidney structure or function for more than three months based on
Kidney Disease: Improving Global Outcome (KDIGO) 2012 Clinical Practice Guideline for the Evaluation and
Management of Chronic Kidney Disease.17 Chronic kidney disease – mineral bone disorders is defined as a syndrome
consisting of one or combination of the following: biochemical abnormalities (calcium, phosphorus, iPTH and vitamin D),
bone abnormalities and vascular or valvular calcification based on KDIGO 2017 Clinical Practice Guideline Update for the
Diagnosis, Evaluation, Prevention, and Treatment of CKD-MBD.18

Baseline Characteristics
Baseline characteristics were evaluated at study enrollment. Age was determined by date of birth in identity cards or
medical records. Age was expressed in years and rounded to the nearest year. Body mass index (BMI) was calculated
with the following formula: (weight in kg)/(height in m)2. Weight was measured using digital scale with capacity of
120 kg and accuracy of 0.1 kg. Weight was measured by researchers themselves. Weight measurement was done in
fasting state with minimal clothing. Height was measured using digital scale with headboard and accuracy of 0.1 cm.
Blood pressure was measured with Riester® mercury sphygmomanometer which had been calibrated periodically. It has
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16×20 cm cuff. The cuff was placed 2–3 cm above antecubital fossa and inflated to 30 mmHg above the point where
radial pulse disappeared. Phase I korotkoff sound was defined as systolic blood pressure (SBP) and Phase V korotkoff
sound was defined as diastolic blood pressure (DBP). Korotkoff sounds were heard with bell of Littmann® stethoscope
placed over brachial artery. Blood pressure was measured at least two times with one minute interval. Hemodialysis
duration was determined by date of first HD initiation as seen from medical records or history taking and was expressed
in months.

Assessment of C-Terminal FGF-23, iPTH, and IL-6
Fibroblast Growth Factor - 23 used in this study was C-terminal FGF-23. Samples for C-terminal FGF-23 were stored at
70°C and measured using Enzyme-linked Immunosorbent Assay (ELISA) kit. Intact Parathyroid Hormone was measured
with chemiluminescent immunometric method. Samples for IL-6 measurement were stored at −20°C. Samples were
centrifuged for 10 minutes and measured with sandwich enzyme immunoassay technique using Quantikine HS immu-
noassay kit (R&D System Inc. 614 McKinley N.E. Minneapolis, MN 55413 USA). Lowest value detected was 0.5
pg/mL.

Assessment of Valvular Calcification
Valvular calcification was defined as calcification in aortic and/or mitral valves on echocardiography with echo-2D using
multiphase 3.3-mHz probe. Echocardiography examinations were carried out by experts. If valvular calcification was
found, total area of calcification would be measured in mm2.

Statistical Analysis
Results were expressed as means ± standard deviation (SD) or median (interquartile) for continuous variables and as
frequencies and percentage for categorical variables. Normality for continuous variables was analyzed with
Kolmogorov–Smirnov test. Analysis with ROC curve was done to determine optimal cut-off value of C-terminal FGF-
23, iPTH, and IL-6 in order to classify these variables as high and low. Bivariate analysis was done between high or low
C-terminal FGF-23, high or low iPTH, and high and low IL-6 with valvular calcification using Chi-squared test or
Fisher’s exact test as appropriate. If p < 0.25 in bivariate analysis, we included variables in multivariate analysis.

Multivariate logistic regression analysis was performed to investigate effect of each independent variable simulta-
neously with valvular calcification. Results were presented as OR (odds ratio). All tests were performed using SPSS
version 22.0 (SPSS, Inc., Chicago, IL, USA). A p-value less than 0.05 was considered statistically significant.

Results
Baseline Characteristics of Patients
Seventy-six patients consisting of 49 men (64.5%) and 27 women (35.5%) with mean age of 50.96 ± 11.77 years were
involved in this study. We found high mean C-terminal FGF-23 in regular HD patients: 11,228.6 ± 6,740 RU/mL. High
mean C-terminal FGF-23 was also accompanied by high iPTH with a median value of 660.45 (25.4–4,192) pg/mL.
Inflammation was evaluated with IL-6. Mean IL-6 in this study was 42.91 ± 27.80 pg/mL.

Echocardiography examinations showed high prevalence of valvular calcification, reaching 92.1% (70 patients). From
70 patients with valvular calcification, 15 patients (21.4%) had mitral valve calcification, 13 patients (18.6%) had aortic
valve calcification, and 42 patients (60%) had mitral and aortic valve calcification. Quantitatively, median valve
calcification area was 20.75 mm2 with range of 0–178.8 mm2. Baseline characteristics of patients consisting of
demographic status, anthropometric/nutritional status, basic laboratory results and heart valve echocardiography results
are presented in Table 1.

High FGF-23, iPTH, and IL-6 to Valvular Calcification
Analysis with ROC curve was done to determine optimal cut-off value of C-terminal FGF-23, iPTH, and IL-6 in relation
with valvular calcification in order to classify those biomarkers as high and low. Optimal cut-off value of C-terminal
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FGF-23 was 5,857 RU/mL (sensitivity = 80%; specificity = 83.3%), with area under the curve (AUC) 87.6% (p=0,002;
CI 0.785–0.968). C-terminal FGF-23 ≥ 5,857 RU/mL was classified as high and C-terminal FGF-23 < 5,857 RU/mL was
classified as low. Optimal cut-off value for iPTH was 200 pg/mL with AUC = 83.1% (p = 0.007; CI 0.722–0.94). Intact
parathyroid hormone ≥ 200 pg/mL was classified as high and iPTH < 200 pg/mL was classified as low. Optimal cut-off
value for IL-6 was 30 pg/mL with AUC 76.7% (p = 0.031; CI 0.645–0.888). Interleukin 6 ≥ 30 pg/mL was classified as
high whereas IL-6 < 30 pg/mL was classified as low. ROC curve for C-terminal FGF-23, iPTH, and IL-6 was presented
in Figure 1.

Bivariate analysis with Fisher’s exact test showed prevalence ratio (PR) of C-terminal FGF-23 in association with
valvular calcification was 1.33 (p = 0.003; CI 1.017–1.748). Prevalence ratio of iPTH to valvular calcification was higher,
reaching 1.36 (p = 0.002; CI 1.02–1.816). High IL-6 was also found to have significant association with valvular
calcifications with PR 1.20 (p = 0.019; CI 1.000–1.446) (Table 2).

Multivariate analysis with logistic regression analysis showed high C-terminal FGF-23, iPTH, and IL-6 as determi-
nants of valvular calcification in CKD-MBD patients undergoing regular HD (Table 3). High C-terminal FGF-23 had exp
(B) value of 16.44 which means it was 16.44 times more likely to cause valvular calcification compared to low, and was
statistically significant (p = 0.045; CI 1.07–252.75). Exp (B) value of iPTH to valvular calcification was 33.31 (p = 0.016;
CI 1.94–571.71). High IL-6 as a determinant of valvular calcification showed it was 21.58 times more likely to cause
valvular calcification compared to low with exp (B) value of 21.58 (p = 0.0381; CI 1.18–394.87).

Discussion
We found high levels of C-terminal FGF-23, iPTH, and IL-6 in regular HD patients. After further analysis, we found that
high C-terminal FGF-23 (≥ 5,857 RU/mL), iPTH (≥ 200 pg/mL), and IL-6 (≥ 30 pg/mL) were determinants for valvular
calcifications in CKD-MBD patients undergoing regular HD.

Table 1 Baseline Characteristics of Patients

Baseline Characteristics of Patients n=76 Mean±SD/Median (Minimum–Maximum) or Frequency

Sex
Men (n(%)) 49 (64.5%)

Women (n(%)) 27 (35.5%)

Age (years) 50.96 ± 11.77
BMI (kg/m2) 21.62 ± 4.06

SBP (mmHg) 140 (100–200)

DBP (mmHg) 80 (60–104)
HD duration (months) 62.17 ± 35.13

Hemoglobin (gr/dl) 10.87 ± 1.79
HCT (%) 35.63 ± 5.95

BUN (mg/dl) 66.77 ± 17.29

SC (mg/dl) 13.53 ± 4.45
URR (%) 73.92 ± 8.27

C-terminal FGF-23 (RU/mL) 11,228.6 ± 6,740

iPTH (pg/mL) 660.45 (25.4–4,192)
CaxP (mg/dl) 58.68 ±18.69

IL-6 (pg/mL) 42.91 ± 27.80

Valvular calcification (n(%)) 70 (92.1%)
Mitral valve calcification (n(%)) 15 (21.4%)

Aortic valve calcification (n(%)) 13 (18.6%)

Mitral and aortic valve calcification (n(%)) 42 (60.0%)
Total valve calcification area (mm2) 20.75 (0.00–178.8)

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HD, hemodialysis; HCT, hematocrit; SI, serum iron;
TIBC, total iron binding capacity; BUN, blood urea nitrogen; SC, serum creatinine; URR, urea reduction ratio; FGF, fibroblast growth factor; iPTH,
intact parathyroid hormone; CaxP, calcium phosphate product; IL, interleukin; SD, standard deviation.
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C-Terminal FGF-23 and Valvular Calcification
This study found high mean C-terminal FGF-23 in regular HD patients (11,228.6 ± 6,740 RU/mL). High FGF-23 in CKD
happens due to hyperphosphatemia. Hyperphosphatemia causes hypocalcemia that stimulates PTH secretion. In bone,
PTH stimulates FGF-23 production.11 It was reported that FGF-23 concentrations are often 100–1,000-fold above the
normal range in CKD patients.19 Choi et al found that circulating FGF-23 concentration gradually increased as CKD
advanced, hence higher concentrations in end stage renal disease (ESRD) patients.20

We found significant relationship between C-terminal FGF-23 with valvular calcification in patients with CKD-MBD
undergoing regular HD with PR = 1.22 (p = 0.003; CI 1.017–1.748). Further multivariate analysis showed high
C-terminal FGF-23 was a determinant of valvular calcification with exp(B) value of 16.44 (p = 0.045; CI 1.07–252.75).

Figure 1 ROC curve for optimal cut-off value for C-terminal FGF-23, iPTH, and IL-6.

Table 2 Results of Bivariate Analysis with Fisher’s Exact Test

Variable Valvular
Calcification
(+) N=70

Valvular
Calcification

(-) N=6

PR p 95% CI

C-terminal FGF-23 (RU/mL) High C-terminal FGF-23 (≥ 5,867RU/mL) 56 (98.2%) 1 (1.8%) 1.33 0.003* 1.017–1.748

Low C-terminal FGF-23 (< 5,867 RU/mL) 14 (73.7%) 5 (26.3%)

iPTH (pg/mL) High iPTH (≥ 200 pg/mL) 57 (98.3%) 1 (1.7%) 1.36 0.002* 1.02–1.816

Low iPTH (< 200 pg/mL 13 (72.2%) 5 (27.8%)

IL-6 (pg/mL) High IL-6 (≥ 30 pg/mL) 48 (98%) 1 (2%) 1.20 0.019* 1.000–1.446

Low IL-6 (< 30 pg/mL) 22 (81.5%) 5 (18.5%)

Note: *p < 0.05; statistically significant.
Abbreviations: FGF, fibroblast growth factor; iPTH, intact parathyroid hormone; IL, interleukin; PR, prevalence ratio; CI, confidence interval.
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Findings of association between FGF-23 and valvular calcification in CKD patients varies. Di Lullo et al found FGF-
23 had significant relationship in aortic valve calcification (r2 = 0.272; p = 0.01) in CKD stage 3–4 patients.21 An
observational study in diabetic CKD patients found high FGF-23 was an independent predictor of mitral valve
calcification.22 Chen et al stated that FGF-23 was an independent risk factor for aortic and mitral valve calcifications
in CKD stage 2–5.23 Ganidagli et al found that FGF-23 was not significantly associated with valvular calcification in HD
patients. This different finding was due to Ganidagli et al using intact FGF-23 (iFGF-23) for measurement and this study
used C-terminal FGF-23.24 Lack of association between measures was demonstrated.25 This is probably due to higher
intra-individual biological variability of iFGF-23 compared to C-terminal FGF-23 (18.3% vs 8.3%), therefore the use of
iFGF-23 in diagnostics and medical management is limited.26 Further studies regarding FGF-23’s association with
valvular calcification in CKD-HD patients are still needed.

High FGF-23 has been associated with vascular calcification in CKD and dialysis patients.9–11 Ragb et al studied 90
regular HD patients and found patients with valvular calcification had high abdominal aortic calcification score.27 Other
studies found that aortic and mitral valve calcification on echocardiography was linked to coronary atherosclerosis in
regular HD patient. This suggests that vascular and valvular calcification might share common determinants.28

The role of FGF-23 in pathogenesis of valvular calcification is related to its role in calcium-phosphate homeostasis. In
CKD patients, there is resistance of FGF-23ʹs phosphate lowering actions due to higher levels necessary to handle a given
phosphate load.29 This resistance will cause constant hyperphosphatemia. This condition will cause constant hyperpar-
athyroid that results in hypercalcemia.30,31 Fibroblast Growth Factor-23 also inhibits vitamin D synthesis which further
aggravates hyperparathyroid.8,21,32 Hypercalcemia and hyperphosphatemia will cause increased Calcium Phosphate
Product (CaxP) deposit in cardiac valves, resulting in valvular calcification.30,31 Besides vascular and valvular calcifica-
tion, FGF-23 can increase risk of CVD in HD patients by activating inflammation and Renin-Angiotensin-Aldosterone
System (RAAS).8,21,32

Another biomarker related to FGF-23, Klotho, has been studied in its relation to calcification in CKD patients.
Fibroblast Growth Factor-23 binds to FGF-receptors (FGF-R) in kidney using cofactor Klotho.33 Poor kidney function
will negatively affect Klotho concentration with detectable reduction starting from CKD stage 2.34 In dialysis patients,
Klotho concentration was correlated with FGF-23.35 In rats, high FGF-23 and low Klotho had been reported to promote
vascular calcification and arterial stiffness.36 Chen et al stated that Klotho was one of the risk factors for valvular
calcification in CKD patients.23 Klotho shows promising results to be used as determinant of valvular calcification.

iPTH and Valvular Calcification
Our patients had high median iPTH (660,45 (25,4–4192) pg/mL) with optimal cut-off value of 200 pg/mL (AUC=
83.1%; p = 0.007; CI 0.722–0.94). Ardahanli et al studied 49 HD patients and found significantly higher iPTH levels than
in control group (578.2 pg/mL vs 36.2 pg/mL).37 Mechanism of hyperparathyroid in CKD has been explained previously.
Moreover, in CKD, there is decreased expression of calcium sensing receptor (CaSR) and increased set-point for
calcium-regulated PTH secretion in thyroid gland.38 All of this further stimulates PTH production. Prevalence ratio of
iPTH to valvular calcification was 1.36 (p = 0.002; CI (1.02–1.816)). Further multivariate analysis showed Exp (B) value
of high iPTH to valvular calcification was 33.31 (p = 0.016; CI 1.94–571.71).

Table 3 Results of Multivariate Analysis with Logistic Regression

Valvular Calcification

Regression Coefficient (B) OR (Exp(B)) p 95% CI

C-terminal FGF-23 (RU/mL) 2.80 16.44 0.045* 1.07–252.75

iPTH (pg/ mL) 3.50 33.31 0.016* 1.94–571.71
IL-6 (pg/ mL) 3.07 21.58 0.038* 1.18–394.87

Constant −1.942

Note: *p < 0.05; statistically significant.
Abbreviations: FGF, fibroblast growth factor; iPTH, intact parathyroid hormone; IL, interleukin; OR, odds ratio; CI, confidence interval.

https://doi.org/10.2147/IJGM.S359168

DovePress

International Journal of General Medicine 2022:154232

Kandarini et al Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Multiple studies regarding association between iPTH and valvular calcification have been done. Liu et al stated that iPTH
was significantly associated with higher risk of valvular calcification in dialysis patients.9 Parathyroid hormone was also
significantly correlated with valvular calcification in HD patients.37 Studies found iPTH was independently associated with
aortic valve calcification in CKD and regular HD patients.21,39 Chung et al stated that iPTH was also correlated with vascular
calcification.12 Primary hyperparathryoid without CKD has also been associated with valvular calcification.40

Not all findings are consistent, as Faqih et al found that iPTH did not correlate significantly with valvular calcifications in
HD patients. They found that only HD duration played a significant role in valvular calcification.13 Low prevalence of
valvular calcification in Faqih et al’s work (15% vs 92.1%) may contribute to this disparity. Rong et al also found no
association between iPTH and valvular calcification in CKD patients. They did not find a significant difference between
valvular and non-valvular calcification group (59.12 pg/mL vs 50.37 pg/mL; p = 0.897).14 This disparity could be caused by
lower PTH concentration in the study by Rong et al. In our study median iPTH was approximately ten times higher. We
found that optimal cut-off value of iPTH was 200 pg/mL and found that iPTH > 200 pg/mL was a determinant of valvular
calcification. Intact parathyroid hormone concentration in Rong et al’s work did not reach our cut-off value. Soleymanian
et al found that iPTH < 200 mg/dL was not associated with all-cause mortality in HD patients.41 We believe further studies
with larger sample size are needed. Mechanism of PTH causing valvular calcification in CKD patient overlaps with FGF-23.
Hyperparathyroid will cause hypercalcemia which causes calcification.37

IL-6 and Valvular Calcification
High IL-6 had a significant association with valvular calcifications with PR 1.20 (p = 0.019; CI 1.000–1.446). High IL-6
as a determinant of valvular calcification showed it was 21.58 times more likely to cause valvular calcification compared
to low, with exp (B) value of 21.58 (p = 0.0381; CI 1.18–394.87).

Multiple studies have shown IL-6 was associated with vascular calcification in CKD and dialysis patients.14,42,43

Kamińska et al found that IL-6 was significantly associated with coronary artery calcification in CKD patients.44 It is also
associated with vascular calcification progression in HD patients.45 Studies regarding valvular calcification are limited
but consistent. Ikee et al found that inflammatory markers are associated with aortic valve calcification in HD patients.46

Lee at al found higher IL-6 and lower fetuin A in HD patients with valvular calcification.47 Fetuin A is closely related to
IL-6 and calcification. Interleukin-6 causes calcification by decreasing fetuin A production. Fetuin A prevents CaxP
deposit by forming soluble particles.48 In the general population, IL-6 promotes aortic valve calcification.49

Elevated IL-6 is commonly observed in CKD patients. This is due to increased oxidative stress, chronic inflammation,
and fluid overload. Impaired renal function also contributes due to decreased IL-6 clearance. Dialysis further stimulates
inflammatory response and increases IL-6 production.50 Fibroblast Growth Factor-23 and IL-6 have a reciprocal
relationship. Fibroblast Growth Factor-23 stimulates the liver to produce IL-6 by FGF receptor-4 (FGFR4) on the
surface of hepatocytes. In return, IL-6 also stimulates FGF-23 production. Therefore, CKD patients with high FGF-23
tend to have high IL-6.8,32 Also, inflammatory cytokines, such as IL-6 and CRP, can promote vascular smooth muscle
cell calcification, through the activation of Msx2-Wnt/β-catenin signaling. Moreover, IL-6 may promote osteogenic gene
expression and mineralization of valve interstitial cells.48,49

Limitations
Our cross-sectional study has several limitations. First, this research is limited by the scope of a single center study of
participants. A study with larger sample size and wider demographics of patients may represent the general population
more accurately. Second, we excluded patients aged more than 60 years old in order to exclude degenerative valvular
calcification, thereby further limiting our sample number. Third, we did not include continuous ambulatory peritoneal
dialysis (CAPD) patients in our study.

Conclusion
This study demonstrated that high C-terminal FGF-23, iPTH, and IL-6 were determinants of valvular calcification in
CKD-MBD patients undergoing regular HD. Further research regarding early management and prevention of these
variables is needed.
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