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Abstract

Background / Aims: In patients with autosomal dominant polycystic kidney disease (ADPKD),
cardiovascular events are the most frequent cause of mortality and morbidity. The aim of
our study is to investigate the association between serum fibroblast growth factor-23 (FGF-
23) and arterial stiffness (AS) as determined with brachial-ankle pulse wave velocity (baPWV)
and atherosclerosis development as determined with carotid artery intima-media thickness
(CA- IMT). Methods: This cross-sectional study was conducted with totally 86 ADPKD patients,
50 (58.1%) female and 36 (41.9%) male, with a mean age of 49.5 + 13.9 years. Patients were
compared with healthy control group with similar distribution of age and gender. AS was
assessed with baPWW, and atherosclerosis development was assessed with CA-IMT. CA-IMT
> 9 mm was considered as increased atherosclerosis. Serum FGF-23 and soluble klotho (s-KL)
levels were measured with enzyme-linked immunosorbent assay. Due to skewed distribution
of variables, statistical calculations of FGF-23 and s-KL were performed with log10. Results:
According to the CKD stages, 46 (53.5%) patients had stage 1-2, 32 (37.2%) had stage 3-4, and
8 (9.3%) had predialysis stage 5 disease. Mean log10FGF-23 was 2.43 + 0.41 pg/mL, and mean
logl0s-KL was 1.28 = 0.09 ng/mL. Mean baPWV was 7.48 + 1.68 m/sec, and mean CA-IMT
was 0.63 = 0.14 mm. Among patients at various stages of CKD, systolic blood pressure (SBP) (p
= 0.003), diastolic blood pressure (DBP) (p = 0.002), creatinine, 1.25hydroxy(OH)2VitaminD3,
log1lOFGF-23, baPWV, CA-IMT were higher (p < 0.001)andlog10s-KL were lower (p < 0.001)
in comparison to healthy individuals. FGF-23 was positively correlated with creatinine,
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1.25(0OH)2VitD3 (p < 0.001), baPWV (p = 0.002) and CA-IMT (p = 0.005), and negatively
correlated with eGFR (p < 0.001). Conclusion: In patients with ADPKD, as the disease stage
advanced, serum FGF-23 levels increased while s-KL decreased. In ADPKD patients, AS and
atherosclerosis development increased as compared to healthy subjects, and as CKD advanced.
In ADPKD patients, the effect of serum FGF-23 on the development of AS and atherosclerosis
in peripheral vessels is independent of s-KL.

© 2018 The Author(s)
Published by S. Karger AG, Basel

Introduction

Autosomal dominant polycystic kidney disease (ADPKD) is the most common inherited
renal disease. ADPKD is responsible for 5-10% of cases with end stage renal disease (ESRD)
[1]. The expansion of the fluid-filled cysts over time causes the kidneys to expand dramatically
in size. Around the fourth decade, the estimated glomerular filtration rate (eGFR) starts to
decrease by 4.4-5.9 mL/min per year and ESRD development is seen at 6th decade.

Fibroblast growth factor-23 (FGF-23) is a hormone mainly synthesized from osteocytes
andto alesser degree form osteoblasts, endocrine organs, heart, hypothalamus, and thalamus.
Soluble klotho (s-KL) functions as FGF-23 co-receptor [2]. FGF-23 binds to FGF receptors in
the kidneys in the presence of s-KL, inhibits sodium (Na)-dependent phosphate (P) carriers
NaP- Ila and NaP-IIc in the proximal tubule leading to renal P excretion. It also decreases
1.25hydroxy(OH)2Vitamin(Vit)D3 synthesis by inhibiting the enzyme 1-a hydroxylase.

In patients with chronickidney disease (CKD), serum FGF-23 levels increase starting from
the early stages. Liu et al. reported that elevated serum P, intact parathyroid hormone (iPTH)
levels and decreased serum 1.25hydroxy(OH)3Vitamin(Vit)D3 levels were accompanied by
an increase in serum FGF-23 levels in CKD patients [3]. Gutierrez et al. [4] reported that
elevated serum P levels were associated with elevated serum FGF-23 levels in patients with
early stage CKD. John et al. [5] reported that as the P excretion load per nephron increased
in CKD patients, serum FGF-23 levels increased to overcome this burden. Yildiz et al. [6]
reported that elevated serum FGF-23 levels were found in early stage ADPKD patients with
normal creatinine levels in comparison to healthy individuals.

In patients with CKD, arterial stiffness (AS) is one the most common vascular pathologies.
Tsuchikura et al. reported that the determination of AS development was convenient and
reproducible with brachial-ankle pulse wave velocity (baPWV) device, and thatitshowed good
correlation with aorticpulse wave velocity, which is regarded as the gold standard. Covic et
al. [7] proposed that utilization of pulse wave velocity determined by baPWV device could
be valuable in determination of AS development in CKD patients. London et al. [8] reported
increased AS development in CKD patients in comparison to healthy individuals.

In patients with ADPKD, cardiovascular (CV) complications are frequent causes of
increased mortality. In ADPKD patients, increased CV events start to develop from the early
stages of the disease. Kocyigit etal. [9] reported increased AS development in ADPKD patients
compared to healthy individuals. Borresen et al. [10] reported increased AS development
independent of CKD development in patients with ADPKD.

In literature, there is a limited number of studies investigating increased FGF-23 levels
and AS development. In the general population, the association between increased serum
FGF-23 levels and AS development is known to be particularly more profound in those with
impaired renal function tests. Scialla et al. reported that there was a relationship between
increased serum FGF- 23 and AS development in CKD patients [11]. On the contrary,
Manghat et al. reported that there was no relationship between serum FGF-23 levels and AS
development in predialysis CKD patients [12]. Similarly, Ford et al. reported that there was no
relationship between serum FGF-23 levels and AS development in early stage CKD patients
[13].

Atherosclerosis is a systemic disease affecting blood vessels of all sizes, and medium
sized elastic arteries in particular. Measurement of carotid artery intima-media thickness

1161


http://dx.doi.org/10.1159%2F000492244

Kidne Kidney Blood Press Res 2018;43:1160-1173

& DOL 10.44204000402244 © 2018 The Author(s). Published by S. Karger AG, Basel
Blood Pressure Published online: 31 July, 2018 www.karger.com/kbr
Research Coban et al.: Fibroblast Growth Factor 23 Levels in Autosomal Dominant Polycystic

Kidney Disease

(CA-IMT) via ultrasonography is regarded as a non-invasive and convenient method for
assessment of atherosclerosis. Poredos et al. [14] proposed that increased CA-IMT value is
an indicator of atherosclerosis and is correlated with peripheral arterial diseases. Kocaman
et al. [15] reported increased atherosclerosis development in early stage ADPKD patients
compared to healthy individuals. Sag et al. [16] reported that atherosclerosis development
as determined by CA- IMT was increased in ADPKD patients compared to healthy individuals.
Turkmen et al. reported increased atherosclerosis development in ADPKD patients starting
from the early stages of CKD [17].

Studies investigating the relationship between FGF-23 and atherosclerosishave
controversial results. In their mouse study, Larrson et al. [18] reported that there was no
relationship between increased serum FGF-23 and atherosclerosis development. Scialla etal.
[19] reported that there was no relationship between increased serum FGF-23 and increased
atherosclerosis development in CKD patients. On the contrary, Nakayawa et al. [20] reported
that there was an association between increased serum FGF-23 levels and atherosclerosis
development in CKD patients.

It is known that in CKD patients as the disease advances, serum FGF-23 levels increase
while serum s-KL levels decrease. In CKD patients, increased serum FGF-23 levels are
thought to be associated with increased CV diseases. There is a limited number of studies
that investigated serum FGF-23 and s-KL levels in patients with ADPKD, which is a genetic
disease characterized by presence of multiple cysts in kidneys, and the association of these
with increased AS and atherosclerosis development, and these studies have contradicting
results. Furthermore, these studies were conducted with ADPKD patients at early stage and
with normal creatinine levels. For that reason, the aim of our study was to investigate the
association of serum FGF-23 levels with AS as determined by baPWV, and atherosclerosis
development as determined by CA-IMT in adult ADPKD patients at various predialysis CKD
stages.

Materials and Methods

Patient selection

This cross-sectional study was conducted inNephrology outpatient clinic of Antalya Training and
Research Hospital between November 2016 and September 2017, with a total of 86 patients diagnosed
with autosomal dominant policystic kidney disease (ADPKD), of which 50 (58.1%) were female (mean age
=49.5 + 13.9 years) and 36 (41.9%) were male (mean age = 47.8 + 13.9 years). Patients were compared
with 47healthy controls with similar distribution of age and gender, who did not have any chronic disease
or history of medication use. The study included patients diagnosed with ADPKD based on family history,
clinical findings andultrasonography, who were older than 18 years of age, and who did not have history of
known cardiac disease, peripheral vessel disease, cardiac intervention, or renal replacement therapy. Study
exclusion criteria were less than 1 year life expectancy, active infection or malignancy, previous history
of cardiac intervention (coronary bypass, stent, cardiac pacemaker) or cardiac disease (left ventricular
(LV) ejection fraction assessed with echocardiography < 45%, heart valvular disease, cardiomyopathy),
peripheral vessel disease, history of renal transplantation or dialysis, and patient’s refusal to participate in
the study. All participants were informed about the purpose of the study, and written consent was obtained
from volunteers. The study was approved by Antalya Training and Research Hospital Ethics Committee.

Data collection and laboratory measurements

A detailed medical history was obtained and physical examination was performed in the entire study
group. Demographic characteristics (gender, age, body mass index), comorbid diseases and antihypertensive
medications used were recorded. Venous blood samples taken after 8 hours of fasting were centrifuged
and stored at -80°C. Serum creatinine, calcium (Ca), phosphate (P) and high sensitive C reactive protein
(hs-CRP) levels were determined spectrophotometrically using Beckman coulter AU5800 (Beckman coulter
Instrumentation, San Diego, CA, USA) analyzer. Intact parathyroid hormone (iPTH) level was measured with
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chemiluminescence method on Beckman coulter DxI800 (Beckman coulter Instrumentation, San Diego,
CA, USA) analyser. Fibroblast growth factor-23 (FGF-23), soluble-Klotho (s-KL) (Elabscience, Shanghai,
China) and 1.25hydroxy(OH)2Vitamin(Vit)D3 (Bioassay Technology Laboratory, Shangai, China) levels were
measured with enzyme-linked immunosorbent assay (ELISA) kits. 25(0H)VitD3 level was measured with
chemiluminescence assay using Liason (DiaSorin, MN,USA) analyser. For all parameters, the inter- and intra-
assay coefficients of variations were < 10%; measurement ranges and analytical sensitivities were 15.6-
1000 pg/mL and 9.38 pg/mL for FGF-23, 0.31-20 ng/mL and 0.19 ng/mL for s-KL, and 0.2-60 ng/mL and

0.07 ng/mL for 1.25(0H)2VitD3, respectively.

Spot urinary protein-creatinine ratio (UPCR) was calculated from the second morning urine sample
collected after 8 hours of fasting. Kidney functions were assessed with serum cre, estimated glomerular
filtration rate (eGFR) and UPCR measurement. Patients’ eGFR values were calculated according to the criteria
defined by Levey et al. [21]. Patients were divided into 3 chronic kidney disease (CKD) stages according to
their eGFR values: Stage 1-2 CKD: eGFR

= 60-110 mL/min/1.73 m2; Stage 3-4 CKD: eGFR = 15-59 mL/min/1.73 m2, and predialysis

stage 5 CKD: eGFR < 15mL/min/1.73 m2. Blood pressure measurements were performed by the same
nurse after 15 minutes of rest. Hypertension (HT) was defined as previous history of HT, or antihypertensive
medication use, or systolic blood pressure (SBP)/diastolic blood pressure (DBP) = 140/90 mmHg.

Measurement of Arterial Stiffness

Arterial stiffness (AS) development with brachial-ankle pulse wave velocity (baPWV) was determined
in the entire patient and control groups after 15 minutes resting in supine position, using brachial-ankle
index (ABI)-form instrument (D-52222, 2007, Stolberg, Germany). As described in the previous study [22]
the blood pressure measurements at both arms and legs were calculated automatically and at the same time.
The PWV value was calculated by determining the delay between localized blood pressure curves at two
different points of the arterial system. The interval between the start and end of the brachial and ankle waves
obtained from brachial and tibial arteries were determined as transition time (TT). The transition distance
between brachial and ankle was determined according to weight. The distance between the suprasternal
notch-brachium (LB) was calculated with the formula 0.2195 x height of the patient (in cm) - 2.0734,
whereas the distance between suprasternal notch-ankle (LA) was calculated by the formula 0.2195 x height
of the patient (in cm) + 12.328. The baPWV value was determined by the formula= (LA-LB)/TT.

Measurement of Atherosclerosis

Carotid artery intima-media thickness (CA-IMT) measurements were performed by the same
radiologist, using a high-resolution, 2-5 mHz linear array probe with Hitachi Hi-Vision avius (Tokyo, Japan)
ultrasonography (USG) instrument. Measurements were made when all participants were lying in the supine
position and the neck was in the slightly extended state and the head turned to the other side. Measurements
were made at 3 different points: the right and left common carotid arteries (CCA), bifurcation point and the
first 2 cm segment of the internal carotid artery. The CA-IMT value was determined at exactly longitudinal
plane, where anterior and posterior walls were visualized together, measuring the distance between the
hyperechogenic reflection at the lumen of intima at the posterior wall, and the hyperechogenic reflection
formed by the media-adventitia at deep media layer. CA-IMT > 9 mm was considered as atherosclerosis
development.

Statistical Analysis

Continuous variables were expressed as mean * standard deviation, while categorical variables were
expressed as frequency and percentage (%). In comparison of patient characteristics of ADPKD patients
at different CKD stages with healthy control group, Kruskal-Wallis and Bonferroni-Dunn Post-hoc test was
performed for non-normally distributed data. In comparison of patient characteristics according to mean
serum FGF-23 and s-KL levels, Mann-Whitney U test was used for quantitative variables with non-normal
distribution. In correlation analysis of patient characteristics with FGF-23; Spearman rank test was used for
non-normal distributed data and Pearson test was used for normal distributed data. P <0.05 was considered
statistically significant.
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Results

The study included totally 86 ADPKD patients, 50 (58.1%) women with a mean age of
49.5 + 13.9 years, and 36(41.9%) men with a mean age of 47.8 + 13.9 years. Mean SBP was
129.2 + 173 mmHg, and mean DBP was 86.5 + 10.7 mmHg. 6 (7%) patients had DM and 56
(65.1%) patients had HT. Anti-hypertensive medications used by patients were angiotensin
converting enzyme inhibitor in 15 (17.4%) patients, angiotensin II receptor blockerin 27
(31.4%) patients, Calciumchannel blocker in 20 (23.3%) patients, alpha blocker in 4 (4.7%)
patients, beta-blocker in 15 (17.4%) patients, diuretic in 4 (4.7%) patients, and other anti-
hypertensive medications in 3 (3.5%) patients. According to the eGFR values, patients were
divided into 3 different CKD categories: 46 (53.5%) patients had stage 1-2 CKD, 32 (37.2%)
patients had stage 3-4, and 8 (9.3%) patients had predialysis stage 5 CKD. 19 (22.1%)
patients were using Vit D/Vit D analogue, and 4 (4.7%) patients were using oral phosphate
binders. Mean creatinine was 1.52 + 0.87 mg/dL, and mean eGFR was 61 + 30 mL/min/1.73
m2. Mean hs-CRP, iPTH, CasXPs product, 25(0H)VitD3 and 1.25(0H)2VitD3 levels were
2.72 £ 2.55 mg/L, 82 * 50 pg/mL, 29.24 * 6.16 mg/dL, 19.75 * 13.49 ng/mL, and 27.57
+ 20.82 ng/mlL, respectively. Mean serum log10FGF-23 was 2.43 + 0.41 pg/mL, and mean
serum log10s-KL was 1.28 £ 0.09 ng/mL. Mean baPWV was 7.48 + 1.68 m/sec, and mean CA-
IMT was 0.63 * 0.14 mm. 6 (7%) patients had CA-IMT > 9 mm.Patients were compared to 47
healthy controls (22 (46.8%) male/25 (53.2%) female) with a mean age of 45.7 + 7.2 years.
Mean SBP was 118.6 + 11.7 mmHg, and mean DBP was 78.4+ 9.7 mmHg. Mean creatinine
was 0.8 + 0.1 mg/dL, and mean eGFR was 91.4 + 6.9 mL/min/1.73m?% Mean hs-CRP, iPTH,
CasXPs product, 25(0H)VitD3 and 1.25(0H)2VitD3 levels were 2.6 + 2.8 mg/L, 53 + 25 pg/
mL, 31.4 + 48 mg/dL, 20.8 £ 10.9 ng/mL, and 19.5 * 15.4 ng/mL, respectively. Mean serum
log10FGF-23 was 2.08 + 0.3 pg/mL, and mean serum log10s-KL was 1.1 * 1 ng/mL. Mean
baPWV was 6.6 £ 0.9 m/sec, and mean CA-IMT was 0.65+0.66 mm (Table 1).

In comparison to healthy controls, patients at various predialysis CKD stages had
significantly higher SBP (p = 0.003), DBP (p = 0.002), hs-CRP (p = 0.001), creatinine, iPTH,
1.25(0H)2VitD3, logl0FGF-23, baPWV,and CA-IMT (p < 0.001), and significantly lower
eGFR and log10s-KL (p<0.001). There was no significant difference between the two groups
regarding CasXPs product, or 25(0H)VitD3 values (p > 0.05). ADPKD patients with stage
1-2 had higher eGFR, 1.25(0H)2VitD3, log10s-KL, and lower creatinine, hs-CRP, iPTH,
log10FGF-23, baPWV and CA-IMT than patients with predialysis stage 5 CKD (Table 2).

Mean FGF-23 level was 285.03 pg/mL. Patients with FGF-23 > 285.03 had significantly
higher creatinine, iPTH (p = 0.001), baPWV (p = 0.004) and CA-IMT (p = 0.003), and lower
eGFR (p = 0.001) and 1.25(0H)2VitD3 (p < 0.001) compared to patients with FGF-23 <
285.03. There was no significant difference between the two groups regarding hs-CRP,
CasXPs product, or s- KL (all p > 0.05) (Table 3).

Serum logl0FGF-23 levels showed positive correlation with iPTH (Fig. 1),
1.25(0H)2VitD3 (Fig. 2) (all p < 0.001), baPWV (p =0.002) (Fig. 3) and CA-IMT (p = 0.005)
(Fig. 4), and negative correlation with eGFR (p < 0.001) (Fig. 5). There was no correlation
between logl0FGF-23 and hs-CRP (Fig. 6), CasXPs product (Fig. 7) or 25(0OH)VitD3 (Fig.
8) (all p > 0.05) in patients. Serum log10FGF-23 levels showed positive correlation with
creatinine (p = 0.043) and negative correlation with eGFR (p = 0.022) in healthy controls.
There was no correlation between logl0FGF-23 and iPTH, 25(0H)VitD3, 1.25(0H)2VitD3,
baPWYV or CA- IMT (all p > 0.05) in healthy controls (Table 4).

Mean s-KL value was 19.26 ng/mL. Patients with s-KL > 19.26 did not differ from patients
with s-KL < 19.26 regarding baPWYV (Fig. 9) and CA-IMT (Fig. 10) (all p > 0.05) (Table 5).
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Table 1. Clinical, demographic characteristics, laboratory and baPWV values of patients and healthy control
group. Data are presented as n (%), mean = S.D. Abbreviations: BMI, body mass index; SBP, systolic blood
pressure; DBP, diastolic blood pressure; DM; diabetes mellitus; HT, hypertension; ACE inh, angiotensin
converting enzyme inhibitor; ARB, angiotensin II receptor blocker; (OH)Vit, (hidroksi)vitamin; eGFR,
estimated glomerular filtration rate; hs-CRP, high sensitive C reactive protein; iPTH, intact parathyroid
hormone; Ca, serum calcium; Ps, serum phosphate; FGF-23, fibroblast growth factor-23; s-KL, soluble
klotho; baPWYV, brachial-ankle pulse wave velocity; CA-IMT, carotid artery intima-media thickness; S.D.,

standard deviation

Parameter

Patients (n = 86)
Mean + S.D./n (%)

Healthy control group (n=47)
Mean * S.D./n (%).

Age (years) Male/Female
Male/Female

BMi (kg/m?)
SBP (mmHg)/DBP (mmHg)

DM HT

Use of antihypertensive drugs
ACE inh/ARB
Calcium channel blocker
Alpha-blocker/Beta-blocker
Diuretic
Others
Stage 1-2
Stage 3-4
Predialysis stage 5
Use of Vit D/Vit D analog
Use of oral phosphate binder
Creatinine (mg/dL)
eGFR (mL/min/1.73m?)
hs-CRP (mg/L)
iPTH (pg/mL)
CasXPs product (mg/dL)
25(0H)VitD3 (ng/mL)
1.25(0H)2VitD3 (ng/mL)
Log10FGF-23 (pg/mL)
Log10s-KL (ng/mL)
baPWV (m/sec)

CA-IMT (mm) >0.9

49+ 14

47.8+13.9/49.5+13.9
36 (41.9%)/ 50 (58.1%)

26.8+4.9

129.2 £173/ 86.5 £ 10.7

6 (7%)
56 (65.1%)

457+7.2
473+6.1/443%79
22 (46.8%)/25 (53.2%)
27.1+4.6
118.6 +11.7/78.4 9.7

15 (17.4%)/27 (31.4%)

20 (23.3%)
4 (4.7%)/ 15 (17.4%)
4 (4.7%)
3 (3.5%)
46 (53.5%)
32 (37.2%)
8 (9.3%)
19 (22.1%)
4 (4.7%)
1.52 +0.87
61+ 30
2.72 +2.55
82+ 50
29.24+6.16
19.75 + 13.49
27.57 £ 20.82
243041
1.28 £ 0.09
7.48 +1.68

0.63 +0.14
6 (7%)

08+0.1
914 +69
26+28
53+£25
314+48
20.8+10.9
19.5+15.4
2.08+0.3
111
6.6 0.9

0.65 + 0.66

Table 2. Comparison of patients at various predialysis stages of CKD with the healthy control group with
regard to patient characteristics. Data are presented as median (min-max). Kruskal-Wallis with Bonferroni-

Dunn post-hoc test

Parameter Stage 1-2 (n =46) Stage 3-4 (n=32) Predialysisstage 5 (n=8) Healthy control group (n=47) p-value
SBP (mmHg) 126 (95-159) 128 (100-192) 128 (100-192) 118 (90-141) 0.003
DBP (mmHg) 84 (71-107) 87 (62-108) 85 (64-108) 77 (48-99) 0.002
Creatinine (mg/dL) 0.9 (0.6-1.32) 1.89 (1.25-4.19) 2.63(1.8-4.1) 0.8 (0.66-1.02) <0.001
eGFR (mL/min/1.73 mZ) 86 (61-122) 37 (16-58) 22 (17-30) 91 (71-110) <0.001
hs-CRP (mg/L) 1.15 (0.16-10.2)  3.03 (0.16-10.2) 3.86 (1.47-10.2) 1.36 (0.16-10.2) 0.001
iPTH (pg/mL) 48 (16-135) 91 (27-219) 156 (70-219) 51 (14-158) <0.001
CasXPs product (mg/dL) 29.76 (18.27-61) 28.5(17.1-38) 28.35(20.46-38) 30.72 (23-44.16) 0.094
25(0H)VitD3 (ng/mL) 15.6 (4-88.7) 18.9 (4.3-62.8) 18.85 (4.3-32.5) 18.1 (6.93-58.9) 0.360
1.25(0H)2VitD3 (ng/mL) 41.25(14.51-78.86 23.56(8.22-87.7) 15.67(3.04-77.44 12.83(2.08-56.54) <0.001
Log10FGF-23 (pg/mL) 2.31(1.36-3.02)  2.52(1.45-3.14) 2.71(2.34-3.12) 2.05(1.58-2.79) <0.001
Log10s-KL (ng/mL) 1.27(1.05-1.43)  1.24(1.05-1.43) 1.14(0.9-1.33) 1.3(1.19-1.42) <0.001
baPWV (m/sec) 6.55 (4.8-10.5) 8.05(5.5-11.6) 8.75(6.8-11.6) 6.6 (4.8-9) <0.001
CA-IMT (mm) 0.55 (0.5-1.1) 0.7 (0.5-1.2) 0.7 (0.5-1.1) 0.5 (0.5-5) <0.001
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median(min-max). Mann-Whitney U test

FGF-23 < 285.03 pg/mL

FGF-23 > 285.03 pg/mL

Parameter (n=44) (n=42) p-value
Creatinine (mg/dL) 1 (0.6-2.29) 1.53 (0.69-4.19) 0.001
eGFR (mL/min/1.73 mZ] 74 (22-120) 42(16-122) 0.001
hs-CRP (mg/L) 1.72 (0.16-9.08) 1.97 (0.16-10.2) 0.876
iPTH (pg/mL) 52 (18-185) 88 (16-219) 0.001
CasXPs product (mg/dL) 28.82 (18.27-37.84) 29.42 (17.1-61) 0.904
25(0H)VitD3 (ng/mL) 17 (4-62.8) 18.6 (4.3-88.7) 0.677
1.25(0H)2VitD3 (ng/mL) 25.61 (8.12-87.7) 14.91 (3.04-58.75) <0.001
baPWV (m/sec) 6.8 (5-11.6) 7.8 (4,8-10.5) 0.004
CA-IMT (mm) 0.6 (0.5-1.2) 0.7 (0.5-1.1) 0.003
Fig. 1. Correlation between FGF-23 and iPTH (R = 0.445, p<0.001). —
o
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Fig. 2. Correlation between FGF-23 and 1.25(0H)2VitD3 (R =

0.481, p<0.001).

Fig. 3. Correlation between FGF-23 and baPWYV in patients (R =

0.337, p = 0.002).
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Fig. 4. Correlation between FGF-23 and CA-IMT in patients (R =

0.298, p = 0.005).
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Fig. 8. Correlation between FGF-23 and 25(0H)VitD3 (R= 0.078,

p = 0.482).

Table 4. Association between serum log10FGF-23 levels and AS and atherosclerosis in patient and healthy

control group. Spearman rank test, Pearson correlation test

Coban et al.: Fibroblast Growth Factor 23 Levels in Autosomal Dominant Polycystic

25(OH)VitD3 (ng/mL)

100.0

80,0

| | I 1%
15 20 25 30 35

Logl0FGF-23 (pg/mL)

Patients (n = 86)

Healthy control group (n = 47)

Parameter Log10FGF23 Log10FGF23
r p r p
Creatinine (mg/dL) 0.433 <0.001 0.074 0.043
eGFR (mL/min/1.73 m%) -0.438 <0.001 -0.333 0.022
hs-CRP (mg/L) 0.076 0.489 0.279 0.058
iPTH (pg/mL) 0.445 <0.001 -0.021 0.887
CasXPs product (mg/dL) 0.006 0.954 0.138 0.357
25(0H)VitD3 (ng/mL) 0.078 0.482 -0.040 0.789
1.25(0H)2VitD3 (ng/mL) 0.481 <0.001 0.144 0.333
baPWV (m/sec) 0.337 0.002 0.210 0.156
CA-IMT (mm) 0.298 0.005 0.019 0.899
Fig. 9. Comparison of baPWV values according to mean s-KL i)
levels (p = 0.742). =
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Table 5. Comparison of patients characteristics according to mean s-KLvalues. Data are presented as
median (min-max). Mann-Whitney U test

s-KL < 19.26 ng/mL s-KL > 19.26 ng/mL )
Parameter (n = 47) (n = 39) p-value
Creatinine (mg/dL) 1.32 (0.7-4.1) 1.28 (0.6-4.19) 0.671
eGFR (mL/min/1.73 m%) 58 (17-120) 63 (16-122) 0.430
hs-CRP (mg/L) 2.35 (0.16-10.2) 1.72 (0.16-10.2) 0.557
iPTH (pg/mL) 91 (18-219) 59 (16-185) 0.075
CasXPs product (mg/dL) 30.08 (18.2-37.84) 28.2 (17.1-61) 0.480
baPWV (m/sec) 7.2 (4.8-10.9) 7.2 (4.9-11.6) 0.742
CA-IMT (mm) 0.7 (0.5-1.1) 0.6 (0.5-1.2) 0.989
Discussion

FGF-23; a phosphatonin that is synthesized from osteocytes and osteoblasts, and plays
role in maintaining normal P balance. In advanced stage CKD patients, serum FGF-23 levels
are elevated to maintain serum P balance, and this increase is accompanied by increase in
serum iPTH levels and decrease in 1.25(0H)2VitD3 levels. s-KL gene is found in bone tissue,
as well as in kidneys, parathyroid gland and other endocrine organs. In the presence of its
coreceptor s-KL, FGF-23 acts by binding to renal FGF receptors. The aim of our study was
to investigate the relationship between serum FGF-23 levels and development of the CV
complications AS and atherosclerosis in adult ADPKD patients at various stages of CKD.

In CKD patients, as eGFR value decreases, there is an increase in serum FGF-23 levels and
a decrease in serum s-KL levels. Gutierrez et al. reported that an increase in serum FGF-23
levels was observed in patients with CKD to maintain normal serum P balance as eGFR values
started to decrease [4]. Fliser et al. [23] reported that increased serum P levels in patients
with CKD was accompanied by elevated serum FGF-23 levels. Liu et al. [3] reported that in
CKD patients, as the disease stage advanced, the increase in serum FGF-23 and iPTH levels
was accompanied by a decrease in serum 1.25(0H)2VitD3 levels. John et al. [5] reported
that serum FGF-23 levels were increased in CKD patients in order to decrease the elevated P
levels per nephron. Spichtig et al. [24. showed that FGF-23 was synthesized in polcystic mice
from the epithelium lining the renal cysts, and that serum FGF-23 levels began to rise from
the early stages of renal failure. Mirams et al. [25] reported that FGF-23 was synthesized in
ADPKD patients from the cysts present in kidneys and liver. Akiyama et al. [26] suggested
that elevated serum FGF-23 levels in ADPKD patients was independent of CKD stage. Pavik
et al. [23] showed that serum FGF-23 levels in ADPKD patients were significantly higher
compared to studies in CKD patients, and reported lower levels of serum s-KL in ADPKD
patients compared to healthy subjects [27]. In our study, a significant increase in serum
FGF-23 levels and a significant decrease in serum s-KLlevels were observed as the CKD stage
advanced in predialysis ADPKD patients. In addition, patients with ADPKD had higher serum
FGF-23 and lower s-KL levels than healthy subjects.

PWV measurement from aorta and its main branches is regarded as the gold standard
for assessment of AS. The determination of the development of AS by baPWV is considered
tobe of the same value as other methods. In CKD patients, as CKD stage advances, there is
increase in the development of AS. Morimoto et al. [28] reported increased AS development
in CKD patients. Heffernan et al. [29] reported increased peripheral vascular dysfunction
and increased AS development in early stage ADPKD patients. Yildiz et al. [6] reported
increased AS development in early stage ADPKD patients with normal creatinine levels
compared to healthy individuals. Borresen et al. [10] reported increased AS development
in ADPKD patients with normal creatinine and blood pressure in comparison to healthy
subjects. Nowak et al. [30] reported increased AS development starting from the early stages
in ADPKD patients. Kocyigit et al. [9] reported increased AS as determined by PWV in ADPKD
patients starting from the early stages of the disease.
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It is believed that there is no association between increased serum FGF-23 levels and
AS development in predialysis CKD patients Ford et al. [13] reported that there was no
relationship between increased serum FGF-23 levels AS development as determined by PWV
among predialysis CKD patients. Manghat et al. [12] suggested that there was no association
between increased serum FGF-23 levels and AS development in predialysis CKD patients, and
thatthe effect ofincreased FGF-23 in the predialysis period on the CV system was independent
of its effects on the vessels. In contrast to all these studies, our study showed that as the
CKD stage advanced in ADPKD patients, AS development as determined by baPWYV increased
when compared to patients at early stage and healthy individuals. Patients with high FGF-23
levels were found to have increased AS development compared to patients with low FGF-23
levels. There was a significant correlation between FGF-23 and AS development, which was
independent of s-KL. The difference in the results can be explained by the differences in CKD
etiology.

Nowak et al. [30] reported that atherosclerosis development rate in young adult patients
with ADPKD was similar to that of healthy young adults. Turkmen et al. [17. reported that
atherosclerosis development as determined by CA-IMT was increased in ADPKD patients
starting from the early stages Martinez et al. [31] reported increased atherosclerosis
developmentin ADPKD patients with normal creatinine levels. Widlansky et al. [32] reported
increased atherosclerosis development in ADPKD patients, which was independent of the
increase in blood pressure. Wang et al. [33] reported increased atherosclerosis development
as determined by increased CA-IMT in patients with ADPKD who were ad advanced age.

Ashikaga et al. [34] reported that there was no relationship between atherosclerosis
development and increased serum FGF-23 levels in CKD patients undergoing dialysis. On
the contrary, in their mouse study, Jimbo et al. [35] showed that increased serum FGF-23
levels in the presence of KL led to atherosclerosis development. Nasrallah et al. [36] reported
an association between increased serum FGF-23 levels and atherosclerosis development
in CKD patients undergoing dialysis. Our study showed that as the CKD stage advanced in
ADPKD patients, atherosclerosis development as determined by CA-IMT increased when
compared to patients at early stage and healthy individuals. Patients with high FGF-23
levels were found to have increased atherosclerosis development as determined by CA-IMT
compared to patients with low FGF-23 levels. There was a significant correlation between
increased serum FGF-23 levels and atherosclerosis development in ADPKD patients, which
was independent of s-KL.

There are some limitations that have adverse effects on the studyresults. First, the study
was conducted in a single center and with low number of patients. Second, since the study
was conducted at a cross-sectional time, the long-term effects of increased serum FGF-23
levelson AS and atherosclerosis development in ADPKD patients could not be investigated.
Third, patient characteristics were compared to healthy individuals, however, they were not
compared to patients with similar CKD stage that developed due to different etiologies.
Fourth, since patients continued their medications during the study period, it was not
possible to investigate the negative effects of factors such as HT and hyperphosphatemia,
which contribute to AS development. Fifth, AS development was assessed with baPWV
instrument, however, patients were not evaluated with carotid-femoral PWV instrument,
which is known to have higher sensitivity and is regarded as gold standard. Sixth the
effect of FGF and its receptors on the vascular cells was not investigated with advanced
pathological examination in ADPKD patients.

Conclusion
As CKD stage in ADPKD patients advanced, serum FGF-23 levels increased and s-KL

levels decreased. Advanced stage ADPKD patients were found to have increased AS and
atherosclerosis development compared to healthy individuals and patients with early stage
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disease. In ADPKD patients, increased serum FGF-23 levels showed correlation with AS and
atherosclerosis development. In their mouse study, Lindberg et al. [37] showed that arterial
s- KL synthesis was very low or not present at all. Donate et al. [38] reported that unlike
its effects on kidney and parathyroid gland, the effect of FGF-23 on myocardial cells was
independent of s-KL. Our study showed thatincreased serum FGF-23 levels in ADPKD patients
was associated with increased AS and atherosclerosis development, regardless of s-KL. As
stated by Faul et al. [39], this suggests that the effect of FGF-23 on peripheral vessels may
be independent of s-KL, as is the case with myocardial cells. Nevertheless, there is a need
for future larger-scale, multi-centered randomized-controlled clinical and pathological
studies investigating the association between increased serum FGF-23 levels and AS and
atherosclerosis development in peripheral vessels, and the underlying mechanisms.
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