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THE RELATIONSHIP BETWEEN ARTERIAL STIFFNESS AND 25-(OH) VITAMIN D, FGF 23 IN

MAINTENANCE HEMODIALYSIS PATIENTS

KRONIK HEMODIiYALiZ HASTALARINDA ARTERIYEL SERTLIK iLE 25- (OH) VITAMIN D,

FGF 23 ARASINDAKI ILISKI

Suleyman KARAKOSE!, Zeynep BAL? Burak SAYIN?, Mehtap ERKMEN AKDOGAN?, Dilek GOKUSTUN?,

Emre TUTAL? Siren SEZER?

ABSTRACT

AIM: Vascular calcification (VC) is highly prevalent in maintenance
hemodialysis (MHD) population and increasing evidence indicates
that abnormalities in mineral metabolism are closely associated
with VC and increased mortality in chronic kidney disease (CKD)
patients. In our study, we aimed to determine whether high
Fibroblast growth factor-23 (FGF-23) and low 25 (OH) Vitamin
D levels are a result of high calcium load and whether there is a
relationship between 25 (OH) Vitamin D levels and arterial stiffness
in CKD patients.

MATERIAL AND METHODS: One hundred and seventeen patients
who were receiving MHD 3 times a week for at least 24 months were
selected and followed up for 12 months and laboratory results were
recorded from patient files. We analyzed the influence of a yearlong
cumulative calcium and therapeutic vitamin D (paricalcitol and
calcitriol) intake and serum FGF-23 level on endogenous 25(OH)D
levels and the impacts of these parameters on the change in annual
pulse wave velocity (PWV) measurement results in MHD patients.

RESULTS: Elementary calcium dose was significantly higher in
vitamin D insufficiency group than control group (P=0.014). Serum
levels of FGF-23 were positively correlated with duration of HD
(P=0.001), mean parathyroid hormone (PTH) (P=0.001), mean
phosphorus (P) (P=0.009) and mean CaXP (P=0.006). Baseline
PWV measurement were similar between two groups, however
patients in insufficiency group had higher 12th month PWV
measurements compared to control group (P=0.034).

CONCLUSION: Calcium could increase serum FGF23 levels by
indeterminate mechanisms independently of serum phosphorus
level. Additionally, elevated FGF-23 level was found to be insulting
a decline in vitamin D levels which may cause VC and stiffening of
the arteries and resulting higher PWV measurements.

Keywords: Calcium load, FGF-23, Vascular calcification, 25-Hydroxy
Vitamin D

OZET

AMAG: Vaskiiler kalsifikasyon (VK) kronik hemodiyaliz
hastalarinda (KHH) olduk¢a yaygindir ve artan kanitlar, mineral
metabolizmasindaki anormalliklerin VK ve artmis mortalite ile
yakindan iligkili oldugunu géstermektedir. Calismamizda yiiksek
Fibroblast growth factor-23 (FGF-23) ve diisiik 25(OH) Vitamin D
diizeylerinin yiiksek kalsiyum yiikiiniin bir sonucu olup olmadigini
ve KHH'da 25(OH) Vitamin D diizeyleri ile arteriyel sertlik arasinda
bir iligki olup olmadigini incelemeyi amagladik.

GEREC VE YONTEMLER: En az 24 aydir haftada 3 kez olmak
tizere kronik hemodiyaliz programinda olan yiiz on yedi hasta
secildi ve 12 ay boyunca takip edildi. Laboratuar sonuglar1 hasta
dosyalarindan kaydedildi. Bir yillik kiimiilatif kalsiyum (Ca) ve
terapotik D vitamini (parikalsitol ve kalsitriol) aliminin ve serum
FGF-23 seviyesinin 25(0OH) Vitamin D seviyeleri tizerindeki
etkisini ve bu parametrelerin yillik pulse wave velocity (PWV)
6l¢tim sonuglarindaki degisim tizerindeki etkilerini analiz ettik.

BULGULAR: Bazal kalsiyum dozu D vitamini yetersiz olan grupta
kontrol grubuna goére anlaml olarak yiiksek bulundu (P=0,014).
FGF-23"lin serum seviyesi hemodiyaliz siiresi (P=0,001), ortalama
paratiroid hormon (PTH) (P=0,001), ortalama fosfor (P) (P=0,009)
ve ortalama CaXP (P=0,006) ile pozitif korelasyon gosterdi.
Baglangictaki PWV ol¢timii iki grup arasinda benzerdi, ancak
yetersizlik grubundaki hastalarda kontrol grubuna gore 12. aydaki
PWYV olgiimleri daha yiiksekti (P=0,034).

SONUC: Kalsiyum, serum fosfor seviyesinden bagimsiz olarak
belirsiz mekanizmalar ile serum FGF23 seviyelerini artirabilir. Ek
olarak, yliksek FGF-23 diizeylerinin vitamin D seviyelerinde diisiise
neden olarak VK'na ve arterlerin sertlesmesine yol agarak daha
yitksek PWV 6l¢timlerine neden olabilecegi bulunmustur.

Anahtar kelimeler: Kalsiyum yiikii, FGF-23, Vaskiiler kalsifikasyon,
25-Hidroksi Vitamin D
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INTRODUCTION

Cardiovascular (CV) disease is the leading cause of
death among chronic kidney disease (CKD) patients
(1,2). Vascular calcification (VC) is highly prevalent
in maintenance hemodialysis (MHD) population
and increasing evidence indicates that abnormalities
in mineral metabolism such as hyperphosphatemia,
hypercalcemia, high calcium-phosphorus product and
secondary hyperparathyroidism are closely associated
with VC and increased mortality in CKD patients (3).
Arterial stiffness is a predictor of cardiovascular events
in CKD population. Pulse wave velocity (PWV) is a
non-invasive, reproducible and inexpensive diagnostic
tool to determine arterial wave reflection, subclinical
arterial disease and arterial stiffness (4).

Patients with renal failure have low serum
25-hydroxyvitamin D [25(OH)] because they usually
have decreased exposure to sunlight, have reduced
ingestion of foods that are natural sources of vitamin D,
and insufficient endogenous vitamin D synthesis in the
skin (5). Both the endothelial and smooth muscle cells
of the vascular wall have local 1-a-hydroxylase activity
and vitamin D receptors (VDR). Activation of these
receptors causes anti-inflammatory, anti-proliferative
and antifibrotic effects through reduced expression of
cytokines and calcification promoter metalloproteinases
and through increased expression of calcification
inhibitors. Reduced vitamin D levels in CKD patients
are closely associated with endothelial dysfunction, VC,
arterial stiffness and high CV mortality (6,7).

Serum Fibroblast Growth Factor-23 (FGF-23)
secreted by osteoblasts, is a phospathuric hormone
that inhibits 1-a-hydroxylase and prevents conversion
of 25-OH vitamin D to 1,25(OH) vitamin D. FGF-23
levels increase and serum vitamin D levels decrease
long before serum phosphate levels increment during
the progression of CKD. Although increased serum
phosphorus is the primary trigger for FGF-23; it
had been speculated that other factors including
calcium, renin-angiotensin-aldosterone system and
inflammation could also influence FGF-23 synthesis (7-
9). Recent studies suggested that there was a differential
influence of phosphate binders on serum FGF-23 level.
It has hypothesized that not only accumulation of
phosphorus, but also deposition of calcium could have
influence on serum FGF-23 levels (10).

In our study, we hypothesized that high FGF-23 and
low endogeneous vitamin D levels might be a result
of high calcium load and aimed to determine the
relationship between endogenous vitamin D levels and
arterial stiffness in CKD patients. We also hypothesized
that the drugs used in renal osteodystrophy could
have an impact on low endogenous vitamin D levels
in dialysis patients. We analysed the influence of a
yearlong cumulative calcium and theraupetic vitamin
D (paricalcitol and calcitriol) intake, and serum FGF-
23 level on endogenous 25(OH) levels and the impacts
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of these parameters on the change in annual PWV
measurement results in MHD patients.

Patients and Methods

Study Population

Thisisan observational, prospective, single-center study.
One hundred and seventeen patients who were receiving
MHD 3 times a week for at least 24 months were selected
from 350 patients according to the following exclusion
criteria; Kt/V < 1.4, chronic inflammation of unknown
etiology, malign disease history in past 5 years, having
chronic liver disease, using calcimimetics, severe
hyperparathyroidism (serum PTH > 800 pg/mL), using
drugs that could affect calcium or bone metabolism
(calcitonin, bisphosphonates, and glucocorticoids),
pregnancy or breastfeeding, prior parathyroidectomy
procedure, patients receiving any other form of vitamin
D, including “native” or as a dietary supplement,
patients who were diagnosed as malnourished, having
inflammatory bowel disease. The laboratory results
were recorded from patient files. The institutional
review board approved the protocol used in this study.
Definitions of insufficiency (<30 ng/mL) and normal
values (>30 ng/mL) for 25(OH)D were based on
KDIGO guidelines (11). Patients were divided into two
groups according to 25(OH)D levels: Insufficiency (INS
group, 25(OH)D <30 ng/mL) and control group (CON
group, 25(0OH)D >30 ng/mL).

Biochemical Analysis and Pulse Wave Velocity Analysis
Blood sample was obtained directly through an
arteriovenous fistula or central catheter on a mid-week
non-dialysis day. Predialysis serum concentrations of
calcium, phosphorus, alkaline phosphatase, albumin,
hemoglobin, C reactive protein (CRP) levels were
assessed and recorded monthly. PTH, bicarbonate and
uric acid levels were measured every 3 months. Serum
FGF-23 and 25(OH)D levels were measured at the
end of the one year follow-up period. Serum samples
were separated from clotted blood by immediate
centrifugation (1500g for 10 min), aliquoted and stored
at —80°C until assay. Serum levels of FGF-23 were
measured by an enzyme-linked immunosorbent assay
(ELISA) using commercially available standard Kkits
(Uscn Life Science Inc.,, Wuhan, PR China). Serum
25(OH)D was measured with a high-performance
liquid chromatography (HPLC) method provided by
“IMMUCHROM GmbH” (Heppenheim, Germany).

PWYV were assessed at the beginning of study and end
of the follow-up period. Femoral and carotid artery
wave forms were consecutively obtained using the
SphygmoCor apparatus and customized software.
Continuous pulse pressure wave signals were recorded
with a tonometer positioned at both the base of the
right common carotid artery and over the femoral
artery (Millar arterial pressure tonometer, SphygmoCor
machine; pulse wave velocity (PWV; PWV Inc,
Weastmead, Sydney, NSW, Australia). Distances from the
carotid sampling sites to the manubrium of the sternum
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and from manubrium sternum to femoral artery were
measured. The mean transit time (t) between the feet of
simultaneously recorded waves was determined from 10
consecutive cardiac cycles. PWV was calculated from the
distance between measurement points and the measured
time delay as follows: PWV = D/t (D, distance in meters;
t, time in seconds). The methodology was previously
described and validated (12).

Vitamin D Receptor Activator and Phosphate Binder
Treatment

One hundred and nine (93.1%) patients were receiving
active forms of vitamin D: 53.8% (n=63) intravenous (iv)
calcitriol, with a mean dose of 0.5 + 0.5 pg/week, and
39.3% (n=46) iv paricalcitol, with a mean dose of 5.9 +4.2
ug/week. All patients were under therapy with phosphate
binders: 31 (26.5%) were taking calcium carbonate, 28
(23.9%) were receiving sevelamer and 58 (49.6%) were
taking combined phosphate binder medication.

Statistical Analysis

The Statistical Package for Social Sciences version of 21.0
for Windows (SPSS Inc., Chicago, IL, USA) was used for
the data analysis. Data were submitted to a frequency

distribution analysis using the Kolmogorov-Smirnov test.
Values displaying a normal distribution are expressed as
mean + SD, and values with a skewed distribution are
expressed as median (interquartile range). Differences
between numeric variables were tested with the
independent-samples Student t-test or Mann-Whitney
U test, whichever was appropriate. Related data were
compared using the paired samples t-test or Wilcoxon
test, whichever was appropriate. Categorical data
were compared using the chi-square test. A value was
considered statistically significant at P < 0.05.

Ethical Approval

All procedures performed in this study involving
human participants were in accordance with the
ethical standards of the Ethics Committee of Bagkent
University Faculty of Medicine, where the studies were
conducted (approval number: KA11/255), and with the
1964 Helsinki Declaration and its later amendments or
comparable ethical standards.

RESULTS
Demographic and initial clinical characteristics of the
insufficiency and control groups were similar (Table 1).

Table 1. Demographical and clinical characteristics of all subjects, comparison of laboratory findings and
baseline and 12" month of pulse wave velocity measurements of the groups

Insufficiency
Group (n:91)

Age (year) 54.5+13.2
Gender (F) 41, 45.1%
Duration of dialysis (month) 84
Etiology of CKD

DM 24, 26.4%

HT 17, 18.7%

GN 10, 11%

PCKD 6, 6.6%

Other 21,23.1%

Unknown 13, 14.3%
Mean PTH 550.7 (561.2)
Mean Ca 8.9 £0.53
Mean P 5.8 £0.89
Mean CaxP 52.2+8.7
Mean ALP (U/L) 112.1 (84.3)
Mean albumin(g/dL) 3.8+£0.25
Mean Hemoglobin (g/dL) 11.1 (1.1)
Mean CRP(mg/L) 6.3 (10.6)
Mean HCO, 172124
Uric acid 6.9+0.9
FGF-23 (pg/mL) 25 (42.4)
25-OH-Vitamin D (pg/L) 21 (7)
PWV, ... (m/s) 7.7 +2.3
PWV (m/s) 8.4+28

12th month

Control

Group (n:26) P value

51.8 £14.6 0.360

9, 34.6% 0.345
96 0.443

8, 30.8%

1, 3.8%

5, 19.2% 0.732

1, 3.8%

7,26.9%

4,15.4%

621.2 (350.7) 0.943
9.0 £0.51 0.563
5.3 £0.87 0.006
47.7 £9.1 0.023

106 (86) 0.653
3.8+0.22 0.486
109 (1.2) 0.350
6.5 (14.1) 0.495
17.5+19 0.631
6.5+0.8 0.162

15.6 (23.5) 0.039

33.5(11.5) 0.001
7.1+1.8 0.177
7119 0.034

CKD=Chronic Kidney Disease, DM=Diabetes mellitus, HT=Hypertension, GN=Glomerulonephritis, PCKD=Polycystic Kidney Disease,

PWV=Pulse Wave Velocity
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The insufficiency group had significantly higher P
and Ca " P levels as compared to the control group (P
= 0.006, P=0.023 respectively; Table 1). We found no
significant differences in the mean values of PTH, Ca,
ALP, albumin, hemoglobin, CRP, bicarbonate and uric
acid between the groups (Table 1). FGF-23 level was
significantly higher in INS group than in control group
(P = 0.039). PWV multivariate regression analysis
results at the 12th month were given in Table 2.

Table 2. PWV multivariate regression analysis at the
12** month

Multivariate Analysis

Variables
B Wald OR(95%CI) P

Age 0.068  4.920 (1'0};8?089) 0.027
MeanCa 0564 0504 (oo™ 0478
Mean P 0877 0909 o 2dler, 0341
Mean CaxP  -0.179 3.326 (08838—?)68 68) 0.681
FGE-23 0022 0201 (o0 o 0,655
BN e oS, o

insufficiency group than control group (P=0.014, Table
3). Type of Vitamin D Receptor Activator (VDRA)
treatment was also similar between two groups (Table 3).

Serum levels of FGF-23 were positively correlated with
duration of HD (P=0.001), mean PTH (P=0.001), mean
P (P=0.009) and mean CaXP (P=0.006). Serum levels
of 25(OH)D were negatively correlated with mean
phosphorus (P=0.039), mean administered elementary
calcium dose (P=0.017) and PWV2 (P=0.035) (Figl).
On multivariate regression analysis, levels of 25(OH)D
were independently associated with the adjusted dose
of elementary calcium (P= 0.048).

There was no significant difference in terms of mean
equivalent dose of vitamin D receptor activator and
sevelamer dose between two groups. Administered
elementary calcium dose was significantly higher in

= 50,00 -
on -
s )
=~ 40,004 T -
£ )
€ 30,00
z
T 20,00
<)
v 10,00 -7
4,00 6,00 8,00 10,00
Mean P level (mg/dL)

Figure 1. Correlations between 25-hydroxyvitamin D3
serum levels and mean P, mean elementary calcium and
PWYV 12th month

Table 3. Adjusted equivalent Vitamin D dose, phosphate binder dose for two groups and comparison of

groups according to the type of VDRA treatment

Median (IR)
n, %

Mean administered equivalent Vitamin D dose (mcg/
week)

Mean oral load of elementary calcium (mg/week)
Mean oral load of sevelamer dose (mg/week)
Patients under paricalcitol treatment (n, %)
Patients under calcitriol treatment (n, %)

Patients without VDRA treatment (n, %)

VDRA=Vitamin D Receptor Activator
218

Insufficiency Group

Control Group

(n:91) (n:26) P value
34449 24 +4.1 0.441
5.6 8.1 3.6 £5.2 0.014

19.8 +18.8 12.4 +25.5 0.135
37 (40.7%) 9 (34.6 %)
48 (52.7 %) 15 (57.7 %) 0.592

6 (6.6 %)

2(7.7 %)
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DISCUSSION

Patients with renal failure have low serum
25-hydroxyvitamin D [25(OH)D] because they are
relatively inactive, have decreased exposure to sunlight,
have reduced ingestion of foods that are natural sources
of vitamin D, and the endogenous synthesis of vitamin
D in the skin is also compromised in uremic patients
(5). Reduced vitamin D levels have also been recently
associated with arterial stiffness in dialysis patients (13).
According to our results, patients who have low vitamin
D seem to be a major determinant for arterial stiffness in
CKD patients ongoing hemodialysis. Patients who have
low vitamin D levels were found to have significantly
higher PWV measurements compared to patients who
have normal or high vitamin D levels. PWV of the 2
groups were similar at baseline but after 12 months of

follow-up; vitamin D insufficiency group exhibited a
significant increase compared to the control group who
had stable PWV measurements.

We hypothesized that the drugs used for renal
osteodystrophy could have an impact on arterial
stiffness and we analyzed the influence of cumulative
calcium-based agents, sevelamer and vitamin D
analogue treatments of the groups. Serum FGF-23
levels were also compared between the 2 groups as a
prognostic marker of CV disease in CKD. Phosphate-
binders have different effects on FGF-23 levels. Recent
studies showed thatlanthanum carbonate and sevelamer
were effective in reducing FGF23 levels; this effect was
not observed with calcium carbonate (14,15). In this
context, calcium could increase serum FGF23 levels
by indeterminate mechanisms independently of serum
phosphate level. Additionally, elevated FGF-23 levels
were found to be associated with a decline in vitamin D
levels which may cause VC and stiftness of the arteries
and resulting higher PWV measurements. Though we
could not show a direct relationship between FGF23
levels and phosphate binders, we showed that serum
levels of vitamin D were found to be negatively correlated
with mean oral load of elementary calcium and PWV
measurements. Moreover, on multivariate analysis,
serum 25(OH) D levels were independently associated
with the mean administered dose of elementary calcium
load in 12 months period. In literature, the relationship
between FGF23 with phosphate binders was generally
shown in predialysis patients (16,17). In dialysis patients
this relationship has not yet been clearly demonstrated
in this respect our study was valuable. Park KM. et al.
reported that there was no association between serum
25(0OH)D levels and arterial stiffness in non-dialysis
CKD and MHD patients (18); but their set point for
25(OH)D was lower than KDIGO recommendations.
On the other hand, Seker T et al. reported that 25(OH)
D levels were associated with increased arterial stiffness
in healthy subjects (19).

We revealed that patients who have low vitamin D
levels are prone to higher calcitriol or paricalcitol and
calcium-based phosphorus binding agents. This state
causes higher calcium phosphorus exposure which
results a higher risk for CV mortality. The mean
administered active vitamin D receptor activator and
the mean oral load of sevelamer doses were similar
for the two groups during the follow-up period. Oral
cumulative load of elementary calcium was significantly
higher in the vitamin D insufficiency group compared
to control group.

Our study had some limitations due to the fact of being
an observational and cross-sectional study. Although
we revealed that low vitamin D levels are closely
associated with accelerated arterial stiffness in CKD
patients, we do not have enough data to comment on
whether low vitamin D levels was a reason or a result of
arterial stiffness and higher FGF-23 levels in our study
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group. Our main drawbacks are relatively small number
of groups, and vitamin D and FGF levels were measured
cross-sectional and indirectly shows the relationship
between calcium supplementation and FGF-23/vitamin
D axis. Nevertheless, we revealed a criticizing view to
the classical treatment of renal osteodystrophy. Larger-
scale longitudinal multicenter studies are needed
to confirm our results and to evaluate the possible
outcome of treatments with vitamin D, calcium-based
and calcium-sparing phosphate binding agents on
FGF-23 and arterial stiffness.

Targeting to control renal osteodystrophy and serum PTH
levels in CKD patients ongoing HD, high phosphorus
levels and minimum calcium supplementation may
create higher FGF-23 levels and worsening of arterial
stiffness by accelerating calcium-phosphorus product
and vascular calcification. The positive effect of calcium-
sparing phosphate-binding agents on VC and arterial
stiffness may be the result of lower cumulative calcium
intake and the better control of calcium-phosphorus
product. We suggested that better phosphorus control
and reducing calcium supplementation in CKD patients
should be a goal in renal osteodystrophy treatment in
CKD patients for avoiding CV events.
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