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ABSTRACT

INTRODUCTION

Low levels of vitamin D are linked to numerous adverse clinical conditions in hemodi-

alysis (HD) patients, including disturbances of mineral and bone metabolism and increased mortality.
Klotho, a molecule involved in such processes as phosphate homeostasis and aging, exists in 2 forms:
a transmembrane protein acting as a coreceptor for fibroblast growth factor 23 (FGF-23) and soluble
form, which is formed by cleavage of the extracellular domain of this molecule.

0BJECTIVES The aim of the study was to evaluate the effect of cholecalciferol supplementation on
soluble Klotho levels in HD patients.

PATIENTS AND METHODS  This was a prospective, open-label trial examining the effects of cholecalcif-
erol supplementation on selected laboratory markers in 22 patients on HD. Vitamin D deficiency was
assessed by the measurement of 25-hydroxyvitamin D [25(0H)D] levels. Soluble Klotho, intact FGF-23,
intact parathormone (iPTH), and markers of bone formation and resorption were measured at baseline
and after 12 weeks of cholecalciferol supplementation.

RESULTS  The levels of 25(0H)D increased, while those of iPTH and cross-linked C-telopeptide of type 1 col-
lagen decreased significantly. Cholecalciferol treatment reduced the median concentration of soluble Klotho
(from 438.73 pg/ml; interquartile range, 257.99-865.51 pg/ml; to 370.94 pg/ml; 181.72-710.91 pg/ml;
P <0.05). FGF-23 levels were not affected by the treatment.

concLusions  Supplementation with cholecalciferol in HD patients decreases soluble Klotho levels
without affecting the FGF-23 concentration. Replenishment of vitamin D stores results in a decrease in

iPTH levels and reduced bone resorption.

INTRODUCTION  Patients with chronic kidney dis-
ease are decimated by premature death. The causes
of the unacceptably high mortality in this popula-
tion remain unknown. Moreover, large clinical tri-
als did not bring any spectacular outcomes result-
ing in life prolongation of this vulnerable group.' It
is thought that disturbances in bone mineral me-
tabolism may be one of the possible culprits re-
sponsible for excessive mortality of hemodialysis
(HD) patients. Recently, a lot of attention has been
paid to interactions between Klotho and fibroblast
growth factor 23 (FGF-23) in renal patients.
Klotho is a transmembrane protein, which
forms a complex with FGF receptor 1 (FGFR1).

This process increases the receptor’s affinity to
FGF-23, also known as phosphatonin. Forma-
tion of FGF-23, FGFR1, and Klotho complex re-
duces renal phosphate reabsorption and decreas-
es the synthesis of active vitamin D and para-
thormone (PTH).

The extracellular part of Klotho may be shed
forming soluble Klotho, which is thought to serve
as a humoral factor and regulate the function of
calcium channels and sodium-phosphate trans-
porter 2a as well as inhibit insulin and insulin
growth factor-1 signaling.

Interestingly, both FGF-23 and Klotho are in-
volved in clinical states not directly connected
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to the disturbances of mineral metabolism.
The FGF-23 concentration is elevated in renal pa-
tients?® and has been associated with left ventric-
ular hypertrophy,? coronary disease extent,* and
all-cause mortality in renal patients.® A polymor-
phism in the Klotho gene has been reported to
be associated with life span, coronary artery dis-
ease, and stroke.58

Recent reports showed that a few factors used
routinely during the treatment process of HD pa-
tients alter the FGF-23 level. For example, cina-
calcet reduces,*'? and active vitamin D' or in-
travenous iron'? increases, the concentration of
this hormone.

Data regarding the effect of pharmacologi-
cal agents on the Klotho level are scarce. It was
reported that treatment with cinacalcet tran-
siently reduces the Klotho concentration in
HD patients."” Furthermore, there is evidence that
atleast actions of soluble Klotho may be vitamin-D
dependent. Recently, de Borst et al.' suggested
that tumor necrosis factor-a-converting enzyme
(TACE or ADAMS 17), which is upregulated in vi-
tamin D deficiency, might be involved in the cleav-
age of the extracellular part of Klotho and, by that,
might participate in its downregulation.

Vitamin D deficiency is common among HD
patients.' It has been linked to glucose intoler-
ance,' disturbances of bone metabolism,"” bone
fractures,'® and increased mortality.'

To our knowledge, the effect of nutritional vi-
tamin D supplementation on the Klotho level
in HD patients has not been studied. Therefore,
the aim of this study was to evaluate the effect of
cholecalciferol supplementation on FGF-23, sol-
uble Klotho, intact PTH (iPTH), and markers of
bone metabolism in HD patients.

PATIENTS AND METHODS Study design This was
a 12-week, prospective, single-center, open-label
trial of prevalent HD patients. Patients enrolled in
the study were in stable medical condition, were
older than 18 years, had iPTH levels higher than
100 ng/l, and 25-hydroxyvitamin D [25(OH)D]
levels lower than 75 nmol/l (30 ng/ml). All pa-
tients underwent hemodialysis 3 times a week
for 4 to 4.5 hours a day using low-flux dialyz-
ers with bicarbonate-buffered dialysate. Blood
flow ranged from 180 to 300 ml/min with a dial-
ysate flow at 500 ml/min. The exclusion criteria
were as follows: evidence of cancer, active infec-
tion, an unstable medical condition, or hypercal-
cemia within the previous month. It was shown
that cinacalcet, an allosteric modulator of calcium-
-sensing receptor, which decreases PTH pro-
duction through increased sensitivity of calci-
um sensing receptor to ambient calcium, low-
ers FGF-23 concentration.®'? Thus its use during
the preceding month and during the study peri-
od was prohibited. Serum and EDTA-plasma were
collected at baseline and at 12 weeks. Prior to en-
rollment, all patients provided written informed
consent. The study was conducted in accordance
with the principles of the Declaration of Helsinki.

The research protocol was reviewed and accepted
by the local ethics committee.

Intervention Patients received oral cholecalciferol

(Juvit D3, Hasco Lek S.A., Poland), which was pre-
scribed once weekly for 12 weeks after mid-week

HD session at dialysis unit ensuring 100% adher-
ence. Dosing was based on baseline 25(OH)D lev-
els as described previously by Matias et al.?%: pa-
tients with 25(OH)D levels lower than 37 nmol/l

(15 ng/ml) received 50 000 IU (2.5 ml) of cholecal-
ciferol once a week, and those with 25(0OH)D levels

between 37 and 75 nmol/l (15-30 ng/ml) received

10000 IU (0.5 ml) of cholecalciferol once weekly.
Serum calcium and phosphorus levels were mea-
sured monthly. During the study, doses of phos-
phate binders and vitamin D analogue (alfacal-
cidol, Alfadiol, GKS Pharmaceuticals) remained

unchanged.

Laboratory measurements Serum 25(OH)D,
iPTH, cross-linked C-telopeptide of type 1 colla-
gen (CTX), and procollagen I N-terminal propep-
tide (PINP) were determined with electrochemi-
luminescence immunoassays (Elecsys Vitamin
D3, PTH, Beta CrossLaps, PINP Roche Diagnos-
tics, Mannheim, Germany). Intact FGF-23 (Im-
mutopics Inc., San Clemente, California, United
States) and serum soluble Klotho (IBL Interna-
tional Gmbh, Hamburg, Germany) were measured
using sandwich enzyme-linked inmunosorbent
assay according to the manufacturer’s protocol.

Statistics Data are presented as mean * stan-
dard deviation or median (interquartile range;

IQR) as appropriate. Their distribution was eval-
uated with the Shapiro-Wilk test for normality.
Skewed data iPTH, FGF-23, Klotho, CTX) were

transformed with a common logarithm to achieve

the Gaussian distribution. Changes from baseline

were analyzed with the ¢ test for dependent vari-
ables or the Wilcoxon signed-rank test depending
on meeting the assumptions. A two-tailed P-value

less than 0.05 was considered statistically signif-
icant. All calculations were performed with Sta-
tistica 9.1 for MS Windows (StatSoft Inc.; Tulsa,
Oklahoma, United States).

RESULTS Study population and biochemical
tests The baseline characteristics of the stud-
ied population are presented in the TABLE.

The supplementation of cholecalciferol for
12 weeks resulted in a significant increase in
25(0OH)D levels compared with the baseline val-
ues (39.61 £15.48 nmol/l vs. 87.11 +31.13 nmol/l;
P <0.0001) and a decrease in iPTH lev-
els (304.15 ng/1 [IQR, 131.60-1113.00 ng/1]
vs. 226.45 ng/1 [64.68-853.80 ng/1]; P <0.01).
Serum calcium and phosphorous levels did not
change during the study (2.03 +0.27 mmol/]
vs. 2.01 +0.24 mmol/l, P = 0.63, and 1.71
+0.43 mmol/l vs. 1.80 £0.33 mmol/l, P = 0.30,
respectively).
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TABLE Baseline characteristics of the patients (n = 22)

sex (male/female) 13/9

age, y 69 (20-84)

dialysis vintage, y 3(1-23)

calcium carbonate, n (%) 22 (100)

alfacalcidol, n (%) 10 (45)

serum calcium, mmol/| 2.03 =0.27

serum phosphate, mmol/| 1.71 £0.43

iPTH, ng/I 304.15 (131.60-1113.00)
25(0H)D, nmol/l 39.61 =15.48

soluble Klotho, pg/ml 438.73 (257.99-865.51)
FGF-23, pg/ml 145.66 (1.33-976.16)
PINP, ng/ml 284.45 (61.03-1200.00)
CTX, ng/ml 2.25 (0.65-6.00)

Data are presented as number (percentage), mean =+ standard deviation, or median

(interquartile range).

Abbreviations: CTX — cross-linked C-telopeptide of type 1 collagen, FGF-23 — fibroblast
growth factor 23, iPTH — intact parathyroid hormone, IQR — interquartile range, PINP —
procollagen | N-terminal propeptide, 25(0H)D — 25 hydroxyvitamin D

Klotho levels decreased significantly in
the course of treatment compared with the base-
line values (438.73 pg/ml [257.99-865.51] pg/ml
vs. 370.94 pg/ml [181.72-710.91 pg/ml]; P <0.05).
The FGF-23 concentration did not change from
baseline (145.66 pg/ml [1.33-976.16 pg/ml]
vs. 119.99 pg/ml [10.01-1174.66 pg/ml]; P = 0.85).

The concentration of PINP was unaf-
fected by cholecalciferol treatment (284.45
ng/ml [61.03-1200 ng/ml] vs. 257.10 ng/ml
[130.90-1200.00 ng/ml]; P = 0.65). The CTX level
decreased significantly from baseline (2.25 ng/ml
[0.65-6.00 ng/ml] vs. 1.66 ng/ml [IQR 0.57-6.00
ng/ml]; P <0.05).

Bivariate correlations The Klotho level did not
correlate with age (r = -0.09, P = 0.71) or the lev-
els of calcium (r = -0.22, P = 0.32), phosphorous
(r=0.02,P=0.92),25(OH)D (r=-0.11, P= 0.62),
iPTH (r = 0.02, P = 0.95), FGF-23 (r = 0.11, P =
0.63), PINP (r = 0.07, P = 0.77), and CTX (r =
0.18,P=0.42).

The magnitude of the change in the Klotho lev-
el was not associated with the change of 25(OH)D
(AKlotho and A25(OH)D, r = 0.16, P = 0.49), CTX
(AKlotho and ACTX, r = 0.05, P = 0.83), iPTH
(AKlotho and AiPTH, r = 0.30, P = 0.20).

The degree of increase in 25(OH)D levels
was associated with the change of iPTH levels
at the limit of statistical significance (A25[OH]D
and AiPTH, r = -0.44, P = 0.055) but not with
ACTX (A25[OH]D and ACTX, r = -0.35, P = 0.13).
The change in the iPTH value was significantly
correlated with alterations in the CTX concentra-
tion (AiPTH and ACTX, r = 0.66, P <0.01).

DISCUSSION  To our knowledge, this is the first
study to have investigated the potential effect
of vitamin D replenishment on soluble Klotho

levels in HD patients. Our results showed a re-
duction of soluble Klotho levels in these patients
after treatment with cholecalciferol. The possi-
ble mechanism that could explain this mecha-
nism is unknown, although it may be speculat-
ed that the replenishment of vitamin D stores
normalizes increased activity of TACE/ADAMS
17, which is involved in shedding of Klotho ex-
tracellular domain as hypothesized by de Borst
et al." Interestingly, cinacalcet, another agent
used in the treatment of secondary hyperpara-
thyroidism, was also shown to transiently de-
crease serum Klotho levels." Thus, it seems that
the factors affecting mineral metabolism modu-
late soluble Klotho levels, although further stud-
ies are needed to elucidate this mechanism. It has
to be underlined, however, that the effect of vi-
tamin D replenishment with cholecalciferol on
Klotho expression is unknown because we mea-
sured only its soluble form.

Klotho is mainly expressed in the kidneys,
parathyroid glands, and choroid plexus?' and is
severely reduced in patients with renal impair-
ment.???% In agreement with the previous reports,
soluble Klotho levels in our patients were low-
er than those reported in healthy subjects,? al-
though increased concentrations were also de-
scribed.?® These discrepancies may result from
the fact that the origin of soluble Klotho in this
population is still unknown.

Another compelling finding of our study is that
we observed no effect of cholecalciferol supple-
mentation on the FGF-23 level despite a signifi-
cant increase in the 25(OH)D concentration. Sim-
ilar results were obtained by Stubbs et al.?6 This
is in contrast to the effect of treatment with ac-
tive vitamin D and its analogues, which increase
the FGF-23 concentration."

It may be hypothesized that supplementation
with nutritional vitamin D results in tissue syn-
thesis of calcitriol, which exerts mainly paracrine
or autocrine actions and the obtained systemic
calcitriol concentrations are not high enough to
induce the production of FGF-23. It is tempting
to speculate about potential benefits of vitamin
D replenishment with cholecalciferol without
the effect on the FGF-23 concentration, especial-
ly in light of the recent data which indicated that
FGF-23 directly induces cardiac hypertrophy.?”’

A decrease in iPTH concentrations in the course
of cholecalciferol treatment is in agreement with
the previous reports,?® although neutral effects
have also been reported.?s The magnitude of
the observed decrease was small but, nonethe-
less, it was accompanied by a significant decrease
in bone resorption, which was reflected by a drop
in the CTX concentration. This decline was asso-
ciated with a decrease in iPTH levels induced by
an increase in 25(OH)D levels as reflected by sig-
nificant correlations.

A single-arm, open-label design of this trial is
a potential limitation. To minimize the bias, each
patient’s data before entering the study served
as their own control. Moreover, a small study
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sample size may hamper the detection of poten-
tial effects of normalizing 25(OH)D levels, al-
though even small studies reported beneficial re-
sults.?® The design of our study did not allow us
to establish the clinical context for the observed
changes, as we did not evaluate patient-related
outcomes, which is yet another limitation.

In conclusion, our study showed that supple-
mentation with cholecalciferol in HD patients
decreases soluble Klotho levels without affecting
the FGF-23 concentration. Replenishment of vita-
min D stores results in a decrease in iPTH levels,
which is accompanied by reduced bone resorption.

REFERENCES

1 Stompdr T, Olszewski A, Kierzkowska I. Can we prolong life of patients
with advanced chronic kidney disease: What is the clinical evidence? Pol
Arch Med Wewn. 2011; 121: 88-93.

2 Gutiérrez OM, Januzzi JL, Isakova T, et al. Fibroblast growth factor
23 and left ventricular hypertrophy in chronic kidney disease. Circulation.
2009; 119: 2545-2552.

3 Janda K, Krzanowski M, Chowaniec E, et al. Osteoprotegerin as a mark-
er of cardiovascular risk in peritoneal dialysis patients. Pol Arch Med Wewn.
2013: 123: 149-155.

4 Kanbay M, Nicoleta M, Selcoki Y, et al. Fibroblast growth factor 23 and
fetuin a are independent predictors for the coronary artery disease extent
in mild chronic kidney disease. Clin J Am Soc Nephrol. 2010; 5: 1780-1786.

5 Gutiérrez OM, Mannstadt M, Isakova T, et al. Fibroblast growth factor
23 and mortality among patients undergoing hemodialysis. N Engl J Med.
2008; 359: 584-592.

6 Arking DE, Krebsova A, Macek M, Sr., et al. Association of human ag-
ing with a functional variant of klotho. Proc Natl Acad Sci U S A. 2002; 99:
856-861.

7 Arking DE, Becker DM, Yanek LR, et al. Klotho allele status and the risk
of early-onset occult coronary artery disease. Am J Hum Genet. 2003; 72:
1154-1161.

8 Arking DE, Atzmon G, Arking A, et al. Association between a functional
variant of the KLOTHO gene and high-density lipoprotein cholesterol, blood
pressure, stroke, and longevity. Circ Res. 2005; 96: 412-418.

9 Hryszko T, Brzosko S, Rydzewska-Rosolowska A, et al. Cinacalcet low-
ers FGF-23 level together with bone metabolism in hemodialyzed patients
with secondary hyperparathyroidism. Int Urol Nephrol. 2011; 44: 1479-1486.

10 Koizumi M, Komaba H, Nakanishi S, et al. Cinacalcet treatment and se-
rum fgf23 levels in haemodialysis patients with secondary hyperparathyroid-
ism. Nephrol Dial Transplant. 2011; 27: 784-790.

11 Wesseling-Perry K, Pereira RC, Sahney S, et al. Calcitriol and doxercal-
ciferol are equivalent in controlling bone turnover, suppressing parathyroid
hormone, and increasing fibroblast growth factor-23 in secondary hyper-
parathyroidism. Kidney Int. 2011; 79: 112-119.

12 Hryszko T, Rydzewska-Rosolowska A, Brzosko S, et al. Low molecular
weight iron dextran increases fibroblast growth factor-23 concentration, to-
gether with parathyroid hormone decrease in hemodialyzed patients. Ther
Apher Dial. 2012; 16: 146-151.

13 Komaba H, Koizumi M, Tanaka H, et al. Effects of cinacalcet treatment
on serum soluble klotho levels in haemodialysis patients with secondary hy-
perparathyroidism. Nephrol Dial Transplant. 2012; 27: 1967-1969.

14 de Borst MH, Vervioet MG, ter Wee PM, Navis G. Cross talk between
the renin-angiotensin-aldosterone system and vitamin D-FGF-23-klotho in
chronic kidney disease. J Am Soc Nephrol. 2011; 22: 1603-1609.

15 Bednarek-Skublewska A, Smolen A, Jaroszynski A, et al. Effects of vi-
tamin D3 on selected biochemical parameters of nutritional status, inflam-
mation, and cardiovascular disease in patients undergoing long-term hemo-
dialysis. Pol Arch Med Wewn. 2010; 120: 167-174.

16  Bindal ME, Taskapan H Hypovitaminosis D and insulin resistance in
peritoneal dialysis patients. Int Urol Nephrol. 2011; 43: 527-534.

17  Mucsi |, Almasi C, Deak G, et al. Serum 25(0H)-vitamin D levels and
bone metabolism in patients on maintenance hemodialysis. Clin Nephrol.
2005; 64: 288-294.

18 Ambrus C, Almasi C, Berta K, et al. Vitamin D insufficiency and bone
fractures in patients on maintenance hemodialysis. Int Urol Nephrol. 2011;
43: 475-482.

19 Drechsler C, Pilz S, Obermayer-Pietsch B, et al. Vitamin D deficiency
is associated with sudden cardiac death, combined cardiovascular events,
and mortality in haemodialysis patients. Eur Heart J. 2010; 31: 2253-2261.

20 Matias PJ, Jorge C, Ferreira C, et al. Cholecalciferol supplementation
in hemodialysis patients: effects on mineral metabolism, inflammation, and
cardiac dimension parameters. Clin J Am Soc Nephrol. 2010; 5: 905-911.

21 Kuro-o M, Matsumura Y, Aizawa H, et al. Mutation of the mouse klotho
gene leads to a syndrome resembling ageing. Nature. 1997; 390: 45-51.

22 Koh N, Fujimori T, Nishiguchi S, et al. Severely reduced production of
klotho in human chronic renal failure kidney. Biochem Biophys Res Commun.
2001; 280: 1015-1020.

23 Komaba H, Goto S, Fujii H, et al. Depressed expression of klotho and
fgf receptor 1 in hyperplastic parathyroid glands from uremic patients.
Kidney Int. 2010; 77: 232-238.

24 Yamazaki Y, Imura A, Urakawa |, et al. Establishment of sandwich eli-
sa for soluble alpha-klotho measurement: Age-dependent change of solu-
ble alpha-klotho levels in healthy subjects. Biochem Biophys Res Commun.
2010; 398: 513-518.

25 Sugiura H, Tsuchiya K, Nitta K. Circulating levels of soluble alpha-
-klotho in patients with chronic kidney disease. Clin Exp Nephrol. 2011; 15:
795-796.

26 Stubbs JR, Idiculla A, Slusser J, et al. Cholecalciferol supplementation
alters calcitriol-responsive monocyte proteins and decreases inflammatory
cytokines in ESRD. J Am Soc Nephrol. 2010; 21: 353-361.

27 Faul C, Amaral AP, Oskouei B, et al. FGF23 induces left ventricular hy-
pertrophy. J Clin Invest. 2011; 121: 4393-4408.

28 Kandula P, Dobre M, Schold JD, et al. Vitamin d supplementation in
chronic kidney disease: A systematic review and meta-analysis of obser-
vational studies and randomized controlled trials. Clin J Am Soc Nephrol.
2011; 6: 50-62.

POLSKIE ARCHIWUM MEDYCYNY WEWNETRZNEJ 2013; 123 (6)



ARTYKUL ORYGINALNY

Cholekalcyferol obniza stezenie rozpuszczalnej

formy Klotho u chorych hemodializowanych

Tomasz Hryszko', Alicja Rydzewska-Rosotowska', Joanna Gozdzikiewicz!, Szymon Brzésko',

Ewa Koc-Zérawska', Beata Zelazowska-Rutkowska?, Michat Mysliwiec'

1 Klinika Nefrologii i Transplantologii, Uniwersytet Medyczny w Biatymstoku, Biatystok
2 Zaktad Laboratoryjnej Diagnostyki Pediatrycznej, Uniwersytet Medyczny w Biatymstoku, Biatystok

StOWA KLUCZOWE

cholekalcyferol,
czynnik wzrostu
fibroblastow 23,
hemodializa, Klotho,
metabolizm kostny

Adres do korespondencii:

dr hab. med. Tomasz Hryszko,
Klinika Nefrologii i Transplantologii,
Uniwersytet Medyczny

w Bialymstoku, ul. Zurawia 14,

15-540 Bialystok, tel.: 85-743-45-86,

fax: 85-743-45-86,

e-mail: tomhry@mp.pl

Praca wplyneta: 19.03.2013.
Przyjeta do druku: 13.05.2013.
Publikacja online: 14.05.2013.
Nie zgtoszono sprzecznosci
intereséw.

Pol Arch Med Wewn. 2013;
123 (6): 277-281

Copyright by Medycyna Praktyczna,
Krakéw 2013

STRESZCZENIE

WPROWADZENIE  Niskie stezenia witaminy D sg wigzane z wieloma niekorzystnymi stanami klinicznymi
wsréd chorych hemodializowanych, takimi jak zaburzenia gospodarki mineralnej i kostnej oraz zwiekszona
$miertelno$¢. Klotho, molekuta biorgca udziat m.in. w takich procesach jak gospodarka fosforanowa
oraz starzenie sig, wystepuje w dwadch postaciach: biatko przezbtonowe peinigce funkcje koreceptora
dla czynnika wzrostu fibroblastéw 23 (fibroblast growth factor 23 — FGF-23) oraz forma rozpuszczalna,
ktéra powstaje poprzez oddzielenie cze$ci zewnatrzkomérkowej Klotho.

cELE Celem przeprowadzonego badania byta ocena wptywu podawania cholekalcyferolu na stezenie
rozpuszczalnej formy Klotho u pacjentéw hemodializowanych.

PACJENCI I METODY W prospektywnym, otwartym badaniu oceniano wptyw suplementacji witaminy D przy
pomocy cholekalcyferolu na wybrane parametry laboratoryjne w populaciji 22 chorych hemodializowanych.
Niedobér witaminy D oceniano na podstawie stezenia 25-hydroksywitaminy D [25(0OH)D]. Rozpuszczalna forma
Klotho, cata czasteczka FGF-23, cafa czasteczka parathormonu (intact parathormone — iPTH) oraz markery
kosciotworzenia i resorpcji byty oceniane przed i po 12 tygodniach podawania cholekalcyferolu.

WYNIKI  Stezenie 25(0H)D wzrosto, natomiast iPTH i C-koncowego usieciowanego telopeptydu kolagenu
typu 1 znacznie sig obnizyto. Leczenie cholekalcyferolem powodowato spadek mediany stezenia rozpusz-
czalnej formy Klotho (z 438,73 pg/ml; rozstep migdzykwartylowy: 257,99-865,51 pg/ml; do 370,94 pg/ml;
181,72-710,91 pg/ml; p <0,05). Leczenie nie wplyneto na stezenie FGF-23.

WNIOSKI  Leczenie cholekalcyferolem chorych hemodializowanych obniza stezenie rozpuszczalnej formy
Klotho bez wptywu na stezenie FGF-23. Uzupetnienie niedoboru witaminy D powoduje spadek stezenia
iPTH oraz zmniejszong resorpcje kostna.
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