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Abstract

Preclinical studies demonstrated that klotho has cardio protective effect. One important biological function
of Klotho is to maintain mineral homeostasis, which is both fibro blast growth factor-23 (FGF23)-dependent
and FGF23-independent.

Aims: to study the relation between serum soluble klotho (sKlotho) and the following cardiovascular
parameters; valvular calcification, vascular calcification, pulmonary hypertension (PH) and left ventricular
hypertrophy (LVH). Also, we studied the relation between sklotho andbone mineral density (BMD) as well as
serum ferritin.

Methods: 40 hemodialysis (HD) patients were recruited from Minia University Hospital dialysis center as
well as 20 healthy controls participated in this study. sklotho, FGF-23, sclerostin, 25-OH-D, iPTH, and
ferrit in were measured. High resolution peripheral quantitative computed tomography (HR-pQCT) was
used to measure BMD. Multi-detector computed tomography (MDCT) was used to detect aortic calcification.
Transthoracic echocardiography was used to detect LVH, PH, and valvular calcifications.

Results: sklotho level was significantly lower in HD patients than controls. In significant deffirences in
sklotho levels between patients with and without PH and between patients with and without LVH. However,
patients with higher sklotho had a trend toward protection from valvular and vascular calcification. There
was a positive correlation between sklotho and 25-OH- D (r = 0.359, p = 0.023), and serum corrected total
calcium (r = 0.956, p < 0.001). Mean while, there was a negative correlation between sklotho and BMD (r =
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-0.425, p = 0.006), FGF-23 (r = -0.375, p = 0.017), sclerostin (r = -0.445, p = 0.004), phosphorus (r = -
0.859, p< 0.001). We found also that sklothois negatively correlated with serum ferritin in healthy controls

and this correlation was disrupted in HD patients.

Conclusions: Higher sklotho was associated with decreased BMD, and a trend toward absence ofaortic and

valvular calcifications in HD patients.

Keywords: sklotho, PH, LVH, aortic and valvular calcifications, BMD.

Introduction

Klotho was first identified in mice, where mutations
of the gene led to a syndrome resembling aging!*.
The Klotho protein exists in both a membrane
bound and a soluble form (sKlotho). sKlotho is
derived from the extracellular part of membranous
Klotho and through alternative splicing of the
Klotho gene and has a unique role in renal calcium
and phosphate excretion, independent of FGF-
23123451 Membrane-bound Klotho is a co-receptor
for FGF-23 vital for FGF-23’s phosphaturic effect.
In chronic kidney disease (CKD) serum FGF-23
levels rise in response to phosphate retention, while
Klotho levels decrease!®. Elevated FGF-23 levels
are associated with worse cardiovascular outcome
but it is unknown whether this is due to the toxic
effect of FGF-23 itself or due to Klotho deficiency
causing a state of FGF-23 resistancel’®. sKlotho
has been associated with protective effects on
vascular calcification and oxidative stress in
preclinical studies’®”. Since the kidneys are the
principal source of sKlotho, some studies have
suggested that CKD might be a state of progressive
Klotho deficiency™ 2. So we study the relation
between sklotho and valvular calcification, vascular
calcification, PH and LVH to investigateits
cardioprotective effect. Also, we studied the relation
between sklotho and BMD as well as serum ferritin
to investigate if there cross-talk between iron
homeostasis and chronic kidney disease — mineral
bone disease (CKD-MBD).

Subjects and Methods

Study Participants

This study was an observational cross-sectional
study of the relation between serum klotho and
cardiovascular parameters of pulmonary
hypertension, left ventricular hypertrophy, and

aortic and valvular calcification; as well as its
correlation with other biomarkers of CKD-BMD in
hemodialysis patients; with the participants
recruited from the hemodialysis unit of Minia
University Hospital. The study enrolled Forty (40)
patients with end-stage renal disease (ESRD)
undergoing maintenance  hemodialysis thrice
weekly; as well as twenty (20) age- and sex-
matched healthy controls. Informed consent was
obtained from all participants. The inclusion
criterion was end-stage renal disease patients on
maintenance hemodialysis for at least 6 months.
The exclusion criteria for ESRD patients were a
history of pathologic fractures, established or
suspected osteoporosis, past or present bisphosph-
onate therapy or known derangements of calcium
homeostasis. The exclusion criteria for healthy
controls were serum creatinine (>1.2 mg/dL) and
iPTH serum levels (>65 pg/mL). Plasma samples
were collected at the beginning of the dialysis
session, after a 2-day dialysis-free interval, and then
stored at -80°C until further analysis

Primary Predictor and Outcome

Serum klotho was measured by human Klotho
ELISA Kkit, Catalogue number E2253h supplied
from ElAab.www.eiab.com. The microtitre plate
provided by the kit had been coated with an
antibody specific to Klotho. Standards or samples
were then added to the appropriate microtitre plate
with a biotin-conjugated polyclonal ntibody
preparation specific for Klotho, and Avidin
conjugated to the Horseraddish peroxidase was
added to each microplate well and incubated. Then
a TMB substrate solution was added to each well.
Only those wells that contain Klotho, biotin
conjugated antibody and enzyme-conjugated Avidin
exhibited a change in color. The enzyme — reaction
was terminated by the addition of a sulfuric acid
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solution and the color change was measured
spectrophotometrically at W.L. of 450 nm. The
concentration of Klotho in the sample was then
determined by comparing the O.D. of the samples to
the standard curve.

Cardiovascular ~ parameters ~ of  pulmonary
hypertension, left ventricular hypertrophy (LVH),
and aortic and valvular calcifications as well as
Bone mineral density were the outcomes selected
for analysis. Bone mineral density was measured by
high-resolution peripheral quantitative computed
tomography (HR-pQCT). All patients were
subjected to MDCT using 16-detector CT scanner
(GE bright speed). Axial thin cut images were
obtained on the dorsal and lumbosacral spines
including the sternum, ribs and pelvic bones. Then,
the axial images were reconstructed into coronal
and sagittal images using separate workstation, after
then we measured the CT density on the region of
interest (ROI) having HU (Hounsfield unit) as a
unit. We measured the HU of the vertebral body
(medulla), sternum, ribs or sacrum (cortex, medulla)
in our patients as well as our control group.
Vascular calcification was evaluated using MDCT
scan to detect the presence or absence of vascular
calcification along the whole course of aorta on the
thorax, abdomen if present; and transthoracic
echocardiogram to detect the presence or absence of
pulmonary  hypertension  (pulmonary arterial
systolic pressure (PASP)> 35 mmHg), LVH(LV
mass index was greater >134 g/m2 in men and >110
g/m2 in Women), and valvular calcification.

Other Measurements

Demographic data, history of hypertension,
diabetes, weight, height, BMI, and hemodialysis
duration were obtained at enrollment. Complete
blood count, serum albumin, calcium, phosphorus,
urea, creatinine, and uric acid were measured using
stored ethylenediaminetetraacetic acid (EDTA)
plasma samples using standard techniques. CBC
was obtained using Mindray BC-3200 auto
hematology counter (Shenzhen Mindray Bio-
Medical Electronics Co., Ltd. China). Serum
albumin was measured using spectrophotometry.
Serum calcium, phosphorus, urea, creatinine, and

uric acid were measured using Dimension ES
chemical auto-analyzer.

Plasma levels of serum were obtained using stored
EDTA plasma samples. Measurements of plasma
sclerostin concentrations were performed using a
two-site second-generation enzyme-linked
immunosorbent assay (ELISA) kit (EIAab Science
Co. Ltd., Wuhan, China). The microtiter plate was
coated with monoclonal anti-sclerostin antibody.
100 ul of Standards or samples are added to the
appropriate microtiter plate wells, and incubate for
2 hours at 37°C. Remove the liquid of each well;
add 100 ul of a biotin-conjugated polyclonal anti-
sclerostin antibody (Detection Reagent A) to each
well and incubate for 1 hour at 37°C. Aspirate each
well and wash with wash buffer, repeating the
process three times for a total of three washes,
followed by the addition of 100 ul of Avidin
conjugated to Horseradish Peroxidase (HRP)
(Detection Reagent B)to each microplate well and
incubated for 1 hour at 37°C. Color development
was achieved using a 90 ul TMB substrate solution
is added to each well and incubated for 30 minutes
at 37°C. Only those wells that contain, biotin-
conjugated antibody and enzyme-conjugated Avidin
will exhibit a change in color. The enzyme-substrate
reaction is terminated by the addition of 50 pl
sulphuric acid solution and the color change is
measured spectrophotometrically at a wavelength of
450 nm + 2 nm. Serial dilutions of recombinant
human sclerostin were used to establish a standard
curve. The intra assay and inter assay coefficient of
variation was < 5.3% and < 8.4%, respectively.
Analytical measurement range for this assay was
0.83 + 0.22 ng/ml for males, 0.59 + 0.3 ng/ml for
premenopausal females, and 0.66 + 0.22 ng/ml for
postmenopausal females.

Plasma levels of 25-hydroxyvitamin D (25(OH)D)
were obtained using stored EDTA plasma samples.
Competitive protein binding immunoassay was used
to measure 25(OH)D level (Immundiagnostik AG,
Bensheim, Germany). Analytical measurement
ranges for the 25(OH)D assay were 11-47 ng/mL.
The intra-assay coefficients of variations (CVs)
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were 10.7 % at 4.5 nmol/L. The inter-assay CVs
were 13.2% and 11.8% at 39.8 and 86.7 nmol/L,
respectively. The Immunodiagnostic 25-OH vitamin
D total ELISA kit is a solid phase (enzyme-linked
immunosorbent assay), based on the principle of
competitive binding. In the first step, samples have
to be pretreated in separate vials with precipitation
reagent to extract the anylate, since most circulating
25-OH vit D is bounded to vitamin D binding
protein (VDBP) in vivo. In the first incubation step,
sample, calibrator, control, the vitamin D binding
protein and the VDBP-Antibody, an antibody
specific for this protein is added to the solid phase.
25-OH Vit D present in the sample then competes
with the tracer, coated on the well for the specific
binding site of the binding protein and the VDBP-
Antibody is bound to the vitamin binding protein.
Hence, with increasing concentrations of 25-OH Vit
D in the sample, the amount of binding protein,
immobilized to the well via the tracer, is reduced.
After a washing step to remove unbound
components, the quantitation of VDBP is achieved
by incubation with a host specific peroxidase
labeled antibody using TMB (tetramethylbenzidine)
as enzyme substrate. An acidic stopping solution is
then added to stop the reaction. The color converts
to yellow. The intensity of the yellow color is
indirectly proportional to the concentration of 25-
OH Vitamin D in the sample. A dose response
curve of the absorbance unit vs. concentration is
generated using the results obtained from the
calibrators. Concentrations of 25-OH Vitamin D,
present in the patient samples, are determined
directly from this curve.

Plasma levels of intact parathyroid hormone (iPTH)
were obtained using stored EDTA plasma samples.
IPTH was measured using a solid phase Enzyme
Amplified Sensitivity Immunoassay performed on
micro titer plates (DIA source Immuno Assays S.A.-
Belgium) with a reference interval of 12-72 pg/mL.
The intra-assay coefficients of variations (CVs)
were 1.1% and 2.0% at 41.0 £ 0.5 and 594 + 12
pg/mL respectively. Inter-assay CVs were 7.1% and
45.7 + 3.3 and 381 + 11.1 pg/mL respectively. iPTH

assay was performed according to the following
steps; 100 ul of incubation buffer are added to all
wells, and add 200 pl of each calibrator, control and
sample into appropriate wells. Calibrators and
samples react with the capture polyclonal antibodies
(PADb, goat anti 1-34 PTH fragment) coated on
microtiter well. Incubate for 2 hours at room
temperature on a horizontal shaker set at 700 rpm +
100 rpm. Aspirate the liquid from each well; then
wash the plate 4 times by wash solution to remove
the excess antigen. Add 100 pl of monoclonal
antibodies (MAb, mouse anti 44-68 PTH fragment)
labelled with horseradish peroxidase (HRP) into all
the wells, and incubate for 1 hour at room
temperature on a horizontal shaker set at 700 rpm +
100 rpm allowing the formation of a sandwich:
coated PAbs-human PTH-MAb-HRP. Aspirate the
liquid from each well; then wash the plate 4 times
by wash solution to remove unbound enzyme
labelled antibody. Bound enzyme-labelled antibody
is measured through a chromogenic reaction. 100 pl
of the Chromogenic Solution (TMB) is added to
each well within 15 minutes following the washing
step, and incubate for 30 minutes at room
temperature on a horizontal shaker set at 700 rpm +
100 rpm. The reaction is terminated by the addition
of 200 pl of Stop Solution and the color change is
read at the appropriate wavelength of 450 nm and
490 nm within 1 hour. The amount of substrate
turnover is determined calorimetrically by
measuring the absorbance, which is proportional to
the PTH concentration.

Statistical Analysis

All statistical analyses were performed with
Statistical Package for the Social Science (SPSS for
windows version 20.0) (SPSS Inc., Tokyo, Japan).
The continuous variables were expressed as mean +
SD which compared wusing chi-square test.
Statistical significance was defined as a probability
level of p < 0.05.
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Results

Serum Klotho levels in dialysis patients and
healthy controls

Demographic data of dialysis patients are given in
Table 1. This table shows that there is no significant
difference (p< 0.05) between both groups as regard
age, weight, height BMI and sex.

Table 1. Demographic data in hemodialysis patients
and healthy controls:

Cases Control p value
(n=40) (n=20)
Age (years) 41.5+14.82 40.4 £13.94 0.852
Sex:
Male (%) 23 (57.5%) 12 (60%) 0.853
Female (%) 17 (42.5%) 8 (40%) 0.756
Weight (Kg) 62.15+12.34 61.05 + 15.36 0.766
Height (m) 1.61+0.78 1.59 + 0.08 0.452
BMI (kg/m?) 23.88+3.91 23.74+4.46 0.957

Serum levels of sklotho, sclerostin, iPTH, corrected
calcium, phosphorus, 25-OH- D, hemoglobin, and
ferritin in  hemodialysis patients and healthy
controls are shown in Table 2. This table shows that
there was no significant difference between the
dialysis patients and control group as regards
25(0OH)-D (p> 0.05), while there was a significant
decrease in the hemoglobin level, serum corrected
total calcium and serum sklotho in hemodialysis
patients (p< 0.05). Also there was a significant
increase in the level of serum levels of sclerostin,
iPTH, ferritin and phosphorus in hemodialysis
patients as compared to the control group (p< 0.05).

Table 2. Intact PTH, serologic bone markers, sclerostin, and sklotho in hemodialysis patients (HD) and

healthy controls

HD (mean = SD) Control (mean + SD)

(n = 40) (n = 20) pvalue
Sclerostin (ng/ml) 093172 0.74+018 <0.001
iPTH (12-72 pg/ml) 451.03 +497.7 38.15 + 17.56 <0.001
25-(OH-D (11-47 ng/ml) 4259 +33.71 30.85 + 10.61 0.643
Corrected Calcium ( mg/dl) 8.14+0.23 10.16 £ 0.55 <0.001
Phosphorus( mg/dl) 6.31+1.08 411+05 < 0.001
Hemoglobin (g/dl) 9.9+ 177 1268 +0.94 <0.000

o, 457.95 + 254.95 84.5 + 64.56
Serum ferritin (ng/ml ) (105-982) (17-251) <0.000
5.17£2.07 133.95 + 85.63
Serum sklotho ( ng/ml ) (1-9) (38-384) <0.000
Relation  between  serum  klotho and  According to the presence or absence of LVH

cardiovascular parameters
According to the presence or absence of
pulmonary hypertension

e Group I: presence of pulmonary
hypertension; included 25 patients.
e Group IlI: absence of pulmonary

hypertension; included 15 patients.
Mean serum level of sklotho showed no statistical
significance (p value = 0.815) (Table 3).

e Group I: presence of LVH; included 31
patients.
e Group Il: absence of LVH; included 9
patients.
Mean serum level of sklotho showed no statistical
significance (p value = 0.133) (Table 4).

Table 4 Mean serum level of sklotho in
hemodialysis patients with and without LVH.

Table 3 Mean serum level of klotho in Left ventricular hypertrophy p value
. . . . . Yes (n =31) No (n=9)
hemodialysis patients with and without pulmonary Serum sklotho 489+ 1.76 6.08%2.84 0133
hypertension (1.18-7.2) (2.12-8.8)
Pulmonary hypertension
Yes No p value
Serum 511+1.76 5.26 + 2.57 0815
sKlotho (1.18-8.8) (3.8-75) :
Hesham K H Keryakos et al JIMSCR Volume 05 Issue 09 September 2017 Page 27572




According to the presence or absence of valve
calcification:
e Group I: presence of valve calcification;
included 8 patients.
e Group IlI: absence of valve calcification;
included 32 patients.
Mean serum level of sklotho showed no statistical
significance but higher levels showed a trend
toward protection from valve calcification (p value
=0.068) (Table 5).
Table 5. Mean serum level of sklotho in
hemodialysis patients with and without valve
calcification.

Valve Calcification value
Yes (n=8) Non=32 |°"
3.2+1.35 44 +£1.73
Serum sklotho (1.185) (118 - 8.8) 0.068

According to the presence or absence of vascular
calcification:
e Group I: presence of vascular calcification;
included 19 patients.
e Group II: absence of vascular calcification;
included 21 patients.
Mean serum level of klotho showed no statistical
significance but higher levels showed a trend
toward protection from vascular calcification (p
value = 0.078) (Table 6).

Table 6. Mean serum level of sklotho in
hemodialysis patients with and without vascular
calcification.

Vascular Calcification value
Yes (n= 19) No(n=21) | P
3.73+1.35 47 +£1.97
Serum sklotho (118 7.5) (118 8.8) 0.078

Correlation between serum klotho and serum
ferritin with pulmonary artery systolic pressure
(PASP), BMD, serum FGF-23, serum sclerostin,
serum 25-OH-D, serum iPTH, corrected total
calcium and phosphorus:

There was a positive correlation between serum
sklotho and serum 25-OH-D (r = 0.359, p = 0.023),
and corrected total calcium (r = 0.956, p = < 0.001).
Meanwhile, there was a negative correlation
between serum sklotho and BMD (r = -0.425, p =

0.006), FGF-23 (r = -0.375, p = 0.017), serum
sclerostin (r = -0.445, p = 0.004), serum phosphorus
(r = -0.859, p = < 0.001).There was no correlation
between serum ferritin and BMD, serum FGF-23,
serum sclerostin, serum 25-OH-D, serum iPTH,
corrected total calcium, and serum phosphorus
(Table 7).

Table 7. Correlation results between serum sklotho
and serum ferritin with PASP, BMD, serum FGF-
23, serum sclerostin, serum 25-OH-D, serum iPTH,
corrected total calcium and phosphorus

Serum s Serum Ferritin
r p value R p value

PASP -0.034 0.834 -0.155 0.339
BMD -0.425 0.006* 0.088 0.588
FGF-23 -0.375 0.017* 0.066 0.687
Sclerostin -0.445 0.004* -0.105 0.521
25-OH-D 0.359 0.023* -0.065 0.689
iPTH -0.259 0.107 0.057 0.725
Corrected Total | g g5 <0.001* -0.044 0.787
calcium

Phosphorus -0.859 < 0.001* -0.010 0.951
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Figure2. Correlation between serum sklotho and
BMD in hemodialysis patients
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Figure 3. Correlation between serum sklotho and
FGF-23 in hemodialysis patients
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corrected calcium in hemodialysis patients
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Figure 7. Correlation between serum sklotho and
phosphorus in hemodialysis patients

Correlation between serum klotho and serum
ferritin

There was a negative correlation between serum
ferritin and serum sklotho in hemodialysis patients
but not statistically significant, however we found
negative correlation in healthy controls (Table 8 and
Figure 8).

Table 8: Correlation between serum sklotho and
serum ferritin

Hemodialysis Patients | Healthy Controls
Serum sKlotho
r p value R p value
corum 0.273 0.145 | -0.543 0.002
erritin
1000007 r=-0.273 p=0.145
o o

500,00 oo

60000
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Figure 8: Correlation between serum sklotho and
serum ferritin in healthy controls
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Discussion

Our cross-sectional observational study has
demonstrated that circulating sklotho levels are
lower in hemodialysis patients than healthy
controls. Secondly, patients with higher serum
sklotho levels showed a trend toward protection
from valvular and vascular calcification. Thirdly,
serum sklotho was negatively correlated with BMD,
FGF-23, sclerostin, and phosphorus; with positive
correlation with 25-OH-D. Finally, we found that
serum sklotho is negatively correlated with serum
ferritin and this correlation was disrupted in
hemodialysis patients.

In the present study, serum sklotho levels were
lower in hemodialysis patients than in healthy
persons. Klotho has been documented to be
decreased in various tissues in patients with CKD,
and reduced Klotho expression within the
parathyroid tissue has been demonstrated in
advanced CKD patients. The vascular smooth
muscle also appears to be Klotho-deficient in
patients with CKD ™%, The kidney is a major source
of circulating sKlotho as demonstrated by 30% to
50% decreases after nephrectomy in living donors
in humans without deteriorated renal function ™4,
and also recently in animal studies!®. Moreover,
recent demonstrations of Klotho expression in
vascular tissue highlight the vascular territory as
another source of sKlotho "%,

In one prospective study, they found that
hemodialysis patients with lower serum Kklotho
levels had significantly higher cardiovascular and
all-cause mortality rates ™. In the present study, we
investigate the correlation between serum sKlotho
level and four different cardiovascular parameters;
pulmonary hypertension (PH), left ventricular
hypertrophy (LVH), vascular calcification, and
valvular calcification.

PH has been recognized as a common complication
of CKD and end-stage renal disease (ESRD).There
is significant epidemiological overlap with kidney
disease and the underlying causes of World Health
Organization group 1-4 pulmonary hypertension
(pulmonary arteriopathy, left heart disease, chronic
pulmonary disease, and chronic thromboembolic

disease, respectively). In addition, an entity of
‘unexplained pulmonary hypertension’, group 5, in
patients with chronic kidney disease and end-stage
renal disease has emerged, with prevalence
estimates of 30-50%. The pathogenesis of
pulmonary hypertension in this population is due to
alterations in endothelial function, increased cardiac
output, and myocardial dysfunction leading to
elevated left heart filling pressure, with recent data
suggesting that left heart dysfunction may account
for the vast majority of pulmonary hypertension in
patients  with  Kkidney  disease. =~ Pulmonary
hypertension is an independent predictor of
increased mortality in patients on dialysis and those
undergoing kidney transplantation™”. As regard
LVH, it has been shown that serum sKlotho does
not seem to be expressed in the left ventricle, and
FGF-23 induced LVH in patients with ESRD was
found to be klotho-independent 8. We studied the
correlation between serum klotho levels and both
pulmonary hypertension and LVH, and we found
that patients with lower serum Kklotho levels
showing a trend toward presence of pulmonary
hypertension and LVH. Our findings are in
agreement with a recently published study that
showed that patients with a low sKlotho were more
often associated with increased Carotid intima-
media thickness and LV dysfunction ™.

An association between klotho deficiency and
vascular calcification has been reported in aging
mice and in a mouse model of CKD™®. Klotho
deficiency predisposed vascular smooth muscle
cells (VSMCs) to transform into osteoblast-like
cells that are ready to initiate mineralization in
response to phosphate uptake. These findings are
confirmed in human VCMC ¥%. So Klotho is
protective against vascular calcification by
preventing differentiation of the VSMC to an
osteoblast-like phenotype. The present study
showed that patients with lower serum klotho levels
had a trend toward the development of valve and
vascular calcification but not reaching statistical
significance.

In our study , there was a negative correlation
between serum klotho and BMD, serum FGF-23,
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serum sclerostin, and serum phosphorus. The
negative relationship between s-Klotho and serum P
is interesting due to the reported direct effect of
circulating s-Klotho on the renal expression of
NaPi2a. Since s-Klotho and FGF23 correlate
negatively in CKD but exert a similar positive effect
on renal expression of NaPi2a, it is possible that the
action of s-Klotho is shadowed by FGF23. The
negative correlation between sKlotho and FGF-23
favorsthe  hypothesis  that s-Klotho, whose
circulating levels are strongly related to renal
function and are most probably secondary to
reduced expression of transmembrane Klotho (TM-
Klotho) , can be regarded as a sensitive biomarker
of TM-Klotho expression, useful to appreciate early
development of tubular resistance to FGF23.
Consequently, bone synthesis of FGF23 is
increased. A recent paper with histologic data from
patients with glomerulonephritis showed parallel
reduction of renal Klotho and of s-Klotho together
with increments in FGF23, which is in agreement
with our data®. We found that lower s-Klotho is
associated with better bone mineral density and
higher serum sclerostin. The correlation between
serum sclerostin and bone mineral density is
documented but the relationship between serum s-
Klotho and serum sclerostin has not yet studied .
Meanwhile, there is a positive correlation between
serum sklotho and 25-OH-D, and corrected total
calcium. This is consistent with many studies in
CKD patients [

Limitations of our study are several. First, the
number of evaluated patients is rather low. In fact,
an increased number of cases would have reinforced
the reliability of our results that, however, are in
line with published data in the literature. Second,
we did not prove that circulating s-Klotho reflect
transmembrane Klotho.

Our study should spark interest into research aimed
at further elucidating additional mechanisms by
which soluble sklotho affect bone turnover and
cardiovascular mortality risk in hemodialysis
patients; and whether these findings are also
working in CKD stages 3-4. Also, more research is

needed to investigate the link between iron

homeostasis and CKD-MBD.
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