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Abstract

Background: Klotho is a transmembrane protein acting as a co-receptor for FGF-23 and thus exerts clinical actions
on mineral metabolism. The association of secreted Klotho with outcomes in CKD patients is unclear. This study
examined the relation between plasma Klotho and cardiovascular events in dialysis patients, accounting for
common and CKD-MBD related risk factors, arterial stiffness and atherosclerotic burden.

Methods: Seventy-nine chronic hemodialysis patients were observed for a median follow-up of 5.5 years. Klotho
levels as well as carotid—femoral pulse wave velocity (cfPWV) and common carotid intima-media thickness (ccIMT)
measurements were performed at baseline. The primary end-point was first occurrence of all-cause death, non-fatal
myocardial infarction or non-fatal stroke. Secondary end-points were: (i) all-cause mortality; (i) cardiovascular
mortality; (iii) a combination of cardiovascular death, non-fatal MI, non-fatal stroke, resuscitation after cardiac arrest,
coronary revascularization, heart failure hospitalization and atrial fibrillation.

Results: Cumulative freedom from the primary endpoint was 31% for the low-Klotho group (<745 pg/ml) and 53%
for the high-Klotho group (logrank p = 0.017); HR: 2.137, 95%Cl 1.124-4.065. Cumulative survival was insignificantly
lower (44% vs 56%, p = 0.107), but cumulative cardiovascular survival (63% vs 88%, p = 0.029) and cumulative
freedom from the cardiovascular composite outcome (18% vs 45%, p = 0.009) were significantly lower in the low-
Klotho group. In modelled Cox-regression analysis the association of low Klotho with the primary endpoint
remained significant after stepwise adjustment for cFGF3, PTH, Ca x P product, established risk factors (age, dialysis

HR:2.759, 95%Cl 1.223-6.224, p = 0.014].

vintage, diabetes, hypertension, smoking, history of cardiovascular disease) as well as cfPWV and ccIMT [Model é:

Conclusions: Low Klotho is associated with cardiovascular events in hemodialysis patients, independently from factors
associated with mineral-bone disease, common risk factors and intermediate outcomes, such as cfPWV and ccIMT.
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Background

Patients with chronic kidney disease (CKD) are at
increased cardiovascular risk due to the presence of
atherosclerosis and arteriosclerosis in the vascular wall
[1, 2]. The risk of cardiovascular events increases with
advancing CKD stages [3], and more than 50% of pa-
tients with end-stage renal disease on renal replacement
therapy die of cardiovascular causes [4]. Current know-
ledge suggests that, in parallel to the “classic” risk factors

* Correspondence: psarafidis1 1@yahoo.gr

'Department of Nephrology, Hippokration Hospital, Aristotle University of
Thessaloniki, Konstantinoupoleos 49, GR54642 Thessaloniki, Greece

Full list of author information is available at the end of the article

K BMC

of cardiovascular morbidity and mortality (i.e. age, diabetes
mellitus, hypertension and smoking), patients with CKD
have several other factors that may pre-dispose to cardio-
vascular events, such as those related to the mineral and
bone disorders (CKD — MBD), anemia and the chronic in-
flammatory state of “uremia” [5, 6]. In addition, intermedi-
ate outcomes, such as common carotid intima media
thickness (ccIMT) and pulse wave velocity (PWV), which
reflect the severity of atherosclerosis and arterial stiffness
respectively, have been long known as independent
determinants of cardiovascular events and mortality in
hemodialysis patients [5-7].
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Klotho is a 130 kDa transmembrane protein, expressed
predominantly in the distal convoluted tubules of the kid-
neys, but also in many other organs, which is involved in
the regulation of human aging [8]. The extracellular domain
of Klotho can undergo proteolytic cleavage by metallopro-
teinases and generate a 70-kDa soluble form, which is re-
leased in the circulation. Membrane Klotho binds to
fibroblast growth factor receptor 1 (FGFR-1), converting it
to a specific receptor for FGF-23 and thus exert its actions
on mineral metabolism by regulating calcium, potassium
and phosphorus excretion [9]. The biological functions of
secreted Klotho may be independent of FGFR-1 and include
modulation of endothelial nitric oxide synthesis, mainten-
ance of endothelial integrity and inhibition of growth factor-
1 signaling [10, 11]. Klotho knockout mice develop a syn-
drome similar to premature aging, with shortened life span,
hyperphosphatemia, atherosclerosis and extensive vascular
calcification [8]. Serum Klotho decreases from early CKD
stages, partially because uremic toxins induce DNA methyl-
transferase protein expression, which downregulates Klotho
through hypermethylation [12]. Therefore patients with
CKD or on dialysis tend to generally have lower levels of
Klotho than healthy individuals [13-15].

Secreted Klotho has been associated with cardiovascular
events and mortality in the general population and various
sub-populations (i.e. the elderly or patients with diabetes)
[16, 17], however relevant studies in CKD patients are in-
consistent. Two analyses from a German cohort in CKD
stages 2—4 showed that Klotho is not associated with cardio-
vascular morbidity or all-cause mortality [18, 19]. One pilot
study also shows no such associations in hemodialysis pa-
tients [20]. However, a large cohort of French hemodialysis
patients, showed that patients with serum Klotho above the
first quartile had a significantly reduced occurrence of car-
diovascular events and death [21]. The discrepancy between
the above findings in hemodialysis, can be partially ex-
plained by differences of the aforementioned cohorts con-
cerning factors known to affect cardiovascular outcomes,
including age, dialysis vintage, comorbid conditions such as
hypertension, diabetes mellitus and the presence of estab-
lished cardiovascular complications. Furthermore, the mech-
anisms through which Klotho may affect cardiovascular
events are unknown. A recent study suggested that de-
creased Klotho levels in CKD patients were associated with
increased PWYV, indicating arterial stiffness as a mediatory
pathway, but causality could not be established [22].

In the aforementioned studies, no evaluations of inter-
mediate outcomes such as the degree of atherosclerosis or
arteriosclerosis were performed. Thus, this study aimed to
examine the possible relationship between Klotho levels
and cardiovascular outcomes in hemodialysis, with simul-
taneous exploration of possible confounding effects from
common risk factors, FGF-23 and other CKD-MBD vari-
ables, PWV and ccIMT.
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Methods

Study design

Following a prospective cohort design, this study included
patients on maintenance hemodialysis of the Dialysis Unit
of the Department of Nephrology, Hippokration General
Hospital and an affiliated Dialysis Unit in the city of Thes-
saloniki. Adult patients (i.e. > 18 years of age) undergoing
maintenance hemodialysis thrice weekly for >3 months,
were eligible to participate. All patients signed an
informed consent. Exclusion criteria were: the presence of
malignancy, acute infection, hepatic or chronic inflamma-
tory disease, active antibiotic, corticosteroid or immuno-
suppressive treatment, previous parathyroidectomy and
cardiac arrhythmias. The protocol procedures were con-
ducted in accordance with the Declaration of Helsinki.
The study was approved by the Ethics Committee of the
School of Medicine, Aristotle University of Thessaloniki.

Assessments

Baseline evaluation was performed between March and
December 2010 and included a full medical history and
physical examination. Demographics, dialysis-related pa-
rameters, and co-morbid conditions were recorded. Study
procedures were performed in a midweek non-dialysis
day, i.e. the day before the second or the third weekly ses-
sion. Participants were instructed to refrain from smoking,
heavy exercise, caffeine and alcohol consumption for 2 h
before the examination. All measurements were per-
formed by the same well-trained operator in a quiet room
with stable air temperature (approximately 22 °C) after at
least 10 min of rest, as described elsewhere [23].

Blood pressure (BP) was measured in a sitting position in
the non-fistula or the non-dominant arm after 10 min of
rest with a validated oscillometric device and a cuff of ap-
propriate size. Each patient’s systolic BP (SBP) and diastolic
BP (DBP) was the mean value of three consecutive mea-
surements within 5 min. Pulse pressure (SBP-DBP) and
mean arterial pressure [SBP + 2(DBP)]/3 were estimated.

Carotid—femoral PWV was measured in each patient
in a supine position with the SphygmoCor device (AtCor
Medical, Sydney, Australia) which uses an applanation
tonometry transducer (SPT-301, Millar Instruments,
Houston, TX), as described elsewhere [23]. This instru-
ment records carotid and femoral pulse waves with sim-
ultaneous ECG and transit time between carotid and
femoral pressure waves is calculated using the foot-to-
foot method. Wave ‘foots’ are identified using intersect-
ing tangent algorithms. The distance travelled by the
pulse wave is the difference between the distance from
the femoral site of measurement to the sternal notch
minus the distance of the carotid measurement site to
the sternal notch. Pulse transit time and distance trav-
elled by the pulse wave allowed the calculation of PWV
in meters per second (m/sec) + standard deviation. A
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measurement was considered valid when SD was less
than 15% of PWYV and the mean value of three consecu-
tive valid measurements was used.

Ultrasonographic evaluation of intima-media thickness
(IMT) was performed by an Aloka Prosound A6 device
(Aloka, Tokyo, Japan), with high resolution B-mode 10
MHz transducer [24]. Bilateral common carotid IMT was
visualized by longitudinal scan and far wall thickness be-
tween blood-intima and media-adventitia interfaces con-
stituted IMT. Three measurements, 0.5, 1.0 and 2.0 cm
central to the carotid bulb, were performed on each com-
mon carotid artery and thus six values were averaged to
obtain the mean IMT. Arterial wall lesions protruding into
the arterial lumen, with at least 0.5 mm thickness or 50%
greater than the surrounding vessel wall or focal lesions
with IMT > 1.5 mm, were considered as atherosclerotic
plaques and were excluded from IMT evaluation.

Laboratory analyses

Blood samples were collected on the day immediately fol-
lowing the study assessment day, prior to a midweek dialy-
sis session. Routine laboratory parameters were measured
directly and samples for Klotho and FGF-23 were immedi-
ately centrifuged and stored in — 80 °C. Complete blood
count, calcium, phosphate, albumin, cholesterol, triglycer-
ides, HDL-cholesterol, LDL-cholesterol, alkaline phosphat-
ase, urea and creatinine values, were measured with routine
methods in an automated laboratory analyzer (Olympus
AU560, Hamburg, Germany). Serum CRP levels were
measured using nephelometry, and intact PTH levels with
radioimmunometric method (RIA-Immunotech, Marseille,
France). Plasma Klotho was measured by a solid phase
sandwich enzyme-linked immunosorbent assay (ELISA)
(Immuno-Biological Laboratories Co Ltd.,, Fujioka-Shi,
Japan). Plasma levels of intact FGF-23 and large C-terminal
fragments of FGF-23 were determined using two site
second-generation sandwich ELISA (human intact FGF-23
and human C-terminal FGF-23, Immutopics Inc., San
Clemente, California USA. The lower detection level was
6.15 pg/mL, 1.0 pg/mL and 1.5 RU/ml for Klotho, iFGF-23
and cFGF-23 respectively. All measurements were made in
duplicate and samples were measured after dilution 1:3, 1:
10 and 1:20 for Klotho, iFGF-23 and cFGF-23 respectively.

Study endpoints

Censoring was performed either on the date of the first oc-
currence of each studied endpoint or on 28 August 2018.
The primary endpoint included all-cause death, non-fatal
MI and non-fatal stroke. The secondary endpoints of the
study were: (a) all-cause mortality; (b) cardiovascular mor-
tality, which was defined as fatal MI (death by cardiovascu-
lar mechanisms occurring in 30 days and regarded as a
consequence of the MI) or fatal stroke (death occurring in
30 days and regarded as a consequence or a complication
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of the stroke) or sudden death; (c) a combined outcome
that included cardiovascular death, non-fatal MI, non-fatal
stroke, resuscitation after cardiac arrest, coronary revascu-
larization, hospitalization for heart failure or atrial fibrilla-
tion (AF).

Statistical analysis

The study population was dichotomized based on the
median plasma Klotho level (745 pg/mL). Quantitative
variables are presented as mean + standard deviation
and qualitative variables as frequencies and percentages
(n, %). The Shapiro-Wilk test was applied to examine
the normality of distribution for continuous variables.
Comparisons of continuous parameters between the
groups of interest were performed with the paired Stu-
dent’s t-test for independent variables or the Mann-
Whitney test, as appropriate. Comparisons for categor-
ical variables between-groups were performed with the
Chi Square (x2) test or the Fisher’s exact test. Kaplan—
Meier curves and life tables were created, and the log-
rank test was applied to compare the differences be-
tween the two groups of Klotho in the occurrence or
freedom from the studied endpoints during follow-up.
Univariate Cox regression analysis was used to evaluate
the univariate association of low-Klotho with the study
endpoints. Furthermore, we examined the possible con-
founding effect of various parameters, such as intact and
c-terminal FGF23, PTH, cfPWV, ccIMT, demographic
and clinical characteristics and laboratory parameters
that could interfere at the association between Klotho
and the primary endpoint with a modelled Cox regres-
sion analysis (enter method). Values of p < 0.05 (two-
tailed) were considered statistically significant in all
comparisons. Hazard ratios (HRs) with 95% confidence
intervals (CIs) are reported. Statistical analysis was per-
formed using the Statistical Package for Social Sciences
version 25.0 (SPSS Inc., Chicago, Illinois, USA).

Results

Baseline characteristics and outcomes of interest

The study population consisted of 79 patients on main-
tenance dialysis. Baseline demographic, dialysis-related
and laboratory characteristics of all participants are
displayed in Table 1. The mean age of participants was
59.7 years, 63.3% were male and the mean BMI was 24.7
kg/m®. The primary renal disease was glomeruloneph-
ritis in 18 patients (22.8%), diabetic nephropathy in 15
patients (19.0%), obstructive nephropathy in 9 (11.4%),
ADPKD in 8 (10.1%), hypertensive nephropathy in 7
(8.9%), other diseases in 3 (3.8%), while in 19 patients
(24.0%) the etiology was unknown. Fifty-seven patients
were on standard low-flux bicarbonate hemodialysis and
43% patients were treated with hemodiafiltration. Fifty-
nine patients (74.7%) were dialyzed through a native
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arteriovenous fistula, 11 (13.9%) through an arterioven-
ous graft, while 9 patients (11.4%) had a central venous
dialysis catheter. Mean Kt/V value was 146 = 0.21 at
baseline.

Study participants were divided in two groups of approxi-
mately the same size according to the median Klotho value.
Forty patients (50.6%) were assigned to the low-Klotho
group (levels<745 pg/mL), and the rest in the high-Klotho
group. As shown in Table 1, in univariate comparisons,
there were no significant differences between the two
groups for gender, age, BMI, HD vintage, kt/v, DM, all BP
indices, cfPWYV, cFGF-23 and iFGF-23 and most standard
laboratory tests. Patients in the low-Klotho group had more
commonly hypertension (p = 0.038), and higher values of
ccIMT (0.86 + 0.16 vs 0.79 + 0.15, p = 0.034) compared
with those in the high-Klotho group.

The frequencies of all study end-points are summa-
rized in Table 2. During a median follow-up of 5.5 years,
35 (44.3%) patients died, 7 (8.9%) due to MI, 2 (2.5%)
from stroke, 7 (10.1%) patients suffered a sudden death
and 19 (24.1%) died from non-cardiac causes, including
cancer or infection. With regards to non-fatal events, 7
(8.9%) patients suffered an MI, 5 (6.3%) a stroke, 1
(1.3%) needed resuscitation after cardiac arrest, 2 (2.5%)
were hospitalised for acute decompensated heart failure,
6 (7.6%) underwent a coronary revascularization proced-
ure and 12 (15.2%) had an episode of AF. The frequen-
cies of study-endpoints in the two study groups are also
depicted in Table 2.

Primary endpoint

Kaplan-Meier curves and tables of freedom from the pri-
mary endpoint (all-cause mortality, MI, stroke) between
the two groups of different Klotho levels are shown in
Fig. 1. The high-Klotho was the reference group in all
comparisons. Cumulative freedom from the primary
endpoint, during the period of observation was 31% for
the low-Klotho group and 53% for the high-Klotho
group, (logrank p = 0.017). In univariate Cox regression
analysis the HR for the occurrence of the primary end-
point in the patients belonging in the low-Klotho group
compared to the high-Klotho group was 2.137, 95%CI
(1.124-4.065) p = 0.021) (Fig. 3).

Secondary endpoints

Figure 2, demonstrates the Kaplan-Meier curves and the
tables of freedom for the three secondary outcomes.
Cumulative survival was lower in the low-Klotho group
but the difference between groups was not statistically
significant (44% compared to 56%, logrank p = 0.107).
Cumulative freedom from death of cardiovascular origin
was 63% for patients in the low-Klotho group and 88%
for those in the high-Klotho group, logrank p = 0.029.
Similarly freedom from the composite outcome was 18
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and 45%, logrank p = 0.009 for the low-Klotho and high-
Klotho groups, respectively.

In Fig. 3, HRs, estimated by univariate Cox regression,
of the low-Klotho group compared to the high-Klotho
group for all four endpoints are demonstrated, with the
high-Klotho group as reference. For all-cause mortality
the HR was 1.733, 95%CI 0.878-3.417, p = 0.113, indi-
cating no-significant difference between groups. How-
ever, the risk of cardiovascular death (HR:3.290, 95%CI
1.059-10.217, p = 0.039) and the risk of the composite
outcome (HR:2.139, 95%CI 1.186-3.858, p = 0.012),
were significantly higher for patients with low compared
to those with high Klotho.

Exploration for possible confounders of the association of
Klotho levels and the occurrence of death, myocardial
infarction or stroke

Table 3 presents the stepwise Cox regression modelled
analysis which was performed to elucidate the effect of
possible confounders on the association between Klotho
levels and the occurrence of the primary endpoint. As dis-
cussed above, patients with decreased Klotho levels (<745
pg/ml) had a higher risk for the primary outcome (HR:
2.137, 95%CI 1.124-4.065, p = 0.021). This association
remained significant after step-wise adjustment for cFGF-
23, used as a dichotomous variable with the group of pa-
tients with high levels acting as the reference group
(Model 2: HR: 2.081, 95%CI 1.093-3.960, p = 0.026). Since
a strong correlation was observed between the intact and
the c-terminal FGF-23 (r = 0.873, p < 0.001), the results
are essentially the same as if iFGF-23 were used (data not
shown). The association of low Klotho with the primary
outcome continued to be significant as cFGF-23 and PTH
(Model 3: HR:2.089, 95%CI 1.097-3.976, p = 0.025), and
cFGF-23, PTH and Ca x P product (Model 4: HR:2.090,
95%CI 1.096-3.984, p = 0.025) were added. The associ-
ation under study was not altered even after several com-
mon risk factors (age, hemodialysis vintage, diabetes
mellitus, hypertension, cardiovascular disease and smok-
ing) were included in the model (Model 5: HR:2.476,
95%CI 1.184-5.178, p = 0.016), and it remained significant
and of the same magnitude after the addition of the two
intermediate outcomes, that are established risk factors of
cardiovascular disease and death, i.e. cfPWV and ccIMT
(Model 6: HR:2.759, 95%CI 1.223-6.224, p = 0.014).

Discussion

The present study examined the association between se-
creted Klotho and cardiovascular outcomes in hemodialysis
patients, while simultaneously exploring the possible
confounding effects caused by common and CKD-MBD re-
lated risk factors, the arterial stiffness and atherosclerotic
burden. We observed that cumulative freedom from the
primary endpoint, cardiovascular survival and freedom
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Baseline Characteristics Total Population, n = 79 Klotho<745, n = 40 Klotho> 745, n = 39 p
Male, n(%) 50 (63.3) 26 (65.5%) 24 (61.5%) 0.750
Age (years) 59.7 £ 158 615+ 16.1 581+ 150 0.158
BMI (kg/m2) 24.7 + 4.1 253146 243+ 36 0307
Dialysis vintage (months) 65.5 + 543 63.7 £ 525 705+ 573 0.583
Hypertension, n (%) 57 (72.2%) 33 (82.5%) 24 (61.5%) 0.038
Diabetes, n (%) 17 (21.5%) 11 (27.5%) 6 (15.4%) 0.190
CVD history, n (%) 29 (36.7%) 18 (45.0%) 11 (28.2%) 0.122
Smokers, n(%) 25 (31.6%) 11 (27.5%) 14 (35.9%) 0422
SBP (mmHg) 136.7 + 184 136.2 + 184 1384+ 176 0621
DBP (mmHg) 841+ 116 849+ 128 84.1 £ 105 0.619
Pulse pressure (mmHg) 530+ 139 497 £127 542 + 162 0.322
cfPWV (m/s) 99 +23 10.1+£25 98 £ 2.1 0.565
ccIMT (mm) 083 £0.16 0.86 = 0.16 0.79 £ 0.15 0.034
Klotho (pg/mL) 796.1 £ 236.8 6613 = 745 9344 + 265.7 < 0.001
iFGF23(pg/mL) 7944 + 13937 879.7 + 1449.7 726.2 £ 1401.8 0.151
cFGF23(RU/mL) 67308 £ 10,1130 67771 £ 11,2113 6733.0 £ 9367.1 0.638
kt/v 146 + 0.21 1,48 = 0.20 144 + 0.22 0409
HDF 34 (43%) 15 (37.5%) 19 (48.7%) 0314
Hemoglobin (g/dl) 1M3+1.1 114+£13 1M3+£11 0814
Creatinine (mg/dl) 9.24 £ 2.11 9.14 + 1.89 934 + 232 0.715
Urea (mg/dl) 1327 + 332 1228 + 299 1383 +£336 0.199
Albumin (g/dl) 402 £033 403 £ 034 3.97 £038 0426
Cholesterol (mg/dl) 150.8 + 38.8 151.7 £ 49.1 1525 £ 293 0433
Triglycerides (mg/dl) 1402 + 644 150.5 + 686 1289 + 393 0.201
LDL-Cholesterol (mg/dl) 741 £ 321 785 £42.1 729 £ 233 0442
HDL-Cholesterol (mg/dl) 451 +14.1 436 + 139 484 + 147 0078
Serum calcium (mg/dl) 884 +0.70 883 +0.77 8.78 £ 0.60 0316
Serum phosphate (mg/dl) 523 £ 145 508 £ 142 536 £ 1.56 0.834
Ca x P (mg2/dI2) 463 £ 133 469 £ 1338 463 £13.1 0.869
iPTH (pmol/L) 385+ 294 389 +319 39.2 + 280 0673
Alkaline phosphatase (U/L) 944 + 402 959 + 449 1014 + 405 0.267
CRP (mg/L) 7.34 £ 939 951 £ 13.56 594 + 596 0.342
Intake of antihypertensive agents 57 (72.2%) 33 (82.5%) 24 (61.5%) 0.038
ESA 61 (77.2%) 30 (75%) 31 (79.5%) 0479
Vit D and analogues 45 (57%) 22 (55%) 23 (59%) 0.721
Intravenous Iron 71 (89.9%) 35 (87.5%) 36 (92.3%) 0479
Statins 29 (36.7%) 17 (42.5%) 12 (30.8%) 0.279

Abbreviations: BMI Body mass index, Ca x P Calcium x phosphorus product, cc/MT Common carotid Intima Media Thickness, cFGF-23 c-terminal Fibroblast Growth Factor
23, cfPWV Carotid - femoral Pulse Wave Velocity, CRP c-reactive protein, CVD Cardiovascular disease, DBP Diastolic blood pressure, ESA Erythropoiesis stimulating agent,
HDL High density lipoprotein, HDF Hemodiafiltration, iFGF-23 Intact Fibroblast Growth Factor 23, LDL Low density lipoprotein, iPTH Intact parathormone, SBP Systolic
blood pressure. Hypertension is defined as predialysis SBP > 140 mmHg or DBP > 90 mmHg, or use of antihypertensive drugs. Smoker status is defined as regular
tobacco use or smoking cessation within the previous year. Cardiovascular disease history includes the coronary artery disease, ischemic or hemorrhagic stroke or
peripheral occlusive arterial disease defined as the presence of aortic aneurysm or intermittent claudication or previous peripheral angioplasty

from the cardiovascular composite endpoint were signifi- lower in patients with low-Klotho but the between-group
cantly lower for patients in the low-Klotho group compared  difference did not reach significance (p = 0.107), a fact that
to those in the high-Klotho group. Overall survival was also  could be attributed to the low event rate. Most importantly,
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Table 2 Absolute and relevant frequencies of outcomes of interest during follow-up in the total population and the two study

groups of low- and high-Klotho

Parameter Total Klotho<745, Klotho>
Population,n n =40 745,n =39
=79

Non fatal Ml 7 (8.9%) 4 (10%) 3(7.7%)

Fatal Ml 7 (8.9%) 4 (10%) 3(7.7%)

Non fatal Stroke 5 (6.3%) 0 (0%) 5(12.8%)

Fatal Stroke 2 (2.5%) 1 (2.5%) 1 (2.6%)

Sudden death 7 (10.1%) 7 (17.5%) 0 (0%)

Resuscitation after cardiac arrest 1 (1.3%) 0 (0%) 1 (2.6%)

Coronary revascularization procedure 6 (7.6%) 2 (5%) 4 (10.3%)

Hospitalization for acute decompensated heart failure 2 (2.5%) 1 (2.5%) 1 (2.6%)

AF 2 (15.2%) 6 (15%) 6 (15.4%)

Cardiovascular death 6 (20.3%) 12 (30%) 4 (10.3%)

Non cardiovascular death 9 (24.1%) 9 (22.5%) 10 (25.6%)

All-cause death 5 (44.3%) 21 (52.5%) 4 (35.9%)

All-cause death or non-fatal Ml or non-fatal stroke 40 (50.6%) 5 (62.5%) 5 (38.5%)

Cardiovascular death or non-fatal Ml or non-fatal stroke 7 (34.2%) 8 (45%) 9 (23.1%)

Cardiovascular death, or non-fatal Ml or non-fatal stroke or coronary revascularization or hospitalization 37 (46.8%) 3 (57.5%) 4 (35.9%)

for heart failure or AF

All cause death, or non-fatal MI or non-fatal stroke or coronary revascularization or hospitalization for 48 (60.8%) 30 (75%) 18 (46.2%)

heart failure or resuscitation after cardiac arrest, or AF

Abbreviations: AF Atrial fibrillation, Ml Myocardial infraction
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Fig. 1 Kaplan Meier survival curves and life tables for occurrence of the primary endpoint (all-cause death or myocardial infarction or stroke)
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MI or non-fatal stroke or coronary revascularization or hospitalization
for heart failure or resuscitation after cardiac arrest, or AF)
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in stepwise Cox regression analysis the association of low
Klotho with the primary outcome stayed significant after
stepwise adjustment for cFGF3, PTH, Ca x P product,
established risk factors (age, dialysis vintage, diabetes,
hypertension, smoking, history of cardiovascular disease) as
well as cfPWV and ccIMT, which are intermediate cardio-
vascular endpoints with known association with hard out-
comes in this population.

The association of secreted Klotho with cardiovascular
morbidity and mortality was originally studied in non-
CKD populations. In a cohort of 804 elderly (> 65 years
old) individuals observed during 6 years, patients with
Klotho level in the lowest tertile (< 575 pg/mL) had an in-
creased risk of death compared with participants in the
higher quartile (> 763 pg/mL) (HR:1.78, 95% CI 1.20-
2.63) [16]. In a multicenter European study [25], Klotho
levels were measured in 2948 patients referred for coron-
ary angiography irrespective of kidney function, who were
then observed for almost 10 years. The study showed that
Klotho does not add predictive power to cardiovascular
and mortality risk assessment in patients with normal
renal function, since the HRs in the fourth quartile of
Klotho levels compared to the first quartile were 1.14,
95%CI 0.94-1.38, for all-cause mortality and 1.03, 95%CI
0.80-1.31, for cardiovascular mortality. In contrast, a re-
cent study in 168 patients with type 2 diabetes, followed
for 7 years, showed that low Klotho is associated with
macrovascular outcomes, as patients in the highest com-
pared to the lowest quartile of Klotho levels had HR:0.471,
95%CI 0.307-0.725, p = 0.001 for the combined outcome
of macrovascular complications (including coronary artery
disease, cerebrovascular attacks and peripheral artery
occlusive disease, with significant differences present also
for the individual components [17].

With regards to patients with CKD, Seiler et al. have
previously, shown in 312 patients with CKD stages 2 to
4, that levels of Klotho did not predict the occurrence of
death or the initiation of renal replacement therapy dur-
ing 2.2 years, (HR for logarithmic transformed Klotho
1.46, 95%CI 0.14-15.95, [18]. Another study from the
same group, in a cohort of 444 patients with CKD stages
2 to 4, also showed that Klotho was not associated with
cardiovascular outcomes since the HR for the third ver-
sus the first Klotho tertile, was 0.75, (95%CI 0.43-1.30)
[19]. In a study in 239 hemodialysis patients observed
for 2.5 years, Klotho levels were not associated with
mortality (HR:1.22, 95%CI 0.66—2.28 for the third com-
pared to the first Klotho tertile), but Klotho seemed to
be protective against AF [20]. In contrast, Marcais et al.,
showed in 769 hemodialysis patients that, patients with
serum Klotho above the first quartile (=280 ng/L) had re-
duced occurrence of an endpoint that combined cardio-
vascular events and cardiovascular death (HR:0.39, 95%CI
0.19-0.78, p = 0.008), compared with patients with Klotho
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Fig. 3 Hazard ratios for all study endpoints in the low-Klotho and the high-Klotho groups

< 280 ng/L. This effect remained significant (HR:0.86,
95%CI 0.76-0.99, p = 0.03) after adjustment for a number
of relevant cardiovascular risk factors [21]. Two smaller
studies from Asia also suggest that low Klotho is associ-
ated with higher cardiovascular risk [26, 27].

FGF-23 is a 26-kDa protein secreted mainly by osteo-
blasts. It can be cleaved by convertase activity and there-
fore intact FGF-23 and C-terminal fragments of FGF-23,
which are probably inactive, are detected in plasma [28].
As FGF-23 is primarily excreted in the urine, ESRD pa-
tients on dialysis have an enormous increase in plasma

Table 3 Stepwise Cox regression modeled analysis for
associations between low Klotho levels and the occurrence of
the primary endpoint (all-cause death or myocardial infarction
or stroke)

Klotho

HR (95% Cls) P value

For the low klotho group
Model 1 2.137 (1.124-4.065) 0.021
Model 2 2.081 (1.093-3.960) 0.026
Model 3 2.089 (1.097-3.976) 0.025
Model 4 2.090 (1.096-3.984) 0.025
Model 5 2476 (1.184-5.178) 0.016
Model 6 2.759 (1.223-6.224) 0014

Model 1: Unadjusted; Model 2: Adjusted for cFGF-23; Model 3: Adjusted for
cFGF-23 and iPTH; Model 4: Adjusted for cFGF-23, iPTH and Ca x P; Model 5:
Adjusted for cFGF-23, iPTH, Ca x P, age, hemodialysis vintage and history of
diabetes mellitus, cardiovascular disease (defined as history of coronary heart
disease, stroke and/or peripheral vascular disease), hypertension and smoking;
Model 6: Adjusted for cFGF-23, iPTH, Ca x P, age, hemodialysis vintage and
history of diabetes mellitus, cardiovascular disease (defined as history of
coronary heart disease, stroke and/or peripheral vascular disease),
hypertension, smoking, cfPWV and ccIMT

Abbreviations: Ca x P Calcium x phosphorus product, cc/MT Common carotid
Intima Media Thickness, C/ Confidence intervals, HR Hazard ratio, cFGF-23 c-
terminal Fibroblast Growth Factor 23, cfPWV Carotid - femoral Pulse Wave
Velocity, iPTH Intact parathormone

levels of both the intact molecule and the C-terminal frag-
ments [29]. In CKD patients FGF-23 secretion rises well
before serum parathyroid hormone (PTH) or phosphate
concentrations, because of a deficiency of the necessary
Klotho cofactor. Thus, as CKD progresses, FGF-23 levels
rise and Klotho levels fall [9]. FGF-23 directly increases
urinary fractional excretion of phosphate, impairs the syn-
thesis and accelerates degradation of 1,25(OH)2D and is
therefore implicated in the pathogenesis of secondary
hyperparathyroidism. Moreover, elevated circulating FGF-
23 are independently associated with vascular dysfunction,
left ventricular hypertrophy, and death [29-31].

Whether Klotho and FGF-23 act independently of
each other on the cardiovascular system in CKD patients
is not known. FGF-23 effects may be totally independent
of Klotho, i.e. a direct action on the cardiomyocytes is
described [32]. On the other hand Klotho has recently
been shown to be associated with PWYV, in a cross-
sectional study in CKD, but causality could not be estab-
lished [22]. The actions of Klotho have been extensively
studied in animals, starting from the discovery of the
Klotho gene in mice in 1997; Klotho-depleted animals
exhibited a wide array of symptoms mimicking ageing,
one of which was premature arteriosclerosis [8]. Klotho
was found to have a cardioprotective effect in conditions
of stress, by reducing the expression the transient recep-
tor potential cation channels (TRPC channels) in the
mouse heart [33]. Furthermore, Klotho was shown to
maintain the integrity of the endothelium [11], inhibit
the action of proinflammatory cytonkines such as TNF-
alpha [34], and possibly have an anti-ageing effect on
humans [35]. Most importantly, recent background
studies have shown that Klotho protects against cardiac
hypertrophy in mice independently of FGF-23 [36],
whereas recombinant a-Klotho has been demonstrated
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to act therapeutically against uremic cardiomyopathy in
mice [37].

Our study expands the aforementioned findings on the
association of low-Klotho with increased cardiovascular
risk, first by exhibiting that this association is independent
from FGF-23 levels, or Ca x P product, both of which were
associated with increased cardiovascular risk and mortality
in hemodialysis [5, 31, 38]. Furthermore, in modelled ana-
lysis we observed that the association of low-Klotho with
the primary outcome was additionally independent not only
from classic cardiovascular risk factors but also from the
intermediate endpoints of arterial stiffness, evaluated with
the gold-standard method, i.e. carotid-femoral PWYV, as well
as the degree of atherosclerosis, evaluated by ccIMT. Of
note, not only the association of low-Klotho with outcomes
remained significant, but also the magnitude of the associ-
ation was increasing with step-wise adjustment, going from
2.1 to 2.8-fold from univariate to the fully-adjusted model,
in contrast to what commonly occurs in such analyses. An-
other strength of this study is the median follow-up of 5.5
years, which is the longest among the studies in
hemodialysis. The main limitation is the small study sam-
ple. A detailed power estimation could not be performed as
the baseline evaluation of the study took place before the
publication of relevant studies in the field; to this end, this
is a pilot study. This, however, did not affect our main find-
ings, as the basic observations are very clear in terms of
statistical significance, possibly due to the accumulation of
events during the long follow-up. In our study, the baseline
Klotho levels were on average somehow higher than in the
few relevant studies in hemodialysis patients; this may due
to differences in populations studied or the assays used.
Lastly, we had a single evaluation of study variables (Klotho,
PWYV, ccIMT etc.) at baseline; as a result, they were not re-
corded overtime and at study-end, as commonly happens
in cohort studies of this type.

Conclusions

This pilot study showed that low Klotho is associated
with increased risk of cardiovascular events and cardio-
vascular death in hemodialysis patients. Moreover, this
association between low Klotho and the occurrence of
cardiovascular outcomes was found to be independent
of several important parameters, that were previously
shown to be associated with increased cardiovascular
risk in dialysis, including cFGF-23, and Ca x P product,
age, classical cardiovascular risk factors, a history of car-
diovascular disease and also, cfPWV and ccIMT. These
results suggest that low plasma Klotho may accelerate
(or high Klotho may protect against) cardiovascular
disease in individuals with CKD through mechanisms
that are distinct from known cardiovascular risk factors.
Future studies are expected to shed more light in the
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exact role of secreted Klotho in cardiovascular outcomes
in these patients.

Abbreviations

ADPKD: Autosomal dominant polycystic kidney disease; AF: Atrial fibrillation;
BMI: Body mass index; BP: Blood pressure; Ca x P: Calcium x phosphorus
product; ccIMT: Common carotid intima media thickness; cFGF-23: C-terminal
FGF-23; cfPWV: Carotid—femoral pulse wave velocity; Cl: Confidence interval;
CKD: Chronic kidney disease; CKD-MBD: Chronic kidney disease-mineral and
bone disorder; CRP: C-reactive protein; DBP: Diastolic blood pressure;

DM: Diabetes mellitus; ELISA: Enzyme-linked immunosorbent assay;

ESRD: End-stage renal disease; FGF-23: Fibroblast growth factor 23; FGFR-

1: Fibroblast growth factor receptor-1; HD: Hemodialysis; HDL: High density
lipoprotein; HR: Hazard ratio; iFGF-23: Intact FGF-23; LDL: Low density
lipoprotein; MI: Myocardial infarction; PP: Pulse pressure; PTH: Parathormone;
SBP: Systolic blood pressure; TNF: Tumor necrosis factor; TRPC: Transient
receptor potential cation channels

Acknowledgements
None.

Funding
None.

Availability of data and materials
The datasets generated and/or analysed during the current study are
available from the corresponding author on reasonable request.

Authors’ contributions

EM, PS, AP and W conceived and designed the experiments; EM, PP, AT, DF,
PG and AP performed the experiments; EM and PS analyzed the data; EM, PS
and AP wrote the paper. All authors have read and approved the
manuscript.

Ethics approval and consent to participate

The study protocol was approved by the Ethics Committee of School of
Medicine, Aristotle University of Thessaloniki. All participants have signed an
informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Department of Nephrology, Hippokration Hospital, Aristotle University of
Thessaloniki, Konstantinoupoleos 49, GR54642 Thessaloniki, Greece.
’Department of Nephrology, Papageorgiou Hospital, Thessaloniki, Greece.
*Hemodialysis Unit, Bioclinic Thessaloniki, Thessaloniki, Greece. “Third
Department of Cardiology, Hippokration Hospital, Aristotle University of
Thessaloniki, Thessaloniki, Greece.

Received: 19 February 2019 Accepted: 17 May 2019
Published online: 11 June 2019

References

1. London GM, Drueke TB. Atherosclerosis and arteriosclerosis in chronic renal
failure. Kidney Int. 1997,51(6):1678-95.

2. Georgianos PI, Sarafidis PA, Lasaridis AN. Arterial stiffness: a novel
cardiovascular risk factor in kidney disease patients. Curr Vasc Pharmacol.
2015;13(2):229-38.

3. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney disease
and the risks of death, cardiovascular events, and hospitalization. N Engl J
Med. 2004;351(13):1296-305.



Memmos et al. BMC Nephrology

20.

21.

22.

23.

24.

25.

(2019) 20:217

Saran R, Li Y, Robinson B, Abbott KC, Agodoa LY, Ayanian J, et al. US Renal
Data System 2015 Annual Data Report: Epidemiology of Kidney Disease in
the United States. Am J Kidney Dis. 2016;67(3 Suppl 1):51-305.

Da J, Xie X, Wolf M, Disthabanchong S, Wang J, Zha Y, et al. Serum
phosphorus and progression of CKD and mortality: a meta-analysis of
cohort studies. Am J Kidney Dis. 2015,66(2):258-65.

Georgianos P, Sarafidis PA, Sinha AD, Agarwal R. Adverse effects of
conventional thrice-weekly hemodialysis: is it time to avoid 3-day
interdialytic intervals? Am J Nephrol. 2015;41(4-5):400-8.

Sarafidis PA, Loutradis C, Karpetas A, Tzanis G, Piperidou A, Koutroumpas G,
et al. Ambulatory pulse wave velocity is a stronger predictor of
cardiovascular events and all-cause mortality than Office and ambulatory
blood pressure in hemodialysis patients. Hypertension. 2017;70(1):148-57.
Kuro-o M, Matsumura Y, Aizawa H, Kawaguchi H, Suga T, Utsugi T, et al.
Mutation of the mouse klotho gene leads to a syndrome resembling
ageing. Nature. 1997;390(6655):45-51.

Papagianni A. Fibroblast Growth Factor-23: a novel biomarker for
cardiovascular disease in chronic kidney disease patients. Pril (Makedon
Akad Nauk Umet Odd Med Nauki). 2017,38(2):19-27.

Six I, Okazaki H, Gross P, Cagnard J, Boudot C, Maizel J, et al. Direct, acute
effects of klotho and FGF23 on vascular smooth muscle and endothelium.
PL0S One. 2014,9(4):93423.

Kusaba T, Okigaki M, Matui A, Murakami M, Ishikawa K, Kimura T, et al.
Klotho is associated with VEGF receptor-2 and the transient receptor
potential canonical-1 Ca2+ channel to maintain endothelial integrity. Proc
Natl Acad Sci U S A. 2010;107(45):19308-13.

Sun CY, Chang SC, Wu MS. Suppression of klotho expression by protein-
bound uremic toxins is associated with increased DNA methyltransferase
expression and DNA hypermethylation. Kidney Int. 2012,81(7):640-50.

Pavik |, Jaeger P, Ebner L, Wagner CA, Petzold K, Spichtig D, et al. Secreted klotho
and FGF23 in chronic kidney disease stage 1 to 5: a sequence suggested from a
cross-sectional study. Nephrol Dial Transplant. 2013;28(2):352-9.

Kim HR, Nam BY, Kim DW, Kang MW, Han JH, Lee MJ, et al. Circulating
alpha-klotho levels in CKD and relationship to progression. Am J Kidney Dis.
2013;61(6):899-909.

Wan M, Smith C, Shah V, Gullet A, Wells D, Rees L, et al. Fibroblast growth
factor 23 and soluble klotho in children with chronic kidney disease.
Nephrol Dial Transplant. 2013;28(1):153-61.

Semba RD, Cappola AR, Sun K, Bandinelli S, Dalal M, Crasto C, et al. Plasma
klotho and mortality risk in older community-dwelling adults. J Gerontol A
Biol Sci Med Sci. 2011,66(7):794-800.

Pan HC, Chou KM, Lee CC, Yang NI, Sun CY. Circulating klotho levels can
predict long-term macrovascular outcomes in type 2 diabetic patients.
Atherosclerosis. 2018;276:83-90.

Seiler S, Wen M, Roth HJ, Fehrenz M, Flugge F, Herath E, et al. Plasma klotho
is not related to kidney function and does not predict adverse outcome in
patients with chronic kidney disease. Kidney Int. 2013;83(1):121-8.

Seiler S, Rogacev KS, Roth HJ, Shafein P, Emrich I, Neuhaus S, et al.
Associations of FGF-23 and sKlotho with cardiovascular outcomes among
patients with CKD stages 2-4. Clin J Am Soc Nephrol. 2014;9(6):1049-58.
Nowak A, Friedrich B, Artunc F, Serra AL, Breidthardt T, Twerenbold R, et al.
Prognostic value and link to atrial fibrillation of soluble klotho and FGF23 in
hemodialysis patients. PLoS One. 2014,9(7):e100688.

Marcais C, Maucort-Boulch D, Drai J, Dantony E, Carlier MC, Blond E, et al.
Circulating klotho associates with cardiovascular morbidity and mortality
during hemodialysis. J Clin Endocrinol Metab. 2017;102(9):3154-61.
Kitagawa M, Sugiyama H, Morinaga H, Inoue T, Takiue K, Ogawa A, et al. A
decreased level of serum soluble klotho is an independent biomarker
associated with arterial stiffness in patients with chronic kidney disease.
PLoS One. 2013;8(2):e56695.

Sarafidis PA, Georgianos Pl Karpetas A, Bikos A, Korelidou L, Tersi M, et al.
Evaluation of a novel brachial cuff-based oscillometric method for estimating
central systolic pressure in hemodialysis patients. Am J Nephrol. 2014;40(3):242-50.
Pateinakis P, Papagianni A, Douma S, Efstratiadis G, Memmos D.
Associations of fetuin-a and osteoprotegerin with arterial stiffness and early
atherosclerosis in chronic hemodialysis patients. BMC Nephrol. 2013;14:122.
Brandenburg VM, Kleber ME, Vervioet MG, Larsson TE, Tomaschitz A, Pilz S,
et al. Soluble klotho and mortality: the Ludwigshafen risk and cardiovascular
health study. Atherosclerosis. 2015,242(2):483-9.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Page 10 of 10

Otani-Takei N, Masuda T, Akimoto T, Honma S, Watanabe Y, Shiizaki K; et al.
Association between serum soluble klotho levels and mortality in chronic
hemodialysis patients. Int J Endocrinol. 2015;2015:406269.

Zheng S, Zheng Y, Jin L, Zhou Z, Li Z. Relationship between serum soluble
klotho protein and coronary artery calcification and prognosis in patients
on maintenance hemodialysis. Iran J Public Health. 2018;47(4):510-8.
Shimada T, Urakawa |, Yamazaki Y, Hasegawa H, Hino R, Yoneya T, et al.
FGF-23 transgenic mice demonstrate hypophosphatemic rickets with
reduced expression of sodium phosphate cotransporter type lla. Biochem
Biophys Res Commun. 2004;314(2):409-14.

Gutierrez OM, Mannstadt M, Isakova T, Rauh-Hain JA, Tamez H, Shah A, et al.
Fibroblast growth factor 23 and mortality among patients undergoing
hemodialysis. N Engl J Med. 2008;359(6):584-92.

Gutierrez OM, Januzzi JL, Isakova T, Laliberte K, Smith K, Collerone G, et al.
Fibroblast growth factor 23 and left ventricular hypertrophy in chronic
kidney disease. Circulation. 2009;119(19):2545-52.

Kendrick J, Cheung AK, Kaufman JS, Greene T, Roberts WL, Smits G, et al.
FGF-23 associates with death, cardiovascular events, and initiation of
chronic dialysis. J Am Soc Nephrol. 2011;22(10):1913-22.

Faul C, Amaral AP, Oskouei B, Hu MC, Sloan A, Isakova T, et al. FGF23
induces left ventricular hypertrophy. J Clin Invest. 2011;121(11):4393-408.
Xie J, Cha SK, An SW, Kuro OM, Birnbaumer L, Huang CL. Cardioprotection
by klotho through downregulation of TRPC6 channels in the mouse heart.
Nat Commun. 2012;3:1238.

Maekawa Y, Ishikawa K, Yasuda O, Oguro R, Hanasaki H, Kida |, et al. Klotho
suppresses TNF-alpha-induced expression of adhesion molecules in the
endothelium and attenuates NF-kappaB activation. Endocrine. 2009;35(3):341-6.
Kurosu H, Yamamoto M, Clark JD, Pastor JV, Nandi A, Gurnani P, et al.
Suppression of aging in mice by the hormone klotho. Science. 2005;
309(5742):1829-33.

Xie J, Yoon J, An SW, Kuro-o M, Huang CL. Soluble klotho protects against
uremic cardiomyopathy independently of fibroblast Growth factor 23 and
phosphate. J Am Soc Nephrol. 2015;26(5):1150-60.

Hu MC, Shi M, Gillings N, Flores B, Takahashi M, Kuro OM, et al.
Recombinant alpha-klotho may be prophylactic and therapeutic for acute
to chronic kidney disease progression and uremic cardiomyopathy. Kidney
Int. 2017,91(5):1104-14.

Lutsey PL, Alonso A, Selvin E, Pankow JS, Michos ED, Agarwal SK; et al.
Fibroblast growth factor-23 and incident coronary heart disease, heart
failure, and cardiovascular mortality: the atherosclerosis risk in communities
study. J Am Heart Assoc. 2014;3(3):e000936.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design
	Assessments
	Laboratory analyses
	Study endpoints
	Statistical analysis

	Results
	Baseline characteristics and outcomes of interest
	Primary endpoint
	Secondary endpoints
	Exploration for possible confounders of the association of Klotho levels and the occurrence of death, myocardial infarction or stroke

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

