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<ABSTRACT> 

 

Decreased circulating α-Klotho levels predict renal outcome in patients 

with chronic kidney disease 

 

Hyoung Rae Kim 

 

Department of Medicine  

The Graduate School, Yonsei University  

 

(Directed by Professor Seung Hyeok Han) 

 
 

α-Klotho is mainly expressed in the renal distal tubules and functions 

as a cofactor for fibroblast growth factor (FGF) 23. It can be released 

into the circulation and exerts a pleiotropic effect. In this observational 

cohort study, I aimed to delineate a relationship between circulating α-

Klotho levels and kidney function and to evaluate whether α-Klotho 

concentrations can predict renal outcome in 243 subjects, who were 

diagnosed chronic kidney disease (CKD) between January 2006 and 

December 2011. Baseline serum concentrations of α-Klotho and FGF23 

were determined by enzyme-linked immunosorbant assay. Circulating 

α-Klotho levels gradually decreased as the stage of CKD advanced (P 

for trend < 0.01). In an adjusted multivariate linear regression model, 

log α-Klotho was independently associated with estimated glomerular 

filtration rates (eGFR); (β = 0.179, P < 0.001). When patients were 
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divided into two groups according to the median value of α-Klotho, 40 

patients (32.8%) with α-Klotho ≤ 396.3 pg/ml reached the composite 

outcome of a doubling of the baseline serum creatinine levels or end-

stage renal disease compared to 17 patients (14.0%) with α-Klotho 

>396.3 pg/ml [hazard ratio (HR), 2.48; 95% confidential interval (CI), 

1.24 to 4.95; P = 0.01]. Cox regression analysis revealed that α-Klotho 

independently predicted the composite renal outcome even after 

adjustment for age, gender, diabetes, blood pressure, eGFR, proteinuria, 

parathyroid hormone, and FGF23 (per 10 pg/ml increase; HR, 0.95; 95% 

CI, 0.93 to 0.98; P < 0.001). In conclusion, I demonstrated that 

circulating α-Klotho levels were decreased as kidney function declined 

and decreased α-Klotho concentrations significantly predicted renal 

outcome, suggesting that α-Klotho could be a novel biomarker for 

CKD progression. 
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Decreased circulating α-Klotho levels predict renal outcome in patients 

with chronic kidney disease 

 

Hyoung Rae Kim 

 

Department of Medicine  

The Graduate School, Yonsei University  

 

(Directed by Professor Seung Hyeok Han) 
 

 

I. INTRODUCTION 

 

Cardiovascular disease is the leading cause of morbidity and mortality in 

chronic kidney disease (CKD) patients
1
 and a number of cardiovascular risk 

factors are highly prevalent in these patients compared to the general 

population.
2
 In particular, non-traditional risk factors such as inflammation, 

oxidative stress, and abnormal calcium-phosphorus metabolism become more 

prominent as kidney function declines and further increase cardiovascular risk.  

In addition, altered levels of these factors are already observed in early stages 

of CKD and also predict progression of CKD and adverse clinical outcomes,
3
 

thus indicating their use as potential biomarkers. To date, numerous studies 

have been conducted to identify new biomarkers, some of which are reported 

to have clinical utility.
4
 

Recently, α-Klotho, which is known as an anti-aging gene, has been 

gaining attention due to its pleiotropic effect. α-Klotho was first introduced by 

Kuro-O et al.,
5
 who found that mice with a defective α-Klotho gene had 

phenotypes including atherosclerosis, osteoporosis, ectopic calcification, skin 

atrophy, and pulmonary emphysema, which resembled human premature-

aging syndrome. The α-Klotho gene encodes a single-pass transmembrane 

protein and its extracellular domain is composed of two homologous domains. 

The membrane form of α-Klotho functions as a cofactor in fibroblast growth 
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factor (FGF) 23 signaling and this complex mediates phosphate homeostasis 

and vitamin D metabolism.
6, 7

 The extracellular domain of α-Klotho is cleaved 

by a protease or alternative splicing and secreted into the circulation. This 

circulating α-Klotho acts like a hormone that exerts anti-oxidative stress, anti-

senescence, and anti-apoptotic effects.
8, 9

 

Interestingly, α-Klotho is mainly expressed in the distal convoluted tubules 

of the kidney
5
 and also reported to have a protective effect against kidney 

injury in experimental models. In vivo, α-Klotho gene transfer ameliorated 

angiotensin II-induced renal damage,
10

 reduced apoptosis in acute ischemic 

renal injury,
11

 and improved renal function in an immune-complex 

glomerulonephritis model.
12

 Nevertheless, there have been few studies on the 

effects of α-Klotho in human kidney disease. Koh et al.
13

 reported reduced 

mRNA and protein expression of α-Klotho in the kidney of advanced CKD 

patients. Moreover, urinary and circulating α–Klotho levels were decreased in 

patients with acute kidney injury (AKI) and CKD,
14

 respectively, suggesting 

that α–Klotho might represent a useful marker of kidney injury. However, the 

role of α–Klotho in CKD progression is currently unknown.  

This study therefore aimed to identify the relationship between circulating 

α–Klotho levels and estimated glomerular filtration rates (eGFR) and to 

investigate whether altered α–Klotho levels can predict renal outcome in CKD 

patients. 

 

II. MATERIALS AND METHODS 

 

1. Patients 

 

Two hundred and forty-three patients, who were diagnosed CKD with 

various degrees of renal dysfunction between January 2006 and December 

2011 at Yonsei University Health System (YUHS), Seoul, Korea, were 

enrolled in the present study. Exclusion criteria were as follows: age <18 
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years; previous dialysis or organ transplant; any type of heart failure; liver 

cirrhosis; past or current malignancy; pregnancy; acute myocardial infarction 

or ischemic stroke within 3 months prior to the study; AKI or exacerbation of 

kidney function in CKD within 3 months prior to the study; initiation of 

dialysis within 6 months after the diagnosis of CKD; immunosuppressant use; 

and life expectancy <1 year. The study was approved by the institutional ethic 

committees, and all participants gave written informed consent. 

 

2. Data collection and laboratory measurements 

 

Using medical records, I reviewed the clinical data of all subjects starting at 

their first visit to YUHS. Clinical data were collected as follows: age, gender, 

primary kidney disease, body mass index, blood pressure, medication history, 

comorbid disease, and follow-up period. For laboratory measurements, blood 

samples were drawn in the morning after an overnight fasting of at least 8 

hours. Blood drawing and spot urine collections were scheduled between 7:00 

a.m. and 10:00 a.m. Blood samples were immediately centrifuged at 1500 x g  

at 4°C for 10 min, and the supernatants were stored in aliquots at -80°C at 

study entry. Laboratory data included hemoglobin, serum calcium, 

phosphorus, creatinine, albumin, total cholesterol, intact parathyroid hormone 

(iPTH), and C-reactive protein (CRP). I also measured 24-h urinary protein 

excretion and random urine protein-to-creatinine ratio (UPCR). During 

follow-up, proteinuria was assessed by UPCR because measurement of 24-h 

protein excretion was not feasible at all visits. Using these data, I calculated 

time-averaged (TA) UPCR, as the mean of every 6-month period of 

proteinuria measurements. eGFR was determined by the four-variable 

Modification of Diet in Renal Disease study equation.
15

 Recently, 

measurement of serum α-Klotho levels using an enzyme-linked 

immunosorbent assay (ELISA) kit (Immuno Biological Laboratories Co., Ltd, 

Tokyo, Japan) was established.
16

 I used this method to determine circulating 
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α-Klotho levels. The mean ± standard deviation (SD) for the inter-assay and 

the intra-assay coefficients of variability was 6.5 ± 3.3 % and 3.6 ± 1.5%, 

respectively. Serum intact FGF23 levels were measured using an ELISA kit 

(Millipore Corp, Billerica, MA, USA) according to the manufacturer’s 

protocol. 

 

3. Investigation of study outcome 

 

First, I conducted a cross-sectional study to examine relationship between 

α-Klotho levels and eGFR. All subjects were classified into five subgroups 

according to the American National Kidney Foundation criteria for CKD
17

: 

stage 1, eGFR > 90; stage 2, 60 ≤  eGFR < 90; stage 3, 30 ≤  eGFR < 60; 

stage 4, 15 ≤ eGFR < 30; and stage 5, eGFR < 15 ml/min/1.73 m
2
. Then, 

circulating α-Klotho and FGF23 levels according to CKD stages were 

compared and the association between α-Klotho and eGFR were analyzed. 

I also investigated whether α-Klotho concentrations could predict renal 

outcome. After the baseline evaluation, patients were followed up until 

dialysis therapy or death. If patients were lost or died during the study period, 

their information up to the final recorded visit was utilized. Primary outcome 

was the composite of a doubling of the baseline serum creatinine 

concentrations and the onset of end-stage renal disease (ESRD). Doubling of 

the baseline serum creatinine concentrations was defined as a sustained, 

greater than a two-fold increase in serum creatinine for at least three 

consecutive measurements.  

 

4. Statistical analyses 

 

All variables with normal distributions were expressed as mean ± SD. 

Comparisons between variables were analyzed by t-test or one-way ANOVA. 
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The Kolmogorov-Smirnov test was used to analyze the normality of the 

distribution of parameters. Nonparametric variables were expressed as median 

and interquartile range or presented after log transformations. These 

nonparametric variables were compared using the Mann–Whitney test or 

Kruskal–Wallis test. Categorical variables were expressed as percentages and 

compared using the Chi-square test. Univariate correlation analysis was 

performed by Pearson correlation analysis. Cumulative renal survival curves 

were derived using the Kaplan-Meier method, and differences between curves 

were analyzed by log-rank test. A Cox proportional hazards model was used 

to identify independent variables for the primary endpoint. The results were 

presented as a hazard ratio (HR) and 95% confidence interval (CI). The 

violation of proportional hazards assumption was tested by inspection of log 

(−log [survival]) curves and by examination of a time-dependent Cox 

regression model, where patient’s group classified according to the median 

value of α-Klotho was considered as a time-dependent variable. In addition, 

receiver operating characteristic (ROC) analysis was conducted to evaluate 

the prognostic value of α-Klotho for the composite renal outcome. Area under 

the curve was calculated for α-Klotho, FGF23, and eGFR. The optimal cutoff 

values for the predictive variables were defined as the values obtaining the 

highest sum of sensitivity and specificity. All probabilities were two-tailed 

and the level of statistical significance was defined as P < 0.05. SPSS software 

version 18.0 (SPSS, Inc., Chicago, Illinois, USA) was used for all statistical 

analyses. 

 

III. RESULTS 

 

1. Baseline characteristics 

 

Baseline characteristics of the study population according to baseline eGFR 

are shown in Table 1 and 2. The mean age was 45.7 years and 52.7% were 
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male. Patients in CKD stage 1 were younger than those in the other groups (P 

< 0.001). The major cause of CKD was chronic glomerulonephritis in 155 

patients (63.8%), diabetic nephropathy in 30 patients (12.3%), and 

hypertension in 28 patients (11.5%). Chronic glomerulonephritis was 

confirmed by renal biopsy in 104 patients. Among these, IgA nephropathy 

was the most common glomerulonephritis (n = 80, 76.9%). The mean value of 

eGFR and median value of 24-h proteinuria were 52.2 ml/min/1.73m
2 
and 1.5 

g/day, respectively. Not surprisingly, serum concentrations of hemoglobin, 

calcium, and albumin were decreased as CKD stage advanced, whereas serum 

concentrations of phosphorus, iPTH, and proteinuria were increased. 

 

2. Relationship between circulating α-Klotho levels and eGFR 

 

The median levels of α-Klotho and FGF23 were 396.3 (306.3-558.4) pg/ml 

and 68.0 (52.2-99.0) pg/ml, respectively. Circulating α-Klotho levels 

gradually decreased (P for trend < 0.001), while FGF23 levels increased (P for 

trend < 0.001) across the CKD stages (Table 2 and Figure 1). Correlation 

analyses revealed that log α-Klotho positively correlated with eGFR (γ = 

0.503, P < 0.001), and serum albumin (γ = 0.274, P < 0.001) and calcium 

concentrations (γ = 0.257, P < 0.001), whereas it negatively correlated with 

age (γ = -0.395, P < 0.001), mean arterial pressure (MAP) (γ = -0.161, P < 

0.001), log FGF23 (γ = -0.245, P < 0.001), serum phosphorus levels (γ= -

0.169, P = 0.01), log iPTH (γ = -0.196, P = 0.001), log CRP (γ = -0.285, P < 

0.001), and log proteinuria (γ = -0.377, P < 0.001) (Table 3). In a multivariate 

linear regression analysis adjusted for these variables, log α-Klotho was 

independently associated with eGFR (β = 0.179, P < 0.001) (Table 4). To 

explore whether multicollinearity potentially exists among variables, variance 

inflation factors (VIF) were analyzed. I found that no variables had VIF > 10, 

suggesting that multicollinearity was not present. 
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Table 1. Baseline clinical characteristics according to CKD stages 

Variables Total 
Stage 1 

(eGFR≥90) 

Stage 2 

(60≤eGFR<90) 

Stage 3 

(30≤eGFR<60) 

Stage 4 

(15≤eGFR<30) 

Stage 5 

(eGFR<15) 

Number 243 38 49 78 36 42 

Male (n, %) 128 (52.7) 22 (57.9) 22 (44.9) 38 (48.7) 24 (66.7) 22 (52.4) 

Age (years) 45.7±15.7 33.6±14.9 39.2±12.7 47.7±14.5 53.6±14.4 53.6±13.8 

BMI (kg/m
2
) 23.6±3.9 21.9±4.9 23.2±3.8 24.3±3.6 24.3±4.1 23.7±2.7 

SBP (mmHg) 128.6±17.9 118.9±13.6 122.7±15.9 129.7±17.6 135.5±16.4 138.6±19.3 

DBP (mmHg) 76.9±12.4 70.6±10.4 76.4±10.9 79.1±13.3 77.1±12.3 79.3±12.6 

MAP (mmHg) 94.2±12.8 86.7±9.9 91.8±11.5 95.9±13.2 95.9±12.5 99.1±13.3 

Medication (n, %)       

RAS blockers 167 (68.7) 9 (23.7) 35 (71.4) 68 (87.2) 31 (86.1) 24 (57.1) 

Statins 78 (32.1) 5 (13.2) 10 (20.4) 30 (38.5) 18 (50.0) 15 (35.7) 

Vitamin D 11 (4.5) 0 (0) 0 (0) 4 (5.1) 3 (8.3) 4 (9.5) 

Phosphate binders 48 (19.8) 0 (0) 2 (4.1) 5 (6.4) 14 (38.9) 27 (64.3) 

Comorbidity score
§
 2.4±2.2 1.6±1.9 1.6±1.8 2.9±2.3 2.1±1.9 3.5±2.3 

Primary disease (n, %)       

Diabetic nephropathy 30 (12.3) 2 (5.3) 2 (4.1) 9 (11.5) 6 (16.7) 11 (26.2) 

Chronic GN 155 (63.8) 33 (86.8) 40 (81.6) 51 (65.4) 16 (44.4) 15 (35.7) 

Hypertension 28 (11.5) 0 (0) 2 (4.1) 11 (14.1) 7 (19.4) 8 (19.0) 

Tubulointerstital 

nephritis 

16 (6.6) 0 (0) 2 (4.1) 2 (2.6) 6 (16.7) 6 (14.3) 

Others 14 (5.8) 3 (7.9) 3 (6.1) 5 (6.4) 1 (2.8) 2 (4.8) 
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Table 2. Baseline laboratory findings according to CKD stages 

Variables Total 
Stage 1 

(eGFR≥90) 

Stage 2 

(60≤eGFR<90) 

Stage 3 

(30≤eGFR<60) 

Stage 4 

(15≤eGFR<30) 

Stage 5 

(eGFR<15) 

S-Cr (mg/dl) 2.4±2.2 0.8±1.2 0.9±1.8 1.6±0.3 3.0±0.8 5.6±2.0 

eGFR (ml/min per 

1.73m
2
) 

52.2±34.7 109.8±16.6 77.9±8.0 44.7±8.4 22.7±5.0 9.2±2.7 

Hb (g/dl) 11.9±2.4 13.6±1.6 13.5±1.5 11.7±2.1 10.7±2.6 10.2±2.3 

Albumin (g/dl) 3.8±0.8 4.3±0.6 4.2±0.6 3.7±0.6 3.3±0.8 3.3±0.8 

Total cholesterol (mg/dl) 179.2±55.0 177.7±52.1 195.9±44.4 181.6±44.9 178.9±73.8 157.1±62.6 

Uric acid (mg/dl) 6.2±2.3 5.0±1.3 5.5±1.4 6.4±1.7 6.9±2.7 7.2±3.3 

Calcium (mg/dL) 8.7±0.7 9.1±0.4 9.0±0.4 8.7±0.7 8.4±0.8 8.4±0.9 

Phosphorus (mg/dL) 3.9±1.1 3.8±0.5 3.6±0.5 3.9±0.9 3.9±0.9 4.5±1.8 

CRP (mg/L)* 1.7 (0.7-5.5) 0.9 (0.5-1.6) 1.4 (0.6-2.4) 1.4 (0.6-4.1) 3.0 (0.6-7.5) 5.6 (1.9-9.8) 

iPTH (pg/mL)* 27.7 (17.5-

58.4) 

17.4  

(14.2-20.2) 

22.4 

 (15.3-29.1) 

30.5  

(20.8-44.9) 

59.9  

(30.7-86.5) 

80.9 (45.5-

131.2) 

UPCR (mg/mg)* 1.9 (0.6-4.3) 0.2 (0.1-0.8) 0.8 (0.2-1.9) 2.6 (1.1-4.2) 3.6 (1.2-7.7) 4.3 (2.6-7.0) 

24h protein excretion 

(g/day)* 
1.5 (0.5-4.6) 0.3 (0.1-0.5) 0.5 (0.2-1.5) 2.6 (1.2-5.1) 3.4 (1.1-6.6) 3.1 (1.1-5.9) 

α-Klotho (pg/ml)* 
396.3 

(306.3-558.4) 

546.7 

(367.3-821.5) 

517.6 

(405.1-729.1) 

390.9 

(321.3-489.4) 

329.7 

(253.4-427.9) 

295.6 

(206.9-406.5) 

FGF23 (pg/ml)* 
68.0  

(52.2-99.0) 

49.6  

(15.4-60.6) 

54.7  

(40.7-65.0) 

72.2  

(58.7-87.6) 

84.9  

(58.2-119.8) 

138.2  

(102.7-221.8) 
All data are expressed as mean±SD or *median and interquartile range. 
§Comorbidity was assessed by Charlson comorbidity index score.18  

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; RAS, renin-angiotensin system; GN, 
glomerulonephritis; S-Cr, serum creatinine; eGFR, estimated glomerular filtration rate; Hb, hemoglogin; CRP, C-reactive protein; iPTH, intact parathyroid hormone; UPCR, 

urine protein-to-creatinine ratio; FGF, fibroblast growth factor 
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Table 3. Correlation analyses between α-Klotho and other variables 

  α-Klotho* Age eGFR FGF23* MAP Hb Albumin T-chol Calcium Phosphorus Proteinuria* CRP* iPTH* 

α-Klotho* 
γ 1 -0.395 0.503 -0.245 -0.161 0.325 0.274 0.067 0.257 -0.169 -0.377 -0.285 -0.196 

p- value - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.25 <0.001 0.01 <0.001 <0.001 0.003 

Age 
γ  1 -0.502 0.188 0.074 -0.360 -0.443 -0.126 -0.262 -0.015 0.480 0.473 0.206 

p- value  - <0.001 0.001 0.25 <0.001 <0.001 0.05 <0.001 0.81 <0.001 <0.001 0.002 

eGFR 
γ   1 -0.581 -0.278 0.549 0.467 0.136 0.341 -0.239 -0.604 -0.387 -0.551 

p- value   - <0.001 <0.001 <0.001 <0.001 0.04 <0.001 <0.001 <0.001 <0.001 <0.001 

FGF23* 
γ    1 0.274 -0.347 -0.247 -0.162 -0.217 0.161 0.293 0.185 0.303 

p- value    - <0.001 <0.001 <0.001 0.01 0.001 0.01 <0.001 0.01 <0.001 

MAP 
γ     1 -0.154 -0.129 0.098 -0.115 0.205 0.230 0.121 0.176 

p- value     - 0.02 0.03 0.13 0.08 0.001 <0.001 0.09 0.01 

Hb 
γ      1 0.614 0.208 0.514 -0.242 -0.480 -0.308 -0.389 

p- value      - <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Albumin 
γ       1 0.018 0.633 -0.132 -0.587 -0.409 -0.314 

p- value       - 0.78 <0.001 0.04 <0.001 <0.001 <0.001 

T-chol 
γ        1 0.011 -0.035 0.062 -0.113 -0.120 

p- value        - 0.87 0.59 0.34 0.15 0.074 

Calcium 
γ         1 -0.286 -0.329 -0.295 -0.329 

p- value         - <0.001 <0.001 <0.001 <0.001 

Phosphorus 
γ          1 0.192 0.062 0.122 

p- value          - 0.001 0.39 0.067 

Proteinuria* 
γ           1 0.315 0.304 

p- value           - <0.001 <0.001 

CRP* 
γ            1 0.306 

p- value            - <0.001 

iPTH* 
γ             1 

p- value             - 

*; Data for α-Klotho, FGF23, 24h proteinuria, CRP, and iPTH were log transformed. 

Abbreviations: eGFR, estimated glomerular filtration rate; FGF, fibroblast growth factor; MAP, mean arterial pressure; Hb, hemoglobin; T-chol, total cholesterol; CRP, C-reactive protein; iPTH, 

intact parathyroid hormone 
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Figure 1. Cubic spline functions of the associations of estimated glomerular filtration rate (eGFR) with (A) 

α-Klotho and (B) FGF23 levels. 

 

In addition, I conducted a multivariate regression model, where α-Klotho 

was entered as a dependent variable, to find out which factors were influential 

on circulating α-Klotho levels. After adjustment for age, MAP, eGFR, 

proteinuria, serum calcium concentrations, log CRP, log FGF23, and log iPTH, 

only eGFR was an independent factor associated with α-Klotho (β = 0.426, P 

< 0.001) (Table 4) 
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Table 4. Multivariate linear regression analyses for eGFR* and α-Klotho
§
 

Variables 
eGFR   α-Klotho 

β (95% CI) P-value  β ( 95% CI) P-value 

Age -0.186 (-0.678 ~ -0.172) 0.001 -0.136 (-0.005 ~ 0.001) 0.13 

Diabetes -0.027 (-13.621 ~ 7.414) 0.56 -0.112 (-0.216 ~ 0.026) 0.13 

Hemoglobin 0.106 (-0.184 ~ 3.391) 0.08 0.059 (-0.014 ~ 0.028) 0.53 

Albumin 0.011 (-6.010 ~ 6.972) 0.88 -0.134 (-0.121 ~ 0.029) 0.23 

MAP 0.006 (-0.253 ~ 0.289) 0.90 0.049 (-0.004 ~ 0.002) 0.49 

Log proteinuria -0.224 (-17.252 ~ -5.219) <0.001 -0.054 (-0.093 ~ 0.052) 0.58 

Calcium -0.026 (-7.865 ~ 5.106) 0.68 0.105 (-0.033 ~ 0.117) 0.27 

Total cholesterol 0.013 (-0.053 ~ 0.071) 0.77 0.013 (-0.001 ~ 0.001) 0.86 

Uric acid -0.096 (-3.126 ~ -0.037) 0.05 -0.001 (-0.018 ~ 0.018) 0.90 

Phosphorus -0.011 (-3.556 ~ 2.760) 0.80 -0.045 (-0.049 ~ 0.025) 0.52 

Log iPTH -0.254 (-35.646 ~ -15.633) <0.001 0.148 (-0.012 ~ 0.236) 0.08 

Log CRP  -0.020 (-6.823 ~ 4.503) 0.69 -0.095 (-0.107 ~ 0.024) 0.22 

Log FGF23 -0.240 (-42.370 ~ -18.265) <0.001 0.039 (-0.113 ~ 0.187) 0.62 

Log α-Klotho 0.179 (10.947 ~ 36.739) <0.001 - - 

eGFR - - 0.426 (0.001 ~ 0.005) <0.001 

*Adjusted for log α-Klotho, log FGF23, age, diabetes, hemoglobin, serum albumin, mean arterial pressure, log 

proteinuria, total cholesterol, uric acid, calcium, phosphorus, log parathyroid hormone, and log C-reactive protein. 
§Adjusted for age, diabetes, hemoglobin, serum albumin, mean arterial pressure, log proteinuria, total cholesterol, uric 

acid, calcium, phosphorus, log parathyroid hormone, log FGF23, and log C-reactive protein. 

 

 

3. Circulating α-Klotho levels and renal outcome 

 

To evaluate the prognostic value of α-Klotho, patients were divided into two 

groups according to the median value of α-Klotho levels, and the clinical 

parameters were compared (Table 5). During the median follow-up of 29.7 

(6.0–62.1) months after the baseline evaluation, 40 patients (32.8%) with α-

Klotho ≤ 396.3 pg/ml reached the composite renal outcome compared to 17 

patients (14.0%) with α-Klotho > 396.3 pg/ml (P < 0.001). Among these 

patients, 19 patients (15.6%) with α-Klotho ≤ 396.3 pg/ml reached a doubling 

of the baseline serum creatinine concentrations compared to 8 patients (6.6%) 

with α-Klotho > 396.3 pg/ml (P < 0.001). Moreover, ESRD occurred in 21 

patients (17.2%) with α-Klotho ≤ 396.3 pg/ml and 9 patients (7.4%) with α-

Klotho > 396.3pg/ml (P < 0.001). 
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Table 5. Baseline characteristics according to the median value of α-Klotho levels 

Variables 
Below median 

(< 396.3 pg/ml) 

Above median 

(≥ 396.3 pg/ml) 
P-value 

Number 122 121  

Male (n, %) 72 (59.0) 56 (46.3) 0.05 

Age (years) 50.2±14.7 41.3±15.2 <0.001 

BMI (kg/m2) 24.1±4.2 23.1±3.4 0.04 

SBP (mmHg) 131.6±18.7 125.6±16.7 0.01 

DBP (mmHg) 77.7±13.1 75.5±13.6 0.20 

MAP (mmHg) 95.7±13.5 92.2±12.8 0.04 

Medication (n, %)    

RAS blockers 88 (72.1) 79 (65.3) 0.25 

Statins 43 (35.5) 35 (28.9) 0.27 

Vitamin D 7 (5.8) 4 (3.3) 0.36 

Comorbidity score 2.8±2.3 2.1±2.1 0.08 

Primary disease (n, %)    

Diabetic nephropathy 9 (9.9) 7 (6.4) 0.03 

Chronic GN 59 (64.8) 81 (73.6) 0.01 

Hypertension 15 (16.5) 11 (10.0) 0.32 

Tubulointerstital nephritis 5 (5.5) 2 (1.8) 0.001 

Others 3 (3.3) 9 (8.2) 0.03 

Laboratory measurements    

S-Cr (mg/dl) 3.1±2.6 1.7±1.5 <0.001 

eGFR (ml/min per 1.73m2) 40.0±29.9 64.5±35.0 <0.001 

eGFR < 30 (n, %) 56 (45.9) 22 (18.2)  

30 ≤ eGFR < 60 (n, %) 41 (33.6) 37 (30.6)  

eGFR ≥ 60 (n, %) 25 (20.5) 62 (51.2)  

Hb (g/dl) 11.5±2.4 12.4±2.3 0.001 

Albumin (g/dl) 3.7±0.8 3.9±0.7 0.01 

Total cholesterol (mg/dl) 173.4±53.1 184.9±56.5 0.10 

Uric acid (mg/dl) 6.7±2.4 5.8±2.0 0.001 

Calcium (mg/dL) 8.6±0.8 8.9±0.6 <0.001 

Phosphorus (mg/dL) 4.0±1.3 3.9±0.8 0.31 

CRP (mg/L)* 3.0 (0.7-7.8) 1.4 (0.7-2.9) 0.001  

iPTH (pg/mL)* 34.5 (19.5-72.8)  23.8 (15.8-44.7) 0.001  

TA-UPCR (mg/mg)* 1.4 (0.5-3.5) 0.8 (0.3-2.6) 0.03  

24 hour protein excretion 

(g/day)* 
2.3 (0.7-4.6) 1.0 (0.3-4.4) 0.04  

α-Klotho (pg/ml)* 306.3 (245.8-345.0) 558.9 (450.6-717.8) <0.001  

FGF23 (pg/ml)* 77.6 (57.0-116.6) 61.5 (47.9-87.3) 0.001 

All data are expressed as mean±SD or *median and interquartile range. 
Abbreviations. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean 

arterial pressure; RAS, renin-angiotensin system; GN, glomerulonephritis; S-Cr, serum creatinine; eGFR, 

estimated glomerular filtration rate; ; Hb, hemoglobin; CRP, C-reactive protein; iPTH, intact parathyroid 
hormone; TA-UPCR, time-averaged urine protein-to-creatinine ratio; FGF, fibroblast growth factor 
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Figure 2. Kaplan-Meier curves of composite renal outcome according to the median value of α-Klotho 

levels. Compared with patients with α-Klotho level ≥ 396.3 pg/ml, renal survival was significantly lower in 

patients in patients with α-Klotho level < 396.3 pg/ml (P<0.001).  

 

A total of 5 deaths occurred during the follow-up period, and there was no 

significant difference in mortality between the two groups (data not shown). A 

Kaplan-Meier curve revealed that event-free survival for the composite renal 

outcome was significantly lower in patients with α-Klotho ≤ 396.3 pg/ml 

compared to patients with α-Klotho > 396.3 pg/ml (P < 0.001) (Figure 2). In a 

Cox regression analysis adjusted for demographic and clinical factors of age, 

diabetes, and MAP, an increase in α-Klotho levels was significantly associated 

with a reduced risk of the composite outcome (HR, 0.96; 95% CI, 0.94 to 0.98; 

P < 0.001) (Table 6, Model 1). Furthermore, the fully adjusted model 

including eGFR, proteinuria, and iPTH revealed a persistent significant risk 

reduction of adverse outcomes conferred by α-Klotho (HR, 0.95; 95% CI, 

0.93 to 0.98; P < 0.001) (Table 6, Model 2). When α-Klotho was entered into 

the multivariate model as a categorical variable based on its median value, the 

risk of reaching the composite outcome was significantly higher in patients 

with α-Klotho ≤ 396.3 pg/ml than in patients with α-Klotho > 396.3 pg/ml 
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(HR, 2.48; 95% CI, 1.24 to 4.95; P = 0.01) (Table 6, Model 3). Similar to α-

Klotho, FGF23 significantly predicted renal outcome in all four Cox 

regression models (Table 6). Although there was no multicollinearity between 

α-Klotho and any other variables in the multiple linear regression analysis, α-

Klotho significantly correlated with FGF23 in the univariate correlation 

analysis. I thus tested an interaction between α-Klotho and FGF23 using a 

Cox proportional hazard model. When the interaction term was included in 

the model, no significant interaction was observed between the two variables 

(P = 0.42, data not shown), implying that α-Klotho independently predicted 

adverse renal outcome.   

To evaluate the operating characteristics of α-Klotho as a prognostic value 

for CKD progression, I conducted a ROC analysis for α-Klotho in comparison 

with eGFR and FGF23 (Figure 3). The areas under the ROC curve for eGFR, 

α-Klotho, and FGF23 were 0.90 (95% CI, 0.86 to 0.94; P < 0.001), 0.76 (95% 

CI, 0.69 to 0.83; P < 0.001), and 0.77 (95% CI, 0.69 to 0.84; P < 0.001), 

respectively. The cutoff value of α-Klotho at 374.6 pg/ml provided a 

sensitivity of 71.9% and specificity of 63.0% for predicting the composite 

renal outcome. 
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Table 6. Multivariate Cox regression models for renal outcome 
 Model 1  Model 2  Model 3 

 HR (95% CI) P  HR (95% CI) P  HR (95% CI) P 

α-Klotho (10 pg/ml) 0.96 (0.94 to 0.98) <0.001  0.95 (0.93 to 0.98) <0.001  - - 

α-Klotho (vs. > 396.3 pg/ml) - -  - -  2.48 (1.24 to 4.95) 0.01 

FGF23 (10 pg/ml) 1.09 (1.06 to 1.12) <0.001  1.05 (1.01 to 1.09) 0.01  1.05 (1.01 to 1.09) 0.02 

Age (1 year) 1.02 (0.99 to 1.04) 0.18  1.01 (0.87 to 1.03) 0.54  1.01 (0.98 to 1.04) 0.48 

Diabetes (vs. non-diabetes) 4.18 (2.33 to 7.50) <0.001  1.88 (0.92 to 3.86) 0.09  2.15 (1.04 to 4.45) 0.04 

MAP (1 mmHg) 1.02 (1.00 to 1.05) 0.04  1.01 (0.98 to 1.04) 0.47  1.01 (0.99 to 1.04) 0.40 

eGFR (1 ml/min/1.73 m2) - -  0.95 (0.93 to 0.98) 0.001  0.95 (0.92 to 0.98) <0.001 

TA-UPCR (1 mg/mg) - -  1.08 (1.01 to 1.15) 0.02  1.08 (1.01 to 1.15) 0.02 

iPTH (10 pg/ml) - -  1.07 (1.02 to 1.12) 0.01  1.05 (1.00 to 1.10) 0.06 

Abbreviations: HR, hazard ratio; FGF, fibroblast growth factor; MAP, mean arterial pressure; eGFR, estimated glomerular filtration rate; TA-UPCR, time-

averaged urine protein-to-creatinine ratio; iPTH, intact parathyroid hormone  

 

Model 1: adjusted for age, diabetes, and mean arterial pressure 

Model 2: Model 1 + adjusted for time-averaged proteinuria, eGFR, and iPTH 

Model 3: A categorical variable of α-Klotho according to the median value was entered in the model. 
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Figure 3. Receiver operating characteristics curves of eGFR, α-Klotho, and FGF23 with composite renal 

outcome as a status variable.  

 

IV. DISCUSSION 

 

In this study, I showed that circulating α-Klotho levels were decreased as 

kidney function declined and were independently associated with eGFR in 

CKD patients. In addition, I demonstrated that decreased circulating α-Klotho 

levels significantly predicted the composite renal outcome, suggesting that α-

Klotho could be a novel biomarker for the progression of CKD.  

Recently, α-Klotho has been highlighted as a pleiotropic hormone. In fact, 

in addition to regulation of calcium and phosphorus homeostasis, α-Klotho 

exerts anti-oxidative stress and anti-apoptotic effects. Interestingly, α-Klotho 

is mainly expressed in the distal tubule of the kidney. Considering the 

favorable effects of α-Klotho and its dominant distribution, it is presumed that 

α-Klotho provides a protective effect against kidney injury. To date, many 

experimental studies have shown that α-Klotho reduces renal damage in 
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animal models of AKI.
10-12, 19

 Despite these favorable results of animal studies, 

clinical impact has not widely explored in human. Several studies have 

demonstrated that circulating or urinary α-Klotho levels are decreased in 

patients with CKD
14

 or AKI,
19

 respectively, but the clinical implication of α-

Klotho is unknown. To my knowledge, the present study is the first one to 

show that α-Klotho may act as a useful prognostic marker in CKD patients. 

The current study clearly showed that circulating α-Klotho levels were 

decreased as eGFR declined. This finding is in line with the results from a 

recent study by Shimamura et al.
14

 They found that serum α-Klotho levels 

were significantly decreased in patients with CKD stage 2-5 compared to 

patients with CKD stage 1 and were significantly correlated with eGFR, and 

serum creatinine and FGF23 levels. In addition, I demonstrated that more 

patients with α-Klotho levels below the median value reached doubling of the 

baseline serum concentrations or ESRD compared to patients with α-Klotho 

levels above the median value. Moreover, an increase in α-Klotho levels was 

consistently associated with a reduced risk of adverse renal outcome in the 

multivariate models after the adjustment for various clinical and laboratory 

factors. However, the causality between α-Klotho and progression of kidney 

disease is uncertain. As α-Klotho is mainly expressed in the kidney, it can be 

speculated that α-Klotho production decreases as kidney function declines. 

This possibility was evidenced by a prior observation by Koh et al.
13

 They 

showed that mRNA and protein expression of α-Klotho were significantly 

decreased in the kidneys of patients with advanced CKD. In various 

experimental models of kidney injury, α-Klotho expression was also reduced 

in the kidney.
11, 12, 19-21

 Furthermore, injection of uremic toxins such as indoxyl 

sulfate or p-cresyl sulfate increased CpG hypermethylation of the α-Klotho 

gene and decreased α-Klotho expression in uninephrectomized B-6 mice,
22

 

suggesting that α-Klotho production was suppressed by uremia.  

On the other hand, as mentioned earlier, there is ample experimental 
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evidence that α-Klotho itself is protective against kidney injury. In fact, in 

vivo transfer of the α-Klotho gene ameliorated apoptosis in renal tubule cells 

in AKI
11

 and improved renal function and tubulointerstitial injury induced by 

angiotension II.
10

 Similar findings were also seen in a α-Klotho transgenic 

mouse model of immune-complex glomerulonephritis
12

 and acute ischemic-

reperfusion model treated with recombinant α-Klotho protein.
19

 Therefore, it 

can be surmised that the protective effects of α-Klotho is decreased because of 

decreased α-Klotho production by uremia and such α-Klotho deficiency may 

further accelerate the progression of kidney disease. 

In accordance with previous studies,
14

 α-Klotho was negatively correlated 

with FGF23 in this cross-sectional analysis. It is well known that α-Klotho is 

shed from the distal tubule of the kidney and inhibits sodium-phosphate co-

transporters in the proximal tubules, thus resulting in increased urinary 

phosphate excretion.
23, 24

 A decrease in α-Klotho production in CKD may 

elevate serum phosphorus levels due to decreased phosphate excretion by the 

kidney, which in turn, can stimulate FGF23 production. In fact, a number of 

previous studies demonstrated that serum FGF23 levels were increased in 

CKD patients.
25-27

 In contrast, a recent study by Isakova et al.
27

 contradicted 

this notion. They showed that an increase in FGF23 levels preceded the 

elevation of parathyroid hormone and phosphorus levels in early stage of 

CKD. Even though a mechanism for this finding was not identified, they 

postulated that renal injury itself might be an initial stimulus for FGF23 

secretion in early CKD and that this initial increase in FGF23 can cause 

relative hypophosphatemia or reduced 1,25-vitamin D, subsequently resulting 

in down-regulation of α-Klotho. However, the results of the present study 

showed that the initial increase in FGF23 levels was not prominent in early 

stages of CKD. Of note, although an initial decrease in α-Klotho levels was 

observed in early stages of CKD, elevated serum phosphorus levels were not 

seen. To date, it is unknown which of α-Klotho deficiency and increased 
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production of FGF23 occurs first in early CKD. However, it is very likely that 

these two factors work together in a vicious cycle, thus leading to abnormal 

mineral homeostasis in CKD patients. This complicated relationship, so called 

‘chicken or the egg’ causality, between α-Klotho and FGF23 requires further 

investigation.  

Recently, FGF23 has been suggested as a useful marker of adverse clinical 

outcomes in CKD patients. Several studies showed that elevated FGF23 levels 

predicted progression of CKD,
28,29

 cardiovascular events, and mortality.
30

 

These findings were corroborated by my results demonstrating that, similar to 

α-Klotho, FGF23 was a significant predictor of renal outcome. Interestingly, 

there was no significant interaction between the two variables in the 

multivariate analysis. In addition, the areas under the ROC curves of α-Klotho 

and FGF23 did not differ significantly. These findings implied that both α-

Klotho and FGF23 independently predicted adverse renal outcome and that 

the prognostic utility values of these markers were similar.  

The current study has several limitations. First, data for serum phosphorus 

levels may not be accurate because dietary information was not provided. It is 

well known that α-Klotho-FGF23-phosphate axis regulation is largely 

affected by dietary phosphate intake.
27, 31

 Moreover, this study showed that 

serum phosphorus levels were slightly decreased in patients with eGFR of 60-

89 ml/min/1.73 m
2
 compared to patients with eGFR ≥90 ml/min/1.73 m

2
, but 

the difference did not reach statistical significance. Whether this finding was a 

truly initial reduction of phosphorus levels in early CKD, as previously 

suggested,
27, 32

 needs to be delineated by more well-designed studies which 

include a strict dietary protocol. Second, I measured only intact FGF23. 

Measurement of c-terminal FGF23 is often preferred because it is reported to 

be more stable in frozen samples.
33

 However, many studies confirmed a 

strong correlation between intact and c-terminal FGF23, both of which were 

significant predictors of clinical outcomes.
28, 34

 Third, I could not demonstrate 
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whether compensatory secretion of α-Klotho from other organs such as brain 

and reproductive organs
35

 was possible when the kidney is impaired. However, 

uremia itself directly down-regulates α-Klotho
22

 and α-Klotho expression is 

decreased in hyperplastic parathyroid glands of uremic rats.
36

 These findings 

suggest that α-Klotho production is decreased in all organs under uremic 

conditions, thus resulting in decreased circulating levels. Fourth, ELISA 

method for α-Klotho has not yet been fully validated. I used ELISA kit that 

was introduced by Yamazaki et al.,
16

 which was validated by other subsequent 

studies.
14, 37

 In particular, Pavik et al.
37

 tested a sample measurement 

validation, showing that α-Klotho levels remained stable in different 

conditions using freshly collected samples stored at 4°C or -20°C. It was also 

stable with < 3 freeze/thaw cycles of sample stored at -80°C for > 1 year. To 

my knowledge, this is the most validated ELISA kit to date. Finally, contrary 

to the findings of this study and an observation by Shimamura et al.,
14

 two 

previous studies showed that α-Klotho levels were increased in patients with 

CKD.
38, 39

 Of note, the subjects in these two studies were considerably older 

than the patients of the present study. α-Klotho is an anti-aging protein, and 

its levels in the circulation are significantly affected by age.
16

 Thus, it is 

possible that the relationship between α–Klotho and eGFR becomes 

attenuated in aged people. Nevertheless, in an additional separate analysis 

excluding patients < 55 years of age, log α–Klotho positively correlated with 

eGFR (γ = 0.390, P = 0.001, data not shown), suggesting a close relationship 

between α-Klotho and kidney function in aged patients. Furthermore, a small 

sample size in these previous two studies showing a lack of relationship 

between α-Klotho and CKD limits the generalizability of their findings to the 

whole CKD population.  
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V. CONCLUSION 

 

In conclusion, I showed that circulating α-Klotho levels were decreased as 

kidney function declined and that α-Klotho deficiency significantly predicted 

the composite renal outcome in CKD patients, suggesting that α-Klotho could 

serve as a useful clinical biomarker for the progression of CKD. However, 

these findings are merely hypothesis generating based on the results of many 

experimental studies, thus further studies with a large number of patients are 

required to validate my findings.  
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< ABSTRACT (IN KOREAN)> 

 

만성 신부전 환자에서 α-Klotho의 감소가 신장 예후에 미치는 

영향 

 

<지도교수 한 승 혁 > 

 

연세대학교 대학원 의학과 

 

김 형 래  
 

 

Klotho는 주로 신장의 원위 세뇨관에서 분비되는 물질로서 섬유 

아세포 증식 인자 (FGF)23의 보조 인자의 역할을 하며, 혈중으로 

분비되어 다양한 기능을 수행한다. 본 관찰 코호트 연구는 2006년 

1월부터 2011년 12월까지 만성 신부전을 진단받은 243명의 환자

를 대상으로 하여 α-Klotho와 신기능과의 연관성을 분석하고 α-

Klotho가 신장 예후에 미치는 영향에 대하여 알아보고자 하였다. 기

저 혈청 α-Klotho 및 FGF23 농도는 효소 결합 면역 흡착 분석법

을 이용하여 측정하였다. 그 결과, 혈청 α-Klotho 농도는 신기능이 

저하됨에 따라 점차적으로 감소하는 양상을 보였다 (P for trend  < 

0.001). 또한 보정된 다변량 선형 분석법 상 로그값을 취한 α-

Klotho 농도는 신장의 사구체 여과율에 영향을 미치는 독립적인 인

자로 밝혀졌다 (β = 0.179, P < 0.001). 대상 환자들을 α-Klotho 농

도의 중위수를 기준으로 두 군으로 분류하였을 때, α-Klotho 가 

396.3 pg/ml 이하인 군에서 기저 혈청 크레아티닌 농도가 2배 이상

으로 상승하거나 말기 신부전으로 진행한 환자가 40명 (32.8%)으로 

396.3 pg/ml 초과인 군의 17명(14%)에 비하여 유의하게 많았다 
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(위험 비율 2.48; 95% 신뢰구간 1.24-4.95; P = 0.01). Cox 회귀 

분석 결과, 환자들의 나이, 당뇨 유무, 평균 동맥압, 사구체 여과율, 

단백뇨량, 그리고 부갑상선 호르몬 및 FGF23 농도를 보정하였을 

때에도 α-Klotho 는 신부전의 예후에 영향을 미치는 독립 인자로 

나타났다 (위험 비율 0.95; 95% 신뢰구간 0.93-0.98; P < 0.001). 

결론적으로, 혈중 α-Klotho 농도는 신기능이 저하됨에 따라 점차 

감소하였으며, α-Klotho 농도는 사구체 여과율에 영향을 미치는 독

립 인자일 뿐만 아니라 신장 예후에 영향을 미치는 독립인자임을 

확인하였다. 
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