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ABSTRACT

Introduction. A decline of renal and soluble circulating α-klotho has been implicated in the 

progression of chronic kidney disease (CKD) and its cardiovascular complications. Restoring 

soluble α-klotho levels might be a target for cardiorenal protective therapy in CKD, but whether 

soluble α-klotho levels are affected by the current standard renoprotective therapy is largely 

unknown. We evaluated the additional effect of dietary sodium restriction upon single-agent 

renin-angiotensin-aldosterone system (RAAS) blockade on soluble α-klotho in patients with 

non-diabetic CKD. Further, we studied the effect of dual RAAS-blockade on soluble α-klotho in 

these patients.

Methods. In a post-hoc analysis of a crossover randomized controlled trial aimed at maximizing 

the antiproteinuric therapy, we measured serum soluble α-klotho and parameters of mineral 

metabolism. Patients (n=51) received background angiotensin-converting-enzyme inhibitor 

(ACEi) plus either angiotensin receptor blocker (ARB) or placebo, combined with either a 

regular sodium (RS) or low sodium (LS) diet. All patients underwent all four treatments during 

subsequent study periods in randomized order.

Results. Mean dietary sodium intake, estimated by urinary sodium excretion, was 184±62 

mmol Na+/24h during RS periods and was reduced to 106 ± 52 mmol Na+/24h during LS periods 

(P<0.001). At baseline (during ACEi + RS) proteinuria (UP) was 1.9 [IQR, 0.9-3.4] g/24h and creatinine 

clearance (CrCl) was 71 [IQR 50-109] mL/min. Therapy intensification resulted in a reduction of 

UP to 0.7 [0.4-1.4] g/24h and CrCl to 59 [42-81] mL/min during ACEi + ARB + LS (both P<0.001). 

Serum α-klotho at baseline was 636±133 pg/mL, and was reduced during concomitant sodium 

restriction (ACEi + LS; 597 ± 112 pg/mL, P<0.001). The addition of an ARB to ACEi during regular 

or low sodium diet did not influence soluble α-klotho levels. 

Conclusion. Although the addition of dietary sodium restriction on top of ACEi therapy 

ameliorated proteinuria, it was also accompanied by a small albeit significant reduction in serum 

α-klotho levels. This decline was not prevented by addition of an ARB. Considering the claimed 

protective effects of soluble α-klotho, further studies are required to explain the decline in serum 

α-klotho by dietary sodium restriction on top of RAAS-blockade.
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INTRODUCTION

Alpha-klotho (further indicated as klotho) was discovered as an anti-aging protein in 1997. 

Reduction of klotho gene expression in mice resulted in a syndrome resembling human ageing, 

characterized by a short life span, osteoporosis, infertility, renal fibrosis, arteriosclerosis and 

calcifications.1 Klotho is a single-pass transmembrane protein with a large ectodomain and is 

predominantly expressed in the renal distal convoluted tubule. The full-length transmembrane 

klotho functions as the co-receptor for fibroblast growth factor 23 (FGF23), a bone-derived 

phosphaturic hormone. In addition, after the extracellular domain of klotho is cleaved, klotho 

exists as a circulating soluble form detectable in blood, urine and cerebrospinal fluid. Soluble (or 

cleaved) klotho elicits biological effects on distant target cells suggesting that it functions as a 

circulating active humoral factor.2 Recombinant soluble klotho administration ameliorates the 

premature ageing phenotype in klotho knock-out mice.3 

Chronic kidney disease (CKD) patients remarkably share phenotypic properties of 

accelerated ageing, including the tendency to develop soft tissue calcification4, bone disease5, 

hypogonadism6, and reduced life expectancy7. Transgenic overexpression of klotho and injection 

of recombinant soluble klotho protein produce dramatic improvements in kidney function and 

morphological lesions in several experimental CKD and acute kidney injury (AKI) models.8-12 

In experimental CKD renal klotho expression is decreased and soluble klotho in urine and 

blood is barely detectable.4,12 The mechanism by which renal damage reduces renal klotho 

expression is unclear, but may involve epigenetic modification by uremic toxins, proteinuria 

and/or angiotensin II (AngII). In an animal model of CKD it was shown uremic toxins decrease 

renal klotho expression, possibly by epigenetic silencing, thru hypermethylation, of the 

klotho gene.13 Experimentally, induction of proteinuria decreased renal klotho expression.14 

Furthermore, in experimental models of CKD AngII downregulated renal klotho expression, 

but this downregulation was prevented by angiotensin receptor blocker (ARB) therapy.15,16 The 

renoprotective effects of RAAS-blockade may be in part attributed to their ability to preserve – 

directly or indirectly – klotho expression. 

The addition of dietary sodium restriction and/or a second RAAS blocker (dual blockade) 

potentiates the antiproteinuric efficacy of single-agent RAAS-blockade.17 Furthermore, 

potentiation of proteinuria by low sodium intake has been associated with increased 

renoprotection.18 We hypothesized that this increased renoprotection is at least in part mediated 

by an increase in serum klotho. To address this hypothesis, we performed a post-hoc analysis of 

a randomized clinical trial that was designed to lower proteinuria and blood pressure through 

addition of dietary sodium restriction, an ARB, or their combination, in patients with non-diabetic 

nephropathy receiving background treatment with angiotensin converting enzyme inhibition 

(ACEi) at maximum dose.
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METHODS

Study design
We performed a post-hoc analysis of a crossover, placebo-controlled, randomized controlled 

trial. The original study has been described by Slagman et al.17 During a run-in period of at least 

six weeks, patients received ACE inhibition at maximal dose (lisinopril 40 mg/day) and all other 

RAAS blockers were stopped. Patients continued this background ACEi during the entire study. 

Additional antihypertensive drugs were allowed and kept stable during the study. After the 

run-in period, patients were treated during four treatment periods of six weeks. Patients were 

randomized to start with two consecutive periods on respectively a regular sodium diet (RS, 

target 200 mmol Na+/day, equals 12 g NaCl/day) or a low sodium diet (LS, target 50 mmol Na+/

day, equals 3 g NaCl/day). During both diets, the patients received on top of the background 

ACEi, consecutively, angiotensin receptor blockade at maximal dose (valsartan 320 mg/day) and 

placebo. The protocol did not include wash-out periods. The primary outcome of the original 

study was proteinuria at the end of each study period, and the secondary outcome was blood 

pressure at the end of each study period.  

Participants
Inclusion criteria of the original study were; blood pressure above 125/75 mmHg in combination 

with residual proteinuria above 1.0 g/day during maximal ACEi therapy, creatinine clearance of 

30 mL/min or above, and age over 18 years. Exclusion criteria were: a systolic blood pressure of 

180 mm Hg or above, diastolic blood pressure of 110 mmHg or above, presence of diabetes or 

renovascular hypertension, decrease of creatinine clearance by at least 6 mL/min in the previous 

year, history of a cardiovascular event in the previous six months, use of immunosuppressive 

drugs or regular use of non-steroidal anti-inflammatory drugs, pregnancy or breast feeding. All 

study participants signed informed consent prior to participation in the study. The University 

Medical Center Groningen Institutional Review Board (METc2005/275) approved the study 

protocol. The study was conducted according to the principles expressed in the Declaration of 

Helsinki.

Measurements
At the end of each treatment period patients collected 24h urine samples, blood pressure was 

measured and blood samples were taken after an overnight fast. Blood and urine samples were 

stored at -80°C. In addition to the measurements performed in the original study17, we measured 

soluble klotho in serum using a sandwich ELISA (Immuno-Biological Laboratories [IBL] Co, 

Fujioka, Japan) with a within- and between-run variation of <5 and <8%, respectively.19 Reference 

serum soluble klotho levels in hemodialysis patients and healthy controls were obtained from 

Yokoyama et al.20 Parathyroid hormone (PTH) was measured in ethylenediamine tetraacetic acid 

(EDTA) plasma using radioimmunoassay (Elecsys, Roche Diagnostics, Mannheim, Germany). 

25-hydroxyvitaminvitamin D
3
 (25[OH]D) and 1,25-dihydroxyvitamin D

3
 (1,25[OH]

2
D) levels 
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were determined by isotope dilution–online solid phase extraction liquid chromatography–

tandem mass spectrometry (ID-XLC–MS/MS) and radioimmunoassay, respectively.21 Further 

plasma carboxyl-terminal FGF23 was determined using a human FGF23 ELISA (Immutopics, 

San Clemente, CA, USA). Creatinine clearance was calculated from 24h creatinine excretion and 

serum creatinine. The glomerular filtration rate (GFR) was estimated according to the creatinine-

based CKD-EPI formula.22

Statistical analysis
We analyzed data for the 52 patients who completed the trial. Differences between the four 

treatment sequences were determined in the original study.17 Linear mixed models were used 

to determine the effects of the different treatments, with participants as a random factor, and 

treatment, sequence, and their interaction (treatment x sequence) as fixed factors.  The skewed 

dependent variables, namely proteinuria, creatinine clearance, eGFR, FGF23 and PTH, were 

natural log transformed to obtain normal distribution. 

To investigate correlations between serum soluble klotho, eGFR and parameters of mineral 

metabolism linear regression analysis was used. The skewed dependent variables were natural 

log transformed to obtain normal distribution. The difference in serum soluble klotho and eGFR 

between the treatment period of dual RAAS-blockade under dietary sodium restriction (ACEi + 

ARB + LS) and the treatment period of single-agent RAAS-blockade under regular sodium diet 

(ACEi + RS) is given as an absolute delta. The association between delta serum klotho and delta 

eGFR was explored using linear regression analysis.

Data are reported as mean ± standard deviation (SD) or as median with interquartile range 

[25th - 75th percentile] depending on the distribution. A P-value <0.05 (two-tailed) was considered 

statistically significant. Statistical analyses were performed using SPSS 22.0 for Windows (SPSS 

Inc., Chicago, IL) and GraphPad Prism version 5.00 for Windows (GraphPad Software, San Diego, 

CA).

RESULTS

Study participants
52 patients completed the initial study and were included in this post-hoc analysis. The study 

population consisted entirely of Caucasian patients, mainly males (83%) with age 51 ± 13 years. 

Other baseline characteristics have been previously published.17 Mean dietary sodium intake, 

estimated by urinary sodium excretion, was on average 184 ± 62 mmol Na+/day (approximately 

11 g NaCl/24h) during both study periods on the regular sodium diet and 106±52 mmol Na+/24h 

(approximately 6 g NaCl/day) during both low sodium periods (P<0.001).

During background ACEi combined with the regular sodium diet, residual proteinuria (UP) was 

1.9 [IQR, 0.9 to 3.4] g/day. Addition of ARB reduced UP to 1.6 [0.6 to 3.4] g/day (P=0.025), and addition 

of a low sodium diet reduced UP to 0.9 [0.5 to 1.7] g/day (P<0.001). The lowest level of residual UP 

SERUM α-KLOTHO DURING INTENSIFIED RAAS-BLOCKADE
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was achieved during combined dual RAAS-blockade (ACEi + ARB) in combination with a sodium 

restricted diet (0.7 [0.4 to 1.4] g/day; P<0.001). Systolic and diastolic blood pressure also decreased 

stepwise with intensification of treatment compared to background ACEi therapy as shown in the 

original study.17 Renal function (i.e. eGFR) was median 56 (IQR, 35 to 77) mL/min/1.73m2 on during 

background ACEi and regular sodium diet. eGFR was not significantly altered by the addition of 

angiotensin receptor blockade (55 [35 to 71] mL/min/1.73m2; P=0.83), but decreased when a dietary 

sodium restriction (53 [31 to 73] mL/min/1.73m2; P=0.04) or ARB plus dietary sodium restriction (47 

[31 to 63] mL/min/1.73m2; P<0.001) were added to ACEi (Table 1).

Table 1. Serum soluble klotho and parameters of phosphate metabolism during treatment periods

Regular sodium diet Low sodium diet
ACEi ACEi plus ARB ACEi ACEi plus ARB

Serum
Soluble klotho (pmol/L) 636 ± 133 625 ± 141 597 ± 112*† 586 ± 108*†
C-term FGF23 (RU/mL) 145 [118-243] 146 [106-202] 156 [112-220] 166 [128-253]†
Serum phosphate (mmol/L) 1.05 ± 0.20 1.07 ± 0.20 1.09 ± 0.19 1.11 ± 0.23*
25(OH)D (nmol/L) 56 ± 23 58 ± 26 60 ± 23 61 ± 21
1,25(OH)2D (pmol/L) 87 ± 31 89 ± 35 81 ± 28† 77 ± 28*†
PTH (pmol/L) 5.2 [3.6-8.3] 5.3 [3.4-10.8] 4.7 [3.4-7.5]† 5.5 [3.7-8.7]‡
eGFR, mL/min/1.73m2 56 [35-77] 55 [35-71] 53 [31-73]* 47 [31-63]*†‡
Urine
Creatinine clearance (mL/min) 71 [50-109] 72 [53-105] 70 [43-93]*† 59 [42-81]*†‡
Proteinuria (g/24h) 1.9 [0.9-3.4] 1.6 [0.6-3.4]* 0.9 [0.5-1.7]*† 0.7 [0.4-1.4] *†‡
Phosphate excretion (mmol/24h) 31 ± 10 33± 12 28 ± 10*† 27 ± 11*†
Data are mean with standard deviation or median with interquartile range [25th-75th percentile]. Analysis is performed using linear mixed models 
with participants as a random factor, and treatment, sequence and their interaction (treatment * sequence) as fixed factors. Abbreviations: 
1,25(OH)

2
D, 1,25-dihydroxyvitamin D

3
; 25(OH)D, 25-hydroxyvitamin D

3
; ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor 

blocker; C-term; carboxyl-terminal; eGFR, estimated glomerular filtration rate; FGF23, fibroblast growth factor 23; PTH, parathyroid hormone. *P 
<0.05 versus ACEi on regular sodium diet. †P <0.05 versus ACEi + ARB on regular sodium diet. ‡P <0.05 versus ACEi on low sodium diet.

Effect of different RAAS-based treatments on serum soluble klotho 
The serum soluble klotho level during background ACEi with regular sodium diet was 636 ± 133 

pmol/L. Dietary sodium restriction resulted in a reduction of soluble klotho levels to 597 ± 112 

pmol/L (P<0.001 vs. background ACEi). The addition of ARB therapy to ACEi during either regular 

or low sodium diet did not influence soluble klotho levels (Table 1 and Figure 1). The difference 

in serum soluble klotho between dual RAAS-blockade during dietary sodium restriction and 

background ACEi during regular sodium diet (the delta serum soluble klotho) was positively – and 

strongly – associated with the change in estimated GFR (eGFR) (standardized [st.] ß=0.48, P=0.001). 

This association remained significant after adjustment for gender and age (st.ß=0.47, P=0.006). At 

the end of each treatment period serum klotho was not correlated with the eGFR; regular sodium 

diet and ACEi, st.β=0.25, P=0.09; regular sodium diet and ACEi plus ARB, st.β=0.18, P=0.2; low 

sodium diet and ACEi, st.β=0.12, P=0.4; and low sodium diet and ACEi plus ARB, st.β=0.19, P=0.2.

Using linear mixed model analysis we could exclude the presence of carryover effects: 

treatment was a significant determinant of serum soluble klotho (P<0.001), whereas sequence 

(P=0.93) and treatment*sequence (P=0.13) were not.
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Data are represented as mean with 95% confidence interval. P value shows treatment effect by linear mixed 
modeling with treatment, sequence and the interaction treatment x sequence as fixed factors.

Figure 1. Effect of add-on dietary sodium restiction, angiotensin 
receptor blockade (ARB), or both during angiotensin converting 
enzyme inhibition (ACEi) on serum soluble klotho in chronic kidney 
disease patients 

Intensified RAAS-blockade and other mineral metabolism parameters
In accordance with serum soluble klotho decline, fibroblast growth factor (FGF) 23 levels 

and serum phosphate increased when sodium restriction and ARB were added to the 

background ACEi (Table 1). In addition, 1,25[OH]
2
D levels decreased and PTH increased during 

sodium restriction and dual RAAS-blockade. These and other parameters of phosphate 

and vitamin D metabolism during the four treatment periods are shown in Table 1. 

Correlations of serum soluble klotho and other mineral metabolism parameters
At baseline, i.e. during ACEi background with regular sodium diet, soluble klotho did not 

significantly correlate with parameters of phosphate and vitamin D metabolism, including serum 

phosphate, phosphate excretion, 25(OH)D and 1,25(OH)
2
D, PTH and FGF23. Among the different 

parameters, FGF23 was positively associated with serum phosphate levels and PTH, and inversely 

associated with 1,25(OH)
2
D levels. Other correlations between the parameters of phosphate and 

vitamin D metabolism on baseline are shown in Table 2.

SERUM α-KLOTHO DURING INTENSIFIED RAAS-BLOCKADE
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DISCUSSION

Reduction of proteinuria and blood pressure are considered the main goals for renoprotective 

therapy in patients with CKD. RAAS-blockade, combined with control of volume status by 

dietary sodium restriction, may retard progression of renal function loss, although it does not 

completely prevent renal disease progression. We hypothesized that part of renoprotection 

of combined dietary sodium restriction on top of RAAS-blockade is mediated by an increase 

in serum klotho. However, in this post-hoc analysis we found that adding a dietary sodium 

restriction to background ACEi reduced soluble klotho levels. In addition dual RAAS-blockade 

by adding the ARB losartan to ACEi during dietary sodium restriction did not restore the soluble 

klotho levels. 

Several cross-sectional studies have analyzed serum soluble klotho levels in various cohorts 

of CKD patients.23-25 The results from studies on the association between soluble klotho and 

parameters of calcium-phosphate metabolism and renal function are contradictory. Shimamura 

et al23 and Rotondi et al24 analyzed soluble klotho in patients across the spectrum of CKD and 

found that soluble klotho levels were positively associated with renal function and inversely 

associated with FGF23 levels.  On the other hand, Seiler et al25 determined soluble klotho levels in 

patients with CDK stage 1-4, but could not find a decline in soluble klotho with impaired kidney 

function, nor any correlation of soluble klotho with other parameters of calcium-phosphate 

metabolism. In line with Seiler et al25, we also found no association of serum soluble klotho with 

parameters of phosphate metabolism, nor with eGFR at the end of each treatment period. We 

did however find an association between the change in serum klotho and the change in eGFR 

when comparing baseline levels with dual blockade combined with sodium restriction. 

Several mechanisms could be involved in the reduction in serum soluble klotho during 

Table 2. Correlations between serum soluble klotho and parameters of phosphate and 
vitamin D metabolism on baseline

Serum klotho Serum PO43− 25(OH)D 1,25(OH)
2
D PTH* Urinary PO43−

Serum PO43− St.β =-0.094
P = 0.554

25(OH)D St.β =-0.114
P = 0.478

St.β =-0.314
P = 0.052

1,25(OH)
2
D St.β = 0.061

P = 0.708
St.β =-0.308

P =0.060
St.β = 0.413

P = 0.006

PTH* St.β =-0.100
P = 0.522

St.β = 0.164
P = 0.311

St.β = 0.073
P = 0.660

St.β =-0.052
P = 0.754

Urinary PO43− St.β = 0.013
P = 0.937

St.β =-0.253
P = 0.120

St.β = 0.394
P = 0.014

St.β = 0.336
P = 0.042

St.β =-0.268
P = 0.104

C-term FGF23* St.β =-0.110
P = 0.488

St.β = 0.391
P = 0.013

St.β =-0.117
P = 0.466

St.β =-0.366
P = 0.020

St.β = 0.609
P < 0.001

St.β =-0.288
P = 0.064

Correlations are given during background angiotensin converting enzyme inhibitor (ACEi) and regular sodium diet. Indicated are standardized 
(st.) β and levels of significance (P). *PTH and FGF23 were natural log transformed to obtain normal distribution. Urinary PO43− is measured as 
mmol/24h. Abbreviations: 1,25(OH)

2
D, 1,25-dihydroxyvitamin D

3
; 25(OH)D, 25-hydroxyvitamin D

3
; C-term; carboxyl-terminal; FGF23, fibroblast 

growth factor 23; PO43-, phosphate; PTH, parathyroid hormone.
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dietary sodium restriction on top of RAAS-blockade. First of all, the simultaneous decline in renal 

function could be involved in decline of serum soluble klotho. With the decline in renal function, 

uremic toxins increase and these toxins have been shown to decrease renal klotho expression, at 

least in part by epigenetic silencing of the klotho gene.13 Second, a reduction in renal perfusion 

could have caused tissue hypoxia, which has been shown to reduce klotho expression26. Finally, 

dietary sodium restriction causes an increase in certain RAAS parameters including renin and 

Ang II.  In preclinical studies klotho expression was inversely correlated with intrarenal renin 

expression15 and aliskiren, a renin inhibitor, treatment significantly increased klotho expression27. 

Furthermore, infusion of AngII markedly downregulated renal expression of klotho.16 Thus, the 

reactive rise in renin and possibly also Ang II levels could have contributed to the decreased 

klotho levels. Regardless of the underlying mechanism, our finding that dietary sodium restriction 

is accompanied by a reduction of serum soluble klotho is in line with preclinical data obtained 

from models of renal damage and healthy animals; during dietary sodium restriction renal klotho 

expression was downregulated.15 

Of interest, in preclinical studies the downregulation of renal klotho caused by dietary 

sodium restriction or angiotensin II infusion was prevented by addition of an ARB.15,16 Furthermore 

two post-hoc studies among diabetic CKD patients showed that ARB treatment compared to 

calcium channel blockers or ACEi increased soluble klotho.28,29 Of note, we did not include a 

treatment period without RAAS-blockade (a control group). Perhaps the addition of a single-

agent RAAS-blockade (ACEi or ARB) would have increased serum soluble klotho. To the best 

of our knowledge, there are no prior studies investigating the effect on (serum soluble) klotho 

of dietary sodium restriction or initiation of ARB therapy during established ACEi. Therefore, 

the presence of background ACEi during all treatment periods in our study may explain the 

discrepancy with previous studies.

The reduction in serum soluble klotho by addition of dietary sodium restriction to RAAS-

blockade might limit the therapeutic benefits of intensified antiproteinuric treatment regimens 

in CKD. Although short-term blood pressure and residual proteinuria improved by add-on 

dietary sodium restriction on top of RAAS-blockade, the long-term renoprotective effects might 

be different. A preclinical study has shown that dissociation between the effect of treatment on 

intermediate parameters, i.e. blood pressure and proteinuria, and renal structural damage may 

occur.30 Clinical data suggest that achieving low blood pressure in CKD patients is not necessarily 

associated with improved long-term renal and cardiovascular outcomes.31,32 Furthermore 

multiple recent clinical studies have shown that dual RAAS-blockade compared to single agent 

RAAS-blockade did not result in increased renoprotection despite albuminuria reduction.33-35 

The reduction of serum soluble klotho could – partially – explain the dissociation between the 

effects on intermediate parameters and long-term cardiorenal outcomes.

Recently it was shown that loss of klotho activates Wnt/β-catenin signaling, a pathway that 

contributes to the development and progression of fibrosis, leading to activation of profibrotic 

genes in the kidney.12 Of interest, multiple RAAS genes are also downstream targets of Wnt/

β-catenin signaling36, causing a vicious cycle of increasing RAAS activation due to klotho loss 

SERUM α-KLOTHO DURING INTENSIFIED RAAS-BLOCKADE
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through increased Wnt/β-catenin signaling and the subsequent higher level of AngII causing 

further klotho loss. In addition, klotho loss may influence the RAAS through increased FGF23 

levels suppressing vitamin D activation (reviewed by De Borst et al37). In theory RAAS inhibition in 

combination with vitamin D receptor activators (VDRAs) could interrupt this vicious cycle. Indeed, 

recent preclinical and clinical studies demonstrated that VDRA reduces residual albuminuria 

on top of single RAAS-blockade.38,39 These renoprotective effects of VDRA may be – partly – 

mediated through increasing renal and soluble Klotho levels.40,41 Addition of VDRA on top of 

RAAS-blockade and dietary sodium restriction might be a potential strategy in this respect, and 

is currently being studied.42

Our study has several limitations, the first being its post hoc nature prone to confounding 

and the fact we did not include a non-ACEi treated group. Second, although it is assumed that 

circulating Klotho levels represent renal klotho expression4,43, we cannot exclude a discordance 

between renal klotho tissue expression and serum soluble klotho, especially given the fact that 

the amount of circulating klotho depends on the rate of membrane shedding.44 Furthermore, it 

is recently suggested that the kidney plays multiple roles in klotho homeostasis; producing and 

releasing klotho into the circulation and clearing klotho from the blood into the urinary lumen.45 

Thus kidney disease could affect both the production and the clearance of klotho. Quantification 

of membrane-bound klotho in renal cells was not possible in this study as this requires a renal 

biopsy. Although the within- and between-run variation of the IBL klotho ELISA was lower 

compared to other commercially available ELISA’s19, it is uncertain which forms of soluble 

klotho are detected in the serum by the IBL ELISA. Therefore, our data should be interpreted 

with caution. Furthermore, we were not able to measure urinary klotho with the IBL ELISA.46 The 

limited sample size impaired our power to investigate associations between klotho and mineral 

metabolism parameters. On the other hand, strengths of our study include its cross-over design 

with subjects serving as their own internal control. 

In conclusion, this post-hoc analysis shows that stepwise intensification of antiproteinuric 

and antihypertensive treatment by dietary sodium restriction and dual RAAS-blockade reduced 

proteinuria, however this was accompanied by reduced serum soluble klotho levels. Considering 

the claimed protective effects of membrane-bound and serum soluble klotho, its further 

reduction might limit the therapeutic benefits of intensified antiproteinuric treatment regimens 

in CKD, and the underlying mechanisms warrant further investigation.
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