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Abstract

Background: Chronic kidney disease (CKD) is a major condition 
with a substantial sociomedical and economic burden. Klotho plays 
a role in renal protection via its antioxidant and anti-inflammatory 
properties. Proteinuria is an early indicator of CKD. Although experi-
mental studies have demonstrated the biological effects of Klotho in 
CKD, its clinical relevance to proteinuria remains unclear.

Methods: The present study investigated the association between 
the A/T alleles of the Klotho gene rs650439 single-nucleotide poly-
morphism (SNP) and proteinuria in a general Japanese population. 
Clinical and genotyping data from a total of 916 community-dwelling 
participants (mean age = 63 years old) were analyzed.

Results: Participants carrying the minor TT genotype accounted for 
13.2% of the population. The prevalence of proteinuria was signifi-
cantly higher in the TT group than in the AA + AT group (15.7% 
vs. 7.3%, P < 0.01). Logistic regression analysis showed that the TT 
genotype was significantly associated with proteinuria (crude odds 
ratio (OR) = 2.37, 95% confidence interval (CI) 1.35–4.14). This as-
sociation remained significant after adjustment for age, sex, and car-
diometabolic factors (adjusted OR = 2.07, 95% CI 1.14–3.77).

Conclusions: These findings suggest that the TT genotype of Klotho 
gene rs650439 SNP may serve as a genetic marker for early renal pro-
teinuria. Further research is required to confirm the findings.

Keywords: Klotho; SNP; Proteinuria; Chronic kidney disease; Ge-
netic epidemiology, Japanese

Introduction

Alpha-Klotho (α-Klotho) was initially identified as an anti-ag-
ing gene, as genetic disruption of this locus results in a pheno-
type resembling advancing aging [1]. Transgenic overexpres-
sion of α-Klotho improves disorders associated with α-Klotho 
deficiency and significantly prolongs lifespan in murine mod-
els [1, 2]. α-Klotho shows pleiotropic effects across multiple 
organ systems and participates in a wide range of physiologi-
cal processes [3, 4]. Structurally, α-Klotho is a type I single-
pass transmembrane protein characterized by an extracellular 
domain containing β-glucosidase–like motifs, as referred to as 
Kl domains [5]. The expression of α-Klotho is limited to sev-
eral tissues [1], such as the kidney, parathyroid glands, and 
sinoatrial nodes, where it forms tetrameric complexes with fi-
broblast growth factor (FGF) receptor 1c (FGFR1c), FGFR3c, 
or FGFR4. In this configuration, α-Klotho acts as an essen-
tial high-affinity co-receptor for circulating FGF23, thereby 
regulating systemic mineral metabolism [4, 6]. In the kidney, 
α-Klotho mediates diverse biological functions, including sup-
pression of the sodium-dependent phosphate cotransporter 
(NaPi) transporter activity in proximal tubules and protection 
against oxidative stress and inflammatory injury.

Experimental studies have demonstrated that α-Klotho is 
predominantly expressed in renal tubular epithelial cells and 
podocytes, where it protects the kidney from ischemic, toxic, 
and metabolic injury [7]. Furthermore, α-Klotho deficiency 
leads to renal fibrosis, vascular calcification, and premature 
aging phenotypes in mice [8, 9], highlighting its critical role 
in maintaining renal and vascular homeostasis. The extracel-
lular domain of α-Klotho is shed from the cell surface through 
proteolytic cleavage [4] and can be detected in circulation, 
urine, and cerebrospinal fluid [5]. Among peripheral tissues, 
the kidney exhibits the highest level of α-Klotho expres-
sion, and substantial evidence indicates that the kidney is the 
principal source of circulating soluble α-Klotho [3]. Soluble 
α-Klotho can form a ternary complex with FGF and FGFR, 
thereby functioning as a co-receptor. However, accumulat-
ing data suggest that soluble α-Klotho predominantly acts in 
an FGF23- and FGFR-independent manner after entering the 
circulation. Functionally, soluble α-Klotho mediates a broad 
spectrum of biological effects, including antioxidant and 
anti-senescent activities, promotion of autophagy, inhibition 
of apoptosis and fibrosis, support of stem cell function, and 
modulation of insulin signaling [10]. In human studies, re-
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duced circulating α-Klotho levels have been associated with 
chronic kidney disease (CKD), hypertension, and cardiovas-
cular events [11].

CKD represents a major clinical manifestation of renal 
damage and is characterized by persistent structural and/or 
functional abnormalities of the kidney lasting for more than 
3 months [12]. CKD is clinically defined by a sustained re-
duction in glomerular filtration rate (GFR) and/or evidence of 
kidney damage, including albuminuria or imaging abnormali-
ties [12]. Epidemiological studies indicate that CKD is preva-
lent worldwide, affecting approximately 10–15% of the adult 
population [13, 14]. CKD is a progressive disorder, and contin-
ued decline in renal function can ultimately lead to end-stage 
kidney disease, which requires renal replacement therapy, such 
as hemodialysis, peritoneal dialysis, or kidney transplantation 
[15]. In addition to progression to dialysis dependence, CKD 
is an independent risk factor for cardiovascular disease and all-
cause mortality [16].

Proteinuria is a well-recognized indicator of renal damage 
and an established predictor of cardiovascular disease morbid-
ity and mortality, independent of GFR [17]. It represents an 
early manifestation of impaired glomerular filtration resulting 
from podocyte and glomerular dysfunction [18]. The incidence 
of proteinuria increases with age, hypertension, and diabetes 
mellitus [18]. Therefore, these populations should be screened 
for proteinuria to prevent CKD progression [12]. Although ex-
perimental studies have shown that α-Klotho deficiency pro-
motes podocyte and glomerular injury [19], the relationship 
between Klotho and proteinuria has not been fully elucidated 
in the general population.

The Klotho gene single-nucleotide polymorphism (SNP) 
rs650439 has been associated with an increased risk of vas-
cular disorders and renal dysfunction [20, 21]; however, these 
studies focused on advanced renal disease rather than the pro-
teinuria phase. Therefore, the present study aimed to investi-
gate the association between Klotho rs650439 and proteinuria 
in a general Japanese population.

Materials and Methods

This study was conducted in the health screening setting for 
community-dwelling residents. The study was approved by the 
Ethics Committee of Jichi Medical University, and conducted 
in accordance with the Declaration of Helsinki, and approved 
by the Ethics Committee of Jichi Medical University (No. 
19-023). All participants provided written informed consent. 
Clinical data from a total of 916 participants, including infor-
mation on demographics, lifestyles, laboratory indices, and 
the presence or absence of hypertension and diabetes melli-
tus, were used. Information on demographics, lifestyles, and 
medical history was obtained by questionnaire. Hypertension 
is defined as a systolic blood pressure of 140 mm Hg and/or 
a diastolic blood pressure of 90 mm Hg [22] or a history of 
hypertension and/or the prescription of antihypertensive drugs. 
Diabetes mellitus is defined as fasting blood glucose of 126 
mg/dL or random blood glucose of 200 mg/dL [23] or a his-
tory of diabetes mellitus and/or the prescription of antidiabetic 

drugs. Participants with a history of cardiovascular and/or 
cerebrovascular diseases and/or apparent renal disorders were 
excluded because of the purpose of primary prevention in this 
study.

Proteinuria was assessed using a single dipstick measure-
ment of a spot urine sample obtained at the time of the health 
screening [24]. Urinary protein was semi-quantitatively exam-
ined using a standard urine reagent strip method according to 
the manufacturer’s instructions. The results were recorded as 
negative (−), trace (±), 1+, 2+, 3+, or 4+ based on colorimetric 
changes. Proteinuria was defined as a dipstick result of 1+ or 
greater of 1+. The estimated glomerular filtration rate (eGFR) 
was calculated based on the value of serum creatinine [25].

Genotyping of the Klotho gene rs650439 SNP was per-
formed using a custom TaqMan SNP Genotyping Assay (Ther-
mo Fisher Scientific, CA, USA). Genomic DNA was extracted 
from peripheral blood samples using a standard method [26]. 
The assay was designed with allele-specific probes, and poly-
merase chain reaction (PCR) amplification was conducted on 
a StepOnePlus Real-Time PCR System (Thermo Fisher Sci-
entific) according to the manufacturer’s instructions. Allele 
calling was automatically performed using StepOne Software 
v2.3.

Data were analyzed for the rs650439 allele. The TT geno-
type is the minor genotype. The participants with the TT geno-
type were then compared with those carrying the combined 
AA + AT genotypes (recessive model) according to the pre-
vious reports [20]. Continuous variables are expressed as the 
mean ± standard deviation (SD). Comparisons among groups 
were conducted using Student’s t-test. Categorical variables 
are presented as numbers (%) and were compared using the 
χ2 test. Genotype frequency was tested for Hardy–Weinberg 
equilibrium using the χ2 test. Logistic regression analyses 
were performed to evaluate the association between rs650439 
SNP and proteinuria by calculating crude and adjusted odds 
ratios (ORs) with 95% confidence intervals (CIs). The depend-
ent variable was the presence of proteinuria. The independent 
variables as an adjusted factors for genotype were age, sex, 
eGFR, hypertension, and diabetes mellitus in model 1 and the 
variables in model 1 plus alcohol consumption, smoking, body 
mass index (BMI), and total cholesterol in model 2. Statistical 
significance was set at P < 0.05. All statistical analyses were 
performed using Python version 3.11 with the Pandas, NumPy, 
SciPy, and Statsmodels libraries.

Results

Overall, 121 (13.2%) patients carried the TT genotype of 
Klotho gene rs650439 SNP, whereas 795 (86.8%) carried the 
AA (n = 430) or AT (n = 365) genotypes. The allele distri-
bution of Klotho gene rs650439 SNP in the study population 
was in accordance with the Hardy–Weinberg equilibrium (P 
= 0.831). We observed no significant differences between the 
TT and AA + AT groups with respect to age, sex, alcohol con-
sumption, current smoking, BMI, total cholesterol levels, hy-
pertension, or diabetes mellitus (Table 1). The prevalence of 
proteinuria was significantly higher in the TT group than in 
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the AA + AT group (15.7% vs. 7.3%, P < 0.01). 18.3% (n = 
168) had an eGFR < 60 mL/min/1.73 m2, which is suggestive 
of CKD [24]. The population with such a low eGFR or higher 
serum creatinine level was higher in the TT group than in the 
AA + AT group.

In univariate analysis, the TT genotype was significantly 
associated with proteinuria (OR = 2.37, 95% CI 1.35–4.14, P 
< 0.01). This association remained significant after adjustment 
for model 1 (adjusted OR (aOR) = 2.08, 95% CI 1.15–3.77, 
P = 0.02) and model 2 (adjusted OR (aOR) = 2.07, 95% CI 
1.14–3.77, P = 0.02). In addition, eGFR (aOR = 0.98, 95% 
CI 0.96–0.99, P = 0.01), hypertension (aOR = 2.02, 95% CI 
1.16–3.50, P = 0.01), and diabetes mellitus (aOR = 3.28, 95% 

CI 1.80–5.97, P < 0.01) were independently associated with 
proteinuria (Table 2).

Discussion

The present study demonstrated a significant association be-
tween the minor TT genotype of the Klotho rs650439 SNP 
and the presence of proteinuria in a general population, and 
their association remained significant even after adjusting for 
confounders. Proteinuria is a recognized marker of early CKD 
development [27–30]. Therefore, this variant may have poten-
tial utility as a genetic marker for identifying individuals at 

Table 1.  Characteristics According to the Klotho Gene rs650439 SNP Alleles

Variable All (n = 916) AA + AT (n = 795) TT (n = 121) P-value
Age, years 63 ± 14 63 ± 14 65 ± 12 0.13
Male, n (%) 415 (45.3%) 357 (44.9%) 58 (47.9%) 0.60
Alcohol consumption, n (%) 437 (47.7%) 378 (47.5%) 59 (48.8%) 0.88
Current smoking, n (%) 327 (35.7%) 285 (35.8%) 42 (34.7%) 0.89
BMI, kg/m2 22.9 ± 3.2 22.8 ± 3.3 23.2 ± 3.1 0.59
Total cholesterol, mg/dL 205.9 ± 35.0 206.3 ± 35.0 203.7 ± 35.3 0.75
Creatinine, mg/dL 0.74 ± 0.19 0.73 ± 0.18 0.78 ± 0.23 0.04*
eGFR, mL/min/1.73 m2 74.9 ± 15.3 75.2 ± 15.0 72.5 ± 16.7 0.19
eGFR, < 60 mL/min/1.73 m2 168 (18.3%) 136 (17.1%) 32 (26.4%) 0.02*
Hypertension, n (%) 385 (42.0%) 328 (41.3%) 57 (47.1%) 0.26
Diabetes mellitus, n (%) 92 (10.0%) 79 (9.9%) 13 (10.7%) 0.91
Proteinuria, n (%) 77 (8.4%) 58 (7.3%) 19 (15.7%) < 0.01*

Values are shown as the mean ± standard deviation for continuous variables and as numbers (%) for categorical variables. Genotypes were coded 
as TT versus AA + AT. Student’s t-test was used for continuous variables, whereas the chi-square test was used for categorical variables. An asterisk 
(*) indicates statistical significance (P < 0.05). BMI: body mass index; eGFR: estimated glomerular filtration rate.

Table 2.  Univariate and Multivariate Logistic Regression Analysis of Proteinuria

Variable Crude OR (95% CI) P-value Adjusted OR (95% 
CI) of model 1 P-value Adjusted OR (95% 

CI) of model 2 P-value

Age, years 1.03 (1.01–1.05) < 0.01* 1.01 (0.99–1.03) 0.32 1.01 (0.99–1.03) 0.37
Male 2.05 (1.27–3.30) < 0.01* 1.83 (1.11–3.02) 0.02* 1.47 (0.75–2.88) 0.26
Alcohol consumption 1.27 (0.80–2.03) 0.31 - - 1.15 (0.66–2.01) 0.62
Current smoking 1.56 (0.98–2.50) 0.06 - - 1.13 (0.60–2.15) 0.71
BMI, kg/m2 1.03 (0.97–1.10) 0.30 - - 1.00 (0.93–1.08) 0.95
Total cholesterol, mg/dL 0.99 (0.98–1.00) 0.01* - - 0.99 (0.99–1.00) 0.06
eGFR, mL/min/1.73 m2 0.97 (0.96–0.99) < 0.01* 0.98 (0.96–1.00) 0.01* 0.98 (0.96–0.99) 0.01*
Hypertension 2.97 (1.81–4.85) < 0.01* 2.07 (1.21–3.55) < 0.01* 2.02 (1.16–3.50) 0.01*
Diabetes mellitus 4.39 (2.53–7.63) < 0.01* 3.29 (1.82–5.94) < 0.01* 3.28 (1.80–5.97) < 0.01*
TT genotype (vs. AA + AT) 2.37 (1.35–4.14) < 0.01* 2.08 (1.15–3.77) 0.02* 2.07 (1.14–3.77) 0.02*

Crude odds ratios (ORs) were calculated using univariate logistic regression of proteinuria with TT genotype. Adjusted ORs were calculated using 
multivariate logistic regression of proteinuria with TT genotype in model 1 (to which age, sex, eGFR, hypertension, diabetes mellitus, and genotypes 
were entered) and model 2 (to which age, sex, alcohol consumption, smoking, BMI, total cholesterol, eGFR, hypertension, diabetes mellitus, and 
genotypes were entered). Genotypes were coded as TT versus AA + AT. An asterisk (*) indicates statistical significance (P < 0.05). BMI: body mass 
index; eGFR: estimated glomerular filtration rate.
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increased risk of CKD and for guiding early preventive man-
agement strategies.

α-Klotho contributes to renal protection by suppressing po-
docyte apoptosis, inhibiting the transforming growth factor-β/
Smad signaling pathway involved in cellular differentiation, 
and reducing oxidative stress and inflammatory cytokine ex-
pression [31]. Low α-Klotho levels have been implicated in the 
early stages of renal injury, especially in high-risk populations 
[32, 33]. To date, individuals carrying the minor TT genotype 
have been reported to exhibit lower α-Klotho levels than those 
carrying AA or AT alleles [20]. These findings may imply a bi-
ological association between Klotho rs650439 and proteinuria 
in relation to α-Klotho levels, despite the present study being 
limited to only an observational genetic association.

If the association between Klotho rs650439 and pro-
teinuria is mediated by circulating soluble α-Klotho levels, 
genotype-based stratification may also have therapeutic impli-
cations. Supplementation with soluble α-Klotho has shown re-
no-protective effects in animal models, particularly in the early 
stages of renal injury [34–39]. Moreover, in a clinical study, 
treatment with sodium–glucose cotransporter 2 inhibitors or 
renin-angiotensin system blockers in patients with diabetic ne-
phropathy is associated with reduced proteinuria and increased 
circulating soluble α-Klotho levels [40]. Future studies will be 
necessary for genotype-based therapy.

Proteinuria is a predictor of cardiovascular disease mor-
tality and decline in GFR than GFR itself [41]. However, the 
pathophysiological mechanisms linking albuminuria to cardio-
vascular disease are of interest but have not been fully eluci-
dated. One potential mechanistic link is disordered phosphate 
metabolism. Elevated plasma phosphate concentrations, even 
within the upper limits of the normal range, are associated with 
an increased risk of cardiovascular events and vascular calci-
fication, independent of renal function [42, 43]. Clinically, pa-
tients with higher serum phosphate levels tend to exhibit more 
severe proteinuria, elevated circulating FGF23 concentrations, 
and reduced soluble α-Klotho levels, which may be associated 
with altered FGF23/Klotho signaling [8, 44]. Although serum 
and urinary phosphorus levels and serum FGF23 levels were 
not examined in the present study, phosphate metabolism is of 
concern in the association between the Klotho SNPs and pro-
teinuria. Further investigation of this point is required.

In addition, the TT genotype of the Klotho rs650439 has 
been reported to be associated with an increased incidence of 
stroke in hypertensive patients [20]. This may be mediated by 
the possible effect of the TT genotype on circulating soluble 
α-Klotho levels, as shown in Figure 1. In the overall views, a 
mechanistic link between proteinuria, disruption of the renal 
FGF23/Klotho axis, and disordered phosphate metabolism is 
presumable, ultimately contributing to the development of car-
diovascular disease and progressive renal dysfunction.

In the present study, hypertension and diabetes mellitus 
are respectively associated with proteinuria. Hypertension and 
diabetes mellitus have been already reported to be established 
risk factors for proteinuria [45]. The findings of the present 
study are thus consistent with this existing knowledge [45]. In 
hypertension, an elevated glomerular pressure leads to impair 
the filtration membrane, causing proteins such as albumin to 

leak into the urine [46]. In diabetes mellitus, chronic hypergly-
cemia can lead to glycation and thickening of the glomerular 
basement membrane, increasing its permeability and resulting 
in proteinuria [47].

The present study had several limitations. First, the cross-
sectional design precludes any causal inferences. Second, the 
levels of circulating α-Klotho, albumin-to-creatinine ratio, 
and/or 24-h proteinuria were not measured though these might 
provide additional knowledge to confirm the biological asso-
ciation between the TT genotype and proteinuria. Third, al-
though dipstick is a standard method for detecting proteinuria 
in health screening settings, its sensitivity/specificity is limited 
in defining precise categorization of kidney disease. Fourth, 
the severity of hypertension and diabetes mellitus was not re-
flected in the analysis as there was not sufficiently such infor-
mation. Fifth, we focused on rs650439 because the association 
with α-Klotho levels has been reported before [20], but the 
other SNPs might be examined. Future investigations are ex-
pected to confirm the results of the present study and to clarify 
the mechanisms underlying these findings.

Conclusions

In conclusion, the present study showed a significant associa-
tion between the minor TT genotype of Klotho gene rs650439 
SNP and the presence of proteinuria in a general Japanese pop-
ulation. These findings suggest that this variant may be a ge-
netic marker of proteinuria in the early stage of CKD. Further 

Figure 1. Possible mechanistical linking proteinuria, disordered phos-
phate metabolism, and cardiovascular risk. Proteinuria downregulates 
renal Klotho expression, impairing FGF23 signaling and NaPi-IIa deg-
radation in the proximal tubule. This leads to reduced urinary phosphate 
excretion, phosphate retention, and vascular toxicity, thereby linking 
albuminuria to cardiovascular risk and progressive renal dysfunction. 
Solid arrows indicate established relationships, whereas dashed ar-
rows indicate modulatory or proposed relationships. FGF23: fibroblast 
growth factor 23; NaPi-IIa: sodium-dependent phosphate cotransporter 
IIa.
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studies are required to confirm this association and to clarify 
its clinical relevance.

Acknowledgments

We appreciate the community-based cooperation of Drs. H. 
Hirose and T. Gotoh.

Financial Disclosure

This work was partly supported by the Foundation for Devel-
opment of the Community.

Conflict of Interest

MH works at Eiken Chemical Co., Ltd. The other authors de-
clare no conflict of interest.

Informed Consent

Written informed consent has been obtained from the partici-
pants.

Author Contributions

Conceptualization: MH, YI, and KK; analysis and investiga-
tion: MH; writing – original draft preparation: MH; writing 
– review and editing: YI, KK, and MK; supervision: KK and 
MK. All authors have read and agreed to the published version 
of the manuscript.

Data Availability

The data for the study are available upon reasonable reasons by 
the corresponding author with ethics committee regulations.

Abbreviations

α-Klotho: alpha-Klotho; BMI: body mass index; CI: confi-
dence interval; CKD: chronic kidney disease; eGFR: estimat-
ed glomerular filtration rate; FGF: fibroblast growth factor; 
FGFR: fibroblast growth factor receptor; GFR: glomerular 
filtration rate; NaPi-IIa: sodium-dependent phosphate cotrans-
porter IIa; OR: odds ratio; SD: standard deviation; SNP: sin-
gle-nucleotide polymorphism

References

1.	 Kuro-o M, Matsumura Y, Aizawa H, Kawaguchi H, Suga 

T, Utsugi T, Ohyama Y, et al. Mutation of the mouse 
klotho gene leads to a syndrome resembling ageing. Na-
ture. 1997;390(6655):45-51. doi pubmed

2.	 Kurosu H, Yamamoto M, Clark JD, Pastor JV, Nan-
di A, Gurnani P, McGuinness OP, et al. Suppression 
of aging in mice by the hormone Klotho. Science. 
2005;309(5742):1829-1833. doi pubmed

3.	 Yamamoto M, Clark JD, Pastor JV, Gurnani P, Nandi 
A, Kurosu H, Miyoshi M, et al. Regulation of oxidative 
stress by the anti-aging hormone klotho. J Biol Chem. 
2005;280(45):38029-38034. doi pubmed

4.	 Ikushima M, Rakugi H, Ishikawa K, Maekawa Y, 
Yamamoto K, Ohta J, Chihara Y, et al. Anti-apoptotic and 
anti-senescence effects of Klotho on vascular endothelial 
cells. Biochem Biophys Res Commun. 2006;339(3):827-
832. doi pubmed

5.	 Imura A, Iwano A, Tohyama O, Tsuji Y, Nozaki K, Hashi-
moto N, Fujimori T, et al. Secreted Klotho protein in sera 
and CSF: implication for post-translational cleavage in 
release of Klotho protein from cell membrane. FEBS 
Lett. 2004;565(1-3):143-147. doi pubmed

6.	 Baum M, Schiavi S, Dwarakanath V, Quigley R. Effect 
of fibroblast growth factor-23 on phosphate transport in 
proximal tubules. Kidney Int. 2005;68(3):1148-1153. doi 
pubmed

7.	 Olejnik A, Radajewska A, Krzywonos-Zawadzka A, Bil-
Lula I. Klotho inhibits IGF1R/PI3K/AKT signalling path-
way and protects the heart from oxidative stress during 
ischemia/reperfusion injury. Sci Rep. 2023;13(1):20312. 
doi pubmed

8.	 Hu MC, Shi M, Gillings N, Flores B, Takahashi M, Kuro 
OM, Moe OW. Recombinant alpha-Klotho may be pro-
phylactic and therapeutic for acute to chronic kidney dis-
ease progression and uremic cardiomyopathy. Kidney Int. 
2017;91(5):1104-1114. doi pubmed

9.	 Hu MC, Shi M, Cho HJ, Zhang J, Pavlenco A, Liu S, Sid-
hu S, et al. The erythropoietin receptor is a downstream 
effector of Klotho-induced cytoprotection. Kidney Int. 
2013;84(3):468-481. doi pubmed

10.	 Prud'homme GJ, Kurt M, Wang Q. Pathobiology of the 
klotho antiaging protein and therapeutic considerations. 
Front Aging. 2022;3:931331. doi pubmed

11.	 Liu S, Zhu Z, Yu K, Zhang W, Pu J, Lv Y, Tang Z, et 
al. U-shaped association between serum Klotho and 
all-cause mortality in US cardiovascular patients: a pro-
spective cohort study. Front Endocrinol (Lausanne). 
2024;15:1405665. doi pubmed

12.	 Stevens PE, Levin A, Kidney Disease: Improving Global 
Outcomes Chronic Kidney Disease Guideline Develop-
ment Work Group M. Evaluation and management of 
chronic kidney disease: synopsis of the kidney disease: 
improving global outcomes 2012 clinical practice guide-
line. Ann Intern Med. 2013;158(11):825-830. doi pubmed

13.	 Jha V, Garcia-Garcia G, Iseki K, Li Z, Naicker S, Plattner 
B, Saran R, et al. Chronic kidney disease: global dimen-
sion and perspectives. Lancet. 2013;382(9888):260-272. 
doi pubmed

14.	 Hill NR, Fatoba ST, Oke JL, Hirst JA, O'Callaghan CA, 

https://www.doi.org/10.1038/36285
http://www.ncbi.nlm.nih.gov/pubmed/9363890
https://www.doi.org/10.1126/science.1112766
http://www.ncbi.nlm.nih.gov/pubmed/16123266
https://www.doi.org/10.1074/jbc.M509039200
http://www.ncbi.nlm.nih.gov/pubmed/16186101
https://www.doi.org/10.1016/j.bbrc.2005.11.094
http://www.ncbi.nlm.nih.gov/pubmed/16325773
https://www.doi.org/10.1016/j.febslet.2004.03.090
http://www.ncbi.nlm.nih.gov/pubmed/15135068
https://www.doi.org/10.1111/j.1523-1755.2005.00506.x
http://www.ncbi.nlm.nih.gov/pubmed/16105045
http://www.ncbi.nlm.nih.gov/pubmed/16105045
https://www.doi.org/10.1038/s41598-023-47686-5
https://www.doi.org/10.1038/s41598-023-47686-5
http://www.ncbi.nlm.nih.gov/pubmed/37985893
https://www.doi.org/10.1016/j.kint.2016.10.034
http://www.ncbi.nlm.nih.gov/pubmed/28131398
https://www.doi.org/10.1038/ki.2013.149
http://www.ncbi.nlm.nih.gov/pubmed/23636173
https://www.doi.org/10.3389/fragi.2022.931331
http://www.ncbi.nlm.nih.gov/pubmed/35903083
https://www.doi.org/10.3389/fendo.2024.1405665
http://www.ncbi.nlm.nih.gov/pubmed/38948524
https://www.doi.org/10.7326/0003-4819-158-11-201306040-00007
http://www.ncbi.nlm.nih.gov/pubmed/23732715
https://www.doi.org/10.1016/S0140-6736(13)60687-X
https://www.doi.org/10.1016/S0140-6736(13)60687-X
http://www.ncbi.nlm.nih.gov/pubmed/23727169


Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   https://jocmr.elmerjournals.com726

Klotho SNP and Proteinuria J Clin Med Res. 2026;18(10):721-727

Lasserson DS, Hobbs FD. Global prevalence of chronic 
kidney disease - a systematic review and meta-analysis. 
PLoS One. 2016;11(7):e0158765. doi pubmed

15.	 Levin A, Tonelli M, Bonventre J, Coresh J, Donner JA, 
Fogo AB, Fox CS, et al. Global kidney health 2017 and 
beyond: a roadmap for closing gaps in care, research, and 
policy. Lancet. 2017;390(10105):1888-1917. doi pubmed

16.	 Sabe MA, Claggett B, Burdmann EA, Desai AS, 
Ivanovich P, Kewalramani R, Lewis EF, et al. Coronary 
artery disease is a predictor of progression to dialysis in 
patients with chronic kidney disease, type 2 diabetes mel-
litus, and anemia: an analysis of the trial to reduce car-
diovascular events with Aranesp therapy (TREAT). J Am 
Heart Assoc. 2016;5(4):e002850. doi pubmed

17.	 Currie G, Delles C. Proteinuria and its relation to cardio-
vascular disease. Int J Nephrol Renovasc Dis. 2013;7:13-
24. doi pubmed

18.	 Haider MZ, Aslam A. Proteinuria. In: StatPearls. Treas-
ure Island (FL) ineligible companies. 2023. pubmed

19.	 Bi X, Yang K, Zhang B, Zhao J. The protective role of 
klotho in CKD-associated cardiovascular disease. Kidney 
Dis (Basel). 2020;6(6):395-406. doi pubmed

20.	 Yokoyama S, Oguro R, Yamamoto K, Akasaka H, Ito N, 
Kawai T, Kusunoki H, et al. A klotho gene single nucleo-
tide polymorphism is associated with the onset of stroke 
and plasma klotho concentration. Aging (Albany NY). 
2018;11(1):104-114. doi pubmed

21.	 Ali A, Tursun H, Talat A, Abla A, Muhtar E, Zhang T, 
Mahmut M. Association Study of Klotho Gene Poly-
morphism With Calcium Oxalate Stones in The Uyghur 
Population of Xinjiang, China. Urol J. 2017;14(1):2939-
2943. pubmed

22.	 Guideline for the pharmacological treatment of hyperten-
sion in adults. WHO Guidelines Approved by the Guide-
lines Review Committee. Geneva2021.

23.	 Sapra A, Bhandari P. Diabetes. In: StatPearls. Treasure 
Island (FL) ineligible companies. 2023. pubmed

24.	 Japanese Society of Nephrology. Essential points from 
evidence-based clinical practice guideline for chronic 
kidney disease 2023. Clin Exp Nephrol. 2024;28(6):473-
495. doi pubmed

25.	 Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta 
K, Yamagata K, et al. Revised equations for estimated 
GFR from serum creatinine in Japan. Am J Kidney Dis. 
2009;53(6):982-992. doi pubmed

26.	 Eto M, Takeshima T, Harada M, Fujiwara S, Kumada M, 
Kamesaki T, et al. Association between G-protein β3 sub-
unit gene and isolated systolic blood pressure elevation 
of greater than 130 mmHg: a large-scale cross-sectional 
study in the Japanese population. World Journal of Hy-
pertension. 2017;7(2):24-31.

27.	 Hong T, Lian Z, Zhang C, Zhang W, Ye Z. Hyperten-
sion modifies the association between serum Klotho 
and chronic kidney disease in US adults with diabetes: 
a cross-sectional study of the NHANES 2007-2016. Ren 
Fail. 2025;47(1):2498089. doi pubmed

28.	 Chen D, Chen M, Qi Z, Tang Y, Wan X. Association of 
serum klotho level with albuminuria in middle-aged and 

elderly participants without diabetes mellitus: a cross-
sectional study. BMC Nephrol. 2024;25(1):455. doi pub-
med

29.	 Yu LX, Sha MY, Chen Y, Tan F, Liu X, Li S, Liu QF. 
Potential application of Klotho as a prognostic bio-
marker for patients with diabetic kidney disease: a me-
ta-analysis of clinical studies. Ther Adv Chronic Dis. 
2023;14:20406223231213246. doi pubmed

30.	 Chang K, Li Y, Qin Z, Zhang Z, Wang L, Yang Q, Su 
B. Association between serum soluble alpha-Klotho and 
urinary albumin excretion in middle-aged and older US 
adults: NHANES 2007-2016. J Clin Med. 2023;12(2). 
doi pubmed

31.	 Wang Y, Zhao J. The protective function of αKlotho in 
chronic kidney disease: evidence and therapeutic impli-
cations. Integrative Medicine in Nephrology and Androl-
ogy. 2024;11(4):e24-00021.

32.	 Bostrom MA, Hicks PJ, Lu L, Langefeld CD, Freedman 
BI, Bowden DW. Association of polymorphisms in the 
klotho gene with severity of non-diabetic ESRD in African 
Americans. Nephrol Dial Transplant. 2010;25(10):3348-
3355. doi pubmed

33.	 Pavik I, Jaeger P, Ebner L, Wagner CA, Petzold K, 
Spichtig D, Poster 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):352-359. doi pubmed

34.	 Takenaka T, Kobori H, Kurosaki Y, Ishii N, Inoue T, 
Miyazaki T, Suzuki H, et al. Klotho supplementation 
decreases blood pressure and albuminuria in mice with 
lupus nephritis. Eur J Pharmacol. 2025;988:177229. doi 
pubmed

35.	 Takenaka T, Hasan A, Marumo T, Inoue T, Miyazaki T, 
Suzuki H, Kurosaki Y, et al. Klotho supplementation re-
verses renal dysfunction and interstitial fibrosis in rem-
nant kidney. Kidney Blood Press Res. 2023;48(1):326-
337. doi pubmed

36.	 Takenaka T, Hasan A, Marumo T, Kobori H, Inoue T, 
Miyazaki T, Suzuki H, et al. Klotho supplementation at-
tenuates blood pressure and albuminuria in murine model 
of IgA nephropathy. J Hypertens. 2021;39(8):1567-1576. 
doi pubmed

37.	 Takenaka T, Kobori H, Inoue T, Miyazaki T, Suzuki H, 
Nishiyama A, Ishii N, et al. Klotho supplementation ame-
liorates blood pressure and renal function in DBA/2-pcy 
mice, a model of polycystic kidney disease. Am J Physiol 
Renal Physiol. 2020;318(3):F557-F564. doi pubmed

38.	 Takenaka T, Kobori H, Miyazaki T, Suzuki H, Nishiyama 
A, Ishii N, Yamashita M, et al. Klotho protein supple-
mentation reduces blood pressure and renal hypertrophy 
in db/db mice, a model of type 2 diabetes. Acta Physiol 
(Oxf). 2019;225(2):e13190. doi pubmed

39.	 Zhou L, Mo H, Miao J, Zhou D, Tan RJ, Hou FF, Liu 
Y. Klotho ameliorates kidney injury and fibrosis and nor-
malizes blood pressure by targeting the renin-angiotensin 
system. Am J Pathol. 2015;185(12):3211-3223. doi pub-
med

40.	 Kanbay M, Copur S, Ozbek L, Mutlu A, Cejka D, Ciceri 

https://www.doi.org/10.1371/journal.pone.0158765
http://www.ncbi.nlm.nih.gov/pubmed/27383068
https://www.doi.org/10.1016/S0140-6736(17)30788-2
http://www.ncbi.nlm.nih.gov/pubmed/28434650
https://www.doi.org/10.1161/JAHA.115.002850
http://www.ncbi.nlm.nih.gov/pubmed/27108247
https://www.doi.org/10.2147/IJNRD.S40522
http://www.ncbi.nlm.nih.gov/pubmed/24379690
http://www.ncbi.nlm.nih.gov/pubmed/33232060
https://www.doi.org/10.1159/000509369
http://www.ncbi.nlm.nih.gov/pubmed/33313060
https://www.doi.org/10.18632/aging.101728
http://www.ncbi.nlm.nih.gov/pubmed/30595559
http://www.ncbi.nlm.nih.gov/pubmed/28116736
http://www.ncbi.nlm.nih.gov/pubmed/31855345
https://www.doi.org/10.1007/s10157-024-02497-4
http://www.ncbi.nlm.nih.gov/pubmed/38713253
https://www.doi.org/10.1053/j.ajkd.2008.12.034
http://www.ncbi.nlm.nih.gov/pubmed/19339088
https://www.doi.org/10.1080/0886022X.2025.2498089
http://www.ncbi.nlm.nih.gov/pubmed/40324899
https://www.doi.org/10.1186/s12882-024-03870-x
http://www.ncbi.nlm.nih.gov/pubmed/39695385
http://www.ncbi.nlm.nih.gov/pubmed/39695385
https://www.doi.org/10.1177/20406223231213246
http://www.ncbi.nlm.nih.gov/pubmed/38058396
https://www.doi.org/10.3390/jcm12020637
https://www.doi.org/10.3390/jcm12020637
http://www.ncbi.nlm.nih.gov/pubmed/36675565
https://www.doi.org/10.1093/ndt/gfq214
http://www.ncbi.nlm.nih.gov/pubmed/20466664
https://www.doi.org/10.1093/ndt/gfs460
http://www.ncbi.nlm.nih.gov/pubmed/23129826
https://www.doi.org/10.1016/j.ejphar.2024.177229
http://www.ncbi.nlm.nih.gov/pubmed/39725133
http://www.ncbi.nlm.nih.gov/pubmed/39725133
https://www.doi.org/10.1159/000530469
http://www.ncbi.nlm.nih.gov/pubmed/37019097
https://www.doi.org/10.1097/HJH.0000000000002845
https://www.doi.org/10.1097/HJH.0000000000002845
http://www.ncbi.nlm.nih.gov/pubmed/33758157
https://www.doi.org/10.1152/ajprenal.00299.2019
http://www.ncbi.nlm.nih.gov/pubmed/31928223
https://www.doi.org/10.1111/apha.13190
http://www.ncbi.nlm.nih.gov/pubmed/30251773
https://www.doi.org/10.1016/j.ajpath.2015.08.004
http://www.ncbi.nlm.nih.gov/pubmed/26475416
http://www.ncbi.nlm.nih.gov/pubmed/26475416


Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   https://jocmr.elmerjournals.com 727

Hamasaki et al J Clin Med Res. 2026;18(10):721-727

P, Cozzolino M, et al. Klotho: a potential therapeutic tar-
get in aging and neurodegeneration beyond chronic kid-
ney disease-a comprehensive review from the ERA CKD-
MBD working group. Clin Kidney J. 2024;17(1):sfad276. 
doi pubmed

41.	 Cohen JB, Yang W, Li L, Zhang X, Zheng Z, Orlandi P, 
Bansal N, et al. Time-updated changes in estimated GFR 
and proteinuria and major adverse cardiac events: find-
ings from the chronic renal insufficiency cohort (CRIC) 
study. Am J Kidney Dis. 2022;79(1):36-44.e31. doi pub-
med

42.	 McCullough PA. Phosphate control: the next frontier 
in dialysis cardiovascular mortality. Cardiorenal Med. 
2021;11(3):123-132. doi pubmed

43.	 Cozzolino M, Ciceri P, Galassi A, Mangano M, Carugo 
S, Capelli I, Cianciolo G. The key role of phosphate on 
vascular calcification. Toxins (Basel). 2019;11(4). doi 

pubmed
44.	 Hu MC, Shiizaki K, Kuro-o M, Moe OW. Fibroblast 

growth factor 23 and Klotho: physiology and pathophysi-
ology of an endocrine network of mineral metabolism. 
Annu Rev Physiol. 2013;75:503-533. doi pubmed

45.	 Yamagata K, Ishida K, Sairenchi T, Takahashi H, Ohba 
S, Shiigai T, Narita M, et al. Risk factors for chronic kid-
ney disease in a community-based population: a 10-year 
follow-up study. Kidney Int. 2007;71(2):159-166. doi 
pubmed

46.	 Beevers G, Lip GY, O'Brien E. ABC of hyperten-
sion: the pathophysiology of hypertension. BMJ. 
2001;322(7291):912-916. doi pubmed

47.	 Tervaert TW, Mooyaart AL, Amann K, Cohen AH, Cook 
HT, Drachenberg CB, Ferrario F, et al. Pathologic clas-
sification of diabetic nephropathy. J Am Soc Nephrol. 
2010;21(4):556-563. doi pubmed

https://www.doi.org/10.1093/ckj/sfad276
https://www.doi.org/10.1093/ckj/sfad276
http://www.ncbi.nlm.nih.gov/pubmed/38213484
https://www.doi.org/10.1053/j.ajkd.2021.03.021
http://www.ncbi.nlm.nih.gov/pubmed/34052355
http://www.ncbi.nlm.nih.gov/pubmed/34052355
https://www.doi.org/10.1159/000516286
http://www.ncbi.nlm.nih.gov/pubmed/34120113
https://www.doi.org/10.3390/toxins11040213
http://www.ncbi.nlm.nih.gov/pubmed/30970562
http://www.ncbi.nlm.nih.gov/pubmed/30970562
https://www.doi.org/10.1146/annurev-physiol-030212-183727
http://www.ncbi.nlm.nih.gov/pubmed/23398153
https://www.doi.org/10.1038/sj.ki.5002017
http://www.ncbi.nlm.nih.gov/pubmed/17136030
http://www.ncbi.nlm.nih.gov/pubmed/17136030
https://www.doi.org/10.1136/bmj.322.7291.912
http://www.ncbi.nlm.nih.gov/pubmed/11302910
https://www.doi.org/10.1681/ASN.2010010010
http://www.ncbi.nlm.nih.gov/pubmed/20167701

