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Plain language summary 

The clinical significance of sKlotho in renal anemia management for patients on 
maintenance hemodialysis

Anemia is a common and serious problem associated with long-term kidney disease. 
The identification of specific methods of monitoring and treating anemia associated with 
kidney disease is important. Klotho is a protein from the kidney that may be involved in the 
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Abstract
Background: Klotho is a kidney-derived protein that is involved in various kidney diseases. The 
role of serum soluble Klotho (sKlotho) in the anemia of patients undergoing hemodialysis has 
not been well characterized.
Objective: We aimed to characterize the relationship between sKlotho and hemoglobin (Hb) 
levels in this group of patients.
Design: A single-center cross-sectional study of 208 patients undergoing maintenance 
hemodialysis (MHD) and 50 healthy controls was performed between June 1 and 31, 2023.
Methods: Demographic information and biomedical parameters, such as age, body mass 
index, medication use, and their Hb, albumin, interleukin-6, and sKlotho concentrations, were 
obtained. Patients undergoing MHD were allocated to a group that achieved the Hb target 
(⩾110 g/L) and a group that did not (<110 g/L). Correlation analysis and multivariate logistic 
and linear regression analyses were performed to evaluate the relationship of sKlotho with Hb 
concentration.
Results: Participants undergoing MHD had lower Hb and sKlotho concentrations than 
controls. Those who had not achieved the target Hb level were given fewer erythropoiesis-
stimulating agents and had lower sKlotho and albumin concentrations, but higher 
interleukin-6 concentrations, than those who had achieved the Hb target. The sKlotho 
concentration positively correlated with the Hb concentration and was inversely associated 
with the incidence of a lack of achievement of the target Hb level. Multivariate logistic 
regression models revealed that there was a close association between sKlotho and a lack 
of achievement of the target Hb level after adjustment for potential confounders (odds 
ratio: 0.335, 95% confidence interval: 0.142–0.791, p = 0.013). This relationship was closer on 
multivariate linear regression analysis when sKlotho was included as a continuous variable.
Conclusion: The circulating sKlotho concentration is very low, but deficiency of this protein is 
independently associated with a high risk of anemia in patients undergoing MHD. Therefore, 
the routine monitoring of sKlotho concentration might be useful in the management of renal 
anemia in such patients.
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development of anemia. However, there have been few studies regarding the relationship 
of sKlotho with anemia in patients with such kidney disease, and especially those 
undergoing blood filtration (hemodialysis). We aimed to characterize the relationship 
between sKlotho and anemia in this group of patients. We studied 208 patients undergoing 
hemodialysis and 50 healthy people. The average hemoglobin (Hb) concentration was 
22.9% lower and the average sKlotho concentration was 33.4% lower in the patients 
undergoing hemodialysis than in the healthy people. Furthermore, the Hb concentration 
was 23.3% lower and the sKlotho concentration was 15.7% lower in the participants with 
a Hb concentration <110 g/L than in those with a higher concentration. In addition, the 
Hb and sKlotho concentrations were closely related, and there was a close relationship 
between sKlotho and anemia. This suggests that the routine measurement of blood 
sKlotho concentration might help doctors treat anemia in patients with long-term kidney 
disease.
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Introduction
Anemia is a common and critical complication of 
chronic kidney disease (CKD) and its incidence 
increases as CKD progresses,1 such that it affects 
almost all patients with advanced CKD and those 
who are undergoing dialysis.1,2 The presence and 
severity of anemia have significant effects on clinical 
outcomes, including the progression of CKD,3 car-
diovascular events,4 and all-cause mortality.5 
Therefore, a deeper understanding of the mecha-
nism underlying renal anemia is crucial to facilitate 
the management of anemia and the screening for 
potential therapeutic targets. It has been demon-
strated that multiple factors are implicated in renal 
anemia, including absolute or relative deficiency of 
erythropoietin (EPO), iron status, hematopoietic 
raw materials, inflammation, and oxidative stress.6,7 
Emerging evidence suggests that abnormal Klotho 
expression is also associated with the development of 
renal anemia, and this molecule has been proposed 
to be a novel player in patients with anemia.8,9

Klotho was first identified as a longevity protein 
in 199710 and encodes three products: α-Klotho, 
β-Klotho, and γ-Klotho.11 β-Klotho is a trans-
membrane protein that is primarily expressed in 
the kidney,12 is an obligate subunit of fibroblast 
growth factor 23 (FGF-23), and promotes phos-
phate excretion together with FGF-23.13 Soluble 
Klotho (sKlotho) is obtained by cleavage of the 
membrane form of α-Klotho and has endocrine 

effects on multiple organs.14 It has been well doc-
umented that the sKlotho concentration gradu-
ally decreases with the progression of CKD15–17 
and is associated with poor kidney outcomes.16,18,19 
As a result of this, sKlotho has been proposed to 
be useful for the diagnosis of CKD and the prog-
nostic assessment of patients.20

Klotho deficiency and anemia are characteristic 
features of CKD, and Klotho knockdown in mice 
results in abnormalities in hematopoiesis, sug-
gesting that Klotho plays a role in the develop-
ment of hematopoiesis and anemia.21 Several 
recent studies have investigated the relationship 
between sKlotho and anemia in patients with 
CKD, but have yielded inconsistent results.22–24 
Thus, the role of sKlotho in the anemia associ-
ated with CKD is uncertain. Therefore, in the 
present study, we aimed to characterize the rela-
tionship of sKlotho concentration with the hemo-
globin (Hb) concentrations of patients undergoing 
maintenance hemodialysis (MHD).

Methodology

Study sample
The study was approved by the Medical Ethics 
Committee of the Affiliated Kunshan Hospital of 
Jiangsu University (approval number: 2023-03-
018-K01) and was conducted in accordance with 
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the principles of the Declaration of Helsinki. 
Informed written consent was obtained  
from the participants. The study is reported 
according to the Reporting of Observational 
Studies in Epidemiology (STROBE) statement 
(Supplemental Material).25 A single-center 
study was performed at the Blood Purification 
Center of Kunshan First People’s Hospital. A 
total of 208 patients who were undergoing 
MHD were enrolled after 249 individuals were 
screened between June 1 and 31, 2023. A total 
of 50 healthy volunteers were also recruited as 
controls. Participants aged >18 years who had 
been undergoing dialysis for >3 months were 
initially regarded as eligible. Participants who 
had hematologic disorders, active malignancy, 
hemorrhage, or acute inflammation; those who 
had undergone major surgical procedures or 
blood transfusions; and those who died within 
3 months were excluded.

Study design
We performed an observational, case–control 
study. During enrollment, demographic and clini-
cal information, including age, sex, body mass 
index (BMI), medication history, duration of dial-
ysis, dry mass, and comorbidities, was collected. 
The use of medication for the treatment of renal 
anemia, including EPO, erythropoiesis-stimulat-
ing agents (ESAs), and iron supplements, was also 
recorded. Owing to China’s reimbursement poli-
cies and for economic reasons, renal anemia was 
treated using ESAs in the vast majority of the 
patient samples. The concentrations of circulating 
substances, including Hb, glucose, albumin (Alb), 
urea nitrogen, creatinine (Cr), calcium (Ca), 
phosphorus (P), intact parathormone (iPTH), fer-
ritin, and interleukin-6 (IL-6), were measured 
using standard laboratory techniques, and the 
urea clearance index (Kt/V) was calculated. 
sKlotho concentrations were measured using a 
commercial human sKlotho ELISA kit (Immuno-
Biological Laboratories, Gunma, Japan), accord-
ing to the manufacturer’s instructions. Venous 
blood samples were collected after 12 h of fasting 
and prior to dialysis. All the participants were 
administered ESAs, iron supplements, or other 
agents regularly on the basis of their Hb concen-
trations, and ferritin. Demographic information 
was initially collected, and biochemical datasets, 
including for the sKlotho concentration, were 
compared between the participants undergoing 

MHD and the control participants. Those under-
going MHD were then allocated to two groups on 
the basis of their Hb concentrations: those who 
achieved an Hb concentration of ⩾110 g/L and 
those who did not. The sKlotho concentrations 
and other parameters were subsequently meas-
ured and compared between these two groups.

Statistical analysis
The baseline characteristics of the participants are 
presented as descriptive statistics. Categorical 
data are expressed as frequencies and percentages, 
and comparisons were made using the Chi-square 
test. Continuous datasets are summarized accord-
ing to whether or not they were normally distrib-
uted: normally distributed data are presented as 
mean ± standard deviation (SD) and were com-
pared using Student’s t-test, and non-normally 
distributed data are presented as median (inter-
quartile range) and were compared using the 
Mann–Whitney U-test. Non-normally distributed 
data were ln-transformed for subsequent correla-
tion analysis. Spearman or Pearson correlation 
testing was employed to evaluate the relationships 
between sKlotho concentration, other parameters, 
and Hb concentration. In addition, multivariate 
logistic regression and linear regression models 
were used to evaluate the relationship between the 
sKlotho and Hb concentrations. Statistical analy-
ses were performed using SPSS v.23.0 (IBM, Inc., 
Armonk, NY, USA), with p < 0.05 being consid-
ered to indicate statistical significance.

Results

Characteristics of the participants
A total of 208 participants undergoing MHD 
and 50 healthy controls, who were matched for 
age and sex, were considered to be eligible and 
enrolled in the study. The two groups contained 
participants with comparable age, sex distribu-
tion, and BMI. Compared with the controls, 
the participants undergoing MHD had lower 
Hb, Alb, and sKlotho concentrations, and 
higher urea, Cr, and IL-6 concentrations. 
Specifically, the mean Hb concentration was 
22.9% lower and the mean sKlotho concentra-
tion was 33.4% lower in the MHD group. A 
flowchart of the study is shown in Figure 1 and 
the characteristics of the participants are pre-
sented in Table 1.
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Figure 1.  Flow chart of participant recruitment and exclusion.

Table 1.  Comparison of the biochemical data between the control and MHD groups at baseline.

Variables Control group (50) MHD group (208) p Value

Ages 57.3 ± 18.5 59.3 ± 11.1 0.417

Male (%) 27 (54) 118 (56.7) 0.727

BMI (kg/m2) 22.5 ± 2.0 21.6 ± 3.0 0.06

Alb (g/L) 42.7 ± 3.7 37.1 ± 2.8 <0.001

SCr (µmol/L) 68.9 ± 13.8 1100.1 ± 254.7 <0.001

Bun (mmol/L) 4.67 ± 1.39 27.6 ± 6.09 <0.001

Hb (g/L) 137.2 ± 19.9 105.8 ± 17.8 <0.001

IL-6 (pg/mL) 4.36 (2.88, 6.93) 7.37 (4.99, 9.70) <0.001

Klotho (pg/mL) 361.1 (285.3, 554.4) 240.3 (178.0, 293.0) <0.001

Data are presented as mean ± SD for normally distributed data and median (25th, 75th percentile) for non-normally-
distributed data.
Alb, albumin; BMI, body mass index; Bun, blood urea nitrogen; Ca, calcium; Cr, creatine; Hb, hemoglobin; IL-6, 
interleukin-6; MHD, maintenance hemodialysis; P, phosphorus.
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Comparison of the participants who did or  
did not achieve the target Hb concentration
Of the 208 participants undergoing MHD, 60.1% 
had not achieved the target Hb concentration, 
according to the definition stated above. Those 
with a low Hb concentration had significantly 
lower Alb, Ca, P, and sKlotho concentrations and 
calcium–phosphorus product (Ca × P), were less 
likely to be male, were less likely to be administer-
ing an ESA, and had a higher IL-6 concentration. 
Specifically, the Hb concentration was 23.3% 
lower and the sKlotho concentration was 15.7% 
lower in the participants who had not achieved 
the Hb target than in those who had. There were 
no significant differences in the age, BMI, dura-
tion of dialysis, iPTH or ferritin concentration, 
Kt/V, or the prevalence of comorbidities, such as 
hypertension and diabetes, between the groups 
(Table 2).

Correlations of clinical indices with  
the Hb concentration
Correlation analysis revealed positive associations 
of the Hb concentration with the male sex, ESA 
use, Alb concentration, Ca × P, and the Ln 
sKlotho concentration (Figure 2 and Table 3); 
and a significant negative association with the Ln 
IL-6 concentration (Figure 3 and Table 3). There 
were no associations of age, BMI, diabetes, hyper-
tension, duration of dialysis, dry mass, Kt/V, Ln 
iPTH, Ln ferritin, or P with the Hb concentration 
(Table 3).

The relationship between the sKlotho  
and Hb concentrations, characterized  
using regression analysis
The participants undergoing MHD were allo-
cated to groups on the basis of whether their Hb 
concentrations were ⩾110 or <110 g/L (those 
who had achieved the target concentration and 
those who had not, respectively). Univariate 
logistic regression analysis revealed that the sex 
distribution, the use of ESA, Alb concentration, 
Ln IL-6 concentration, Ca × P, and Ln sKlotho 
concentration were associated with a lack of 
achievement of the target Hb concentration when 
Hb was used as a categorical variable, as shown in 
Table 4. On multivariate analysis, Ln sKlotho 
concentration was found to be independently 
associated with a lack of achievement of the target 
Hb concentration (odds ratio (OR): 0.343, 95% 

confidence interval (CI): 0.146–0.804, p = 0.014) 
in Model 1, after adjustment for sex distribution, 
ESA use, Alb concentration, and Ca × P. This 
close association was also demonstrated in Model 
2 (OR: 0.335, 95% CI: 0.142–0.791, p = 0.013) 
after adjustment for other potential confounding 
factors (the variables adjusted for in Model 1, 
plus age and Kt/V), as shown in Table 5. 
Moreover, these relationships were also identified 
using multivariate linear regression (standardized 
b coefficient: 0.155, 95% CI: 1.450–13.348, 
p = 0.015), with Hb as a continuous variable 
(Table 6).

Discussion
In the present study, we have evaluated the rela-
tionship between the serum sKlotho concentra-
tion and Hb in patients undergoing MHD. We 
have shown that the sKlotho concentration is very 
low in such patients, and moreover, that there is 
an inverse association between the two, irrespec-
tive of whether Hb is regarded as a categorical or 
continuous variable, and after adjustment for a 
number of potential confounders. Thus, a low 
sKlotho concentration is independently associ-
ated with a higher risk of not achieving the target 
Hb concentration in patients undergoing MHD, 
even when low ESA usage is accounted for.

Anemia is a frequent complication of CKD, and 
the prevalence of anemia is extremely high in 
patients with advanced CKD, whether or not they 
are undergoing dialysis.26–28 Numerous clinical 
studies have demonstrated that anemia is associ-
ated with adverse renal and nonrenal outcomes, 
such as a rapid decline in kidney function, a high 
risk of hospitalization, poor quality of life, and car-
diovascular events.4,29 Therefore, maintaining or 
increasing the Hb concentration to the target 
(110–130 g/L) is an important component of the 
management of renal anemia. Conventionally, 
oral or intravenous iron, EPO, and ESAs are used 
to increase the Hb concentration as part of the 
standard treatment for renal anemia.30 In recent 
years, hypoxia-inducible factor prolyl hydroxylase 
inhibitors have been approved for the treatment of 
renal anemia, owing to their ability to promote 
EPO production, inhibit inflammation, reduce 
oxidative stress, and regulate iron metabolism, 
leading to some amelioration of renal anemia.31–33 
Despite the optimization of these strategies, the 
prevalence of anemia remains high and many 
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Table 2.  Comparison of biochemical and demographic data for patients with and without anemia.

Variables Unachieved Hb (125) Achieved Hb (83) p

Age (year) 59.9 ± 11.2 58.8 ± 10.8 0.465

Male (%) 62 (49.6) 56 (67.5) 0.011

BMI (kg/m2) 21.5 ± 3.2 21.7 ± 2.6 0.889

Dialysis vintages (months) 143.8 ± 99.0 140.6 ± 85.0 0.989

Hypertension (%) 104 (83.2) 63 (75.9) 0.195

Diabetes (%) 38 (30.4) 19 (22.9) 0.234

ESA use (%) 96 (76.8) 74 (89.2) 0.024

HIF-PHI use (%) 15 (12.0) 8 (9.6) 0.595

Bun (mmol/L) 27.3 ± 6.7 28.2 ± 5.1 0.273

SCr (µmol/L) 1059.2 ± 245.1 1161.7 ± 258.1 0.005

Alb (g/L) 36.7 ± 3.0 37.8 ± 2.3 0.002

Ca (mmol/L) 2.31 ± 0.22 2.37 ± 0.23 0.059

P (mmol/L) 2.08 ± 0.59 2.24 ± 0.61 0.073

Ca × P (mg2/dL2) 60.0 ± 18.3 66.1 ± 19.8 0.024

iPTH (pmol/L) 34.6(18.5, 59.9) 30.4 (16.4, 64.4) 0.203

Ferritin (µg/L) 76.6(74.2, 282.1) 81.8(33.7, 290.0) 0.887

Kt/V (per week) 1.48 ± 0.33 1.42 ± 0.30 0.170

HGB (g/L) 94.4 ± 10.4 123.0 ± 12.0 <0.001

IL-6 (pg/mL) 8.04 (5.48, 10.25) 6.75 (4.46, 9.26) 0.031

Klotho (pg/mL) 225.2(174.2, 282.1) 267.1 (195.4, 337.7) 0.001

Data are presented as mean ± SD for normally distributed data and median (25th, 75th percentile) for non-normally 
distributed data.
Alb, albumin; BMI, body mass index; Bun, blood urea nitrogen; Ca, calcium; Cr, creatine; ESA, erythropoiesis-stimulating 
agents; Hb, hemoglobin; HIF-PHI, hypoxia-inducible factor prolyl hydroxylase inhibitor; IL-6, interleukin-6; iPTH, intact 
parathyroid hormone; Kt/V, urea clearance index; MHD, maintenance hemodialysis; P, phosphorus.

patients with CKD fail to achieve their Hb goal for 
various reasons.27,34 This presents a considerable 
challenge in the treatment of renal anemia and 
reflects the complexity of the etiology and patho-
genesis of renal anemia.6 Therefore, it is impor-
tant to identify novel targets for the management 
or treatment of renal anemia. In addition to the 
well-characterized etiologic factors, including iron 
deficiency, low EPO production, malnutrition, 

inflammation, and high hepcidin concentration,6 
recent studies have shown that other factors may 
also contribute to renal anemia.34–36 In particular, 
Klotho is increasingly considered to be involved in 
the etiology of renal anemia.9,23

Growing evidence is demonstrating that sKlotho 
is not only a biomarker but also involved in the 
progression of CKD and the development of 
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related complications. Although sKlotho was first 
identified more than two decades ago, the effect 
of this protein on erythropoiesis is not fully under-
stood. A recent study of 13,357 middle-aged and 
older adults with normal kidney function that 
evaluated the relationship between sKlotho and 
anemia showed that the incidence of anemia 
decreased by 10.9% for each 100-pg/mL increase 
in its concentration and that this relationship was 
not affected by kidney function.23 In this study, 
the authors provided solid evidence regarding the 
association of sKlotho with anemia in the general 
population. sKlotho deficiency and anemia are 
common features of CKD, and the correction of 
anemia is followed by the restoration of sKlotho 
concentrations,24 indicating that there might be a 
relationship between sKlotho and anemia in 
patients with CKD.

Milovanov et al.37 previously investigated the risk 
factors for anemia in 79 patients with CKD stages 
I or II, and found that patients with anemia had 
lower sKlotho concentrations and that changes in 
sKlotho paralleled the changes in Hb concentra-
tion. Thus, a low sKlotho concentration was 
hypothesized to be a risk factor for, or a marker of, 
renal anemia in early CKD.37 The same authors 
subsequently performed a 1-year longitudinal 
study to evaluate the relationship between the 2 in 
64 patients with CKD stages 3B–4 and found that 

when anemia is ameliorated by EPO treatment, 
there is a marked increase in sKlotho concentra-
tion.24 Another recent study of 100 healthy indi-
viduals and 239 patients with CKD that was 
performed to characterize the relationship between 
changes in sKlotho concentration and anemia8 
showed that a low sKlotho concentration is associ-
ated with the severity of renal anemia using multi-
variate models and after adjustment for potential 
confounders. Importantly, the amelioration of 
anemia through the treatment of bone metabolic 
disorders has been shown to be associated with an 
increase in sKlotho concentration.8 These find-
ings show that the sKlotho concentration is asso-
ciated with the incidence and severity of anemia in 
patients with CKD. Therefore, sKlotho is a risk 
factor for, and represents a candidate biomarker 
for use in the diagnosis and monitoring of, renal 
anemia.

Despite these findings, studies of the association 
of sKlotho with anemia in patients with CKD 
who are undergoing MHD have yielded conflict-
ing results. Yu et al.38 previously conducted a 
cross-sectional study of 330 patients undergoing 
MHD to interrogate a possible link between 
sKlotho and atherosclerosis. They found positive 
correlations of sKlotho concentration with Hb, 
Ca × P, and the quantity of carotid atheroscle-
rotic plaque. However, another recent 1-year 

Figure 2.  Correlation of the Hb and sKlotho concentrations.
Hb, hemoglobin; sKlotho, soluble Klotho.
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longitudinal study of 91 patients undergoing 
MHD that was performed by Topal and Guney 
failed to confirm this association. They found that 
the sKlotho concentration did not correlate with 
the mean Hb concentration or the rate of change 
of Hb on multivariate linear regression analysis.22 
The lack of consistency in these findings has left 
uncertainty regarding the relationship between 
sKlotho and anemia in patients undergoing 
MHD, and therefore further studies are neces-
sary. In the present study, we evaluated the rela-
tionship between sKlotho and Hb concentration 
in such patients. We found that the sKlotho con-
centration was 33.5% lower in patients undergo-
ing MHD than in controls, and it was also a 
further 15.7% lower in those who had not 
achieved the Hb target than in those who had. 
This significant relationship of sKlotho with Hb 

was identified using both univariate and multi-
variate regression analysis. This implies that 
sKlotho may be a useful biomarker to assist with 
the management of renal anemia in patients 
undergoing MHD. For instance, measurement of 
the sKlotho concentration could help to identify 
patients undergoing MHD who are at risk of ane-
mia and those who may benefit from specific 
treatments. Moreover, tracking the trend in 
sKlotho concentration over time could help assess 
the effectiveness of ongoing treatment strategies 
for renal anemia.

The mechanism underlying these associations 
may be multifaceted. First, Klotho has a direct 
effect on EPO production. Klotho ablation in 
mice results in increases in Hb concentration and 
red blood cell count, and these effects partially 

Table 3.  Correlations of Hb with clinical and biochemical parameters.

Parameters Pearson relation Spearman relation

Coefficient (r) p Value Coefficient (r) p Value

Age (years) −0.104 0.135 −0.084 0.229

Gender (male/female) 0.253 <0.001 0.243 <0.001

BMI (kg/m2) 0.015 0.832 −0.009 0.893

Diabetes (yes/no) −0.100 0.151 −0.096 0.170

Hypertension (yes/no) −0.020 0.775 −0.003 0.968

ESA use (yes/no) 0.163 0.019 0.174 0.012

Dialysis vintages (months) 0.104 0.134 0.131 0.060

Dry weight (kg) 0.078 0.264 0.059 0.394

Kt/V −0.049 0.489 −0.071 0.313

Alb (g/L) 0.314 <0.001 0.305 <0.001

Ln IL-6 (pg/mL) −0.163 0.019 −0.180 0.009

Ln iPTH (pmol/L) 0.037 0.596 0.045 0.515

Ln Ferritin (µg/L) −0.022 0.750 −0.026 0.704

Ca (mmol/L) 0.131 0.059 0.156 0.024

P (mmol/L) 0.164 0.018 0.133 0.056

Ca × P (mg2/dL2) 0.194 0.005 0.172 0.013

Ln Klotho (pg/mL) 0.232 0.001 0.232 0.001

Alb, albumin; BMI, body mass index; Ca, calcium; ESA, erythropoiesis-stimulating agents; Hb, hemoglobin; IL-6, 
interleukin-6; iPTH, intact parathyroid hormone; Kt/V, urea clearance index; P, phosphorus.
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Figure 3.  Correlation of the Hb and IL-6 concentrations.
Hb, hemoglobin; IL-6, interleukin-6.

depend on an increase in EPO synthesis, second-
ary to the activation of hypoxia-inducible fac-
tors.21 Intriguingly, EPO has also been reported 
to prevent a decrease in Klotho concentration by 
inhibiting nuclear factor-kB production in the 
presence of uremia.39 This may imply that a high 
Klotho concentration is a compensatory response 
that aims to ameliorate the effects of renal ane-
mia, suggesting that a negative feedback mecha-
nism may be responsible for the interaction 
between Klotho and EPO.9 Second, iron defi-
ciency is a common cause of renal anemia in 
patients with CKD, and Klotho appears to play a 
role in iron metabolism. Iron-dextran administra-
tion reduces renal Klotho expression, and iron 
chelation attenuates the reduction in Klotho that 
is induced by angiotensin II in the kidney.40 
Consistent with this, a clinical study of 70 patients 
at various stages of CKD revealed close correla-
tions of sKlotho with ferritin and the transferrin 
saturation percentage.41 These findings suggest 
that Klotho may have an effect on iron metabo-
lism. However, we did not identify this relation-
ship in the present study, at least in part because 
of the low ferritin concentrations and low doses of 
iron administered.

CKD is recognized to be an inflammatory condi-
tion,42,43 and the development of anemia is associ-
ated with an enhancement of the inflammatory 
response.44,45 In addition, Klotho has previously 

been shown to have an inhibitory effect on inflam-
mation.46 Consistent with this, we found that the 
circulating concentration of the proinflammatory 
cytokine IL-6 was high and inversely correlated 
with the Hb and sKlotho concentrations in 
patients with anemia. The sKlotho-induced ame-
lioration of inflammation may also be associated 
with an amelioration of renal anemia.9 Finally, 
Klotho also modulates oxidative stress, energy 
metabolism, and sex hormone concentra-
tions,47–49 and therefore it may also have an indi-
rect effect on anemia through these mechanisms. 
However, the evaluation of these possible mecha-
nisms was beyond the scope of the present study. 
Taking these findings together, the role of Klotho 
in anemia is complex and has not been well char-
acterized in the few studies conducted to date. 
Therefore, the exact mechanisms involved require 
further study.

The present study had several limitations that 
should be addressed. First, we acknowledge the 
difficulty in clarifying the causal relationships of 
EPO and Hb with sKlotho, or vice versa, owing 
to the limited number of studies that have been 
performed. For example, one previous study 
showed that Klotho ablation contributes to EPO 
production,21 but consistent findings were not 
obtained in a more recent study.50 Although an 
amelioration of anemia is accompanied by a res-
toration of sKlotho concentration, a low sKlotho 
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concentration in patients with CKD may be 
ascribed to the influences of factors other than 
Hb.51 Furthermore, the effects of sKlotho on 
EPO or Hb could be affected by the presence of 
other regulators.51 This may be a possible expla-
nation for the lack of consistency in previous find-
ings.21,50 In fact, there may be a complex 
interaction between Klotho and EPO that requires 
further exploration in future research. Second, 
the study was cross-sectional in nature and longi-
tudinal changes in the sKlotho and Hb concen-
trations were not assessed. Therefore, causal 
relationships between the variables of interest 
cannot be inferred. Third, it was a single-center 
study for which a sample size was not calculated a 
priori, which weakens its external validity. Finally, 

other metabolic parameters, such as FGF-23, 
active vitamin D, and indicators of redox status, 
were not measured, and therefore effects of these 
potential confounders on the relationship between 
sKlotho and anemia could not be excluded.

Conclusion
Taken together, the present findings indicate that 
a low sKlotho concentration is associated with a 
higher risk of not achieving an appropriate Hb 
concentration in patients undergoing MHD, even 
after adjustment for low ESA usage. This may 
imply that sKlotho may represent a useful bio-
marker for renal anemia, and the routine moni-
toring of its concentration may provide useful 

Table 4.  Results of the univariate logistic regression analysis to identify factors associated with the incidence 
of a lack of achievement of the target Hb concentration.

Parameters OR(95% CI) p Value

Sex (male/female) 0.474 (0.266–0.846) 0.011

Age (years) 1.009 (0.984–1.035) 0.463

Duration of dialysis (months) 1.000 (0.997–1.003) 0.989

Hypertension (yes/no) 1.005 (0.479–2.109) 0.990

Diabetes (yes/no) 1.471 (0.777–2.786) 0.236

ESA use (yes/no) 0.403 (0.180–0.902) 0.027

BMI 0.993 (0.903–1.092) 0.888

Dry weight 0.994 (0.970–1.019) 0.627

Kt/V 1.877 (0.730–4.830) 0.192

Alb (g/L) 0.853 (0.764–0.952) 0.004

Ca (mmol/L) 0.296 (0.082–1.066) 0.063

P (mmol/L) 0.649 (0.404–1.043) 0.074

Ln IL-6 2.004 (1.103–3.643) 0.023

Ln iPTH 0.991 (0.740–1.327) 0.952

Ln Ferritin 0.985 (0.814–1.192) 0.878

Ca × P (mg2/dL2) 0.983 (0.968–0.998) 0.025

Ln sKlotho 0.306 (0.135–0.694) 0.005

BMI, body mass index; Ca, calcium; CI, confidence interval; ESA, erythropoiesis-stimulating agents; Hb, hemoglobin; iPTH, 
intact parathyroid hormone; Kt/V, urea clearance index; OR, odds ratio; P, phosphorus; sKlotho, soluble Klotho.
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Table 6.  Results of the multivariable linear regression analysis to identify factors associated with the Hb 
concentration.

Parameters Standardized coefficient 95% CI p Value

Sex (male/female) 0.290 5.335–15.564 <0.001

Age (years) 0.032 −0.158 to −0.0262 0.627

Kt/V 0.077 −3.798 to 12.788 0.286

Alb (g/L) 0.227 0.610–2.299 0.001

ESA use 0.156 1.443–12.863 0.014

Ca × P (mg2/dL2) 0.144 0.183–3.194 0.028

Ln IL-6 −0.122 −9.247 to 0.163 0.058

Ln sKlotho 0.155 1.450–13.348 0.015

The model was adjusted for sex, age, Kt/V, Alb, ESA use, Ca × P, Ln IL-6, and Ln sKlotho.
Alb, albumin; Ca, calcium; CI, confidence interval; ESA, erythropoiesis-stimulating agents; Hb, hemoglobin; IL-6, 
interleukin-6; Kt/V, urea clearance index; P, phosphorus; sKlotho, soluble Klotho.

Table 5.  Results of the multivariable logistic regression analysis to identify factors associated with the 
incidence of a lack of achievement of the target Hb concentration.

Parameters Model 1 Model 2

OR(95% CI) p Value OR(95% CI) p Value

Sex (male/female) 2.288 (1.229–4.262) 0.009 2.258 (1.100–4.634) 0.026

Age (year) / / 0.991 (0.961–1.021) 0.541

ESA use 0.372 (0.157–0.884) 0.025 0.358 (0.150–0.853) 0.020

Alb (g/L) 0.903 (0.803–1.017) 0.092 0.896 (0.793–1.012) 0.077

Ln IL-6 2.042 (1.055–3.954) 0.034 2.074 (1.060–4.056) 0.033

Ca × P (mg2/dL2) 0.849 (0.692–1.041) 0.116 0.841 (0.682–1.037) 0.105

Kt/V / / 1.130 (0.356–3.583) 0.836

Ln sKlotho 0.343 (0.146–0.804) 0.014 0.335 (0.142–0.791) 0.013

Model 1 was adjusted for sex, ESA use, Alb, Ca × P, Ln IL-6, and Ln sKlotho; Model 2 was adjusted for the parameters in 
Model 1 + age and Kt/V.
Alb, albumin; Ca, calcium; CI, confidence interval; ESA, erythropoiesis-stimulating agents; Hb, hemoglobin; IL-6, 
interleukin-6; Kt/V, urea clearance index; OR, odds ratio; P, phosphorus; sKlotho, soluble Klotho.

information regarding renal anemia in patients 
with MHD. Owing to the limitations of the pre-
sent study, the complex relationship between 
sKlotho and Hb should be further characterized 
in future studies.
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