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Abstract 

Background: Vascular calcification (VC) is suggested to be associated with serum klotho levels in patients with main-
tenance hemodialysis (MHD), whereas there is a lack of reports on the associations of VC status in whole arteries with 
serum klotho contents.

Methods: One hundred forty eligible patients with MHD and a total of age-and gender-matched normal controls 
(NCs) were recruited. We analyzed the VC statuses of large arteries and peripheral muscular arteries by calculating the 
sum of scores from each artery. The levels of serum klotho were determined by ELISA. In addition, the relationship 
between serum klotho and VC status was evaluated using correlation analysis and regression analysis.

Results: The VC severity in MHD patients tended to be worse in comparison with NCs. Serum klotho level in patients 
with MHD was lower than that in the NC subjects ( P < 0.0001), which was correlated with VC scores as reflected by 
correlation analysis and regression analysis. Serum klotho concentrations exhibited a dynamic decline along with 
increased VC status stages. Subjects with higher levels of serum klotho had a higher prevalence of cardiovascular 
events.

Conclusion: Our study indicates serum klotho is strongly associated with VC status in a stage-dependent manner.
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Introduction
Cardiovascular disease (CVD) is the leading cause of 
mortality in patients with maintenance hemodialysis 
(MHD) [1]. Vascular calcification (VC) is an important 
pathology in CVD and is recognized as the predictor of 
CVD incidence and mortality [2]. VC is a multifactor-
mediated, progressive and complicated process, remain-
ing a challenge to elucidate the underlying mechanisms. 
Monitoring the process of VC represents the potential of 

intervening the VC-associated CVD, especially for MHD 
patients. Currently, the diagnosis of VC in large arteries, 
such as the abdominal aorta, by imaging examination 
reaches a high precision [3]. However, imaging examina-
tions are not sufficient to uncover VC in the small artery. 
Thus, screening reliable biomarkers that predict VC in 
extensive arteries is highly imperative.

Klotho is identified as an anti-aging agent, which might 
act as a protective role in the development of VC [4]. The 
loss-off function of the klotho gene contributes to pre-
mature syndrome in mice, including VC, infertility, arte-
riosclerosis, and skin atrophy [5]. In addition, an extrinsic 
supplement of soluble klotho mitigates VC in vivo [3] and 
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in vitro [6]. Importantly, serum klotho levels are related 
to the risk of severe abdominal aortic calcification and 
can be treated as a predictor of aortic calcification in the 
abdominal artery [7]. However, these studies only focus 
on the role of serum klotho in the VC of large arteries. 
Still, the comprehensive associations of serum klotho lev-
els with VC status of the whole body as well as predictive 
values are not well documented. In addition, the changes 
in serum klotho levels at different stages of VC are poorly 
understood.

Given the possibility of klotho in predicting VC in large 
vessels, the objective of the present study is to investigate 
the relationship between VC status of the whole body 
and serum klotho levels in MHD patients with different 
stages of VC.

Methods and materials
Subjects and data acquisition
140 MHD patients as well as an equal number of normal 
controls (NCs) were consecutively recruited from our 
hospital. MHD patients were included if they meet the 
following criteria: (1) having dialysis already for 4 months 
with a routine dialysis schedule; (2) absence of serious 
infections or autoimmune diseases; (3) free from can-
cers. Conversely, patients were not eligible if they have 
at least one following criteria: malignancy, infection, and 
impaired liver function. Clinical data of all participants, 
including age, sex, hypertension, diabetes, cardiovascular 
events, drug history, etc. were collected. The cardiovas-
cular events include stroke, non-fatal myocardial infarc-
tion, and revascularization [8]. Drug history was defined 
as taking a renin-angiotensin system (RAS) inhibitor or 
an angiotensin receptor inhibitor (ARB) within three 
months. Malnutrition was evaluated using the pheno-
typic criteria (weight loss, low body mass index, and 
reduced muscle mass) according to a previous study [9]. 
In addition, we obtained written informed consent from 
all participants enrolled.

Blood sampling and measurement of serum klotho
We collected fasting blood from all participants between 
07:00 and 09:00 to reduce potential bias before dialysis. 
After being centrifuged at 3,000 rpm for 15 min at room 
temperature, serum was transferred into a new tub and 
stored at -80℃ until the determination. We determined 
the serum klotho concentrations using a commercially 
available ELISA according to the manufacturer (R&D 
Systems). Briefly, 100 µL of serum was added into the 
recommended microplate with a cover for 2 h-incubation 
at room temperature. After being washed, the detection 
antibody was added for another 2 h-incubation at room 
temperature. Finally, 100 µL of substrate solution was 
added to develop the positive signals and then 50 µL of 

stop solution was used to stop the reaction. The concen-
tration was determined by a microplate reader.

VC status evaluation
VC statuses of large arteries and peripheral muscu-
lar arteries in MHD patients and NCs were evaluated 
according to a previous study [10]. Firstly, plain radio-
graphic images of the lateral abdomen, pelvis, and hands 
were collected. Then, the abdominal aortic artery, iliac 
arteries, femoral arteries, radial arteries, and digital arter-
ies were comprehensively examined by two professional 
radiologists who are blinded to the participants to deter-
mine the presence of VC in each artery. The presence of 
calcification in each artery is termed as 1 and absence as 
0. The VC status is defined as the sum of scores from each 
artery. In addition, we classified the VC status into differ-
ent stages according to the total scores. The classifying 
criteria are as follows: 1–3 as mild calcification, 4–6 as 
moderate calcification, and over 7 as severe calcification.

Statistical analysis
All data presented in the study were analyzed by SPSS 
22.0 (USA) and graphed prism 9.0. If continuous data 
comply with normal distribution, they are presented as 
mean ± SD and examined by independent t-tests. Com-
parison of categorical data between two groups was 
examined by chi-square tests or rank sum tests. Pearson 
correlation analysis or Spearman correlation analysis was 
applied to determine the association between VC status 
and serum klotho levels. T Differences among multiple 
groups were analyzed by one-way ANOVA following 
Turkey’s post hoc analysis. The linear regression model 
was utilized to determine the association between VC 
scores and serum klotho levels in MHD patients. The 
logistic regression analysis was conducted to analyze the 
relationship between serum klotho levels and cardiovas-
cular events. A P value < 0.05 was considered a significant 
difference.

Results
Characteristics of the study participants
The demographic characteristics of the study participants 
were presented in Table 1. There were no differences in 
age, gender, blood pressure, hypertension, and diabe-
tes (Table  1, P > 0.05). Patients with MHD had higher 
levels of triglyceride and cholesterol than those in NCs 
(Table  1, P < 0.001). Additionally, higher levels of serum 
creatine and phosphorus as well as lower levels of serum 
albumin and high-density lipoprotein were observed 
(Table 1, P < 0.001), indicating an impaired kidney func-
tion. Patients with MHD had higher levels of parathyroid 
hormone (PTH) than those in NCs (Table 1, P < 0.001).
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Comparison of VC status between NCs and MHD patients
The frequency of VC in NCs was remarkably lower than 
that in MHD patients (15% vs. 70%; χ2 = 86.65, P < 0.01). 
In addition, the distribution of VC severity in MHD 
patients differed from that in NCs (Z = 9.489, P < 0.01, 
Table 2). The VC severity in MHD patients tended to be 
worse in comparison with NCs..

Comparison of serum klotho levels between NCs and MHD 
patients
First, to interrogate the changes in serum klotho con-
centrations, we examined serum klotho levels using 
ELISA. Serum klotho levels in patients with MHD 
were lower than those in the NC subjects ( P < 0.0001, 

Fig. 1 A). Sub-analysis revealed that there were no sig-
nificant differences in klotho contents between males 
and females in the two groups (Fig. 1B and C, P > 0.05). 
In addition, we also compared the difference in serum 
klotho levels among subjects with VC in abdominal 
aortic arteries or other types of arteries. We found 
higher levels of serum klotho in subjects with VC on 
other types of arteries than that in subjects with VC on 
an abdominal aortic artery in the MHD group (Fig. 1E, 
P < 0.05), but not in NCs (Fig. 1D, P > 0.05).

Correlation of serum klotho levels with VC scores in NCs 
and MHD patients
We conducted a Pearson correlation analysis to exam-
ine whether serum klotho levels are correlated with cre-
atinine VC scores. Unfortunately, we found there was 
a lack of significant correlation between serum klotho 
levels with VC scores in NCs (Fig. 2, P > 0.05), whereas 
a profound association between serum klotho levels 
with VC scores was observed in MHD patients (Fig. 2, 
P < 0.0001). In addition, the linear regression models 
were utilized to determine whether serum klotho lev-
els are correlated with VC scores under the condition 
of other confounders in patients with MHD. The data 
showed serum klotho levels were indeed correlated 
with VC scores with a beta value of -0.559 (Table 3).

Table 1 Demographic characteristics

NA Indicates not applicable, PTH Parathyroid hormone

Variable NCs MHD patients Statistics P-value

No. of patients 140 140

Age (years) 51.13 ± 7.4 52.15 ± 8.8 t = 1.050 0.295

Male (%) 50 (35.7) 53 (53) χ2 = 37.9 0.710

Systolic pressure (mmHg) 137.2 ± 16.1 139.2 ± 15.3 t = 1.066 0.288

Diastolic pressure (mmHg) 82.3 ± 8.2 83.3 ± 7.4 t = 1.071 0.285

Triglyceride (mmol/L) 1.34 ± 0.65 1.57 ± 1.06 t = 2.189 0.003

Cholesterol (mmol/L) 3.21 ± 0.42 3.60 ± 0.82 t = 5.008 < 0.001

Serum creatinine (µmol/L) 176.5 ± 86.2 734.4 ± 150.17 t = 38.123 < 0.001

Serum albumin (g/L) 43.8 ± 5.16 35.3 ± 4.20 t = 15.116 < 0.001

Hypertension (%) 39 (27.9) 43 (30.7) χ2 = 0.276 0.599

Diabetes (%) 37 (26.4) 43 (30.7) χ2 = 0.630 0.427

Dialysis duration (years) NA 6.30 ± 1.52 NA NA

Malnutrition 5 (3.6) 23 (16.4) χ2 = 12.86 < 0.001

Vitamin D (ng/mL) 24.2 ± 5.20 25.2 ± 6.5 t = 1.42 0.156

Calcium (mmol/L) 2.35 ± 0.52 1.99 ± 0.12 t = 7.982 < 0.001

PTH (pg/mL) 56.2 ± 13.20 244 ± 63.20 t = 34.42 < 0.001

Drug history (%) 35 (25) 84 (74.3) χ2 = 35.09 < 0.001

Serum phosphorus (mmol/L) 1.20 ± 0.32 1.80 ± 0.62 t = 10.175 < 0.001

High-density lipoprotein (mmol/L) 1.49 ± 0.42 1.01 ± 0.29 t = 11.13 < 0.001

Low-density lipoprotein (mmol/L) 2.71 ± 0.55 3.21 ± 0.39 t = 8.774 < 0.001

Table 2 Comparison of VC severity between NCs and MHD 
patients

Groups Non-VC Mild VC Moderate VC Severe VC

NCs 119 (85.0%) 12 (8.57%) 5 (3.57%) 4 (2.86%)

MHD patients 42 (30.0%) 25 (17.86%) 32 (22.86%) 41 (29.29%)

Z value 9.489
< 0.001P-value
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Comparison of serum klotho levels at different VC status 
stages in MHD patients
Importantly, we found serum klotho concentrations 
exhibited a dynamic decline along with increased VC sta-
tus stages (Fig. 3). Patients with severe VC had the lowest 
serum klotho levels, while non-VC patients had the high-
est serum klotho concentrations in the MHD group.

The relationship between serum klotho levels 
and cardiovascular events
To further uncover the relationship between serum 
klotho levels and cardiovascular events, we defined 
the high levels of serum klotho and low levels of serum 
klotho according to the cutoff value of serum klotho 
levels in different cohorts. Then, we compared the 

prevalence of cardiovascular events between the high-
level group and the low-level group. Among all cases, 
the high-level group had a lower prevalence rate of car-
diovascular events than the low-level group (10% vs. 25%, 
P < 0.05), whereas the prevalence rate of cardiovascular 
events did not differ between the high-level group and 
low-level group in NCs (P > 0.05). In addition, compared 
with the high-level group, a higher prevalence rate of car-
diovascular events in the low-level group was observed in 
MHD patients (24% vs. 35%, P < 0.05). Furthermore, we 
conducted the multivariable logistic regression to fur-
therly assess the association of serum klotho with clini-
cal outcomes. The results showed that serum klotho is 
a potentially protective factor for cardiovascular events 
[Odds ratio (OR) = 0.883, P < 0.001].

Fig. 1 Comparison of serum klotho levels between two groups. A Comparison of serum klotho concentrations between normal controls and 
MHD patients. B, Comparison of serum klotho concentrations between males and females in normal controls. C, Comparison of serum klotho 
concentrations between males and females in MHD patients. D, Comparison of serum klotho concentrations between subjects with VC on 
abdominal aortic artery or other types of arteries in normal controls. E, Comparison of serum klotho concentrations between subjects with VC on 
abdominal aortic artery or other types of arteries in MHD patients. **** indicates P < 0.0001, * indicates P < 0.05. N = 140 per group for Fig. 1A; N = 50 
for the male group and 90 for the female group in Fig. 1B; N = 53 for the male group and 87 for the female group in Fig. 1C; N = 8 for group of 
abdominal aortic artery and 13 for group of other arteries in Fig. 1D; N = 54 for group of abdominal aortic artery and 44 for group of other arteries in 
Fig. 1E. The error bars present the SD
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Discussion
In the present study, we aimed to investigate the levels 
of serum klotho levels in MHD patients with different-
staged VC as well as its association with VC status. We 
found the serum klotho concentration was diminished 
and presented a progressive decline along with the VC 
severity in MHD patients. Besides, the total VC scores 
were negatively correlated with serum klotho levels in 
MND patients but not in NCs. Lastly, we found a satisfy-
ing diagnostic value of serum klotho levels for VC status.

Klotho is presented in two forms, soluble one and 
membrane-anchored one, and both are prominently 
produced in the brain and kidney. Membrane-anchored 
klotho always exerts its functions as co-receptors by 
FGF-23 in a specific high-affinity form [11]. In contrast, 
soluble klotho can broadly function as a paracrine fac-
tor or a hormone to illicit downstream actions, such as 
anti-aging process, thereby conferring the potential of 
functioning as a biomarker to reflect the physiological 

or pathological process in organs that are its targets or 
sources to some extent. Indeed, previous studies found 
the declined levels of serum klotho are associated with 
advances in chronic kidney disease (CKD) and cardio-
vascular diseases [10, 12, 13].

Fig. 2 Association of serum klotho levels with VC scores. Correlation of serum klotho concentrations with VC scores in VC-positive normal controls 
(left). B, Correlation of serum klotho concentrations with VC scores in VC-positive MHD patients. N = 21 for NCs and N = 98 for VC scores. The error 
bars present the SD

Table 3 Linear regression models to evaluate the relationship 
between serum klotho levels and VC scores in patients with MHD

Variables Unadjusted Adjusted P value

B SD β

Serum klotho levels -0.008 0.001 -0.555 < 0.001

Age 0.064 0.027 0.123 0.018

Diabetes 1.331 0.490 0.134 0.008

Malnutrition 1.866 0.614 0.152 0.003

Serum phosphorus 0.917 0.356 0.123 0.011

Constant 3.450 2.646 0.195

Fig. 3 The serum klotho levels in MHD patients at different-staged 
VC status. Comparison of serum klotho levels in Correlation of serum 
klotho concentrations at different-staged VC status in MHD patients. 
N = 42 for non-VC, N = 25 for mild VC, N = 32 for moderate VC, and 
N = 41 for severe VC. The error bars present the SD
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The epidemiologic study has well documented that 
MHD patients are concomitant with VC [14]. Our study 
revealed the frequency of VC in MHD is 70%, which was 
profoundly higher than that in NCs. VC is character-
ized by the active deposition of calcium phosphate on 
the vascular walls, which leads to the high mortality of 
MHD. Several studies indicated the association of serum 
klotho levels are correlated with VC in large vessels in 
MHD patients, such as abdominal aortic calcification 
[7, 15]. However, these studies only focus on the large 
vessels but do not reveal the associations of VC status 
in whole arteries with serum klotho contents. We pos-
tulate that incorporating arteries as more as possible to 
evaluate the VC status of the whole body would better 
reflect its association with serum klotho. In this regard, 
we evaluated the VC status by calculating the VC score 
from the abdominal aortic artery, iliac arteries, femoral 
arteries, radial arteries, and digital arteries, and found the 
VC status of whole arteries was strongly associated with 
serum klotho concentrations in MHD patients but not 
in NCs. The discrepancy of associations might be attrib-
uted to the dysfunction of kidneys of MHD patients but 
not NCs, as the kidney is the principal source of periph-
eral klotho [16]. In addition, to our knowledge, there is a 
lack of comprehensive evidence regarding the changes of 
serum klotho in different stages of VC in MHD patients. 
Importantly, our study for the first time found serum 
klotho levels decline along with the advance of VC status 
in large and peripheral muscular vessels. Taken together, 
our study provides additional evidence that serum klotho 
concentrations are strongly associated with the VC status 
of the whole body in MHD patients.

It is intriguing to postulate the mechanism underlying 
the association of serum klotho with VC. VC is charac-
terized by the trans-differentiation of vascular smooth 
muscle cells (VSMCs) into osteogenic-like cells [17]. 
CKD-induced mineral bone disorder syndrome is a 
driver for the trans-differentiation of VSMCs. Accumu-
lated evidence has well demonstrated that hyperphos-
phatemia is common in MHD and is a contributor to VC 
[18, 19]. Indeed, our results also found a higher level of 
serum phosphate and lower klotho level in patients with 
MHD. Importantly, klotho deficiency induces a higher 
serum phosphate level and more severe VC than that 
in CKD mice [20]. Conversely, enhancing the levels of 
klotho by genetic ways or supplementation could rescue 
the hyperphosphatemia and severity of VC [20]. In MHD 
patients, a lower level of klotho may accelerate the forma-
tion of VC by regulating the homeostasis of phosphorus 
metabolism, thereby showing an association of serum 
klotho with VC.

There are some limitations in our study. First, this was 
a cross-sectional study and only explored associations 

between serum klotho levels and VC scores, which can-
not refer to the causality. Further studies are required to 
determine the causality between serum klotho levels and 
VC status. Second, the sample of our cohort was rela-
tively small, bigger cohorts are required to validate our 
results. Third, we cannot rule out the residual confound-
ing from unmeasured or unknown variables.

In conclusion, our study indicates serum klotho is 
strongly associated with VC status in a stage-dependent 
manner. In addition, the level of serum klotho is a reliable 
predictor for VC.
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