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 Serum Soluble Klotho Level Is Associated 
with Abdominal Aortic Calcification in 
Patients on Maintenance Hemodialysis 

 Hong Cai    Renhua Lu    Mingfang Zhang    Huihua Pang    Mingli Zhu    
Weiming Zhang    Zhaohui Ni    Jiaqi Qian    Yucheng Yan  

 Department of Nephrology, Renji Hospital, School of Medicine, Shanghai Jiao Tong University,  Shanghai , China 

median sKl level was 616.29 (378.19, 821.61) pg/ml. Serum 
sKl levels were inversely associated with AAC. When evalu-
ated as AAC categories (<5, 5–15, >15) with ordinal logistic 
regression, each SD higher sKl was associated with 37.1% 
lower odds of AAC severity (proportional odds ratio: 0.629; 
95% confidence interval: 0.413–0.959, p = 0.031) in models 
adjusted for demographic data, lifestyle factors, traditional 
CVD risk factors and uremic risk factors. Multivariate logistic 
regression analysis showed that serum sKl levels and smok-
ing were independent risk factors for severe AAC. The area 
under the receiver-operating characteristic curve (AUC) of 
serum sKl for severe abdominal aortic calcification was 0.746 
(0.612–0.880, p = 0.001), sensitivity was 0.885, and specificity 
was 0.562 for a cutoff value of 265.39 pg/ml.  Conclusions:  
Lower serum sKl levels are independently associated with 
severe AAC. Serum sKl might have a diagnostic value for the 
severe AAC in MHD patients.  © 2015 S. Karger AG, Basel 

 Introduction 

 Cardiovascular disease (CVD) is one of the main causes 
of mortality in end-stage renal disease (ESRD) patients. 
Several studies suggested that vascular calcifications play 
a main role in CVD. Studies have shown that apart from 
traditional Framingham risk factors, some nontraditional 
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 Abstract 

  Background:  Klotho is a single transmembrane protein orig-
inally identified as an ‘aging suppressor’. Emerging evidence 
reveals that soluble Klotho (sKl) in the circulation plays im-
portant roles in anti-aging, anti-oxidation, anti-apoptosis 
and Wnt signaling. However, the role of serum sKl in the vas-
cular calcification in hemodialysis patients is not clear. The 
aim of this study was to determine the associations of sKl 
with abdominal aortic calcification in patients on mainte-
nance hemodialysis (MHD).  Methods:  129 MHD patients 
were enrolled prospectively. Serum sKl level was detected by 
ELISA. Abdominal aortic calcification was measured by ab-
domen lateral plain radiograph, and the abdominal aorta 
calcification (AAC) score was calculated. The sKl levels were 
observed in patients with different degrees of calcification. 
Logistic regression analysis was used to determine the risk 
factor of abdominal aortic calcification in MHD patients. The 
diagnostic value of sKl for abdominal aortic calcification was 
assessed using receiver operator characteristic (ROC). 
  Results:  Abdominal aortic calcification was seen in 87 of 129 
patients. The median AAC score was 4.0 (0.00, 11.00) and the 
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risk factors, such as the imbalance of calcium and phos-
phorus metabolism, the micro-inflammatory state, pro-
tein-energy malnutrition, anemia, oxidative stress, and 
endothelial dysfunction were contributing factors of vas-
cular calcification  [1] . Epidemiological studies have linked 
vascular calcifications to bone loss and fractures in chron-
ic kidney disease (CKD) patients and also in the general 
population, stressing the fact that both can share patho-
genic pathways. The mechanisms involved in vascular 
 calcification are complex and not yet fully understood. 
Current knowledge suggests that a large number (and an 
imbalance between them) of circulating promoters and 
inhibitors of the calcification process, that is, fetuin-A, 
matrix-Gla protein, osteoprotegerin, osteopontin, bone 
morphogenetic proteins, and inorganic pyrophosphate, 
are involved in the deterioration of vascular tissue. 

  The  klotho  gene, originally identified as an ‘aging sup-
pressor’ gene in mice, encodes for a 130 kDa of Klotho 
protein and is widely expressed in the kidney, parathy-
roid, and brain. It is considered part of a new bone-kidney 
endocrine axis to maintain phosphorus and vitamin D 
balance  [2, 3] . Klotho exists in two forms as membrane-
bound klotho and secreted klotho; it is more concentrat-
ed in the membrane-bound forms than secreted forms in 
the study of vascular calcification. A secreted form of 
Klotho of 70 kD is a product of alternative splicing, which 
is the extracellular domain of membrane Klotho and can 
be released into blood, thus functioning as a circulating 
substance to exert multiple systemic biological actions on 
distant organs. This cleaved extracellular domain of 
membrane Klotho is referred to as soluble Klotho (sKl) 
 [4, 16] . Recently, sKl has been found to suppress Na + -
dependent uptake of phosphate and mineralization in-
duced by high phosphate and preserves differentiation in 
vascular smooth muscle cells (VSMC) in vitro. That sug-
gests a role as a calcification inhibitor. However, the rela-
tionship between sKl concentration and vascular calcifi-
cation in humans is not clear. It is also unknown whether 
low sKl levels are associated with abdominal aortic calci-
fication in maintenance hemodialysis (MHD) patients. In 
this study, we aimed at exploring the role of sKl in the 
pathogenesis of vascular calcification by observing the re-
lationship between sKl level and abdominal aortic calci-
fication in MHD patients.

  Materials and Methods 

 Patients 
 This investigation was approved by the institutional review 

board of the Renji Hospital. Patient’s inclusion criteria include 

signing informed consent, older than 18 years, on MHD be-
tween August 2010 and December 2011 with the vintage of lon-
ger than 3 months. Patients who had connective tissue disease, 
acute infection, trauma, malignant tumor, severe malnutrition 
disease, mental illness and those who needed antibiotics, corti-
costeroids or immunosuppressive agents and surgery within a 
month were excluded. Of 147 patients who met inclusion crite-
ria, 4 were excluded due to usage of corticosteroids or immu-
nosuppressive agents, 3 due to infection or antibiotic use with-
in a month, 2 due to surgery or trauma within a month, 5 due 
to comorbidity of malignant tumors, 2 due to severe malnutri-
tion disease and 2 due to mental illness or mobility prob-
lems. At last, 129 individuals were enrolled in the final analytic 
sample.

  Abdominal Aorta Plain Roentgenography 
 A lateral plain radiograph of the abdomen was obtained that 

included the last two thoracic vertebrae and the first two sacral 
vertebrae. The aorta was identified as the tubular structure cours-
ing in front of the anterior surface of the spine. A semi-quantitative 
scoring system was utilized as suggested in the original manuscript 
by Kauppila et al.  [6] . Only the segments of abdominal aorta in 
front of the first to the fourth lumbar vertebra were considered. 
Calcific deposits in the abdominal aorta adjacent to each lumbar 
vertebra were assessed separately for the posterior and anterior 
wall of the aorta using the midpoint of the intervertebral space 
above and below the vertebrae as the boundaries. Lesions were 
graded as follows: 0, no aortic calcific deposits; 1, small scattered 
calcific deposits filling less than one-third of the corresponding 
length of the vertebral level; 2, medium quantity of calcific depos-
its about one-third or more, but less than two-thirds of the corre-
sponding vertebral length; 3, severe quantity of calcifications of 
more than two-thirds or more of the corresponding vertebral 
lengths. With this numerical grading, the score could vary from a 
minimum of 0 to a maximum of 24 points. All X-rays were read 
and graded by two  investigators. The average of the two scores was 
considered to be the final score. On the basis of the CORD study 
 [7] , abdominal aorta calcification (AAC) was divided into none or 
mild calcification group (AAC score <5), moderate calcification 
group (5 ≤  AAC score  ≤ 15) and severe calcification (AAC score 
 ≥ 16).

  Laboratory Tests 
 Blood samples were collected after capturing an abdominal 

lateral plain film and at the time of pre-dialysis. Serum and 
plasma were separated and frozen at –80   °   C. sKl was measured 
in plasma using a solid-phase sandwich enzyme-linked immu-
nosorbent assay (ELISA) (Immuno-Biological Laboratories, 
 Takasaki, Japan, range from 93.75 to 6,000 pg/ml). Biochemical 
data were obtained using local routine laboratory methods. 
 Serum markers measured were those addressing mineral me-
tabolism, including total calcium, phosphate, intact parathy-
roid hormone (PTH), as well as hemoglobin, albumin, fasting 
glucose, C-reactive protein and lipid profiles. Total serum cal-
cium was adjusted for albumin levels using the conversion fac-
tor:  corrected calcium = calcium + 0.02 mmol/l × (40 – albu-
min).

  According to the quartile distribution in the patients with 
sKl level, patients were divided into four groups: I group, sKl level 
in the lowest quartile; II group, sKl level in the second quartile; 
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III group, sKl level in the third quartile; IV group, sKl level in the 
highest quartile. The AAC scores were compared between the 
four groups.

  Clinical Evaluation 
 The patients’ history of ESRD cause, concomitant diseases (di-

abetes mellitus, hypertension, CVD), smoking, medications, pre-
dialysis blood pressure, height, weight and body mass index (BMI) 
were collected.

  All patients had been dialyzed with 500 ml/min of bicarbonate 
dialysate flow and the F80 (Fresenius, Germany) or REXEED (Asa-
hi Kasei Corporation) polysulfone membrane dialyzers for more 
than three months. Blood flows were 200–350 ml/min and dialysis 
time of 10–12 h per weeks. Target ultrafiltration was to achieve 
clinically estimated dry weight.

  Statistical Analysis 
 Kolmogorov-Smirnov test was used for estimating Gaussian 

distribution of the data and p > 0.05 was considered normal distri-
bution. For normal distribution variables, continuous variables 
were expressed as means and standard deviations, while for skewed 
variables, expressed as medians and interquartile range. Categorical 
variables were expressed as number (or as percentage, %). We cat-
egorized patients into quartiles of sKl defined by the distribution 
within our study population. Differences in demographic data and 
clinical variables across the sKl quartiles were analyzed with the 
independent-samples t-test or Mann-Whitney U test for continu-
ous variables and with the Chi-square test or Fisher’s exact test for 
categorical variables. sKl concentration and clinical biochemical in-
dicators, AAC were entered as covariates into the stepwise multiple 
linear regression model. The ordinal logistic regression model was 
used to analyze the risk factors in patients with AAC. ROC curves 
under the curve (AUC) of sensitivity and specificity was used to 
evaluate sKl diagnosis of abdominal aortic calcification. p < 0.05 was 
considered statistically significant. SPSS 15.0 (SPSS Inc., Chicago, 
Ill., USA) was used to compute all statistical analyses and figures. 

  Results 

 Patients’ Characteristics 
 Among the 129 MHD patients study sample, the mean 

age was 58.18 ± 13.72 55.8% (n = 72) patients were men 
and 23.3% had diabetes.

   Table 1  shows the basic demographic characteristics, 
CVD risk factors and biochemical indicators by serum 
sKl quartiles. The results showed no significant differenc-
es in basic demographic data, comorbidities, and labora-
tory data among groups.

  Abdominal Aortic Calcification 
 On lateral plain radiograph of the abdomen, 87 patients 

had abdominal aortic calcification, the median AAC score 
was 4.00 (0.00, 11.00). Sixty-nine (53.5%) patients had a no 
or mild calcification (0 ≤  AAC score  ≤ 4); 44 (34.1%) pa-
tients had a moderate calcification (5 ≤  AAC score  ≤ 15); 16 

(12.4%) patients had severe calcification (AAC score  ≥ 15). 
Compared with the highest quartile, individuals with low-
er sKl levels had high AAC scores ( table 1 ).

  The Relationship between Serum Soluble Klotho and 
Clinical Parameters 
 Pearson’s correlation analysis showed that the serum 

sKl level was correlated with dialysis vintage (r = –0.204, 
p < 0.05), fasting glucose (r = 0.282, p < 0.05) and log 10  
PTH (r = –0.205, p < 0.05). Age was possibly correlated 
with sKl (r = 0.173, p = 0.05), while no relationship was 
found with BMI, Kt/V, corrected calcium, phosphate, al-
bumin, triglyceride, total cholesterol and hsCRP.

  The Relationship between Serum Soluble Klotho and 
AAC 
 Among the 129 patients, the median sKl concentration 

was 612.56 (379.17, 816.63) pg/ml. Compared with the 
mild or moderate calcification patients, the severe calci-
fication one had lower sKl concentration (677.27 (445.87, 
858.94) vs. 259.16 (190.33, 539.76) and 570.25 (303.73, 
889.43) vs. 259.16 (190.33, 539.76), both p < 0.05).

  Pearson’s correlation analysis showed that patients’ 
serum sKl levels were inversely correlated with AAC 
score (r = –0.214, p = 0.015). Quartile analysis demon-
strated a dose response relationship between sKl and 
AAC categories (Chi-square, p = 0.011) ( fig. 1 ). Among 
patients with no or mild calcification, 14.5% were in the 
lowest sKl quartile, whereas 27.5% were in the highest 
quartile. Conversely, among those severe classification 
patients identified by AAC score >15, 56.3% were in the 
lowest sKl quartile, whereas only 6.3% were in the highest.

   Table 2  shows the association of sKl, both by quartiles 
and as a continuous predictor variable, with each marker 
of AAC. Klotho was inversely associated with AAC score. 
This finding remained consistent in models that adjusted 
for age and sex, lifestyle factors, biochemical indicators. 
Each SD higher sKl level was associated with 36.2% lower 
odds of high AAC in model adjusted for lifestyle factors, 
and this association was still rendered statistically signifi-
cant when adjusted for lifestyle factors and biochemical 
indicators (OR = 0.629, p = 0.031).

  Analysis of Risk Factors Affected with Severe 
Calcification of Abdominal Aorta in MHD Patients 
 Multivariate logistic regression analysis showed that 

the serum sKl concentration decreased (OR = 3.559, 95% 
CI 1.453–8.717) is an independent risk factor for severe 
calcification of the abdominal aorta, although adjusted by 
age, gender, smoking ( table 3 ).
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  ROC Analysis 
 The areas under the curve (AUC) for sKl to diagnose 

severe vascular calcification was 0.746 (95% CI 0.612–
0.880, p = 0.001), which showed that sKl concentration 
had a high accuracy for diagnosing abdominal aortic. A 
cutoff value of 265.39 pg/ml yielded to good sensitivity 
and specificity of abdominal severe calcification diag-
nosed by sKl concentration. The sensitivity and specific-
ity were 88.5 and 56.2%, respectively ( fig. 2 ).

  Discussion 

 Mineral bone disease (MBD), which includes arterial 
calcification, is a common complication in CKD, espe-
cially ESRD patients. Vascular calcification presents a 
closely relation to poor outcome, includes cardiovascular 
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Table 1.  Baseline characteristics of community-living individuals and laboratory data by quartiles of serum Klotho

All (n = 129) Soluble Klotho quartiles, soluble Klotho range, pg/ml

I ≤379  (n = 32) II 379–613  (n = 33) III 613–817  (n = 32) IV >817  (n = 32)

Age, years 58.18±13.72 57.31±13.66 56.15±15.21 58.75±12.99 60.56±13.10
Male, n (%) 72 (55.8) 19 (59.4) 18 (54.5) 18 (56.3) 17 (53.1)
Smoking, n (%) 86 (66.7) 21 (65.6) 23 (69.7) 22 (68.8) 20 (62.5)
Diabetes, n (%) 30 (23.3) 9 (28.1) 7 (21.2) 4 (12.5) 10 (31.3)
Hypertension, n (%) 105 (81.4) 24 (75) 28 (84.8) 27 (84.4) 26 (81.3)
CVD, n (%) 62 (48.1) 15 (46.9) 17 (51.5) 15 (46.9) 15 (46.9)
Dialysis duration, months 70.50 (28.00, 120.75) 118.00 (23.00, 141.00) 56.50 (19.25, 96.25)* 44.50 (29.25, 121.50) 57.00 (28.00, 96.00)*
BMI, kg/m2 20.79 (18.70, 23.18) 20.79 (19.69, 23.26) 20.62 (18.33, 23.51) 20.75 (18.16, 22.67) 20.87 (18.68, 23.28)
SBP, mm Hg 139.47±20.73 139.28±19.94 138.61±21.10 141.06±18.64 138.94±23.78
DBP, mm Hg 74.88±13.09 75.00±15.38 75.85±12.01 75.53±14.28 73.13±10.63
Kt/V 1.73±0.35 1.69±0.33 1.78±0.36 1.74±0.31 1.70±0.41
FBG, mmol/l 5.00 (4.50, 5.82) 4.8 (4.25, 5.20) 4.96 (4.46, 6.10) 5.01 (4.60, 5.72) 5.15 (4.56, 6.43)
Hb, g/l 110.37±16.95 113.53±16.01 104.97±17.29 110.25±14.05 112.91±19.38
Ca, mmol/l 2.38±0.28 2.47±0.21 2.30±0.30 2.40±0.33 2.36±0.26
P, mmol/l 2.02±0.58 2.05±0.53 1.92±0.64 2.00±0.55 2.12±0.61
PTH, pg/ml 348 (150.75, 619.50) 394.00 (178.00, 893.00) 255.00 (91.48, 540.25) 451.00 (200.50, 612.50) 313.00 (118.00, 

622.00)
TC, mmol/l 4.37±1.18 4.11±1.09 4.42±1.08 4.72±1.46 4.23±1.00
TG, mmol/l 1.85±1.32 1.84±1.59 1.57±1.00 1.75±1.00 2.23±1.56
LDL-C, mmol/l 2.36±0.93 2.04±0.93 2.43±0.82 2.61±1.03 2.36±0.86
HDL-C, mmol/l 1.06±0.45 0.99±0.58 1.03±0.29 1.18±0.43 1.03±0.43
Alb, g/l 39.23±4.76 39.39±3.60 39.25±6.37 38.98±5.13 39.30±3.52
HsCRP, mg/l 1.67 (1.48, 1.94) 1.97 (0.84, 6.07) 2.65 (0.98, 5.42) 1.22 (0.45, 1.83) 1.97 (0.88, 3.64)
AAC score
Drug class, %

Calcitriol
ACEI/ARB
Phosphorus binders 

(calcium contained)

4.00 (0, 11.00)

43.4
62.8

92.2

11.00 (1.00, 16.00)

56.2
62.5

96.9

3.00 (0, 10.00)*
37.5
63.6

90.6

0 (0, 7.00)*
42.2
65.6

90.9

2.5 (0, 8.75)*
37.5
59.3

90.6

 * Compared with group I p < 0.01. CVD = Cardiovascular disease; BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure; 
Ca = calcium; P = phosphate; PTH = parathyroid hormone; TC = total cholesterol; TG = triglyceride; LDL-C = low density lipoprotein cholesterol; HDL-C = 
high density lipoprotein cholesterol; Alb = albumin; hsCRP = high sensitivity C-reactive protein.

  Fig. 1.  Abdominal aorta calcification severity by serum Klotho 
quartiles: sKl was inversely correlated with the AAC score. Among 
patients with highest serum Klotho level, the incidence of severe 
calcification was the highest. 
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death in hemodialysis patients. To our knowledge, this 
may be the first study in observing the relationship be-
tween sKl and vascular calcification in MHD patients. 
The results showed that the sKl concentration had a neg-
ative correlation with abdominal aortic calcification. The 
decrease of sKl concentration can increase the risk of vas-
cular calcification in MHD patients. 

  Klotho, was originally identified as an aging suppres-
sor and encoding 130 kDa of Klotho protein, is widely ex-
pressed in the kidney, parathyroid and brain. It is thought 
to be part of a newly described bone-kidney endocrine axis 
to maintain phosphorus and vitamin D balance  [2, 3] , anti-
aging and prolong life cycle  [8, 9] . Klotho has a relationship 
with vascular calcification in CKD and directly inhibits vas-
cular calcification and smooth muscle cell differentiation 
 [5] . The knockout Klotho gene animal and CKD patients 
show a wide range of vascular calcification, and the expres-
sion of Klotho by genetic engineering transfer Klotho gene 
into animal model can effectively inhibit vascular calcifica-
tion  [5, 10] . This study presents evidence that not only 
membrane-bound Klotho, but also sKl might have an effect 
on aortic calcification pathogenesis in MHD patients. Se-
rum sKl might impact? The risk of CVD in MHD patients.

  Abdominal aortic calcification score increases in pa-
tients are closely related to CVD events  [11, 12] . Previous 
studies have shown that the incidence of coronary artery 
calcification was up to 94.6% in patients with moderate-
to-severe calcification in abdominal aorta, and further-
more, 78.4% of them were severe coronary artery calcifi-
cation. The incidence of cardiovascular events was sig-
nificantly higher in patients with severe than mild 
calcification of the abdominal aorta  [13] . In this study, 

Table 3.  Multivariate logistic regression analysis of abdominal aor-
ta severe calcification in MHD patients

Associated factors p OR 95% CI

Klotho 0.005 3.559 1.453–8.717
Smoking 0.006 5.065 1.583–16.206
Age (20) 0.432 1.337 0.648–2.757
Sex (woman) 0.456 0.549 0.113–2.661

  Fig. 2.  The role of serum Klotho in predicting the presence of se-
vere vascular calcification. The receiver operating characteristic 
curve illustrates serum Klotho. Areas under the curves are 0.746 
for serum Klotho. 

Table 2.  Association of Klotho with moderate-severe AAC

 Klotho quartiles, Klotho range, pg/ml sKl continuous per 
SD (485.72 pg/ml) 
greaterI  <379

(n = 32)
II 379–613
(n = 33)

III 613–817
(n = 32)

IV >817
(n = 32)

n with AAC score ≥5/total, % 22/32 15/33 10/32 13/32 60/129

Age and sex adjusted 1 0.328 (0.109–0.987) 
p = 0.047

0.445 (0.260–0.762) 
p = 0.003

0.623 (0.428–0.907) 
p = 0.013

0.656 (0.434–0.993)
p = 0.046

Lifestyle adjusted* 1 0.372 (0.012–10.428) 
p = 0.112

0.440 (0.244–0.793) 
p = 0.006

0.626 (0.413–0.950) 
p = 0.028

0.638 (0.414–0.983)
p = 0.042

Fully adjusted** 1 0.677 (0.150–3.059) 
p = 0.612

0.436 (0.204–0.931)
p = 0.032

0.559 (0.331–0.945) 
p = 0.030

0.629 (0.413–0.959) 
p = 0.031

 * Adjusted for age, sex, current smoking, medical use. ** Adjusted for lifestyle model (*) plus dialysis duration, total cholesterol, tri-
glycerides, albumin, hsCRP, calcium, phosphorus, parathyroid hormone.
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patients with sKl in the lower quartile had significantly 
higher risk of moderate-to-severe abdominal aortic calci-
fication than those in higher quartile one, even adjusted 
for age and sex, lifestyle factors, biochemical indicators. 
These results suggested that the low level of sKl was an 
independent risk factor for abdominal aortic calcifica-
tion, even without or with very few traditional risk fac-
tors leading to vascular calcification in MHD patients.

  Logistic regression analysis also showed that sKl is an 
independent risk factor for the MHD patients with severe 
calcification of the abdominal aorta. sKl indeed played an 
important role in the incidence and development of ab-
dominal aortic calcification. The mechanism for the de-
crease in Klotho concentration and vascular calcification 
is not clear, and phosphorus excretion disorders may be 
the possible mechanism. It has been confirmed that de-
creasing Klotho concentration reduces phosphorus ex-
cretion and leads to elevated serum phosphate levels  [14] . 
To date, the mechanism by which Klotho protects against 
vascular calcification have focused on its role as an obli-
gate co-factor for fibroblast growth factor 23 (FGF23) sig-
naling in regulating phosphate and vitamin D metabo-
lism. However, emerging evidence suggests that Klotho 
may also exert direct effects on VSMC and act as a novel 
circulating inhibitor of vascular calcification. Animals 
lacking Klotho showed upregulated expression of the 
phosphate transporters Pit1/2 and the key osteogenic 
transcription factor Runx2. This suggested that in the ab-
sence of Klotho, upregulation of Pit1/2 increases Pi trans-
port into VSMCs and this drives osteogenic conversion, 
a key event in the calcification process  [15] . In our study, 
there were no significant differences of serum phosphate 
levels in AAC groups, and the level of sKl is higher in pa-
tients with little calcification. It may indicate sKl directly 
inhibits the Pit1/2 activity and prevents VSMC differen-
tiation  [5] . 

  Klotho may hold potential in terms of its role as a bio-
marker. Fall in plasma or urinary Klotho can be one of the 
earliest abnormalities in CKD from a variety of causes. 
The most promising data thus far is that urinary Klotho is 
reduced in very early stage CKD (stages 1 and 2) and is 
progressively lowered with declining eGFR  [5] . In this 
study, a low level of sKl was shown to be a vital sign of se-
vere vascular calcification. Although FGF23 level was not 
measured, we postulated the sKl level  decreasing may be 
also related to FGF receptor down regulation in ESRD pa-
tients. FGF23 was considered to be closely related to the 
membrane type Klotho, which was a common receptor of 
FGF23 and regulated of phosphorus and vitamin D. 
Klotho and FGFR1/3 expression are downregulated when 

human aorta derived-SMCs are incubated with high phos-
phate and calcium in CKD. De-differentiation of SMC 
and loss of the ability to respond to FGF23 may result from 
downregulation of Klotho-FGFR1/3 expression in the ar-
teries  [16] . Further, the impact of FGF23 on vascular cal-
cification and endothelial response was evaluated in bo-
vine vascular smooth muscle cells (bVSMC) and in a mu-
rine ex vivo model of endothelial function, respectively. 
FGF23 did not modify calcification in bVSMCs or dila-
tory, contractile and structural properties in mice arterial 
specimen ex vivo  [17] . As a portion of sKl was sheared 
from the extracellular domain of membrane Klotho, sKl 
level may in some degree reflect the FGF23 level.

  Several limitations should be acknowledged. First, this 
is a cross-sectional study. Although observing that sKl 
had a strong negative correlation with vascular calcifica-
tion, whether sKl has a relationship with CVD and mor-
tality in hemodialysis patients needs to be further studied. 
Second, as we didn’t measure the FGF23 level, the path-
way through which sKl contributed to vascular calcifica-
tion can’t be elaborated. Further in vivo and in vitro stud-
ies are needed. At last, we used a plain film to assess the 
AAC score in this study because of its convenience and 
because it was suggested by KDIGO guideline. However, 
computer tomography scanning might be more accurate 
to detect the vascular calcification, and make the relation-
ship between vascular calcification and sKl clearer than 
before. Further studies are needed to validate the postula-
tion.

  In summary, the level of sKl in MHD patients with ab-
dominal aortic calcification is an independent risk factor 
in patients with severe abdominal aortic calcification. 
Low sKl concentrations may contribute to severe calcifi-
cation of abdominal aorta in MHD patients. Further 
study of sKl in vascular calcification and CVD are needed, 
which is expected to regulate the expression, to reduce or 
delay the complications of hemodialysis patients, to im-
prove the patient’s survival and quality of life.
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