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470 nm using a spectrophotometer (UV1201, Shimadzu, 
Kyoto, Japan). The color formation in specimens with 
DTT was compared to color formation in the blank tubes, 
and the results are expressed as absorbance units. The 
IMAR was also estimated and was used to eliminate the 
effect of reduced albumin concentrations.

Statistical Analysis
Continuous variables are presented as means ± stan-

dard deviation and categorical variables are presented as 
percentages. The Kolmogorov-Smirnov test was used to 
verify the normality of the distributions of continuous 
variables. Statistical analysis of the clinical data between 
the two groups was performed using unpaired t-tests for 
parametric data and the Mann-Whitney U test for non-
parametric data. Moreover, one-way analysis of variance 
(ANOVA) or the Kruskal- Wallis test was used to evalu-
ate comparisons between ≥3 groups. Bonferroni correc-
tion was applied to posthoc analyses. Correlations were 
assessed with Pearson or Spearman correlation coeffi-
cients, whereas the chi-square test was used for categori-
cal variables. The factors related to the serum soluble 
α-Klotho levels in patients were evaluated using multiple 
linear regression analysis. The analyses were performed 
with PASW 18 software (SPSS/IBM, Chicago, IL, USA), 
and two-tailed p values of <0.05 were considered statisti-
cally significant.

Results
The clinical and demographic characteristics of the pa-

tients with diabetic nephropathy (n =109) and the controls 
(n =32) are shown in Table 1. The levels of creatinine, s-
Klotho, and PTH were significantly greater, whereas the 
eGFR was significantly lower in the patient group com-
pared to the healthy controls (p <0.001). The TOS, TAS, 
and OSI values were also significantly greater in the patient 

group (p <0.001). However, the IMA and IMAR values did 
not differ significantly between the groups (Table 1).

UACR values were obtained from 107 patients, 
who were then assigned into three groups based on their 
UACR; accordingly, 28, 29, and 50 patients were in-
cluded in the normoalbuminuria, microalbuminuria, and 
macroalbuminuria groups, respectively. Table 2 presents 
the main parameters of the patients in these groups. One-
way ANOVA indicated significant differences between 
these groups in terms of the creatinine (p <0.001), PTH (p 
=0.002), Ca (p =0.002), glycated haemoglobin (HbA1c) 
(p <0.001), and albumin levels (p <0.001). Moreover, the 
s-Klotho levels were also significantly different between 
the groups (p =0.031). The TOS, OSI, and IMA values 
did not significantly differ between the groups, although 
the TAS (p <0.001) and IMAR (p =0.002) values were 
significantly different.

Correlation analyses were performed between s-
Klotho levels and age, UACR, other bone mineral me-
tabolism parameters, and oxidative stress marker levels 
(Table 3). A significantly positive correlation was ob-
served between the s-Klotho levels and TOS (r =0.186, 
p =0.034) and OSI (r =0.207, p =0.018). However, no 
significant correlation was found between the s-Klotho 
levels and eGFR; UACR; HbA1c, Ca, P, and PTH levels; 
and TAS, IMA, and IMAR values. 

Regression analysis was performed to determine the 
effect of age; UACR; Ca, P, and PTH levels; eGFR; and 
TOS, TAS, OSI, IMA, and IMAR values on the s-Klotho 
levels in patients with CKD. A significant relationship 
was only observed between the serum s-Klotho levels 
and the TOS (β =0.187, p =0.034) and IMAR (β = -0.230, 
p =0.014) values (Table 4).

Discussion
CVD, rather than progression to end-stage renal 

Table 1: Baseline characteristics of the 109 patients with diabetic nephropathy and the 32 healthy controls that were recruited 
in the cross-sectional study.

Parameter Diabetes (n =109) Control (n =32) p
Age (years) 61.63 ± 9.77 49.53 ± 7.32 <0.001
Gender (F/M) 47/62 20/12 0.054
Creatinine (mg/dl) 1.57 ± 0.75 0.88 ± 0.12 <0.001
GFR (ml/dak)-CKD-EPI 51.71 ± 23.11 90.15 ± 20.71 <0.001
s-Klotho (ng/mL) 5.69 ± 4.64 3.62 ± 4.27 <0.001
PTH (pg/mL) 96.33 ± 111.52 57.79 ± 22.28 <0.001
Calcium (mg/dL) 9.36 ± 0.55 9.37 ± 0.39 0.974
Phosphorus (mg/dL) 3.43 ± 0.64 3.28 ± 0.67 0.136
TOS (μmol H2O2 Equiv./L) 2.95 ± 2.65 1.73 ± 1.17 <0.001
TAS (nmol Troloks/L) 1.16 ± 0.18 0.97 ± 0.15 <0.001
OSI 3.57 ± 5.81 1.83 ± 1.29 0.006
IMA 0.47 ± 0.07 0.45 ± 0.06 0.179
IMAR 0.14 ± 0.03 0.13 ± 0.02 0.083

n: number, F: female, M: male, GFR (ml/dak)-CKD-EPI: chronic kidney disease epidemiology collaboration equation assessment of the glomeru-
lar filtration rate, s-Klotho: soluble Klotho, PTH: parathyroid hormone, TAS: total anti-oxidative status, TOS: total oxidative status, OSI: oxidative 
stress index = ratio TOS/TAS, IMA: ischaemia-modified albumin, IMAR: ischaemia-modified albumin rate (IMA level/albumin level).




