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ABSTRACT

Background: Chronic kidney disease is an epidemic global health problem that
leads to death. To prevent any disease progression and treatment, the diagnosis must
be made in the early stage by studying renal damage. Klotho is a protein found in
many organs of the human body, but it is mainly abundant in the kidney.
Objectives: This study is aimed to evaluate klotho’s clinical significance as an
additional biomarker for diagnosing chronic kidney disease in its early stages.
Methods: One hundred subjects were included in this study to measure their serum
and urinary klotho. Forty patients with chronic kidney disease (pre-dialysis) and
sixty normal subjects were enrolled in this study. Serum and urinary klotho were
determined using the ELISA technique in addition to other renal function tests.
Results: Serum and urinary alpha klotho was decreased in CKD patients when it
compared with control subjects. A positive correlation was found between serum
creatinine and urinary alpha klotho in the patients’ group.
Conclusion: Serum and urinary alpha klotho levels were decreased significantly in
patients with chronic kidney disease compared with healthy controls.

Keywords chronic kidney disease, CDK, eGFR, soluble alpha-Klotho, urinary
alpha-Klotho

INTRODUCTION

Chronic kidney disease (CKD) or chronic renal failure is a universal health prob-
lem characterized by gradual renal function loss. As renal function deteriorates, mineral
metabolism disturbances, such as hyperphosphatemia, hypocalcaemia, develop obviously.
These metabolic disorders are firmly connected with poor prognosis and survival. There-
fore, CKD’s early diagnosis and management are important to prevent progression and
extrarenal complications.1 CKD is defined as abnormalities of kidney structure or func-
tion, present for > 3months, with health implications. The abnormalities of kidney struc-
ture or function may be recognized clinically by different criteria: just one of these criteria
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is enough to diagnose CKD. Criteria include a decreased glomerular filtration rate (GFR)
[<60mL/min/1.73m2) or evidence of kidney damage such as albuminuria≥ 30mg/g, urine
sediment abnormalities, electrolyte and other abnormalities due to tubular disorders.2 CKD
classified into five stages by according to estimated glomerular filtration rate (eGFR).3 as
showed in table-1.

Table 1 Stages of chronic kidney disease

Stage Qualitative Description GFR (mL/min./1.73m2 )
1 Kidney damage–Normal GFR >90 ∗

2 Kidney damage- Mild decreased GFR 60-89 ∗

3a Moderate decreased GFR 45-59
3b Moderate decreased GFR 30-44
4 Severe decreased GFR 15-29
5 End-stage renal disease <15

*AGFR >60 mL/min./1.73m 2 in isolation is not CKD unless other kidney damage evidence is present.

Klotho is a transmembrane 130 KDa protein.4 It is considered an anti-ageing protein
predominantly produced in the kidney and several other tissues, including the parathyroid
glands and the choroid plexus’s epithelial cells. There are two forms of α-klotho, including
membrane α-klotho and secreted α-klotho.5 In the kidney, Klotho serves as a co-receptor
for FGF23 to down-regulate the sodium-phosphate transporters NaPi2a and NaPi2c and
promote renal phosphate excretion. Dysfunction in the Klotho/FGF23 axis and associated
disordered phosphate metabolism have been suggested as a potential pathological mecha-
nism by which Klotho deficiency may drive CKD progression.6

Klotho deficiency is involved in acute and chronic kidney diseases, cancers, and salt-
sensitive hypertension. The serum level of Klotho decreases with ageing in humans. How-
ever, the biological function of Klotho and howKlotho deficiency contributes to age-related
diseases remain elusive.7

Further studies disclosed that acute kidney injury (AKI) and chronic kidney disease
(CKD) are conditions of acquired Klotho deficiency. Indeed, several of the features
of genetic Klotho deficiency, such as bone disease, vascular calcification, left ventricular
hypertrophy, premature mortality, increased FGF23 levels and hyperphosphatemia, among
others, are also features of CKD.8

Chronic kidney disease (CKD) is increasingly considered a major public health issue
worldwide with high mortality and morbidity rates. Currently, there is no effective ther-
apy available for treating CKD.Therefore, early detection or prognosis is important for the
prevention and treatment of CKD. However, there is no standard biomarker for early diag-
nosis and the monitoring of disease exacerbation in the course of CKD. Emerging evidence
from patients with CKD has shown that s. Klotho levels are decreased in the early stages
of CKD, and they further decline as CKD progresses. Moreover, reduced s. Klotho levels
are associated with an elevated risk of deterioration in renal function or renal replacement
treatment (RRT). Therefore, s. Klotho is proposed as a biomarker for the early diagnosis
and progression of CKD.9
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MATERIALS AND METHODS
Study design, subjects and variables

A case-control study was conducted from December 2019 to March 2020 at the Chem-
istry and Biochemistry Department, College of Medicine, Al-Nahrain University, and sam-
ples taken from patients referred to the Department of General Medicine/Urology at Al-
Imamain Al- khadhimain Medical City in Iraq- Baghdad. They were divided into two
groups: case group, which includes forty patients who suffer from chronic kidney disease
in the first, second and third stages. That was selected depends on inclusion criteria and a
control group that includes sixty healthy subjects.

Patients with renal impairment and age >18 years, diabetic nephropathy, chronic
glomerulonephritis, nephritis, obstructive nephropathy, hypertensive nephropathy were
included in the study. Patient with renal transplantation, patient with comorbidity of other
diseases such as chronic obstructive airway disease were excluded from the study.

The Institutional Review Board (IRB) of Al-Nahrain University, College of Medicine
approved the research protocol, and all subjects included in the present study provided their
written informed consent.

Patients diagnosed with CKD in early-stages (stages 1, 2, and 3) only were selected.
Using the MDRD equation, all subjects were selected must be > 18 years and within inclu-
sion criteria.

Fiveml of bloodwere taken fromboth patients and control subjects using a gel tube, cen-
trifuge it at 4000 rpm for 10 minutes to obtain serum for serum creatinine, Urea, Uric Acid
Po4, Ca++,eGFR and serum soluble alpha klotho. Also, 5 ml of fresh urine in the morning
was taken from each patient and controls to measure urine alpha klotho and Microalbu-
minuria. The human soluble alpha klotho level was measured using the ELISA kit (Sunlong
biotech co., LTD) for quantitative determination concentration in serum and urine samples.

Statistical analysis

This case-control study’s statistical analysis was performed with (SPSS) version-24, and
Microsoft Excel operation formulated categorical data as count and percentage. Tester with
chi-square. Numerical data were described as mean and standard deviation, analysis of
variance (t-test) used to compare two groups and the least difference option used to identify
the difference.

RESULTS

CKD patients group showed significantly lower serum α- klotho (489.93 ± 91.64) and
urinary α- klotho (369.15± 143.46) as compared with control group (531.08± 106.76, p =
0.04) and (449.06± 118.41, P =0.005) respectively.
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Descriptive statistics was conducted for eGFR, S.PO4, Microalbuminuria, Ca+2, Uric
acid, serum creatinine and Urea for both groups in the study. For CKD, the eGFR had an
average of 45.19ml/min± 10.26, which was significantly lower than controls, which had an
average of (121.95±23.17, p < .001). For CKD, the serum PO4 had an average of 6.78 ±
2.01 significantly higher than controls, (3.59 ± 0.75, p < .001), Micro- albuminuria had an
average of 114.80 ± 69.08 for CKD, which is higher than that of controls (12.27 ± 5.16, p
< .001). Serum Ca+2 had an average of (7.15 ± 0.86, p < 0.001) in CKD patients, which
is significantly lower than that of controls, (9.12 ± 0.66, p < 0.001). Also, the observations
of serum uric acid in CKD had an average of 8.39 (SD = 1.23, SEM = 0.19, Min = 5.50,
Max = 11.20) which is significantly higher than controls 4.42 (SD = 1.30, SEM = 0.17, Min
= 2.00, Max = 7.40, p <0.001). For CKD, the S. Creatinine had an average of 1.54 ± 0.27
significantly higher than that for controls (0.71± 0.12, p < 0.001). Finally, serum Urea had
also significant higher value 96.39± 39.25, in CKD patients than in controls (27.50± 6.27,
p < 0.001)(table-2).

Table 2 Descriptive statistics for biochemical variables of study groups

Variable Cases Mean±SD SE M Min. Max. P
-value*

eGFR
(mL/min./1.73 m2 )

CKD 45.19±10.26 1.62 23 64.79 <0.001

Controls 121.95±23.17 2.99 91 186.0
S. PO4 (mg/dl) CKD 6.78±2.01 0.32 2.1 12 <0.001

Controls 3.59±0.75 0.10 2.1 4.7
Urinary albumin (g/dl) CKD 114.80±69.08 10.92 22.000 374.3 <0.001

Controls 12.27±5.16 0.67 2.500 20.0
S. α- klotho(pg/ml) CKD 489.93±91.64 14.49 311.875 683.77 0.042

Controls 531.08±106.76 13.78 261.286 764.45
U. α-Klotho(pg/ml) CKD 369.15±143.46 22.68 33.345 748.51 0.005

Controls 449.06±118.41 15.29 169.51 854.842
Ca+2 (mg/dl) CKD 7.15±0.86 0.14 5.4 8.80 <0.001

Controls 9.12±0.66 0.09 7.5 10.10
S. Cr.( mg/dl) CKD 1.54±0.27 0.04 1.17 2.30 <0.001

Controls 0.71±0.12 0.02 0.6 0.9
Urea (mg/dl) CKD 96.39±39.25 6.21 40.0 200.0 <0.001

Controls 27.50±6.27 0.81 19.0 41.0
Uric acid (mg/dl) CKD 8.39±1.23 0.19 5.50 11.20 <0.001

Controls 4.42±1.30 0.17 2.00 7.40

• * P values for testing the mean differences by subjects using t-test.
•The number of participants in the CKD group is 40 and in the controls is 60.

Regarding correlation, a significant negative correlation was observed between Age and
eGFR (rp = -0.41, p = .010, 95% CI [-0.64, -0.11]). The correlation coefficient between
Age and eGFR was -0.41, which is considered a moderate effect size. A significant positive
correlation was observed between Age and UA (rp = 0.35, p = 0.027, 95% CI [0.04, 0.60]).
eGFR significantly and negatively correlated with both UA and Micro Alb (rp = -0.42, p =
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.008, 95% CI [-0.65, -0.12]) and (rp = -0.32, p = .044, 95% CI [-0.58, -0.01]) respectivelyThe
correlation between eGFR andMicro Alb, are of moderate effect size. A significant negative
correlation was observed between duration and eGFR (rp = -0.43, p = .007, 95% CI [-0.65,
-0.13]). The correlation coefficient between duration and eGFR was -0.43 . A significant
negative correlation was observed between S. Cr and eGFR (rp = -0.57, p < .001, 95% CI
[-0.75, -0.31]). The correlation coefficient between S. Cr and eGFR was -0.57, indicating a
large effect size. A significant positive correlation was observed between S. Cr and Urinary
klotho (rp = 0.35, p = .029, 95% CI [0.04, 0.60]). The correlation coefficient between S. Cr
and Urinary klotho was 0.35, indicating a moderate effect size. This correlation indicates
that as S. Cr increases, Urinary klotho tends to increase as shown in Table 3.

Table 3 Significant Pearson correlations among different parameters in the study groups

Combination rp 95% CI p
Age- eGFR -0.41 [-0.64, -0.11] .010
Age- UA 0.35 [0.04, 0.60] .027
duration- eGFR -0.43 [-0.65, -0.13] .007
B. Urea-uric acid 0.37 [0.06, 0.61] .021
S. Cr-eGFR -0.57 [-0.75, -0.31] < .001
S. Cr- U. α-klotho 0.35 [0.04, 0.60] .029
eGFR-UA -0.42 [-0.65, -0.12] .008
eGFR- Microalbuminuria -0.32 [-0.58, -0.01] .044
UA-S_PO4 0.40 [0.10, 0.64] .011
Ca-S_PO4 -0.41 [-0.64, -0.11] .010
Age- eGFR -0.51 [-0.68, -0.30] < .001
Age- Ca+2 0.29 [0.04, 0.51] .024
S. Cr- eGFR -0.40 [-0.60, -0.16] .001
UA-Ca -0.25 [-0.48, 0.00] .051
Ca-U. klotho -0.23 [-0.46, 0.02] .074

Also, ROC analysis was done for eGFR and serum and urinary α- Klotho. Estimated
GFR had AUC = 1, indicating an excellent parameter for discrimination between CKD and
controls; this study had 100% sensitivity and specificity at threshold value = 64.79.

For serumα- Klotho, it had an AUC value of 0.627 with the sensitivity of 65% and speci-
ficity of 66.7% at a cut off value of 509.28, indicating that serum α- Klotho is poor in distin-
guishing between CKD and normal subjects. However, it showed a significantly low value
in CKD patients compared with controls. For urinary α- Klotho, the AUC value was 0.683
with a sensitivity of 80% and specificity of 53.3% at the cut off value of 449.58, indicating that
urine α- Klotho also has a poor distinguishing ability between CKD and normal subjects,
as shown in figure-1 and 2.
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Figure 1 ROC Curve for S.klotho in patients with CKD as compared with controls. values less than the
threshold is considered positive for the disease

Figure 2 ROC Curve for U. klotho in patients with CKD as compared with controls. values less than the
threshold is considered positive for the disease
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DISCUSSION

Thedecrease in serum and urinary soluble alpha klotho level of patients groupwithCKD
(stages 1, 2 and 3) compared with the control group (table-2) can be discussed as follow; as
renal is themajor source of klotho, any simple damage occurs in it will affect its level, and so
the klotho level will be decreased. This decrease may found in various conditions associate
with renal dysfunction, such as hypertension or during ageing (Picciotto et. al., 2019).4 Our
results were agreed with those of Neyra et. al. (2016),10 who reported that the circulation of
soluble alpha klotho start to decline in stage 1,2 in the urine of a patient with chronic kidney
disease. Also, Lu et. al. (2017)11 have demonstrated a decline in serum and urinary Klotho,
followed by a rise in serum FGF23 at an early stage of chronic kidney disease (CKD).

Regarding correlation, the statistical result showed a significant positive correlation
between urinary soluble alpha klotho and serum creatinine, table 3. This result has dis-
agreed with those Seo et. al. (2015),12 who found a negative correlation between urinary
soluble alpha klotho and serum creatinine level. They have suggested that renal soluble
alpha Klotho expression decreases significantly at some point after the damage. The dis-
agreement is due mostly to our small sample size. In contrast, Lee et. al. (2014)13 results
support our findings indirectly because this study includes diabetic data; they show, for
the first time, high urine α-klotho levels, which is found to be associated with diabetes in
humans even in the normoalbuminuria stage, and report a high urine α-klotho levels were
observed to be associatedwith diabetes in humans even in the normoalbuminuria stage, and
express the reason of present high klotho level in urine due to filtration by glomeruli and
attribute the reason to hyperglycemia does not affect renal α-klotho production. Because
the increased glucose level does not alter α-klotho expression in kidney cells, and diabetes
does not affect renal α-klotho mRNA expression.

ROC analysis for serum α- Klotho had an AUC value of 0.627 with a sensitivity of 65%
and a specificity of 66.7% at a cut off value of 509.28, indicating that serumα- Klotho is poor
distinguishing between CKD and normal subjects. However, it showed a significantly low
value in CKD patients compared with controls. For urinary α- Klotho, the AUC value was
0.683 with a sensitivity of 80% and specificity of 53.3% at cut off value of 449.58, indicating
that urineα- Klotho also has poor distinguishing ability betweenCKD and normal subjects.
Khodeir et. al. (2019)1 showed high specificity 100% and sensitivity of 92% and cutoff value
<9.9 to decrement between normal and CKD patient.

In this study, eGFR has a highly significant decrease ( p-value <0.001) in patients with
chronic kidney disease as compared with control respectively (45.19 ± 10.26) vs (121.95
± 23.17) as shown in table-2, this result explain the eGFR decline with the progression
stages of chronic kidney disease, which agreed with Tsai et. al. (2017) findings;14 they
reported that demonstrated eGFR decline rate performed well to predict chronic kidney
disease progression and end-stage of the renal disease events. The predictive performance
may be better than the baseline chronic kidney disease stages.

A significant negative correlation was found between age and eGFR due to increased
ageing, where the number of nephrons will be gradually lost. So, eGFR will slightly be
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decreased with getting aged. Table-3 agree with the findings of Melsom et. al. (2019).15

Concerning eGFR, a highly significant inverse relation was found between eGFR and
serum creatinine. The significant relation is due to renal impairment. When it’s found, this
impairment will lead to increased creatinine and decline eGFR according to the MDRD
equation.16 Also, they have reported the same findings, negative correlation between
s.creatinine and eGFR as CKD impaired renal function. Thus, the fraction of creatinine
cleared by tubular secretion increased with progressive depression of GFR

CONCLUSIONS

There is a positive correlation between urinary soluble alpha klotho and serum creati-
nine. Soluble alpha klotho is decreased in serum and urine of patients with chronic kidney
disease significantly. But according to the ROC test, and because of the small sample size,
soluble klotho was considered a poor biomarker to discriminate between CKD subjects and
normal subjects.
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