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Abstract

ackground: Klotho is a protein found throughout the body with higher concentrations in the kidneys.

Specifically, as a person ages, the levels of Klotho decline gradually, correlating with the natural

decrease in kidney function. As we age, a decline in klotho leads to various age-related illnesses like
chronic kidney disease, hypertension, cancer, diabetes, and heart disease. Klotho plays a role in regulating
metabolism, including glucose and fatty acids, as well as aiding in bile acid production.

Methods: A total of 135 subjects were enrolled in this study, comprising 90 patients with type 2 diabetes
mellitus (T2DM) and 45 healthy controls. The diabetic patients were divided into three subgroups based on
the level of albuminuria: macroalbuminuria (n = 22), microalbuminuria (n = 23), and normoalbuminuria (n =
45). Serum Klotho levels were measured using the ELISA technique, along with other kidney function tests.
The study was conducted at the Hospital of Telafer, Mosul, Iraq, from November 2021 to April 2022.

Result: Compared with controls, diabetic nephropathy (DN) patients had lower serum Klotho levels.

Conclusion: The diagnosis of DN with serum klotho can be promising, and lower serum klotho serves as a
good biomarker.
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Introduction

Diabetes mellitus (T2DM), insulin resistance (IR), and
irregular  insulin  secretion  characterize  its
pathophysiology [1]. Most hormones exhibit altered
plasma levels in advanced diabetes mellitus due to
multiple interrelated metabolic factors [2]. Type-2
diabetes mellitus (DM) is regarded as a long-term
impairment in glucose metabolism connected to
insulin insufficiency or resistance [3]. Diabetes-related
chronic hyperglycemia is linked to organ dysfunction
and failure, particularly in the kidney, nerves, heart,
and blood vessels [4]. A subgroup of metabolic illnesses
recognized as hyperglycemia induced by pancreatic
insulin secretion, insulin resistance, or both is
classified as a metabolic disorder [5,6]. Diabetic kidney
disease or chronic kidney disease (CKD) is a result of
diabetic nephropathy (DN), a chronic microvascular
consequence of hyperglycemia in diabetes patients.
The pathophysiology of diabetic nephropathy (DN) is
multifactorial, primarily associated with insulin
resistance and chronic hyperglycemia.

Additionally, oxidative stress, inflammation, and
altered lipid metabolism have all been linked to it [6,7].
Japanese researchers discovered the anti-aging
capabilities of klotho protein in mice that
spontaneously developed hypertension in 1997 [8]. The
130 kDa type I transmembrane protein is generated by
one of two transcripts from the roughly 50 kb long
Klotho genes; meanwhile, the other transcript produces
a secreted protein weighing 70 kDa. These
transmembrane Klotho proteins are found in the
epithelial cells of choroid plexus found in the brain and
distal convoluted tubules of the kidneys. The secretases
cleave off part of the portion of transmembrane Klotho
proteins, releasing them in cerebrospinal fluid, urine,
and blood. The Klotho protein that has been cleaved is
also referred to as soluble Klotho (sKlotho) or Klotho
[9,10]. Previous studies have also explored the role of
apoptosis in Klotho-mediated renal protection [11]. Its
interest in regulating energy metabolism has recently
come to light. Increasing the concentration of Klotho
could protect renal endothelial cells [12,13]. This study
aims to understand how klotho levels and DN are
related, along with the clinical significance of klotho in
the diagnosis of DN.

Methods

Study population

The study included 90 patients with type 2 diabetes
mellitus (T2DM), divided into three groups based on
albuminuria levels: macroalbuminuria (n = 22),
microalbuminuria (n = 23), and normoalbuminuria (n =
45). An additional 45 healthy individuals served as the
control group. All participants were evaluated by
nephrologists based on their clinical history, laboratory

results, and diagnostic assessments. Diagnosis of DN
and T2DM was confirmed by nephrologists. They were
tested by different laboratory methods: Serum urea,
Serum creatinine, and Albumin creatinine ratio. This
set utilizes an enzyme-linked immunosorbent assay
(ELISA), which relies on biotin double antibody
sandwich technology for measuring the concentration
of human serum samples. sKlotho was introduced into
wells that were previously coated with a sKlotho
monoclonal antibody, which were then left to incubate.
After the incubation period, a streptavidin HRP
conjugated sKlotho interacts with the target, forming
an immune complex. The excess enzymes were
eliminated post-incubation through washes followed
by the addition of two substrates. Following acid
addition, the color change from blue to yellow was
recorded to indicate reaction completion. Statistical
analyses were performed using the SPSS statistical
package for Social Sciences (version 17.0 for Windows,
SPSS, Chicago, IL, USA). Data were presented as mean *
standard deviation and correlation for quantitative
variables and as numbers and percentages for
qualitative variables. A p-value of < 0.05 was
considered statistically significant.

Results

Among the 135 participants, 88 (65.2%) were male and
47 (34.8%) were female, with ages ranging from 32 to
73 years. The male was the most frequent gender
within the Control group (n = 35, 25.9%), followed by
the normoalbuminuric group (n = 26, 19.3%). There was
no significant difference in gender distribution
between the groups, x%(3) = 6.66, p = 0.084. The age

means ranged from 54.76 = 11.53 to 55.13 * 10.13 for
macroalbuminuria and microalbuminuria, respectively.
At the same time, the age for normoalbuminuria was
53.59 = 8.10; for control, it was 52.87 + 8.77. The
variation in age among the groups was not significant,
as indicated by the ANOVA statistics, F(3, 131) = 0.38, p
= 0.767, which showed that the age discrepancies
between the various levels of the group were all similar.
Figure 1 depicts the means and 95% CI of means for
each group.

The average HbAlc of the macroalbuminuria group
was 10.49 %= 2.70; the average HbAlc level of the
microalbuminuria group was 10.43 * 2.37, while the
average HbAlc levels for Normoalbuminuria and
Control were (849 * 1.87) and (5.06 * 0.21),
respectively. The ANOVA results were significant: F(3,
131) = 14.95, p < 0.001. This means that at least one
group had HbAlc levels that differed significantly from
other groups. Multiple pairwise comparisons were
made, and the results showed that the mean HbAlc for
Macroalbuminuria (M = 10.49 # 2.70) was significantly
higher than for Normoalbuminuria p < 0.001 and
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Figure 1: Mean age (years) of participants across study groups
with standard deviation (SD).

hand, the mean HbA1c for Microalbuminuria (M = 10.43
+ 2.37) was significantly higher than for both
Normoalbuminuria (p < 0.001) and Control (p < 0.001).
Lastly, the mean HbAlc (%) for Normoalbuminuria
(8.49 £ 1.87) was significantly higher than for Controls
(5.06 + 0.21, p < 0.001). The means, standard
deviations, and their comparisons are displayed in
Figure 2.
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Figure 2: Mean HbAlc (%) across study groups with 95%
confidence interval (CI) error bars.

Serum creatinine (mg/dL) averaged 1.16 * 0.74 in
macroalbuminuria, 0.70 * 0.23 in microalbuminuria,

0.62 * 0.20 in normoalbuminuria, and 0.61 * 0.14 in
controls. The ANOVA results were significant, F(3, 131)
= 14.95, p < 0.001, indicating significant differences in
Creatinine among the groups. Multiple pairwise
comparisons showed that the mean creatinine value for
Macroalbuminuria (1.16 * 0.74) was significantly
greater than Microalbuminuria (M = 0.70 £ 0.23), where
p is equal to 0.001, Normoalbuminuria (M = 0.62 *
0.20), p = 0.001, and Control (M = 0.61 * 0.14), p =
0.001; the means, standard deviations, and mean
values comparisons are shown in Figure 3.
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Figure 3: Mean serum creatinine levels across study groups with
95% confidence interval (CI) error bars.

The albumin-creatinine ratio (ACR, mg/g creatinine)
averaged 556.10 * 369.20 in the macroalbuminuria
group, 111.74 = 70.39 in the microalbuminuria group,
47.96 * 38.34 in the normoalbuminuria group, and
20.51 * 5.34 in the control group. The ANOVA results
showed a significant difference in ACR across the
groups, F(3, 131) = 70.25, p < 0.001. The multiple
pairwise comparisons showed that the mean of the ACR
for macroalbuminuria (M = 556.10 * 369.20) was
significantly larger than for microalbuminuria (M =
111.74 # 70.39), p < 0.001; it was also significantly
larger than for normoalbuminuria (M = 47.96 + 38.34),
p < 0.001; it was also significantly larger than for
control. The means, standard deviations, and compared
mean values are shown in Figure 4.
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Figure 4: Mean albumin-to-creatinine ratio (ACR) across study
groups with 95% confidence interval (CI) error bars.

Multiple pairwise comparisons revealed statistically
significant smaller Klotho mean values for
Macroalbuminuria M = 0.67, SD = 0.42) than
Normoalbuminuria (M = 1.15, SD = 0.25), p < 0.001 and
the Control (M = 1.77, SD = 0.29), p < 0.001, the latter
two groups showed significantly higher Klotho mean
compared to Microalbuminuria (M = 0.59, SD = 0.52).
Also, the mean of klotho for Normoalbuminuria (M =
1.15, SD = 0.25) was significantly smaller than for
Control (M = 1.77, SD = 0.29), p < 0.001. Figure 5
displays the results of ANOVA and means comparisons.
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Figure 5: Mean serum Klotho levels across study groups with
95% confidence interval (CI) error bars.

Discussion

Mean HbAlc levels differed significantly between
diabetic patients and controls (F(3, 131) = 67.83, p <
0.001). Within diabetes subgroups, there were

significant  differences  between  those  with
normoalbuminuria and those with microalbuminuria,
whereas highly significant variations were present
between the macroalbuminuria group and the
normoalbuminuria and microalbuminuria groups.
Inadequate glycemic management is a major risk factor
for diabetic nephropathy development and progression.
HbAlc levels in T2D patients are related to an
increased risk of developing nephropathy, severe
albuminuria, or ESKD [14]. There was no significant
difference in the ages of different groups by using the
ANOVA test compared with the control groups. This is
in agreement with Sueud et al, [15], who showed no
significant difference in mean age between both types
of diabetes with DN. It was reported that the incidence
of ESKD in type 2 diabetes increased with diabetes
duration and age [16]. Moreover, intensive glycemic
control limits the development of nephropathy to
ESRD. The results of this study supported that there are
certain mechanisms involved between glucose levels
and incident albuminuria [17,18]. The main results
showed the levels of Klotho and diabetic nephropathy
correlation in diabetic persons; compared to people
without DN, patients with DN have reduced quantities
of sKlotho. Reduced levels of Klotho (Klotho is a
protein linked to aging) are implicated in DM and the
onset of kidney and blood vessel ailments associated
with DM. Identifying low amounts of the Klotho
protein at an early phase could aid in averting illnesses
related to type 2 diabetes (DM) and halting their
advancement [19].

This study demonstrated a significant inverse
relationship between serum Klotho levels and diabetic
nephropathy progression. The level of klotho was
notably lower in stages of DN, suggesting that sKlotho
may serve as an encouraging biomarker for DN
detection.
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