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Objective: The study objective was to investigate the serum levels of Klotho in patients with type 2 diabetes mellitus (T2DM) who
had moderate cognitive impairment (MCI) and those without MCI and to determine its prediction of MCI in older patients with
T2DM.

Methods: Patients with diabetes were examined for MCI in 292 cases (using the Montreal Cognitive Assessment: MoCA score).
Biomarkers and biochemical parameter data were accumulated.

Results: Comparing T2DM patients with MCI (91 patients) and without MCI (101 patients), patients with MCI considerably reduced
serum Klotho levels were observed. In all 292 hospitalized patients, serum Klotho levels were negatively correlated with age (r=
—0.184, P=0.002), body mass index (BMI) (r=—0.151, P=0.010), glycosylated hemoglobin (HbAlc) (r=—0.197, P=0.001), creatinine
(r=—0.178, P=0.002), and C-reactive protein (CRP) (r=—0.319, P<0.001). On the other hand, it is positively correlated with education
(r=0.319, P<0.001) and high-density lipoprotein cholesterol (HDL-C) (r=0.272, P<0.001). Considering the findings of the multivariate
logistic regression models, patients with type 2 diabetes who had reduced levels of serum Klotho (OR=0.987, 95% CI=0.980-0.994;
P<0.001), lower HDL-C, increased levels of HbAlc, creatinine, and CRP, and limited years of formal education and a longer duration
of T2DM, increase the risk of developing MCI.

Conclusion: The results showed that diabetic patients with MCI have lower serum Klotho levels than diabetic patients without MCI.
It might be possible to do a more extensive population-based prospective investigation to confirm the correlation between serum
Klotho levels and cognitive impairment or dementia.
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Introduction

One of the most common and severe public health issues in the 21st century is type 2 diabetes mellitus (T2DM).! Over
90% of local individuals with diabetes mellitus are T2DM patients, the most prevalent type of disease in China.” The risk
of dementia, cognitive impairment, and Alzheimer’s disease (AD) is correlated with T2DM.** A progressive loss of
memory and executive function is a symptom of mild cognitive impairment (MCI), a condition that occurs in people
between normal ageing and dementia. As a result, the central nervous system (CNS) experiences a variety of morpho-
logical alterations, such as diminished hippocampus growth and neurogenesis, atrophy of the brain, and unexpected
changes in neuronal electrical properties.>® The major cause of blindness in people with T2DM is diabetic retinopathy
(DR), which is the most prevalent microvascular consequence of T2DM.? In addition, there is a correlation between
metabolic syndrome and cognitive function.'® However, these disorders significantly impact the quality of life and public
health. Therefore, it is critical to identify MCI early diagnostic biomarkers in T2DM patients.
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The extracellular Klotho domain of Klotho, a type 1 trans-membrane protein, can be cleaved and released into the
blood, urine, or cerebrospinal fluid (CSF). Klotho is mainly produced in the kidney and brain.'' Membrane-bound Klotho
controls the calcium and phosphate metabolism of the kidneys and is an essential co-receptor for fibroblast growth factor-
23 (FGF23). Wnt and insulin-like growth factor-1 (IGF-1) are two growth factor signalling pathways where secreted
Klotho participates, regulating energy metabolism and oxidative stress.'? Klotho is important in controlling ageing, and
animals with Klotho deficiency or silence age more quickly and have shorter lives. When Klotho is overexpressed in
mice, longevity is increased.'® Furthermore, irrespective of the lifespan-extension effect, an allele of the human Klotho
gene is linked to improved cognition in heterozygous carriers through raising blood klotho levels.'*

Recent research reported how Klotho regulates glucose absorption, improves insulin sensitivity, reduces oxidative stress,
and suppresses inflammation, which may impact T2DM’s severity.'> Klotho expression levels were decreased in mice with
STZ-induced diabetes and patients with early diabetic nephropathy. In addition, a different study found that T2DM, diabetic
nephropathy, and diabetic coronary heart disease had downregulated blood levels of a-Klotho and p-Klotho.'®'” Klotho
upregulation in the hippocampus showed an anti-neurotoxic impact in a mice model of streptozotocin-induced cognitive
impairment.'® However, the therapeutic effects of serum Klotho on cognitive impairment in diabetic patients remain unknown.

In patients with type 2 diabetes, blood Klotho levels may be utilized as an early biomarker of cognitive impairment.
The current study carried out cross-sectional research to investigate the following questions: Identify the predictive value
of Klotho for MCI in patients with T2DM by evaluating blood levels in both with and without MCI patients with T2DM.

Methods
Study Population

From January 2017 to December 2018, this cross-sectional study was undertaken on our hospital’s Department of
Endocrinology patients. The World Health Organization 1999 criteria were used to determine the diagnostic criteria for
T2DM, which included 292 hospitalized patients (158 men and 134 women, ages 50 to 75)."° Every case has a type 2
diabetes diagnosis. Ninety-one (91) of these people had MCI due to their diabetes, while 101 had the condition without
any cognitive impairment. Serums of 150 gender and age-matched healthy donors were selected as controls. The
European Alzheimer’s Association determined that the patient had moderate cognitive impairment (MCI).° The age
range of 50 to 75, diabetes type 2 diagnosis made at least a year prior, and capacity to comprehend and comply with
research procedures were the inclusion criteria for all diabetic patients.
The following criteria were used to exclude people:

Several diabetes consequences, including hypoglycemia, diabetic coma, and diabetic ketoacidosis.
Neurological diseases such as trauma, infection, and cerebrovascular disease history.

Severe primary diseases such as heart, liver, kidney, and lung.

Previous history of mental illness includes Parkinson’s disease, epilepsy, and major depression.

Al

Use drugs that may cause changes in cognitive function during the month.

They were all Chinese Han people. The Department of Endocrinology at Shanghai Pudong New District Gongli Hospital
was where this study was carried out. The Shanghai Pudong New District Gongli Hospital’s ethics committee approved
the study, which was carried out following the Declaration of Helsinki’s ethical principles.

Clinical Data Collection and Blood Biochemistry Measurement

Procedures for internal and external quality control are used in the Gongli Hospital’s central laboratory. We acquired
medical histories, including details on smoking, high blood pressure, and the duration of diabetes. Age, gender, and
educational levels were recorded as demographic variables. Height and weight were used to compute the body mass
index (BMI) using the following formula: [body weight (kg)]/[body height (m2)]. The levels of serum creatinine,
triglycerides, total cholesterol, low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-
C), glycosylated hemoglobin (HbAlc), and fasting blood glucose (FBG) were measured in blood samples.
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Cognitive Test

The community health service centre’s medical staff assessed general cognitive function using the Montreal Cognitive
Assessment (MoCA). The MoCA looks helpful as a cognitive screening test with strong sensitivity and specificity for the
early diagnosis of MCI. The MoCA test consists of seven cognitive areas: executive function, delayed memory recall,
name, attention, abstraction, language, and orienting abilities.”' The cut-off points used for diagnosing MCI in a prior
study on the elderly Chinese population were as follows: 13/14 for those with no formal education, 19/20 for those with
one to six years of schooling, and 24/25 for those with one to six years of education with seven or more. The cut-offs, as
mentioned above, were sensitive and effective in identifying MCI in the elderly Chinese population.*?

Measurement of Circulating Klotho Level

A tube with an EDTA anticoagulant in the morning was filled with 5 mL of peripheral venous blood. Within 30 minutes
of collection, blood samples were centrifuged for 15 minutes at 3000 rpm. The samples were devoid of serum and kept at
—70°C for analysis. A sandwich ELISA kit was used to assess the serum Klotho level (Cloud-Clone Corp., Houston, TX,
USA). At 450 nm, a microplate reader was used to calculate absorbance values.

Statistical Analysis

The relevant frequency and percentage units were used to convey the data and the mean and standard deviation (SD). The
Student’s #-test examined quantitative data with normally distributed variables or with asymmetrically distributed
variables using the nonparametric Mann—Whitney U and Kruskal-Wallis tests. Categorical data were analyzed by Chi-
squared (y?) test. The relationship between the MoCA test results and clinical serum markers was investigated using
Pearson’s or Spearman correlation. Multiple stepwise regression analyses examined the link between cognitive abilities,
demographic traits, clinical traits, and serum ACE level or activity. SPSS 20.0 was used for the statistical analysis (SPSS
Inc., Chicago, IL). Statistical significance was determined by a two-sided P value of <0.05.

Results

The Baseline Characteristics of the Study Group

It was discussed the differences between type 2 diabetics with and without MCI. Student’s #-test results revealed that
patients with MCI often had higher BMIs, older ages, poorer levels of education, longer durations of diabetes, and higher
PBG, HbA Ic, triglycerides, HDL-C, creatinine, and CRP levels as well as lower HDL-C concentrations (Table 1). The ;{2
revealed substantial variations between patients with and without MCI in the presence of gender, smoking, or hyperten-
sion. Potentially decreased MoCA scores were seen in patients with MCI (23.08 &+ 1.38) than in controls (28.15 + 1.30).
There were no potential differences between the groups for FBG and TC (P>0.05).

Table | Clinical Characteristics and Biochemical Parameters of Type 2 Diabetic
Elderly Patients with and without MCI

Variables MCI Non-MCI Tor 4* P value
Number of patients 91 201
Age (year)* 60.54 + 7.22 59.07 + 6.85 3.935 <0.001
Gender (male/female)’ 50/41 108/93 0.037 0.847
Education (years)* 10.16 £ 2.19 11.35 + 231 4.118 <0.001
BMI* 2741 £ 1.49 26.76 £ 1.75 3.100 0.002
Smoking! 31 (34.1%) 55 (27.4%) 1.354 0.245
Hypertension® 46 (50.5%) 86 (42.8%) 1.524 0.217
(Continued)
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Table | (Continued).

Variables MCI Non-MCI Tor x* P value
Duration of T2DM (years)* 9.07 + 0.96 8.14 £ 0.95 7.709 <0.001
FBG (mmol/L)* 8.89 + 0.44 8.82 + 0.49 1.183 0.238
PBG (mmol/L)* 1442 £ 0.46 14.26 + 0.52 2533 0.012
HbAlc (%)* 9.59 + 0.40 9.36 £ 0.42 4.536 <0.001
TG (mmol/L)* 2.78 + 0.45 253 £0.52 3.945 <0.001
TC (mmol/L)* 6.18 + 0.44 6.08 + 0.46 1.873 0.062
LDL-C (mmol/L)* 3.71 £ 049 3.56 + 0.39 2.772 0.006
HDL-C (mmol/L)* 1.57 £ 0.31 1.77 £ 0.34 4.806 <0.001
Creatinine (umol/L)* 84.61 + 6.89 77.03 + 9.63 6.762 <0.001
CRP (mg/L)* 6.36 + I.11 5.18 + 1.12 8.389 <0.001
MoCA 23.08 + 1.38 28.15 + 1.30 30.223 <0.001
Klotho (pg/mL)* 260.9 + 33.9 296.6 + 33.5 8414 <0.001

Notes: *Significance, P<0.05; comparing patients with MCl and those without MCI (controls), fIndicate
categorical data, Data are mean - SD values. Mann—-Whitney U-test (Z), or x” test was used to test for
significant differences.

Abbreviations: MCI, mild cognitive impairment; BMI, body mass index; T2DM, diabetes type 2; FBG, fasting
blood glucose; PBG, postprandial blood glucose; HbA I c, glycosylated hemoglobin; TG, triglyceride; TC, total
cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; CRP,
C-reactive protein; MoCA, Montreal Cognitive Assessment.

Serum Klotho Levels Between Diabetic Patients with and without MCI
ELISA assay was performed to measure the blood Klotho levels of diabetic patients with and without MCI compared

with healthy controls. The MCI group and non-MCI patients exhibited markedly serum Klotho levels lower than healthy

controls. Furthermore, the MCI group (260.9 + 33.9 pg/mL) showed significantly lower serum Klotho levels than the
non-MCI patients (296.6 + 33.5 pg/mL) (Table 1, Figure 1).
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Figure | Serum levels of Klotho in T2DM and control cases. All data are medians and inter-quartile range (IQR); P values refer to Mann—Whitney U-tests for differences
between groups. ¥*P<0.001 vs healthy control group (without MCI) and *#P<0.001 vs healthy control group (with MCI).
Abbreviations: MCI, mild cognitive impairment; T2DM, type 2 diabetes mellitus.
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Table 2 Relationship of Serum Level of Klotho
with Other Clinical Indicators in Group of
Diabetic Elderly Patients

Variables r P value
Age (year)* —0.184 0.002
Education (years)* 0.319 <0.001
BMI* —0.151 0.010
Duration of T2DM (years)* —0.193 0.001
FBG (mmol/L)* —-0.073 0.216
PBG (mmol/L)* —0.082 0.161
HbAlc (%)* —0.197 0.001
TG (mmol/L)* —0.065 0.271
TC (mmol/L)* —0.039 0511
LDL-C (mmol/L)* =0.111 0.058
HDL-C (mmol/L)* 0.272 <0.001
Creatinine (umol/L)* —-0.178 0.002
CRP (mg/L)* -0.319 <0.001

Notes: *Significance, p < 0.05; r, correlation coefficient.
Abbreviations: BMI, body mass index; T2DM, diabetes type 2;
FBG, fasting blood glucose; PBG, postprandial blood glucose;
HbAlc, glycosylated hemoglobin; TG, triglyceride; TC, total cho-
lesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C,
high-density lipoprotein cholesterol; CRP, C-reactive protein.

Correlation of Serum Klotho with Additional Clinical Markers in People with Diabetes
In all 292 diabetic patients, negatively associated serum Klotho level with age (r=—0.184, P=0.002), BMI (r=—0.151,
P=0.010), HbAlc (=—0.197, P=0.001), Creatinine (r=—0.178, P=0.002), CRP (r=—0.319, P<0.001), and was positively
associated with Education (r=0.319, P<0.001) and HDL-C (r=0.272, P<0.001) (Table 2). There was a marginally negative
connection between serum Klotho and FBG, PBG, and LDL-C.

Logistic Regression Models

To identify independent risk variables of MCI, multivariate logistic regression analysis was used. It was shown that
people with type 2 diabetes who had less formal education were more likely to have MCI (OR=0.804, 95% CI=0.667—
0.969; P=0.022), extended duration of T2DM (OR=2.433, 95% CI=1.628-3.638; P<0.001), increased HbAlc levels
(OR=3.355, 95% CI=1.146-9.821; P=0.027), creatinine (OR=1.136, 95% CI=1.075-1.200; P<0.001) and CRP
(OR=2.309, 95% CI=1.574-3.388; P<0.001), and reduced HDL-C (OR=0.203, 95% CI=0.057-0.725; P=0.014) and
Klotho levels (OR=0.987, 95% CI=0.980-0.994; P<0.001) (Table 3).

Discussion

T2DM patients had a higher frequency of MCI than the control population.”® Patients with T2DM with MCI had
cognitive impairment more quickly than those with MCI alone.* The role of T2DM in cognitive impairment is
multifaceted. It involves amyloid B (AB) protein deposition, hyperphosphorylation of tau protein, chronic hyperglycemia,
recurrent hypoglycemia, insulin insufficiency, glucose-mediated toxicity, and chronic hyperglycemia.”> These results
suggested that T2DM might be a risk factor for the cognitive impairment associated with older people. However, it might
be challenging to comprehend the underlying procedures. In the current study, we conducted a cross-sectional study to
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Table 3 Assessment Results of the Risk of Having MCl in a Multivariable Logistic
Regression Model in Elderly Patients with Type 2 Diabetes

Variables B SE of p P value OR 95% CI

Education (years)* -0.218 0.096 0.022 0.804 | 0.667-0.969
Duration of T2DM (years)* 0.889 0.205 <0.001 2433 1.628-3.638
HbAlc (%)* 1.210 0.548 0.027 3.355 1.146-9.821
HDL-C (mmol/L)* —1.594 0.649 0.014 0.203 0.057-0.725
Creatinine (umol/L)* 0.127 0.028 <0.001 1.136 1.075-1.200
CRP (mg/L)* 0.837 0.196 <0.001 2.309 1.574-3.388
Klotho (pg/mL)* —0.013 0.004 <0.001 0.987 | 0.980-0.994

Notes: *Significance, p < 0.05. f, regression coefficient.

Abbreviations: Cl, confidence interval for odds ratio; OR, odds ratio; SE, standard error; T2DM, diabetes
type 2; HbAlc, glycosylated hemoglobin; HDL-C, high-density lipoprotein cholesterol; CRP, C-reactive
Protein.

investigate the relationship between serum Klotho levels and cognition in Chinese diabetes patients who were not yet
demented. Compared to patients with T2DM who did not have MCI, the serum Klotho level in MCI patients was
significantly lower.

According to the results of the multivariate logistic regression models, patients with type 2 diabetes might be more
likely to develop MCI when their serum Klotho levels are lower. In addition, blood Klotho levels were positively
correlated with education and HDL-C and adversely correlated with age, BMI, HbAlc, creatinine, and CRP in all
patients. These results demonstrated that decreased IL-1p levels might be linked to the decline in cognitive function in
diabetes.

When compared to diabetic individuals without MCI, we discovered that diabetic patients with MCI had considerably
reduced blood levels of Klotho. Moreover, our findings showed a positive correlation between Klotho levels and the
MoCA score. In the crucial functional networks of the brain susceptible to ageing, higher serum klotho levels were found
in healthy ageing people with Klotho homozygosity, which was also related to the greater intrinsic connection.”® The
result indicates that Klotho is a secretory protein containing a cognitive-improving compound effect, as evidenced by
a lower risk of cognitive impairment in aged subjects with higher plasma Klotho.?” Our results are consistent with the
findings of several previous research that have correlated Klotho with cognitive impairment.

Klotho serum levels were lower in T2DM patients than in healthy controls,'” and low levels of Klotho have been
associated with an increased risk of cerebrovascular incidents and coronary artery disease.”® Serum Klotho and MCI in
T2DM patients are thought to be related; however, this is still unknown. However, reduced plasma levels in a group of
aged people and klotho levels are correlated to vascular dementia.?’ The current study found that T2DM patients with
MCI had lower blood levels of Klotho than T2DM patients without MCI, and a low level of Klotho is an independent
cause of MCI. It is unknown if serum Klotho level is altered in the early stage of MCI in T2DM patients. The Klotho
level is an independent predictor for the development of macroangiopathies in a 7-year prospective study; hence, further
investigation is necessary.

The present research found a significant negative correlation of serum level of Klotho with age, BMI, HbAlc,
creatinine, CRP, and a positive correlation with education and HDL-C. HbAlc level positively correlates with the
duration and extent of hyperglycemia in T2DM patients. Age-related cognitive impairment and worse executive function
were linked to hyperglycemia and higher HbAlc levels,*° that is also evidenced by increased HbAlc in patients with
MCI compared to patients without MCI. Klotho is expressed in the pancreas, and pancreatic B-cell-specific expression of
Klotho could preserve B-cells in type 2 diabetes.>’ Whether reduced serum Klotho reflects lower Klotho expression in
pancreatic B-cell, thus increasing blood glucose, remains unknown. In older people, hyperglycemia is a distinct risk
factor for MCI,*? and our results also showed higher triglyceride (TG) and lower HDL-C in MCI compared to non-MCI.
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Hyperlipidemia can cause kidney injury and decrease Klotho’s renal expression by oxidizing LDL.** As Klotho is mainly
expressed in the kidney indicates that serum Klotho is influenced by hyperlipidemia, and the kidney is the main targeted
organ, evidenced by the negative correlation between serum Klotho and creatinine in our results. Furthermore, reducing
hyperlipidemia is a promising therapeutic method for increasing serum Klotho, which is supported by increased
hippocampal klotho expression in a mice model of simvastatin-induced cognitive impairment brought on by

streptozotocin.'®

Limitations

There were several limitations of our study. (1) We should be careful when interpreting our results because of the
relatively small size of our research cohort. (2) The study was not intended to be a prospective longitudinal inquiry;
instead, it was cross-sectional. The predictive role of serum Klotho should be validated. (3) This study offers crucial
information on the Klotho abnormalities that underlie diabetes patients’ cognitive impairment. (4) To evaluate the
cognitive cognition of the individuals, we only employed the MoCA analysis tool; other techniques should be used to
obtain more accurate and dependable results. Furthermore, the specific processes driving reduced Klotho expression-
related cognitive impairment brought on by T2DM have not yet been identified.

Conclusions

In sum-up, compared to non-MCI controls, serum Klotho levels are lower in MCI diabetic patients. The independent
factor raising the risk of MCI in people with type 2 diabetes is the lower level of Klotho. It needs to be made apparent
what particular procedures led to this discovery. It is necessary to do a more extensive population-based prospective
investigation to confirm the serum Klotho’s ability to predict cognitive deterioration in T2DM patients. Clinical benefits
for the prevention of MCI may come from pharmacological treatments that specifically target the Klotho protein in
diabetes.

Abbreviations

MCI, mild cognitive impairment; T2DM, type 2 diabetes mellitus; MoCA, Montreal Cognitive Assessment; BMI, body
mass index; HbAlc, glycosylated hemoglobin; CRP, C-reactive protein; HDL-C, High-density lipoprotein cholesterol;
CSF, cerebrospinal fluid; FGF-23, fibroblast growth factor-23; IGF-1, insulin-like growth factor-1; FBG, fasting blood
glucose; PBG, postprandial blood glucose; TG, triglyceride; TC, total cholesterol; LDL-C, low-density lipoprotein
cholesterol.
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