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Implication for health policy/practice/research/medical education:
Klotho is a recently known anti-aging protein. Diabetes and hypertension as two major public health issues associate with increased risk 
of cardiovascular complications. The level of serum klotho was significantly lower in diabetic and hypertensive patients. Serum klotho 
was associated with lower odds of diabetes and hypertension and participants with higher klotho were less likely to have diabetes and 
hypertension.
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Introduction: Klotho allele status is associated with increased risk of cardiovascular diseases, diabetes 
and hypertension.
Objectives: To determine if serum klotho level was lower among diabetic and hypertensive patients 
compared to control group. 
Patients and Methods: This was a cross-sectional study of 90 participants. Thirty pure diabetic 
patients and 30 participants with pure hypertension were compared with the healthy control group. 
Multiple logistic regressions were used to examine the association between serum klotho and 
diabetes and hypertension. We also tested the cut off point of serum klotho to predict hypertension 
and diabetes by using ROC (receiver operating characteristic) curve. 
Results: The level of serum klotho was significantly lower in diabetic and hypertensive patients. 
Participants with higher klotho were less likely to have diabetes and hypertension [OR: 0.48, 95% 
CI (0.22-0.81)] even after adjustment for covariates. ROC curve for diabetes and hypertension 
indicated 0.8 area under the curve which was statistically significant. 
Conclusion: This study found that serum klotho was associated with lower odds of diabetes and 
hypertension. Further longitudinal studies are necessary to confirm this finding.

ABSTRACT

Introduction 
Klotho is a recently known anti-aging protein that encodes 
a single-pass transmembrane protein. It is mainly expressed 

in the distal tubule cells of kidney, parathyroid glands and 
choroid plexus of the brain (1). Anti-aging effects of klotho 
by mediating inflammatory response have been studied 
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over several decades. A recent study in male rats revealed 
that the defect in klotho involving the process of randomly 
integrating a foreign gene into the mouse genome leads 
to change genomic map by introducing nonfunctional 
gene (2,3). Klotho deficient mice represent extensive 
and progressive arteriosclerosis attributed to endothelial 
dysfunction and medial calcification. Alternatively, in 
another study klotho gene delivering in a rat model with 
multiple atherogenic risk factors could repair vascular 
endothelial dysfunction and prevent perivascular fibrosis. 
Zhou et al proposed a mechanism in which klotho gene 
deficiency led to developing salt sensitive hypertension via 
inflammatory pathway in rats (4). Another study among 
diabetic rats suggests that klotho contributes to anti-
inflammatory response which negatively regulates the 
production of nuclear factor activation (5). 

Diabetes and hypertension as two major public health 
issues associate with increased risk of cardiovascular 
complications. Chronic, systemic inflammation may be 
an important contributor to the development of diabetes 
and hypertension symptoms and their complications 
(6). Several studies indicate that klotho allele status is 
associated with increased risk of developing cardiovascular 
diseases, diabetes and hypertension (6). Donate et al 
demonstrated that expression of klotho-VS in a family 
is a reliable predictor for occult cardiovascular diseases 
(7). Another study among diabetic patients reported an 
association between klotho deficiency and risk of micro-
albuminuria which led to increased risk of cardiovascular 
disease and end-stage renal failure (8). For this reason 
one of the potential pharmacodynamics pathways for 
antihypertensive medications like renin-angiotensin 
system blockade is a modulator of immune response by 
increasing soluble klotho (9). 

Objectives
Given that diabetes and hypertension are two major risk 
factors for cardiovascular disease which is one of the most 
important leading cause of death in the world and based 
on the existing evidence of the role of klotho in developing 
diabetes and hypertension and their subsequent 
complications, we, therefore, aimed to determine the 
serum level of klotho in diabetic and hypertensive patients 
compared to healthy adults. We also hypothesized that 
whether serum klotho level can be used as a predictor 
factor to estimate the risk of diabetes and hypertension in 
the general population. 

Patients and Methods
Patients and study design
This cross-sectional study was conducted in adults 
admitted at Seyod Al-Shohada teaching hospital in the 
province of West Azerbaijan, Iran in 2017. Participants 

consist of three groups; 
1.	 Patients with a history of at least six months 

hypertension which was confirmed by detecting the 
mean of blood pressure more than 140/90 mm Hg.

2.	 Patients with a history of diabetes for at least six 
months which was confirmed by serum glucose level 
more than 126 mg/dL or taking any anti-diabetic 
agents for at least 6 months.

3.	 Control group was volunteer participants with no 
history of high blood pressure or diabetes which were 
confirmed by measuring blood pressure and serum 
glucose before enrolling in the study. Since the level 
of klotho changes over life time all participants were 
matched by age. 

We excluded participants with evidence of cancer, 
rheumatologic diseases, infectious diseases, chronic renal 
failure, acute or chronic hepatitis. Participants with 
having both diabetes and hypertension were also excluded. 
Patients were also examined by one cardiologist to rule 
out any cardiovascular diseases. Eligible participants were 
enrolled subsequently as they were referred to the hospital. 
The study sample consists of 30 participants per group.

A trained nurse was responsible to take blood samples and 
record participants’ baseline characteristics. Demographic 
information including age, gender and body mass index 
were collected. The blood was transferred to the reference 
laboratory in order to measure the level of serum klotho 
(using Eastbiopharm kits) and lipid profile. 

Ethical approval
This study was approved by the Urmia University of 
Medical Sciences institutional review Board and (Ethical 
code#IR.UMSU.REC.1395.20) was conducted in 
accordance with the Helsinki Declaration of 1975. The 
aim of study and possible harm were explained to each 
participant. All participants signed the consent form to 
confirm their awareness of procedure. This study was 
extracted from the medical thesis of Shahriar Khanahmadi 
at this university.

Statistical analysis
In this study, descriptive statistics were reported as mean 
(±standard deviation) or median for continuous variables 
and as frequency (percentage) for categorical variables. 
For comparisons of diabetic/hypertensive patients versus 
control participants, chi-square tests were applied to 
compare categorical variables. Student’s t-test and the 
Wilcoxon rank sum test were used to compare continuous 
variables, as appropriate. Multivariable logistic regression 
models were fit to explore the association between serum 
klotho and the outcome of diabetes or hypertension 
separately. The model was then adjusted for demographic 
variables (age and gender) as potential confounder 
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variables. Next, we adjusted for clinical covariates (BMI 
[body mass index], triglyceride, low-density lipoprotein 
[LDL-C], high-density lipoprotein [HDL-C] and total 
cholesterol). Receiver operation characteristics (ROC) 
curve was also used to determine the cut–off point 
for klotho level to discriminate participants who had 
hypertension or diabetes with healthy participants. The 
overall performance was assessed by the area under the 
ROC curve, in which the area under the curve closer to one, 
represents the optimum capability to differentiate diabetic 
or hypertensive patients from control healthy group. 
STATA version 13 was used for all statistical analysis and 
all tests were considered statistically significant at P < 0.05. 

Results
A total of 30 participants per each group were included in 
the analysis. The median age of participants with diabetes 
was 52.3 ± 8.3 versus 51.13 ± 8.7 years among hypertensive 
patients. There were no statistical significant differences 
based on age and gender among diabetic and hypertensive 
patients compared to healthy participants. Table 1 

summarizes the demographic and clinical characteristics 
of study participants by each group. Diabetic patients 
were more likely to have higher BMI than the control 
group, however patients with hypertension did not show 
any significant differences based on the mean of BMI with 
the control group. Triglyceride and total cholesterol were 
significantly higher among patients with hypertension 
compared to the control group. Diabetic participants 
were more likely to have higher HDL-C compared to the 
control group. The mean of serum klotho was 1.6 ± 0.9 
ng/mL in diabetic patients versus 1.2 ± 0.5 ng/mL in 
hypertensive patients compared to 2.7 ± 1 ng/mL among 
the control group (P < 0.001).

We examined the association of serum klotho and 
having hypertension or diabetes using logistic regression 
analysis. Table 2 shows the results of regression among 
diabetic patients. The first unadjusted model showed 
lower odds of having diabetes associated with increasing 
serum klotho [OR: 0.48 CI 95% (0.22-0.81)]. A similar 
result was found after adjusting for demographic variables 
(age, gender and smoking status). Further adjustment for 

Table 1. Baseline characteristics by each group (diabetic, hypertension and healthy participants)

Variable 
Total sample Diabetes Hypertension Control P value

(N=90) (n=30) (n=30) (n=30) Dia /con BP/con

Age  (year) 50.51±9 52.33±8.3 51.13±8.7 48.06±9.6 0.07 0.2
Gender (male %) 50 46.7 36.7 66.7 0.09 0.02
Ex-smoker/current smoker 24.4 33.3 40 0 0.00 0.00
BMI (kg/m2) 25±2.7 25.7±1.9 24.8±2 24.68±1.8 0.06 0.7
Total cholesterol (mg/dL) 162±39.1 156±44.8 151.1±26.1 179±38.9 0.03 0.00
LDL-C (mg/dL) 87.57±23.9 83.1±27.92 86.6±22.1 93±20.18 0.12 0.25
HDL (mg/dL) 40.6±9.4 39.3±8.7 39.4±9.4 43±9.8 0.13 0.16
TG (mg/dL) 145.8±45.9 202.9±47 113.5±45.4 121.1±70 0.00 0.61
Klotho (ng/mL) 1.9±1 1.6±0.9 1.2±0.5 2.7±1 <0.001 <0.001

Table 2. Results of multivariable adjusted logistic regression examining the association of diabetes/hypertension with serum klotho

Group Variable Unadjusted OR , P value 
Socio-demographic adjusted

OR (CI95%), P value 
Clinical covariates adjusted

OR (CI95%), P value 

Diabetic 
participants 

Serum klotho (ng/mL) 0.48 (0.22-0.81), 0.001 0.48 (0.21-0.7) 0.001 0.45 (0.29-0.78), 0.01
Female - 0.47(0.12-1.7), 0.25 0.35(0.07-1.6), 0.18
Age ≥55 (year) - 0.94(0.88-1.0), 0.16 0.91(0.83-1.0), 0.09
BMI (kg/m2) 0.93(0.65-1.33), 0.7 0.94(0.61-1.4), 0.24
HDL-C (mg/dL) - - 0.98(0.89-1.07), 0.73
LDL-V (mg/dL) - - 1.01(0.97-1.04), 0.47

Hypertensive 
participants 

Serum klotho (ng/mL) 0.37(0.12-0.87) 0.00, 0.35(0.17-0.91), 0.000 0.37(0.2-0.88), <0.001
Female - 0.11(0.1-1), 0.06 0.7 (0.4-1.1), 0.06
Age ≥55 (year) - 0.95 (0.86-1.05), 0.38 0.96(0.83-1.12), 0.66
BMI (kg/m2) - 1.33 (0.75-2.2), 0.2 1.22(0.66-2.3), 0.44
TG (mg/dL) - - 0.99(0.97-1.02), 0.92
HDL-C (mg/dL) - - 1.05(0.89-1.2) 0.51
LDL-C (mg/dL) - - 0.95 (0.85-1.0) 0.32
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clinical characteristics such as triglyceride, BMI, HDL-C, 
LDL-C, total cholesterol did not meaningfully change 
the association. Subsequently, logistic regression analysis 
was used to determine the association of serum klotho 
and hypertension (OR: 0.37, CI: 0.12-0.87). The odds 
of hypertension were less than one which identified the 
protective effect of klotho in healthy population (Table 2). 

ROC curve was also used to determine the level of 
serum klotho to predict hypertension and diabetes. ROC 
curve for diabetic participants indicated the 0.8 area 
under the curve which was statistically significant (Figure 
1). The similar analysis among patients with hypertension 
revealed the 0.6 area under the curve significantly (Figure 
2). Serum klotho of 1.77 was set as the cut off which is able 
to perfectly discriminate the patients with diabetes and 
healthy people with 93% sensitivity and 81% specificity. 
The optimum level of klotho to predict hypertension was 
1.73 with 93% sensitivity and 78% specificity.

Discussion
Diabetes and hypertension are two major public health 
issues in the world. According to epidemiological studies, 
the prevalence of hypertension and diabetes is increasing 
among elderly (4). Although diet and health behaviors 
have been suggested as an essential well-known modifiable 
factor in developing diabetes and hypertension, over the 
last decade, a bunch of in vivo and in vitro studies have 
examined the correlation of klotho with diabetes and 
hypertension and their adverse outcomes. (3,5,10-12). 
The recent hypothesis is that klotho protein as an anti-
aging hormone can modulate the expression level of 
antioxidant enzymes (5,6,13,14). While inflammation 
and endothelial dysfunction are in the biological pathway 
to develop diabetes and hypertension, a protective 
function of klotho against endothelial dysfunction has 
been reported by several studies (5,9,15). Animal studies 
showed that the treatment effect of antihypertensive 
medications among diabetic rats is associated with 
accelerating klotho level in serum (9). Our study showed 
the serum klotho level is significantly lower among 
diabetic and hypertensive patients than healthy people. 
The level of klotho meaningfully discriminates diabetic 
and hypertensive patients from the control group. 
These results suggest that the serum klotho could be an 
important tool in the prediction of detecting diabetes and 
hypertension, although additional prospective studies are 
needed to confirm these results. 

In our study, the level of serum klotho was significantly 
higher among control healthy people. The odds of diabetes 
and hypertension were significantly lower among those 
with higher level of serum klotho even after adjusting 
for some covariates such as lipid profile, age, gender and 
BMI. The level of klotho is a new interest in the risk 

management of cardiovascular disease. Atherosclerosis, 
oxidative stress and endothelial dysfunction have been 
revealed to be related to the level of klotho expression in 
mice (1,16,17). Several studies suggested the correlation 
between serum klotho and prevalence of diabetes and 
hypertension and their complications (8,18-21). In rat 
model with multiple atherogenic risk factors such as 
obesity and hyperlipidemia, in vivo Klotho gene delivery 
can repair endothelial dysfunction and perivascular 
fibrosis (8).

Semba et al showed that among adult participants, higher 
plasma klotho is associated with a lower odds of having 
cardiovascular disease (1). Ming et al reported hypertension 
among old people contributed to the reduction of the 
serum klotho which led to endothelial dysfunction as the 
predisposing factor for cardiovascular diseases (20). There 
is also contradictory evidence regarding the association 
between klotho levels and diabetic patients compared to 
non-diabetic controls. Lee et al found that klotho level 
was significantly higher in diabetic patients (22). One 

Figure 1. ROC curve to discriminate the klotho level for developing 
diabetes.

Figure 2. ROC curve to discriminate the klotho level for developing 
hypertension.
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possible explanation is some important variables such as 
blood pressure and age values were significantly different 
in diabetic patients and control group in the study by Lee 
et al (10,22). However, no significant differences based 
on these parameters were detected in our study. Another 
reason is that lee et al measured plasma klotho levels, 
while serum klotho was examined in our study. It appears 
the main difference between the klotho concentration in 
plasma and serum is due to clotting factors in the plasma 
(10, 23). 

ROC curve indicated the 0.8 area under the curve 
which was statistically significant. Serum klotho 1.77 was 
set as the cut off which perfectly discriminates the diabetic 
patients with 93% sensitivity and 81% specificity. Almost 
similar cut off of 1.73 was found for hypertensive patients 
with 93% sensitivity and 78% specificity. 

There were some limitations in this study which 
need to be acknowledged. The cross-sectional design 
subjected our finding to some biases. Since cause and 
effect variables would be evaluated at a single point of 
time, the cross-sectional design prevents any inferences of 
causality. However, a cross-sectional study is appropriate 
for hypothesis generation. Selection bias might be 
another limitation in this study which affects our 
study generalizability. Although our study could find a 
significant difference in serum klotho among patients and 
the control group, small sample size is another important 
limitation in this study. Unmeasured confounder variables 
are another challenging issue in this study. In addition, all 
participants did not have a follow-up plan which limits 
our ability to assess the prognosis of the disease. 

Conclusion
In this cross-sectional study, the level of serum klotho 
was significantly lower among patients with diabetes 
and hypertension than the healthy population. Higher 
serum klotho was associated with lower possibility of 
diabetes and hypertension. In ROC curve analysis serum 
Klotho was a significant predictor of having diabetes 
and hypertension. We recommend additional studies to 
confirm these findings. If confirmed, mechanistic studies 
will be useful to determine whether the effect of serum 
klotho is due to reduced inflammation or other pathways 
related to unmeasured variables.

Limitations of the study
The relatively small sample was the main limitation of 
this research. The finding of this study should be further 
confirmed by larger and longer clinical research.
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