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ABSTRACT
Aim: Prediabetes is a condition with hyperglycemia and risk of development type 2 diabetes mellitus (T2DM). The aim of this study is to 
determine the concentrations of blood pressure, serum lipoproteins, glucose and insulin levels as well as the concentrations of α-klotho 
and FGF-23 parameters. We also aim at the correlation between all these parameters in obese prediabetics and obese normoglycemics.   
Material and Methods: A total of 26 obese normoglycemic (control group) and 25 obese prediabetic individuals were included in this 
study. Glucose, haemoglobin A1c (HbA1c) and cholesterols levels were analyzed as part of a routine procedure in the biochemistry 
laboratories of our hospital using an autoanalyzer. In order to determine α-klotho and fibroblast growth factor-23 (FGF-23) levels, ELISA 
method was used. Student-t Test and Mann-Whitney U Test were used for evaluation of parameters’ statistical analyzes.  Spearman 
correlation test was used for correlation analysis.  
Results: According to the findings, a significant increase was detected in serum LDL-C, TC, HbA1c, glucose, insulin and Homeostatic 
Model Assessment of Insulin Resistance (HOMA-IR) levels in the obese prediabetic group compared to the control group (p <0.05). 
However, serum α-klotho and FGF-23 levels were found to be significantly lower in the obese prediabetic group compared to the control 
group (p <0.05). α-klotho and FGF-23 values showed strong negative correlation when compared with HOMA-IR values separately (p 
<0.01).  
Conclusion: These findings indicate that α-klotho and FGF-23 levels decrease in prediabetic patients and are associated with insulin 
resistance. The results of our study will make a significant contribution to the literature.  
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ÖZ
Amaç: Prediyabet, hiperglisemi ve tip 2 diabetes mellitus (T2DM) gelişme riski olan bir durumdur. Bu çalışmanın amacı, kan basıncı, 
serum lipoproteinleri, glikoz ve insülin düzeylerinin yanı sıra α-klotho ve FGF-23 parametrelerinin konsantrasyonlarını belirlemektir. 
Ayrıca obez prediyabetiklerde ve obez normoglisemilerde tüm bu parametreler arasındaki korelasyonu belirlemeyi hedefliyoruz.    
Gereç ve Yöntemler: Toplam 26 obez normoglisemik (kontrol grubu) ve 25 obez prediyabetik birey bu çalışmaya dahil edildi. 
Hastanemizin biyokimya laboratuvarlarında rutin prosedür kapsamında glukoz, hemoglobin A1c (HbA1c) ve kolesterol seviyeleri 
otoanalizör kullanılarak analiz edildi. α-klotho ve fibroblast büyüme faktörü-23 (FGF-23) düzeylerini belirlemek için ELISA yöntemi 
kullanıldı.  
Bulgular: Bulgulara göre obez prediyabetik grupta serum LDL-C, TC, HbA1c, glikoz, insülin ve insülin direncinin homeostatik model 
değerlendirmesi (HOMA-IR) seviyelerinde kontrol grubuna göre anlamlı artış tespit edildi (p <0.05). Ancak obez prediyabetik grupta 
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INTRODUCTION

Prediabetes individuals generally have higher blood glucose 
than normal individuals but is not high sufficient to fulfill 
the diagnostic criteria for diabetes mellitus. It is a patho-
logic condition with high risk for the progress of diabetes. 
The definition of World Health Organization (WHO), for 
a person to be diagnosed as prediabetes, he or she should 
have fasting serum glucose levels between 100-125 mg/dL 
and the recorded oral glucose test results (OGTT) between 
140-200 mg/dL (1). The percentage of haemoglobin A1c 
(HbA1c) was also added as another diagnostic criteria for 
diabetes by American Diabetes Association. Individuals 
with HbA1c values between 5.7%-6.4% were considered as 
prediabetic (2).

According to the 2016 report of WHO, 2 billion of peo-
ple were reported as overweight or obese (3). More proin-
flammatory cytokines are being released from adipose 
tissue to blood in obese individuals compared to individ-
uals with normal weight. Increasing reactive oxygen spe-
cies together with proinflammatory cytokines can lead to 
the development of insulin resistance which then causes 
the development of prediabetes and / or diabetes (4-6). In 
a cross-sectional study involving 2022 participants, a strong 
relationship was found between prediabetes and obesity (7).

Klotho is a highly functional protein, first described in 
mice, in 1997. It has membrane-bound form as well as solu-
ble form (8). Its membrane-bound form binds to a specific 
receptor in bone cells, allowing the secretion of Fibroblast 
Growth Factor-23 (FGF-23) hormone. It is known that 
FGF-23 inhibits urinary phosphate release, calcitriol [1,25 
(OH) 2D] secretion, and both the synthesis and secretion 
of parathyroid hormone (9). Soluble klotho (α-klotho) is 
found in the circulation and plays a role in the regulation 
of calcium balance in the kidneys (10). The role of klotho in 
reducing hyperglycemia and increasing glucose tolerance in 
experimental animal models has been reported (11).

Studies in the literature that associate α-klotho and FGF-23 
parameters with insulin resistance in obese prediabetics are 
insufficient. It is important to identify new markers that can 
give rapid results in diagnosis, since most of the prediabetic 

people are unaware of the situation and when they realise 
their condition, it may be late for them to take the neces-
sary measures to protect themselves from type 2 diabetes 
mellitus (T2DM). The purpose of conducting this study 
to determine the concentrations of blood pressure, serum 
lipoproteins, glucose and insulin parameters, as well as the 
concentrations of α-klotho and FGF-23 parameters. We 
also investigated the correlation between all these param-
eters in obese prediabetics and in obese normoglycemics.

MATERIAL and METHODS

Study Participants 

Power analysis was performed to determine the sample size 
using the GPower 3.1 program. In the relevant literature, 
the effect size was calculated as 1,073 in the interventional 
study conducted by Kutlutürk et al (12). The mean-stan-
dard error values of the groups were used and α = 0.05 and 
1-β = 0.95 were selected, and the minimal sample size was 
determined as 19 for the obese prediabetic group and 21 for 
the obese normoglycemic group.

Prediabetic obese individuals and normoglycemic obese 
individuals were included in the study on their first visit to 
university’s Obesity and Diabetes Research and Application 
Center. They all approved to be involved in this study and 
signed the consent forms. Participants who are nonsmok-
ers and nonalcoholic, not under any type of medication and 
not taking vitamins, who are not pregnant, not breastfeed-
ing and over 18 years of age were chosen for the study. The 
study consisted of two groups; Group 1: 26 obese normogly-
cemic individuals (control group, 18 females), and Group 2: 
25 obese prediabetic individuals (patient group, 17 females). 

Variables

For the study, gender, age, weight, height, body mass index 
(BMI), systolic blood pressure (SBP), diastolic blood pres-
sure (DBP) and heart rate values were all obtained from 
individuals’ files. Calculation of Homeostatic Model Assess-
ment of Insulin Resistance (HOMA-IR) with the formula 
of Glucose (mg / dL) x Insulin (uIU / mL) / 405 was deter-
mined whether insulin resistance or not (13, 14). 

serum α-klotho ve FGF-23 düzeyleri kontrol grubuna göre anlamlı olarak düşük bulundu (p <0.05). α-klotho ve FGF-23 değerleri, 
HOMA-IR değerleri ile ayrı ayrı karşılaştırıldığında güçlü negatif korelasyon gösterdi (p <0.01). Parametrelerin istatistiksel analizlerinin 
değerlendirilmesinde Student-t Testi ve Mann-Whitney U Testi kullanıldı. Korelasyon analizi için Spearman korelasyon testi kullanıldı.   
Sonuç: Bu bulgular prediyabetik hastalarda α-klotho ve FGF-23 düzeylerinin düştüğünü ve insülin direnci ile ilişkili olduğunu 
göstermektedir. Çalışmamızın sonuçları literatüre önemli katkı sağlayacaktır. 
Anahtar Sözcükler: Prediyabet, İnsülin direnci, α-klotho ve fibroblast büyüme faktörü-23 (FGF-23)



133Evaluation of α-Klotho, FGF-23 and Insulin Resistance in Obese Prediabetics

Turk J Diab Obes 2021; 2: 131-136

Total cholesterol (TC), low-density lipoprotein cholesterol 
(LDL-C), high-density lipoprotein cholesterol (HDL-C), 
triglyceride (TG), Haemoglobin A1C (HbA1C), glucose and 
insulin levels were measured as part of a routine procedure 
in the biochemistry laboratory by using an autoanalyzer.

Blood samples taken from the participants were centri-
fuged, the sera were separated and stored at -80°C deep-
freezer until usage. Commercially available ELISA kits were 
used for klotho (Elabscience Biotechnology, Catalog num-
ber: E-EL-H5451) and for FGF-23 (Elabscience Biotechnol-
ogy, Catalog number: E-EL-H1116). Klotho results were 
expressed in ng/ml and FGF-23 results were expressed in 
pg/ml.

Statistical Analysis

Statistical Package for the Social Sciences (SPSS) version 25.0 
was selected for the analysis of the data. Shapiro-Wilk test 
was chosen to understand the distribution of obese predia-
betic group and obese normoglycemic group. Length, DBP, 
SBP, pulse, TC, LDL-C, HbA1C, glucose and FGF-23 eval-
uated using Student-t Test due to parametric test condition. 
Weight, BMI, HDL-C, TG, HbA1C, insulin, HOMA-IR and 
α-klotho values was evaluated using Mann-Whitney U Test 

because of non-parametric test condition. Significance was 
accepted if p value less than 0.05. Spearman correlation test 
was used for correlation analysis.

RESULTS

According to the results of the study, a significant increase 
was measured in the age, LDL-C, TC, HbA1C, glucose, 
insulin and HOMA-IR levels in the obese prediabetic group 
compared to the obese normoglycemic control group (p 
<0.05). However, serum α-klotho and FGF-23 levels were 
found to be significantly lower in the prediabetes group 
compared to the control group. However, when the two 
groups were compared, the statistical significance of the dif-
ference could not be found for weight, length, BMI, DBP, 
SBP, pulse, HDL-C and TG levels (p>0.05) (Table 1). 

According to the results of the correlation analysis, when 
the α-klotho and FGF-23 values of both groups were com-
pared with HOMA-IR values separately, a strong significant 
negative correlation was found (p<0.01) (r= -0.461, -0.641; 
respectively). On the other hand, a strong positive correla-
tion was found between α-klotho and FGF-23 parameters of 
both groups (p <0.01) (r= 0.366) (Table 2).

Table 1: The comparison of demographic data and biochemical parameters between the obese normoglycemics (control 
group) and obese prediabetics. 

Groups/Variables Obese normoglycemics (n=26) Obese prediabetics (n=25) p values
Age (Years) 30.96 42.72 0.001*
Weight (kg) 86 (80.80 - 96.18) 88 (80.00 - 103.30) 0.332
Length (m) 1.66 ± 0.08 1.64 ± 0.09 0.437
BMI (kg/m2) 31.52 (27.34 - 35.21) 33.20 (30.47 - 40.32) 0.109
DBP (mmHG) 78.81 ± 9.16 79.40 ± 10.77 0.833
SBP (mmHG) 117.62 ± 11.46 123.52 ± 18.82 0.180
Pulse (mmHG) 77.27 ± 7.33 75.68 ± 10.05 0.521
TC (mg/dl) 171.16 ± 30.84 200.24 ± 35.82 0.003*
LDL-C (mg/dl) 98.65 ± 21.16 124.56 ± 31.49 0.001*
HDL-C (mg/dl) 50 (41.00 - 56.25) 45.0 (40.50 - 51.00) 0.295
TG (mg/dl) 108.50 (87.00 - 163.75) 133.0 (74.00 - 186.50) 0.462
HbA1C 5.2 (5.0 - 5.6) 5.6 (5.4-5.9) 0.001*
Glucose (mg/dl) 94.96 ± 6.97 109.72 ± 7.93 0.001*
Insulin (uIU/mL) 14.09 (10.35 - 18.05) 19.06 (13.24 - 26.79) 0.023*
HOMA-IR 3.20 (2.39 - 4.35) 5.17 (3.70 - 7.55) 0.002*
α-klotho (ng/ml) 9.41 (6.20 - 12.52) 3.13 ( 2.25 - 5.12) 0.001*
FGF-23 (pg/ml) 40.58 ± 8.65 32.21 ± 11.53 0.005*

*: Significant differences between the two groups, Parametric variables are illustrated as mean±standard deviation; non-parametric variables as median 
(interquartile range).
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DISCUSSION

Obesity is a high risk condition for the development of pre-
diabetes, diabetes and related complications (15). In devel-
oped countries, it has been shown that more than one third 
of adults have prediabetes, but most of these individuals are 
unaware of the situation (16). A treatment plan is required 
to prevent or slow down the transition from prediabetes 
to diabetes (17, 18). Therefore, detection and treatment of 
prediabetes is important in preventing diabetes. In addi-
tion, adults who are aware of prediabetes have a higher rate 
of taking precautions against diabetes than adults who are 
unaware of their condition (19).

While prediabetes is not a risk factor in the development of 
cardiovascular diseases without hypertension (20), hyper-
tension together with prediabetes may be an important risk 
factor in the development of cardiovascular diseases (21). 
However, hypertension is twice as high in diabetic patients 
compared to those without diabetes (22).

According to the results of our study, no significant differ-
ence was found when DBP, SBP and pulse values of the con-
trol and prediabetes groups were compared. These results 
show that obese prediabetic individuals do not have high 
blood pressure risk compared to obese normoglycemic 
individuals.

Compared to controls, prediabetic patients show higher TG, 
LDL-C, and TC while showing decreased HDL-C (23, 24). 
In our study, a significant increase in TC and LDL-C levels 
and a non-significant increase in TG levels were observed in 
the obese prediabetic group. On the other hand, there was a 
non-significant decrease in serum HDL-C level in the obese 
prediabetic group.

It has been associated with low α-klotho in both studies 
with diabetic rat models and clinical of T2DM patients (25-

29). It has been shown that in diabetic experimental animal 
models, with an elevation of plasma klotho level, insulin 
storage, acceleration of its synthesis and plasma insulin 
level also increased (11). Similarly, low serum klotho lev-
el and increased insulin resistance have been associated 
with T2DM patients (30). Although Gateva et al. found a 
decrease in the plasma klotho level in prediabetes patients, 
it was not significant. However, in this study, increased 
FGF23 was associated with increased glucose (31). Contrary 
to this study, Kutlutürk et al. showed that plasma insulin 
and glucose levels of obese prediabetes children increased, 
whereas serum α-klotho and FGF-23 levels decreased. They 
associated insulin resistance with low FGF-23 level (12). 

According to the results of our study, serum HbA1C, glu-
cose, insulin and HOMA-IR levels increased significantly 
when compared to the control group (p<0.05). In addition 
to this, serum α-klotho and FGF-23 levels were found 
to be significantly lower than the controls. According to 
the results of correlation analysis, it was determined that 
α-klotho and FGF-23 parameters were negatively correlated 
with insulin resistance, while α-klotho and FGF-23 param-
eters were positively correlated with each other (p <0.01).

The study results demonstrated that serum α-klotho and 
FGF-23 levels decrease while TC, LDL-C, serum HbA1C, 
glucose, insulin and HOMA-IR levels increase in obese pre-
diabetics when compared to obese normoglycemics. Togeth-
er with this, a strong correlation between insulin resistance 
and serum α-klotho and FGF-23 levels was found. These 
findings indicate that α-klotho and FGF-23 levels decrease 
in prediabetic patients and are associated with insulin resis-
tance. In order to illuminate the underlying mechanisms, 
further studies, both experimental and clinical, are required 
to be performed with larger groups.

Table 2: Correlation among parameters

Parameters HOMA-IR FGF-23 Klotho

HOMA-IR
r 1 -0.641 -0.461
p - 0.001** 0.001**

n 51 51 51

FGF-23
r - 0.641 1 0.366
p 0.001** - 0.008**

n 51 51 51

Klotho
r -0.461 0.366 1
p   0.001** 0.008** -
n 51 51 51

** Significant correlation p<0,01  (2-tailed), FGF-23: Fibroblast growth factor, HOMA-IR: Homeostatic Model Assessment Insulin Resistance, , r: 
Correlation coefficient, p:Significance (2-tailed)
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