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Abstract 

This research included study the relation between FGF21 and insulin resistance in hyperlipidaemia. The results 

demonstrated that the normal mean of FGF21 in serum control group was (69.4±2.9 pg/ml) and there was a 

significant increasing in FGF21 concentration in patients (108.05±4.03 pg/ml ) compared with control group, also 

the results showed a significant increase in the concentration of fasting glucose, insulin, homeostasis model for 

insulin resistance (HOMA-IR), Total cholesterol, Triglycerides, low density lipoprotein for cholesterol (LDL-C) 

and very low density lipoprotein for cholesterol (VLDL-C) and malondialdehyde (MDA), while a significantly 

decrease had been shown in concentration of high density lipoprotein for cholesterol (HDL-C), adiponectin and 

arylestase activity in hyperlipidemia patients compared with control group. Correlation coefficients of FGF21 

hormone with these clinical parameters showed a positively significant correlation with Glucose, insulin, 

HOMA-IR, Total cholesterol, Triglycerides, LDL-C, VLDL-C and MDA concentration, while FGF21 elucidated 

a significant negative correlation with HDL-C, arylesterase activity and adiponectin concentration. The 

conclusion of this study was that FGF21 concentration correlated significantly in hyperlipidemia with insulin 

resistance, and FGF21 high concentration can be represented as a biomarker in hyperlipidemia.   
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1. Introduction 

Fibroblast growth factor 21 (FGF21) is a peptide 

hormone superfamily with important biological 

functions including metabolism, wound healing, 

regulation of cell growth, angiogenesis, development 

and differentiation [1]. Human FGF family consist of 

22 members, one of them, FGF21 which consider a 

peptide had 209 human amino acid, and several organs 

secretes and produces it, primarily, the liver and 

adipose tissue [1, 2] and can act on multiple tissues to 

regulate energy homeostasis[3]. FGF21 can enter the 

circulation without binding to heparin sulphate 

proteoglycan and works as an endocrinal hormone 

because it distributes through the blood system to 

target organs [4]. In last years, FGF21 had a big 

attention for its ability to work as an important 

regulator of glucose and lipid metabolism [5] which 

include improvement of insulin sensitivity, reducing 

blood glucose, lowering triglycerides, losing of body 

weight by increase the energy expenditure and reduce 

the mass of fat [1]. FGF21 represent as a major sensor 

for metabolic stresses, such as overfeeding, starvation 

and cold exposure [4]. Many research elucidated that 

FGF21 increases glucose up-take and adipogenesis, 

and improves sensitivity of insulin and lipid storage 

[6] FGF21 increases glucose uptake by regulating of 

glucose transporter 1 (GLUT1) expression also, it 

increases adiponectin expression and secretion, a 

potent insulin-sensitizing adipokine, which act on 

reduces of hyperglycemias, resistance of insulin and 

hepatic steatosis [4]. Mechanistic studies suggested 

that FGF21 promotes cardiac protection  in CVDs by 

suppression of lipotoxicity by decreasing serum LDL 

levels and increasing serum HDL levels [1]. 

 

Aim of Research:  

Since there were a little previous studies in Iraq 

about the relation between FGF21and insulin 
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resistance, so it was proposed to study it in 

hyperlipidaemia patients. 

 

Experimental 

 

This study achieved on (80) healthy group (37 

females, 43 male), with age matching to the patients 

group (aged between 33 and 51 years), and (75) 

patients with hyperlipidemia (44 females, 31 male) 

from Ibn- sena and AL-Salam education hospital in 

Mosul city. The samples of blood were obtained after 

fasting for overnight [12 hours] 

After isolation of the serum it was used to 

determine the following clinical parameters [7]. 

-FGF21: was estimated using SHANGHAI YEHUA 

Biological Technology Co., Ltd kit (China) by enzyme 

linked immunoassay ELISA technique [8]. 

-Blood Glucose (BG): was estimated immediately 

using Randox kit (United Kindom). 

-Insulin: determined by ELISA technique using 

Monobind kit (USA) by using (BIO-TEK 

INSTRUMENTS, INC) [9]. 

-Homeostasis model assessment of insulin 

resistance (HOMA-IR): was estimated using the 

following equation: HOMA-IR = Insulin (μU/ml) x 

Glucose (mg/dl) /450 [10]. 

-Total Cholesterol (TC): was determined using 

BIOLABO kit (France). 

-Triglycerides (TG): were estimated using 

BIOLABO kit (France). 

-High density lipoprotein-cholesterol (HDL-C): 

was estimated by precipitation method, using 

BIOLABO kit (France). 

-Low density lipoprotein-cholesterol (LDL-C): was 

estimated by Friedewald equation:  

LDL Conc. (mg/dL) = Cholestrol Conc.-HDL 

Conc.-(TG conc./5) [11]. 

-Very low density lipoprotein-cholesterol (VLDL-

C): was estimated by the equation:     

   VLDL Conc. (mg/dL) = TG Conc./5 [11]. 

-Malondialdehyde(MDA): was determined using 

modified method of [12]. 

-Arylesterase activity: was determined by  enzymatic 

hydrolysis of phenyl acetate to produce phenol and 

acetic acid[13]. 

-Adiponectin concentration: was estimated by 

ELISA technique using USBIOLOGICAL kit (USA)  

 

Data Analysis: 

The obtained data were analysed using statistical 

package for social sciences (SPSS) 

1. Standard statistical methods were used to found the 

mean and standard error. 

2. P-Value ≤ 0.05 was assumed statistically significant  

3. One-way Anova to compare between more than two 

parameters. 

4.T-test used for comparing between two parameters. 

5.Linear regression analysis [Pearson correlation 

coefficient (r)] was performed to identify the relation 

between different clinical parameters. 

 

Results and Discussion: 

Concentration of FGF21 in hyperlipidemia 

Patients compared with control group: 

The results showed that the normal concentration of 

FGF21 was (69.4±2.9 pg/ml) in control group, this 

result was approximate to other results (68.3±18.3 

pg/ml) showed by [14] and near to the result 

(64.2±10.4 pg/ml, 75.4±3.2 pg/ml) found by other re-

searcher [15, 16] respectively. 

The result also elucidated that hyperlipidemia patients 

have a significantly higher FGF21 concentration 

(108.05±4.03 pg/ml) as compared with control group 

as in fig. 1 below. These results were in consistent with 

[1,5], the cause of this increase in FGF21 

concentration might be due to increased FGF21 

resistance [17] or due to Increased concentration of 

cholesterol since FGF21 enhance the efflux of 

cholesterol mediated by dependent ATP binding 

cassette (ABC) [18]. 

 

 
Fig.1: FGF21 concentration of in hyperlipidemia 

patients and control group 
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Some clinical parameter concentration in 

hyperlipidemia Patients compared with control 

group:  

The study involves determination of some clinical 

parameters in hyperlipidemia patients compared with 

control group as shown in table (1) to find the relation 

between FGF21concentration and some clinical 

parameters: 

Insulin, concentration of blood glucose and 

HOMA-IR in hyperlipidemia patients comparing 

with control group: 

The results in table (1) detected a significantly 

increase in blood glucose concentration in Patients as 

compared with control group, these results were in 

consistent with [19, 20]. Also the results detected  a 

significantly increase in concentration of insulin and 

insulin resistance at Patients as compared with control 

group, these results were in consistent with [20,21], 

this increase might be due to hyperlipidemia which 

decline metabolism of glucose, increased level of 

triglycerides and so leads to increasing in  free fatty 

acids levels which act as promoter of gluconeogenesis 

in the liver, and the glucose accumulation in blood 

stream induces insulin producing from pancreatic beta 

cells  resulting in dysfunction and apoptosis of beta 

cells, and cause insulin resistance [19,22]. 

  

Total cholesterol, triglyceride, HDL-C, LDL-C, 

VLDL-C concentration in hyperlipidemia patients 

comparing with control group: 

 A significantly increase was found in concentration of 

total cholesterol, triglyceride, LDL-C, VLDL-C and a 

significantly decrease in HDL-C concentration in 

patients as comparing with control group as showed in 

Table (1), these results were in consist with those 

found by [23,24,25], the reason for this may be due to 

saturated fat diet which increases cholesterol level 

[26], also increasing in triglycerides and VLDL-C may 

be attributed to the inhibition of the lipoprotein lipase 

activity in adipocytes under insulin resistance 

condition, leading to release of free fatty acids [9], the 

increase in LDL-C might be attributed to the 

dysfunction of apoB100 on LDL surface [27] while the 

decline in HDL-C may be attributed to the reduction 

in lipoprotein lipase activity which increased HDL-C 

[28].  

 

Malondialdehyde concentration and arylesterase 

activity in hyperlipidemia patients comparing with 

control group: 

 It had been demonstrated a significantly increase 

in MDA concentration in patients comparing to 

control group, this may be cause by the increase in 

oxidative stress in patients which cause increase in the 

oxygen species production and lipid peroxidation and 

then increase MDA concentration[29]. 

 

Table (1): Some clinical parameters concentration of in control and hyperlipidemia patients

  Clinical parameters Control group Patients 

   BG (mg/dl) 97.18±4.1 127.1±3.2* 

Insulin(μU/ml) 
 

8.9±0.2 12.63 ± 0.4* 

    HOMA-IR 2.0 ± 0.5 5. 9 ± 0.4* 

TC. (mg/dL) 
 

119.9±5.8 301.4±2.1* 

    TG (mg/dL) 85.37±3.3 327.3±7.6* 

    HDL-C (mg/dL) 74.1±2.4 35.08±1.0* 

    LDL-C (mg/dL) 58.1±3.5 185.1±4.07* 

   VLDL-C (mg/dL) 16.9±0.9 67.5±2.1* 

   MDA (μmol/L) 3.03± 0.39 5.09±0.51* 

   Arylesterase (U/ml) 118.16±2.34 76.6±4.36* 

  Adiponectin (μg/ml) 10.77± 0.71 7.02±1.11* 

Significant difference at * P<0.05, **P<0.01 

The results demonstrated in table (1) also showed that 

hyperlipidemia patients had a significantly decrease in 

arylesterase activity compared to control group, this 

result was in consist with [30], the cause might be due 

to decline in HDL level since arylesterase activity 

associated to HDL, or due to react of oxidized lipids 

with free sulfhydryl Group of arylesterase and 

ultimately becomes inactive [25,31,32]. 
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Concentration of adiponectin in hyperlipidemia 

patients comparing to control group: 

As shown in table (1) adiponectin concentration 

showed a significant decrease in patients comparing to 

control group and that might be due to high cholesterol 

diet or due to increase insulin which cause insulin 

resistance, then decreased adiponectin concentration 

[33,34] or may be due to increased oxidative stress and 

oxygen species which decrease adiponectin gene 

ADIPOQ expression [35]. 

 

Correlation between FGF21 concentration and 

some clinical parameters hyperlipidemia patients 

comparing to control group: 

The data in Table (2) showed a positive correlation 

between concentration of FGF21 and blood glucose in 

hyperlipidemia patients and control group, this result 

was consisting with that found by [4], the cause might 

be due to that glucose induces human FGF21 gene 

expression in the liver  and  the adipose tissue, FGF21 

increases glucose uptake by increase glucose 

transporter 1 (GLUT1) expression and consequent 

improve insulin sensitivity [4,36]. 

Also the data demonstrated a positive correlation 

between concentration of FGF21 and insulin and 

between concentration of FGF21 and HOMA-IR in 

patients and control group, this results were consisting 

with [1,37], this may be due to that FGF 21 improve 

sensitivity of insulin and increase glucose clearance in 

the muscle, also FGF21 regulates insulin signalling in 

pancreatic β-cells and  responding to metabolism of 

glucose [10,38]. 

  

 

 

Table (2): Correlation between FGF21 concentration and some clinical parameters in control and hyperlipidemia 

patients 

 

*Correlation is significant at the 0.05 level. 

**Correlation is significant at the 0.01 level.

 

The results in table (2) showed that FGF21 

concentration had a positive correlation with total 

cholesterol, triglyceride, LDL-C and VLDL-C 

concentrations and a negative correlation with HDL-C 

concentration in patients and control group, these  

results were in agreement with [4,39], the cause might 

be due to that FGF21 play a pivotal role in regulation 

of the metabolism of lipid and lipoprotein by 

promotion of fatty acids oxidation, formation of 

ketone bodies, and the inhibition of lipogenesis [39]. 

FGF21 has lipid-lowering properties that FGF21 

attenuates cholesterol concentration by suppress the 

coenzyme A denaturase1 expression and HMG-CoA 

reductase, that involved in lipogenesis and synthesis  

of cholesterol respectively[4], accelerates catabolism 

of VLDL-C and increases HDL-C [40], also FGF21 

concentration had a positive correlation with MDA 

concentration in patients and control group, and this 

result was agree with [39], this might be attributed to 

the increase in  lipid peroxidation in hyperlipidemia 

patients since MDA represents a biomarker of lipid 

peroxidation and FGF21 has antioxidant effect by 

inducing the expressions of multiple antioxidant genes 

such as UCP2, 3 and SOD, and inhibiting reactive 

oxygen species formation [1]. Also, the results in the 

table (2) showed that FGF21 concentration negatively 

correlated with arylesterase activity in patients and 

control group, this might be due to increase the 

oxidative stress that increases the concentration of 

Clinical parameters 
Control group 

r-value 
Patients 

r-value 

BG   0.48* 0.71** 

Insulin   
 

   0.17** 0.374** 

HOMA-IR 0.15** 
 

0.38** 

TC  
 

0.19* 
 

            0.35* 
 

TG 0.45* 
 

            0.23* 
 

HDL-C  -0.24* -0.64** 

LDL-C               0.11*                0.20* 

VLDL-C               0.19*                0.37* 

MDA            0.2* 
 

            0.46* 
 

Arylesterase           -0.18** 
 

           -0.20** 
 

Adiponectin              -0.40*               -0.32* 
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FGF21(since FGF21 represents an effective stress 

response hormone and an important oxidative stress 

regulator), and reduce the antioxidant power of 

arylesterase [31,41]. Also the results showed a 

negative correlation between concentration of FGF21 

and adiponectin in patients and control group, these 

two hormones has a link between each other, FGF21 

increases secretion and expression of adiponectin and 

the FGF21–adiponectin axis plays an important  role 

in the regulation of the metabolism of glucose and 

lipid, the dysfunction of FGF21–adiponectin axis 

causes elevated FGF21 levels and reduced adiponectin 

levels, also high fat diet impaired FGF21 ability to 

induce adiponectin secretion[10]. 

 

Conclusion:  

 

The research had demonstrated that FGF21 

hormone increased in hyperlipidemia patients and it 

can be considering as a bimarker of this disease. Also 

there was a relation between FGF21 concentration and 

insulin resistance which opens up a large prospect for 

use of FGF21 hormone for medical therapeutic in 

future. 
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