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Fibroblast growth factor -21 (FGF-21) is an adipocytokine with potent antidiabetic properties, that
had been involved in the regulation of lipid and glucose metabolism. Aim: to assess the relationship
between plasma levels of FGF-21 & Insulin resistance in cases with impaired fasting glucose,
glucose intolerance and type 2 diabetes mellitus. Our case control study was conducted on eighty
subjects, twenty with type 2 diabetes mellitus; twenty with impaired fasting glucose; twenty with
impaired glucose tolerance; and twenty healthy subjects as our control group. All participants were
subjected to full medica history thorough clinical examination and lab measuring of thorough
clinica examination and lab measuring of serum FGF 21, FBG, 1hPPG, 2hPPG, HbAlc, FSI,
HOMA-IR and lipid profile. Serum FGF-21 was higher in Type 2 diabetic patients, in impaired
fasting glucose patients and in impaired glucose tolerance patients than in healthy group and highly
significantly positively correlated with BMI, lipid profile (except HDL), indices of hyperglycemia,
FSI and HOMA-IR. An inverse correlation was observed between Serum FGF-21 and HDL. FGF-
21 might play a role in the development of diabetes and in dyslipidemia associated with insulin
resistance.

Copyright © AbdEsatar E. Eldeeb., Enas M. Sabry and Meram M. Bekhet., 2016, thisis an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution and reproduction in

any medium, provided the original work is properly cited.

INTRODUCTION

Diabetes is an increasing global health problem in recent years.
The awareness of adipose tissue as a reservoir of fatty acids has
been switchedyears by the assumption that adipose tissue isin
charge of lipid and glucose metabolism and responsible for a
large number of hormones and cytokines and thisleads to
insulin resistance (Beata et al., 2010).

IFG and IGT stand for intermediate states of abnormal glucose
parameterthat is present between normal glucose homeostasis
and diabetes. IFG is described as an elevated fasting plasma
glucose (FPG) concentration (> 100 and < 126 mg/dl). IGT is
demarcated as an elevated 2- h plasma glucose concentration (>
140 and < 200 mg/ dI) after a 75- g glucose load on the oral
glucose test (OGTT) in the presence of FPG concentration
<100 mg/dl (Nathan et al., 2007).

Numerous adipose tissue hormones, adipokines, have revealed
to predict and to be tangled in the pathogenesis of type 2
diabetes mellitus (T2DM). Data exposed an increasing proof
that liver-derived hormones influence glucose and lipid
metabolism. Among these “hepatokines,” fibroblast growth
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factor FGF 21 has an increasing awareness (Pradhan et al.,
2001; Spranger et al., 2003).

Fibroblast growth factor -21 (FGF 21), a member of the FGF-
19 subfamily, is an adipocytokine with a potent antidiabetic
properties. FGF-21 is a metabolic regulator, and animal models
has shown that FGF-21 improve glucose metabolism and
insulin sensitivity (Wente et al., 2006).

The present study aimed to assess the relationship between
plasma level of FGF-21 & Insulin resistance in cases with
impaired fasting glucose, glucose intolerance and type 2
diabetes mellitus.

SUBJECTS AND METHODS

Our case control study was conducted on eighty subjects,
divided into four groups; Group I: Included twenty diabetic
patients with type 2 diabetes mellitus aged 51.25+13.75 years
and included 6 males and 14 females. Group II: Included
twenty patients with impaired fasting glucose aged 46.5+ 15.5
years and included 4 males and 16 females. Group Il11:
Included twenty patients with impaired glucose tolerance aged
46 +14years and included 8 malesand 12 females.
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Table 1 Comparison between the different studied groups regarding the results of different variables

variables Group | Group |1 Group 111 Group IV ANOVA Sheffe's Test
Mean+ SD Mean+ SD Mean+ SD Mean+ SD f p-value Comp. p-value
1&I1 0.456
1&111 0.488
BMI (kg/m?) 31.4+384 300+194 3005+1.87 27.05+2.76 9.064 <0.001** III(?ELIIVH <%%0915
&IV 0.012*
M&v 0.010*
1&I1 0.667
1&111 0.559
WI/H ratio 090+0.041 0.89+0.018 0.88+0.012 0.84+0.017 23.165 <0.001** III(?ELIIVH <%%0918
&IV <0.001**
M&v <0.001**
1&I1 <0.001**
FBS 1&111 <0.001**
(mg/dl) 15045+481 116.85+4.72 851+1145 71.7+596 39.404 <0.001** III(?ELIIVH <300'821*
&IV <0.001**
M&v 0.419
1&I1 <0.001**
1 hPPS 1&111 <0.001**
(mg/dl) 25205+552 126.0+3.04 121.15+105 87.75+7.49 39.404 <0.001** III(?ELIIVH <000(§)515
&IV <0.001**
M&v 0.005*
1&I1 <0.001**
1&111 <0.001**
2 hPPS (mg/dl) 321.0+55.13 13645+ 1.66 156.2+15.27 102.1+ 11.02 223.001 <0.001** III(?ELIIVH :8881**
&IV 0.005**
M&v <0.001**
1&I1 <0.001**
1&111 <0.001**
HbA1c % 735+0.793 552+0.266 560+0302 5.22+0.112 92.270 <0.001** III(?ELIIVH <%%Oés
&IV 0.220
M&Iv 0.073
1&I1 0.998
1&111 0.890
*%
FSI (uiu/mi) 16.25+587 1630+318 1530+3.26 7.95+ 157 22.461 <0.001** III(??LII\I/I <%%)517
&IV <0.001**
M&IV <0.001**
1&I1 0.029
1&111 <0.001**
*%
HOMA-IR 586+239 456+0.986 316+0.651 141+0.324 40.465 <0.001** III(??LII\I/I <%%)117
&IV <0.001**
M&Iv <0.001**
1&I1 0.678
1&111 0.024
*%
FGF 21 (pg/ml) 337.3+151.7 2941+1052 266.6+94.86 182.15+091 7.801 <0.001** III(??LII\I/I <%C§)011
&IV 0.022*
M&Iv 0.043*
1&I1 0.615
1&111 0.751
i3
S. creat (mg/dl)  0.950+0.127 0.895+0.135 0.905+0.123 0.830 + 0.130 2.930 0.039* Ilf&ll\lll 060;5926
&IV 0.475
M&Iv 0.346
1&I1 0.675
1&111 0.999
AST (U/L) 2765+7.67 248+733 27.95+728 2295+6.73 2.168 0.099 Ilf&ll\lll 8283
&IV 0.885
&IV 0.201
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&I 0.884
1&111 0.994
ALT(UL)  2875+7.24 2685+7.60 2040+831 2405+647 2080 0.110 |I|(§§||V|| 8'%3
&IV 0.703
Y 0.169
1&11 <0.001**
1&111 <0.001**
TC(myd)  1687+510 18240+514 18255+6.22 171.0+863 26082 <0.001%* I'I‘f‘&'IV” 8;32
&IV <0.001**
Y <0.001**
&I <0.001**
1&111 <0.001**
* %
HDL (my/d)  358+139 428+264 4325+275 539+401 136678 <0.001** I'I‘f‘&'IV” <%%0619
&IV <0.001**
Y <0.001**
&I <0.001**
1&111 <0.001**
LDL (mg/dl) ~ 982+423 1158+4.76 11465+4.88 103+1207 28672 <0.001** I'I‘f‘&'IV” 8'325
&IV <0.001**
Y <0.001**
1&11 <0.001**
1&111 <0.001**
* %
TG(mgdl)  16385+9.42 13415+6.80 1387+694 1143+1108  108.355 <0.001%* I'I‘f‘&'IV” <%(i&15
&IV <0.001**
Y <0.001**
1&11 0577
1&111 0.420
eCor 10L.75+222 112.85+28 1151+2276 11685+261 1487 0.225 |I|(§§||V|| 8'332
&IV 0.967
&IV 0.997

*; statistically significant, **; high statistical significant

Group 1V: Included twenty normal subjects as a control group
aged 40.5 + 19.5 years and included 9 males and 11 females.
Patients were recruited from diabetes out-patient clinic in Ain
Shams University Hospital. This study was approved by the
ethical committee. Before inclusion, an informed written
consent was obtained from each patient after full explanation of
the study protocol.

All subjects were subjected to full medical history emphasizing
on diabetic complications and other associated illnesses,
thorough clinical examination including blood pressure and
anthropometric measurements (Body Mass Index (BMI), Waist
circumference and Hip circumference). Patients with type 1
diabetes mellitus, chronic illness like liver cell failure, rend
failure, heart failure, cancer, autoimmune disease, pregnancy,
and alcohol or drug abuse were excluded from our study. Also,
patients with morbid obesity BMI = 40 kg/m2 and on drugs
that may affect insulin sensitivity as corticosteroids and
thiazide diuretics for at least 6 months before were excluded.

Laboratory Measurements

Laboratory tests included fasting plasma glucose (FPG), 1h
post ora glucose load (1hPPG), 2h post oral glucose load
(2hPPG), fasting serum insulin (FSI), HbAlc, assessment of
HOMA-IR, lipid profile, serum fibroblast growth factor -21
(FGF-21), ALT, AST, Serum creatinine and estimation of
GFR.FPG, 1hPPG and 2hPPG were measured using an
automated glucose oxidase method using Behring Diagnostics
Reagents (SVR Glucose Test; Behring, La Jolla, CA). HbAlc

Serum lipid concentrations were assayed by quantitative
enzymatic colorimetric determination for total cholesterol,
high-density lipoprotein cholesterol and triglycerides in plasma
(Stanbio Cholesterol Liquicolor, Procedure NO. 1010).
Immunoenzymatic assay was used for in vitro quantitative
measurements of fasting serum insulin (BioSource INS-EASIA
Kit; BioSource Europe SA, Belgium). Insulin resistance was
estimated by HOMA-IR and was defined as fasting serum
insulin (LU/mL) xFPG (mmol/l)/22.5 (Matthews et al, 1985).
Estimation of GFR using Cockcroft Gault equation [ml/min];
eCcr = (140-age) xMass (in kilograms) x (0.85 if female)/ 72x
serum creatinine (in mg/dl) (Cockcroft et al, 1976). Serum
fibroblast growth factor 21 is assayed by ELISA (Merck group,
Millipore, Missouri 63304 U.SA, Cat. # EZHFGF21-19K)
using serum samples.

Statistical Analysis

Data analysis was performed using the SPSS program (version
20, 2012, IBM Corporation, USA). Data were expressed as
mean + standard deviation (SD), which was used for
guantitative data, whereas number and percent (%) were used
for qualitative data. According to the computer program SPSS
for Windows. Parametric data was analyzed using one-way
analysis of variance (ANOVA) test for comparison among
different times in the same group in quantitative data. Post-hoc
test (Tukey’s) was used to detect the least significant difference
(LSD) among the studied groups. Pearson’s correlation
coefficient (r) test was used for correlating data. Mann-
Whitney U test was used to compare quantitative variables, in
non-parametric data. Linear Correlation Coefficient [r] test was

10234 |Page



AbdEsatar E. Eldeeb., Enas M. Sabry and Meram M. Bekhet., Study of Circulating Fibroblast Growth Factor — 21 And Insulin Resistance In
Patients With Impaired Fasting, Impaired Glucose Tolerance And Type 2 Diabetes

used for correlating data Scheffé's test is used for
adjusting significance levelsin alinear regression analysis to
account for multiple comparisons. Standard student "t test”, test
of significance of the difference between two means was used
when comparing between fibroblast growth factor-21 and
different parameters. Probability (p-value) less than 0.05 was
considered significant and less than 0.01 was considered as
highly significant.

RESULTS

This study was conducted on 80 subjects, 27 (33.75%) were
males and 53 (66.25%) were females. They were age and sex
matched.

There was high satistical significant difference between al
studied groups as regard BMI, W/H ratio, FPG, 1hPPS, 2hPPG,
HbA1c, FSI, serum total cholesterol, serum triglycerides, HDL,
LDL and HOMA-IR (p < 0.01). There was no datistical
significant difference between all studied groups as regard
eCcr, AST, ALT.

Serum FGF-21 levels were highly statisticaly significantly
increased in Type 2 diabetic subjects, in impaired fasting
glucose subjects and in impaired glucose tolerance subjects in
comparison to control group (p<0.01). Also, Type 2 diabetic
subjects had higher serum FGF-21than impaired glucose
tolerance subjects (p<0.05), while there was no difference
between Type 2 diabetic subjects and impaired fasting glucose
subjects (p=0.678). Data were summarized in table 1.

Our results demonstrated that serum fibroblast growth factor 21
levels were highly significantly positively correlated (p<0.001)
in Type 2 diabetic subjects, in impaired fasting glucose subjects
and in impaired glucose tolerance subjects with BMI, W/H
ratio, FPG, 1hPPG, 2hPPG, HbAlc, FSI, HOMA-IR, serum
total cholesterol, serum triglycerides and LDL. An inverse
correlation was observed between serum FGF-21 levels and
HDL and eCcr but of no significant difference, as shown in
table 2.

Table 2 Correlation coefficient between FGF21 and
studied parametersin group |, group Il and group I11:

FGF 21
With Group | Group |1 Group |11
r P r p r P
BMI 0927 0.001** 0.929 0.001** 0931 0.001**
WI/H ratio 0.889 0.001** 0.969 0.001** 0.915 0.001**
FBS 0915 0.001** 0.879 0.001** 0.898 0.001**
1 hpps 0922 0.001** 0.955 0.001** 0.907 0.001**
2 hpps 0.949 0.001** 0.852 0.001** 0.950 0.001**
HBA1c 0.923 0.001** 0.904 0.001** 0.841 0.001**
FSI 0.909 0.001** 0.869 0.001** 0.895 0.001**
HOMA-IR 0969 0.001** 0.943 0.001** 0.857 0.001**
S.creat -0.046 0848 -0.147 0537 0211 0373
AST 0178 0453 0.067 0.777 0172 0.469
ALT 0206 0384 0050 0836 0257 0274
TC 0.947 0.001** 0.938 0.001** 0.972 0.001**
HDL -035% 0125 -0276 0236 -0.191 0419
LDL 0.878 0.001** 0.935 0.001** 0.875 0.001**
TG 0.860 0.001** 0.931 0.001** 0.966 0.001**
ECcr -0140 0555 -0122 0.609 -0.076 0.751

DISCUSSION

According to our study, there was a datisticaly highly
significant difference (P<0.01) between the four studied groups
as regard FGF-21 (being highest in type 2 diabetic patients &
lowest in control group).There is significant difference
(P<0.05) between type 2 diabetic patients &impaired glucose
tolerance patients, as regard FGF-21. Serum FGF-21 level was
significantly higher in diabetic patients compared to impaired
glucose tolerance patients and to control subjects. While there
was no difference between impaired fasting glucose patients
&impaired glucose tolerance patients (p>0.05) as regard FGF-
21.

This result was a consistent finding with the study of Alberto et
al., 2009, which found that serum FGF-21 is elevated in
patients with T,diabetes than healthy subjects (5.27 +0.23 vs
3.88+ 0.30 ng/ml p< 0.05). Also, in Impaired glucose tolerance
subjects than healthy subjects (5.22 +0.23 ng/ml P < 0.05)
(Alberto et al., 2009). In addition, this is consistent with two
other reports (Chen et al., 2008; Zhang et al., 2008) along with
two previous studies in Asians, where FGF-21 levels were
increased among newly diagnosed, drug-naive diabetic subjects
and treated type 2 diabetic subjects (Li et al., 2008).

Our results showed a significant positive correlation between
serum FGF-21 and BMI &W/H ratio in diabetic patients,
impaired fasting glucose patients and the impaired glucose
tolerance patients (p<0.05). This result was consistent with a
number of studies indicated that FGF-21 serum concentrations
positively correlated with the BMI (Christodoulides et al.,
2009; Chavez et al., 2009; Mraz et al., 2009). On the contrary
to our results, Beata et al., 2010, found that there was no
correlation between circulating FGF-21 with BMI. Increased
FGF-21 serum levels have been found to be associated with
obesity in both children (Reinehr et al., 2012) and adults,
indicating a connection between FGF-21 and body fat mass
(Dushay et al., 2010).

Furthermore, it had been shown that body weight was
moderately  decreased in  FGF-21 treated animals
(Kharitonenkov et al., 2007; Xu et al., 2009) and no evidence
of augmented adiposity had been demonstrated (Kharitonenkov
et al., 2008).

There was significant positive correlation between FGF-21 and
fasting serum insulin (FSI) in diabetic group, impaired fasting
glucose group and the impaired glucose tolerance group
(p<0.05) in our work. This result was consistent with Zhang et
al. 2008, who found that serum FGF-21 correlates positively
with FSI. Some studies had shown that artificia
hyperinsulinemia performed in healthy subjects is accompanied
by an increase in FGF-21 levels (Mai et al., 2009). However,
FGF-21 increases in hypoinsulinemic states (Mai et al., 2010).

FGF-21 level was found to be significantly positively
correlated with FPG, 1hPPG and 2hPPG in diabetic group,
impaired fasting glucose group and impaired glucose tolerance
group (p<0.05). This result is consistent with Chavez et al.,
2009 and Cheng et al., 2011. On the contrary to our study,
there was no correlation between FGF-21 and FPG, 1hPPG and
2hPPG (Galman et al., 2008). Glucose uptake induced by
FGF21 is additive and independent of insulin. This glucose
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entry into adipocytes results in its storage as TG. Moreover, the
ability of FGF-21 for increasing the thermogenic capacity of
white adipose tissue could, in part, lead to a greater clearance
of glucose (Hondares et al., 2010; Fisher et al., 2012).

In the current study, there was a significant positive correlation
between FGF-21and HbA1c in diabetic group, impaired fasting
glucose group and impaired glucose tolerance group (p<0.05).
This result is consistent with the study showed that plasma
FGF-21 concentration to be correlated with A1C (r = 0.325, P
= 0.04) (Alberto et al., 2009). But, Beata et al., 2010 found
that circulating FGF-21 levels were not correlated with HbA1c.
Also, there was a significant correlation between FGF-21 and
HOMA-IR in diabetic group, impaired fasting glucose group
and impaired glucose tolerance group (p<0.05). FGF-21
correlates inversely with insulin sensitivity at muscle level and
directly with the hepatic insulin resistance index, FPG, and
2hPPG after an oral glucose tolerance test and HbAIc,
indicating an important relationship with hepatic and whole
body insulin resistance in T2DM (Cheng et al., 2011; Li et al.,
2008). FGF-21 is independently associated with insulin
resistance and increased in T2DM in adults from the Baltimore
longitudinal study of aging (Semba et al., 2012).

In addition, our study recorded a significant positive correlation
between FGF- 21 and TG and LDL in diabetic group, impaired
fasting glucose group and impaired glucose tolerance group
(p<0.05) and non-significant correlation with HDL
(p>0.05).This result was consistent with Zhang et al., 2008 and
Lin et al., 2010 studies that found serum FGF-21 to be
correlated positively with adiposity, TG and LDL.

Insulin resistance was closely linked with increased TG level as
evidenced by Chan et al., 2002. In addition, Chen et al., 2011,
demonstrated an independent association between serum FGF-
21 levels on one hand and TG and HDL on the other hand in
Chinese individuals. On the contrary to our result, it had been
found that there was no significant correlation between FGF-21
and LDL and HDL by Bobbert et al., 2013. FGF21 had shown
beneficial effects on lipid profile in animal models. Systemic
administration of FGF-21 was also followed by a decrease in
plasma TG, free fatty acids (FFA), and cholesterol in
genetically compromised diabetic and obese rodents
(Kharitonenkov et al., 2005; Xu et al., 2009).

Moreover, FGF-21 has a promise as a new therapeutic
approach for type 2 diabetes. It results in a better lipid profile,
which includes lowering LDL and raising HDL in diabetic
rhesus monkeys (Kharitonenkov et al., 2007).

CONCLUSION

Serum FGF-21 was positively correlated to BMI, W/H ratio
and to insulin resistance. FGF-21 may play a role in
dydlipidemia associated with insulin resistance. Further studies
are recommended to assess the role of FGF-21 in insulin
resistance, hypertensive patients, in microvascular and
macrovascular complications and also to assess the effect of
antidiabetic drugs on FGF-21 leve in type 2 diabetes mellitus
as FGF-21 may show a promise as a hew therapeutic approach
for type 2 diabetes.
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