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Abstract. Background: Fibroblast growth factor-21 (FGF-21), as a novel cytokine, plays a vital role in improv-
ing glucose and lipid metabolism via different metabolic pathways. Therefore, this study aims to investigate 
the relationship between FGF-21 and metabolic profile parameters in patients with type 2 diabetes mellitus 
(T2DM) compared to healthy controls. Methods: In this cross-sectional study, 85 patients with T2DM and 
79 healthy subjects were recruited. Anthropometric measurements, dietary intake, and biochemical measure-
ments were assessed for all participants. Results: Serum levels of FGF-21 were negatively associated with hip 
circumference (HC) (β= -0.267, p= 0.038) and dietary proteins (β = -0.273, p= 0.005) in healthy subjects. 
Moreover, dietary carbohydrate intake was inversely associated with FGF-21 (β= -0.183, p=0.041) in the 
total population. Also, serum levels of total cholesterol (TC), low-density lipoprotein-cholesterol (LDL-C), 
and fasting blood sugar (FBS) in diabetic patients were significantly higher than those in healthy subjects 
(p<0.05). However, surprisingly, TG) and fasting insulin levels were significantly higher in healthy subjects 
(p<0.05). Tumor necrosis factor-α (TNF- α) was positively associated with LDL-C in healthy subjects and 
FBS and hemoglobin A1c (HbA1c) in all participants. Serum TNF-α levels had a significant positive associa-
tion with body mass index (BMI) (β= 0.303, p= 0.004) and HC (β= 0.294, p= 0.012) in patients with T2DM. 
Conclusions: Our findings revealed that dietary intake of protein and carbohydrates were inversely associated 
with serum levels of FGF-21. Therefore, more detailed studies are needed to reach a robust conclusion.
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Introduction

Diabetes is one of the most prevalent metabolic 
diseases, and its complications are the major cause 
of mortality in adults worldwide (1). It also imposes 
many costs on the healthcare systems (2). According to 
the American Diabetes Association (ADA), diabetes 
is defined as an increase in fasting blood sugar (FBS) 
≥126 mg/dl and glycated hemoglobin A1c (HbA1c) 
≥6.5% (3). Diabetes causes various complications and 

disabilities, such as cardiovascular disease, stroke, renal 
failure, and micro and macro-vascular events. Type 2 
diabetes mellitus (T2DM), the most common form 
of diabetes, is recognized by insulin resistance (3). 
 Excess body weight, physical inactivity, and poor nu-
trition are considered the most common risk factors 
for T2DM (1).

Fibroblast growth factor (FGF) belongs to a pro-
tein family comprising 23 members (4). This protein 
family has many biological functions, including cell 



Progress in Nutrition 2023; Vol. 25, N. 4: e20230442

growth regulation and differentiation, metabolism, an-
giogenesis, and wound healing (5). FGF-21 is an im-
portant cytokine that the liver is the major site for its 
expression and function. It is also expressed in adipo-
cytes and muscle tissue in response to exercise and nu-
tritional factors (6,7). FGF-21 plays an important role 
in the improvement of glucose and lipid metabolism 
via different pathways (6). It has also been suggested 
that FGF-21 may play a pivotal role in the signaling of 
metabolic pathways in diabetes (8).

Elevated serum FGF-21 levels could be considered 
a predictor of T2DM (9). It has been shown that FGF-
21 significantly improves insulin sensitivity in adults 
with obesity (10). Also, FGF-21 induces the expression 
of glucose transportes-1 (GLUT1) through the phos-
phorylation of extracellular signal-regulated kinase 1/2 
(ERK1/2) and increases glucose uptake. On the other 
hand, evidence suggests a positive association between 

serum FGF21 level with serum triglyceride (TG), total 
cholesterol (TC), low density lipoprotein-cholesterol 
(LDL-C), and adipocyte-fatty acid binding protein lev-
els (11,12). Given the controversial results on the role 
of FGF21 in metabolic regulation and insulin homeo-
stasis (13-16); therefore, this study aimed to investigate 
the relationship between FGF-21 and metabolic pro-
files, dietary intake, and anthropometric measurements 
in patients with T2DM compared to healthy controls.

Methods

Eligibility criteria

The cross-sectional study was carried out on 164 
subjects. All participants were enrolled through the in-
stalled announcement in healthcare and centers clinics 

Figure 1. The flowchart of the study from baseline until the end of study.
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of the Tabriz University of Medical Science. The Ethic 
Committee of Tabriz University of Medical Sciences 
approved the study protocol (No: IR.TBZMED.
REC.1398.1253). Before the commencement of the 
study, written informed consent was obtained from all 
participants after a detailed explanation of the study 
design. According to inclusion criteria, eligible sub-
jects (n=164) were randomly divided into four groups: 
normal-weight healthy subjects (NWHS), healthy 
subjects with obesity (OHS), normal-weight subjects 
with T2DM (NWD), and subjects with obesity and 
T2DM (OD). The subjects were included in the first 
two healthy groups [normal body mass index (BMI) 
(18.5-25 kg/m2) or obesity (BMI ≥ 30 kg/m2)] if they 
had no endocrine, gastrointestinal, renal, cardiovascu-
lar, rheumatic or autoimmune diseases, hematologi-
cal disorders, and malignancies. The newly diagnosed 
patients with T2DM were the next two groups were 
referred to the Nutrition Research Center by the en-
docrinologist research collaborator. They were included 
in the same BMI category as the participants in the 
two healthy groups. Pregnancy, smoking, dietary sup-
plements consumption (e.g. prebiotic & probiotic sup-
plements, vitamins, minerals, and omega-3 fatty acids 
during last 3 months), taking chemical and herbal 
medications (except blood glucose-lowering drugs), 
and being on modified diet during the past month 
were considered the study exclusion criteria. Figure 1 
shows the flowchart of the study from baseline until 
the end of study.

Anthropometric and demographic assessments

General characteristics of the patients, including  
gender, age, marital status, education level, occupa-
tion, a history of tobacco smoking, and medical his-
tory, were reordered by a standard questionnaire.  
A SecaTM  wall-mounted stadiometer (with an accuracy  
of 0.1 cm) and a SecaTM portable scale (with an ac-
curacy of 0.1 kg) was used for measuring both height 
and weight (in light clothing), respectively. Body mass 
index (BMI) was calculated as weight (in kilograms) 
divided by the square of height (in meters) or Kg/m2.  
Waist circumference (WC) was measured by an in-
elastic tape from the middle of the lowest rib and il-
iac crest. Hip circumference (HC) measurement was 

made using the same instrument in the largest part 
above the thigh. In a seated and relaxed position, the 
systolic (SBP) and diastolic (DBP) blood pressures 
were measured by a mercury sphygmomanometer 
twice ten minutes apart, and the average number was 
recorded as blood pressure. Participants’ physical ac-
tivity level was calculated using International Physical 
Activity Questionnaire (IPAQ) and reported at three 
levels (Low, medium, and high). Also, dietary intake 
(Calorie, Macronutrients, and Micronutrients) was 
assessed using a 3-day oral food record questionnaire 
(two ordinary days and one weekend) and analyzed 
using Nutritionist 4 software (Version7; N-squared 
computing, USA). According to the main variable of 
Gomez-Ambrosi et al study (17) (waist circumfer-
ence, r =0.39), α=0.05 and power= 90%, the minumum 
sample size was calculated as 128 people (32 in each 
group) by using PASS software.

Biochemical analyses

Biochemical variables were measured, includ-
ing serum levels of FGF-21, TNF-α, FBS, insulin, 
and lipid profile. 8-12 hours after overnight fast-
ing, vein blood samples (5 ml) were obtained from 
all participants. The serum samples were centrifuged 
at 2500 rpm for 10 minutes (Beckman Avanti J-25; 
Beckman Coulter, Brea, CA, USA) at room tem-
perature. TG, TC, and high density lipoprotein-
cholesterol  (HDL-C) serum levels were measured 
enzymatically using standard methods with an auto-
analyzer SA1000. The Friedwald equation calcu-
lated LDL-C  as: LDL-C = TC – (HDL-C + TG

5
). 

Using commercial kit, the serum FGF-21 level was 
determined by enzyme-linked immunosorbent assay 
(ELISA)  (Invitrogen Co Ltd., USA). The serum con-
centration of TNF-α was measured using commercial 
ELISA kits (Bioassay Technology Laboratory, Shanghi, 
Crystal Day Biotech Co Ltd., Shanghi, China). Serum 
FBS level was measured by the enzymatic colorimet-
ric method using glucose oxidase (Pars Azmoon kit, 
 Tehran, Iran) and HbA1c was analyzed by the latex 
immunoturbidimetric method. Insulin concentration 
was also assessed by the ELISA method (GmbH, 
Mannheim, Germany). A bioelectrical impedance 
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Statistical analyses

Quantitative and qualitative variables were 
 reported as mean and standard deviation (SD) or fre-
quency, respectively. The Kolmogorov-Smirnov test 
was used to assay the normal distribution of variables. 
One-way analysis of variance (ANOVA) and the 
Tukey posthoc test was used to evaluate the between-
group comparisons. Fisher’s exact test was used to 
compare the categorical variables between four study 
groups. The Kruskal-Wallis test was used to compare 
non-normally distributed variables in groups. Moreo-
ver, linear regression was used to assess the association 

instrument assessed body fat percent, fat, and fat-free 
mass (TANITA, Japan). Also, the homeostatic model 
assessment for insulin resistance (HOMA-IR) and the 
quantitative insulin-sensitivity check index (QUICKI) 
were calculated using the following formulas:

• HOMA1-IR = (I× G)/450
• QUICKI = 1/ [log (I0) + log (G1)]
• I= fasting insulin (μU/ml), G= FBS (mg/dl)

Table 1. The demographic, anthropometric and dietary related variables across the study BMI sub-groups.

Variable

Groups P

NWHS (n= 40) OHS (n= 45) NWD (n= 38) OD (n= 41)

Age (year) 47.56± 5.10 46.82± 5.60 45.21± 7.07 45.17± 6.85 0.195

BMR (Kcal) 1711.11± 351.89 1832.84± 490.80 1631.86± 346.83 1790.51± 334.61 0.109

BMI (kg/m2) 24.76± 2.01 33.23± 3.46* 24.45± 1.73 33.57± 4.14* <0.001

WC (cm) 92.20± 9.18 106.87± 9.65* 89.29± 10.45 102.12± 8.78* <0.001

HC (cm) 102.93± 6.82 115.78± 8.55* 103.53± 7.49 118.27± 10.74* <0.001

Weight (kg) 69.44± 8.67 89.68± 13.18* 67.84± 8.63 86.65± 9.97* <0.001

Height (cm) 167.33± 9.14 163.93± 9.10 166.55± 10.25 160.95± 7.57** 0.008

Body fat (%) 27.82± 9.01 27.10± 9.06 24.88± 8.62 33.80± 6.61** <0.001

FM (kg) 24.44± 12.90 22.63± 10.86 18.80± 7.30 29.33± 8.00** <0.001

FFM (kg) 60.21± 11.89 57.85± 8.45 54.20± 8.97 56.44± 9.09 0.052

Energy (Kcal) 2788.5± 1147.1 2732.1± 941.1 2772.4± 912.9 2836.8± 1014.6 0.972

Protein (gr) 105.66± 35.19 98.55± 36.28 96.54± 36.36 99.00± 36.72 0.953

CHO (gr) 457.03± 163.24 420.97± 161.24 423.88± 151.62 428.16±163.11 0.728

Fat (gr) 94.88± 36.79 83.41±30.33 86.92± 40.39 93.55± 39.76 0.437

Sex Male 24 (60) 27 (60) 20 (52.6) 11 (26.8) 0.002

Female 16 (40) 17 (40) 18 (47.4) 30 (73.2)

Education Primary 8 (20) 11 (24.4) 5 (13.2) 11 (26.8) 0.506

High school 19 (47.5) 20 (44.4) 18 (47.4) 19 (46.3)

University 13 (32.5) 14 (31.1) 15 (39.5) 11 (26.8)

PA Low 10 (25) 9 (20) 11 (28.9) 10 (24.4) 0.493

Medium 16 (40) 15 (33.33) 15 (39.5) 13 (31.7)

High 14 (35) 21 (46.7) 12 (31.6) 18 (43.9)

Data analysis was done by ANOVA and Tukey Post-hoc test for quantitative variables and Chi-Square test for qualitative variables. Quantitative 
and qualitative data were summarized as mean± SD and frequency (percent), respectively. Abbreviations: NWHS: Normal Weight Healthy Subjects; 
OHS: Obese Healthy Subjects; NWD: Normal Weight Diabetics; OD: Obese Diabetics; BMI: Body Mass Index; BMR: Basal Metabolic Rate; 
WC: Waist Circumference; HC: Hip Circumference; FM: Fat Mass; FFM: Fat Free Mass; CHO: Carbohydrate; PA: Physical Activity. * P less than 
0.05 vs. Normal weight groups; ** P less than 0.05 vs. all other groups.
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of serum FGF-21 and TNF-α levels with lipid profile, 
and anthropometric and dietary variables. All statis-
tical analyses were performed using SPSS software 
(SPSS Inc., Chicago, IL, USA). p-value less than 0.05 
was considered statistically significant.

Results

79 healthy subjects and 85 patients with T2DM 
were enrolled in this study. Of the 79 healthy subjects 
and 85 patients with T2DM, 39.2 and 60 percent were 
males, respectively (p= 0.006). Dividing the study 
subjects into 4 sub-groups, including normal-weight 
healthy subjects (NWHS; n= 40), healthy subjects 
with obesity (OHS; n= 45), normal-weight subjects 
with T2DM (NWD; n= 38), and subjects with obe-
sity and T2DM (OD; n= 41) revealed that body fat 
percent and fat mass in OD were significantly higher 
than those in other sub-groups (p<0.05). There was no 
significant difference between the study sub-groups 
in terms of age. Demographic, anthropometric, and 
dietary intakes -related variables are summarized in 
 Table 1. Significant differences were observed between 

Table 2. The differences in metabolic variables across the study BMI subgroups.

Variable

Groups P

NWHS (n= 40) OHS (n= 45) NWD (n= 38) OD (n= 41)

TC (mg/dl) ØØ 130.0 
(103.75-189.75)c

130.0 (99.5-154.00)c 164.0 (136.0-198.0) 154.0 (126.5-186.0)c 0.001

TG (mg/dl) Ø 143.70± 70.49 147.82± 61.56 179.66± 39.24* 189.73± 47.92* < 0.001

LDL (mg/dl) ØØ 61.30 (37.50-99.75) 50.20 (26.1-89.00)c 78.6 (64.9-112.2) 85.7 (64.1-111.6)c <0.001

HDL (mg/dl) ØØ 46.50 (39.00-58.25) 48.0 (42.0-55.5) 47.0 (41.0-54.0) 43.5 (39.25-51.75) 0.455

FBS (mg/dl) ØØ 84.50 (78.00-91.00) 83.0 (77.0-92.0)* 132.0 (115.5-168.5) 126.0 (99.0-152.25) <0.001

Fasting insulin 
(pmol/L) ØØ

17.65 (10.97-24.40) 17.40- 10.10-20.70)a 11.6 (7.05-15.8)a 10.55 (7.15-15.07)a <0.001

HbA1C (%)ØØ 5.00 (4.57-5.40) 4.90 (4.65-5.55)* 7.0 (6.5-8.0) 7.05 (6.50-7.95) <0.001

HOMA-IR ØØ 3.55 (1.99-4.14) 3.11 (2.12-4.13) 3.61 (1.95-5.18) 2.99 (1.77-4.25) 0.725

QUICKI ØØ 0.28 (0.24-0.50) 0.32 (0.24-0.47) 0.27 (0.19- 0.51) 0.33 (0.23-0.56) 0.653

Data analysis was done by ANOVA and Tukey Post-hoc test or Kruskal-Wallis test. Data were summarized as mean± SD or Median (25th-75th) 
for normal Ø and non-normal ØØ distribution data, respectively. Abbreviations: NWHS: Normal Weight Healthy Subjects; OHS: Obese Healthy 
Subjects; NWD: Normal Weight Diabetics; OD: Obese Diabetics; TC: Total Cholesterol; TG: Triglyceride; LDL: Low Density Lipoprotein; HDL: 
High Density Lipoprotein; FBS: Fasting Blood Sugar; HbA1C: Hemoglobin A1C; HOMA-IR: Homeostatic Model Assessment for Insulin Resist-
ance; QUICKI: Quantitative insulin sensitivity check index.* P less than 0.05 vs. Healthy subgroups; a: P less than 0.05 vs. NWHS group; c: P less 
than 0.05 vs. NWD group.

the study groups for age and gender (p<0.05). The 
mean age of healthy subjects and patients with T2DM 
was 45.19± 6.19 and 47.21± 5.35 years, respectively 
(p= 0.039).

Statistical analysis across the BMI subgroups 
showed that serum TC and LDL-C levels in NWD 
were lower than those in other groups. Also, TG and 
HbA1C levels were higher and lower in all patients 
with T2DM sub-groups than healthy ones (p<0.05). 
Serum levels of fasting insulin in NWHS were signifi-
cantly lower than those in other BMI subgroups. Data 
regarding lipid profile and glycemic indices are sum-
marized in Table 2. Serum levels of TC, LDL-C, and 
FBS in patients with T2DM were significantly higher 
than those in healthy subjects, While TG and fasting 
insulin were significantly higher in healthy subjects 
(p<0.05). There were no significant differences be-
tween the study groups regarding HDL-C, HOMA-
IR, and QUICKI (p>0.05).

The serum levels of FGF-21 and TNF-α were il-
lustrated in Figures 2 and 3, respectively.

Serum levels of FGF-21 in healthy subjects and 
patients were 239.29± 22.36 and 251.27± 21.91 pg/ml,  
respectively. There was no significant difference 
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Figure 2. The serum levels of FGF-21 in diabetic patients and 
healthy people (n=164).

Figure 3. The serum levels of TNF-α in diabetic patients and 
healthy people (n=164).

 between the groups in terms of FGF-21 (p= 0.702). 
The difference remained insignificant after adjustment 
for sex and age (p= 0.617). Serum levels of TNF-α 
were significantly higher in patients (p<0.001). After 
adjustment for sex and age, this difference remained 
significant (p<0.001).

The associations of lipid profile and glycemic 
indices with FGF-21 and TNF-α levels in healthy 
patients with T2DM are shown in Table 3. No signifi-
cant association was seen between the mentioned vari-
ables and FGF-21. At the same time, TNF-α level was 
positively associated with LDL-C in healthy subjects  
(β= 0.281; P= 0.035) and FBS (β= 0.297; P< 0.001) 
and HbA1C levels (β= 0.305; P< 0.001) in the total 
population . Assessment of the associations across 
the BMI sub-groups revealed that the positive 

association of TNF-α with LDL-C was limited to OHS  
(β= 0.421; P= 0.039; Table 3).

The associations of anthropometric and dietary 
related variables with FGF-21 and TNF-α levels in 
healthy subjects and patients with T2DM are sum-
marized in Table 4. The results showed that BMI  
(β= 0.303; P= 0.004) and HC levels (β= 0.294; P= 0.030)  
were significantly positively correlated with TNF-α 
level in patients with T2DM (p<0.05). On the other 
hand, HC level and dietary protein intake were nega-
tively associated with FGF-21 levels in healthy subjects 
(β=-0.267; P= 0.038 and β= -0.265; P= 0.001, respec-
tively) and the total population (β=-0.201; P= 0.012 
and β= -0.273; P= 0.005, respectively). Also, the total 
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Table 3. The association of lipid profile and glycemic indices with FGF-21 and TNF-α across BMI sub-groups.

Variables

FGF-21 TNF-α
NWHS 
(n= 40)

OHS 
(n= 45)

NWD 
(n= 38)

OD  
(n= 41)

Total 
(n= 164)

NWHS 
(n= 40)

OHS  
(n= 45)

NWD 
(n= 38)

OD  
(n= 41)

Total 
(n= 164)

TC β -0.093 -0.119 0.104 -0.119 0.112 0.010 0.001 -0.097 -0.064 0.119

P 0.415 0.277 0.185 0.277 0.561 0.902 0.990 0.387 0.562 0.097

TG β -0.140 0.065 -0.147 0.065 -0.127 0.025 -0.111 -0.110 0.018 -0.152

P 0.219 0.555 0.059 0.555 0.278 0.750 0.330 0.315 0.868 0.032

LDL β -0.107 -0.117 0.143 -0.117 0.012 0.238 0.421 -0.088 -0.042 0.126

P 0.349 0.287 0.067 0.287 0.638 0.083 0.039 0.423 0.700 0.081

HDL β -0.191 -0.093 -0.090 0.039 -0.137 -0.104 -0.099 0.129 -0.068 -0.134

P 0.092 0.415 -0.081 0.622 0.560 0.186 0.383 0.257 0.539 0.461

FBS β -0.006 -0.140 0.459 -0.104 -0.064 0.006 0.099 0.057 0.162 0.297

P 0.936 0.219 -0.032 0.186 0.449 0.937 0.387 0.619 0.138 <0.001

HbA1C β -0.016 -0.107 0.772 0.006 0.036 -0.099 0.099 0.055 0.106 0.305

P 0.839 0.349 -0.118 0.937 0.821 0.205 0.386 0.628 0.334 <0.001

HOMA-IR β -0.028 -0.191 0.282 -0.108 -0.045 -0.034 0.081 -0.022 0.067 0.098

P 0.726 0.092 0.078 0.344 0.571 0.667 0.461 0.782 0.544 0.341

QUICKI β -0.123 -0.149 0.128 -0.149 -0.109 -0.068 -0.095 -0.016 -0.143 -0.091

P 0.118 0.189 0.940 0.189 0.701 0.539 0.387 0.839 0.192 0.281

Insulin β 0.025 -0.171 0.086 -0.171 -0.023 0.162 0.152 -0.099 -0.002 -0.091

P 0.750 0.132 0.435 0.132 0.781 0.138 0.165 0.205 0.989 0.291

Data analysis was done by Linear Regression. Abbreviations: TC: Total Cholesterol; TG: Triglyceride; LDL: Low Density Lipoprotein; HDL: High 
Density Lipoprotein; FBS: Fasting Blood Sugar; HbA1C: Hemoglobin A1C; HOMA-IR: Homeostatic Model Assessment for Insulin Resistance; 
QUICKI: Quantitative Insulin Sensitivity Check Index.

population had a negative association between dietary 
carbohydrate intake and FGF-21 level (β= -0.183;  
P= 0.041). After dividing the study subjects into BMI 
sub-groups, the association of the dietary protein with 
FGF-21 in NWHS (β= -0.342; P= 0.021) and BMI 
with TNF-α in OD (β= 0.670; P= 0.001) remained 
unchanged.

Discussion

FGF-21, an important and novel cytokine, is 
mainly expressed in the liver and plays a crucial role 
in improving glucose and lipid metabolism via differ-
ent metabolic pathways (6). It has been suggested that 
FGF-21 may play a pivotal role in signaling metabolic 

pathways in diabetes (8). In the present study, results 
revealed no statistically significant difference in serum 
levels of FGF-21 in patients with T2DM compared to 
the healthy subjects; however, the FGF-21 levels were 
higher in T2DM subjects.

Panahi et al., in a case-control study, examined 
serum levels of FGF-21 in patients with diabetes 
(18). The results showed the serum levels of FGF-21  
in patients with T2DM were higher than those in 
healthy subjects. In a similar study, Cheng et al. showed 
that serum levels of FGF-21 in newly-diagnosed  
and long-term diagnosed patients with T2DM were 
higher compared to healthy subjects. At the same 
time, the difference between the two diabetic groups 
was not considerable (19). FGF-21 is produced pref-
erentially in hepatocytes and has been identified as an 
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Table 4. The association of dietary and anthropometric variables with FGF-21 and TNF-α across BMI sub-groups.

Variables

FGF-21 TNF-α
NWHS 
(n= 40)

OHS 
(n= 45)

NWD 
(n= 38)

OD  
(n= 41)

Total 
(n= 164)

NWHS 
(n= 40)

OHS 
(n= 45)

NWD 
(n= 38)

OD  
(n= 41)

Total  
(n= 164)

BMI β -0.055 -0.127 -0.135 0.067 -0.126 0.066 0.078 -0.071 0.303 0.067

P 0.491 0.264 0.346 0.392 0.108 0.546 0.480 0.435 0.004 0.392

WC β 0.024 -0.060 -0.112 0.146 -0.105 -0.106 0.074 -0.087 0.078 0.146

P 0.983 0.598 0.412 0.062 0.180 0.334 0.499 0.231 0.943 0.062

HC β -0.267 -0.213 0.091 0.115 -0.267 0.078 0.025 -0.102 0.294 0.115

P 0.038 0.067 0.843 0.141 0.038 0.480 0.820 0.321 0.030 0.141

Body fat β -0.076 0.099 0.137 -0.006 -0.006 0.074 0.050 0.231 -0.131 -0.038

P 0.614 0.386 0.631 0.936 0.936 0.499 0.651 0.321 0.451 0.629

FM β -0.104 0.081 0.071 -0.016 -0.016 0.025 0.084 0.063 0.100 0.010

P 0.186 0.461 0.238 0.839 0.839 0.820 0.447 0.713 0.124 0.902

FFM β 0.006 -0.095 -0.091 -0.028 -0.028 -0.119 -0.024 0.092 0.0.92 0.025

P 0.937 0.387 0.642 0.726 0.726 0.277 0.826 0.371 0.301 0.750

Energy β -0.108 0.152 0.163 -0.038 -0.123 0.065 0.282 -0.003 0.085 -0.011

P 0.344 0.165 0.126 0.629 0.118 0.555 0.078 0.741 0.491 0.893

Protein β -0.265 -0.125 0.086 0.010 -0.273 -0.117 0.128 -0.061 -0.132 0.031

P 0.001 0.081 0.741 0.902 0.005 0.287 0.940 0.932 0.147 0.695

CHO β -0.171 0.084 0.201 0.025 -0.183 0.050 0.086 -0.142 -0.004 0.021

P 0.132 0.447 0.120 0.750 0.041 0.651 0.435 0.300 0.872 0.791

Fat β -0.038 -0.024 0.173 -0.123 -0.121 0.084 0.025 0.153 0.231 -0.077

P 0.629 0.826 0.083 0.118 0.124 0.447 0.750 0.561 0.763 0.327

Data analysis was done by Linear Regression. Abbreviations: BMI: Body Mass Index; WC: Waist Circumference; HC: Hip Circumference; FM: Fat 
Mass; FFM: Fat Free Mass; CHO: Carbohydrate.

endocrine and metabolic hormone because of its po-
tential effect on lipid and glucose metabolism, insulin 
sensitivity, and energy balance. The elevation in serum 
levels of FGF-21 is a compensatory factor for improv-
ing the hemodynamic status in patients with diabetes  
(20-22). It has been suggested that increased TNF-α 
levels in diabetes and inflammatory status lead to the 
disruption in glucose intake by cells (23). This situation 
causes insulin resistance in T2DM. In this situation, 
FGF-21 induces gene expression of inflammatory fac-
tors. This leads to glucose metabolism improvement in 
animal models (24). Also, FGF-21 ameliorates gene 
expression of various inflammatory factors, including 
C-reactive protein (CRP), interleukin 6 (IL-6), and 

IL-1β (23). In fact, FGF-21 simultaneously alleviates 
inflammatory situations and improves inflammation-
induced insulin resistance.

In the present study, serum levels of TC, LDL-C,  
FBS, TG, and TNF-α were considerably higher in 
patients with T2DM compared to healthy subjects; 
however, serum insulin levels were significantly higher 
in the control group. The higher levels of TC, LDL-C,  
FBS, TG, and TNF-α in patients with T2DM are 
logical, as similar studies reported the same results  
(25-27). The interruption in macronutrient metabo-
lism due to the lack of insulin and/or insulin action 
is the key mechanism for dyslipidemia, leading to el-
evated FBS and inflammation among these patients 
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an interventional study, demonstrated that short-term 
over-feeding of carbohydrates increased serum levels 
of FGF-21 in healthy men (36). Therefore, more de-
tailed studies will be conducted about dietary intake’s 
effect on FGF-21 serum level and its gene expression 
in T2DM.

Some points need to be explained about the limi-
tations of the present study. First of all, detailed his-
tory of T2DM diagnosis and time to start medications 
were not gathered; this point was our work’s most im-
portant limitation. Also, the criteria for being healthy 
in the control group was based on self-report. For the 
enrollment of subjects in the control group, a more 
precise criterion needs to be established. Finally, the 
small sample size was another limitation of the present 
study, which could affect the results.

Conclusions

The results showed that dietary protein and 
 carbohydrate intake was inversely correlated with 
 serum levels of FGF-21. On the other hand, no signif-
icant difference was observed between healthy subjects 
and patients with T2DM in terms of FGF-21 levels. 
Considering the importance of FGF-21 in improving 
the hemodynamic status in diabetic patients, large-
scale studies with more sample sizes and prospective 
designs need to confirm our findings in this regard.
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(28, 29). However, the inflammatory status in T2DM 
is not directly associated with insulin resistance. In this 
regard, factors like body fat percentage have a more 
effective role in the inflammatory status of T2DM. 
However, inflammation, obesity, and T2DM are 
strongly interrelated disorders. The literature widely 
talked about dyslipidemia, inflammation, and glyce-
mia (30). Discussing the achieved results regarding 
TG and insulin is so important. In the present study, 
serum levels of TG and insulin in healthy subjects were 
higher than those in patients with T2DM. It is worth 
noting that in our study, the enrolled patients were not 
newly diagnosed. The current study did not gather a 
detailed history of T2DM diagnosis and time to start 
medications. The medications used in T2DM patients 
and subclinical dyslipidemia in healthy subjects are the 
possible reason for the obtained results about serum 
TG in this study (31, 32). In the pathogenesis of dia-
betes, increased serum insulin in the early phases and 
reduced serum insulin in the late phases are proven 
(33). Therefore, it seems that the enrolled patients have 
had diabetes for a long time.

Some studies have been conducted recently to 
elucidate the association of FGF-21 serum levels with 
metabolic syndrome. Zhang et al., in a case-control 
study, revealed that the serum level of FGF-21 is di-
rectly associated with metabolic syndrome and its com-
ponents (21). On the other hand, Lin et al. showed that 
serum FGF-21 level is positively associated with the 
severity of diabetic retinopathy. In contrast, our results 
showed no meaningful association between lipid pro-
file and FGF-21 levels. Also, anthropometric variables 
had no considerable association with FGF-21 level, 
except for HC. Reinehr et al., in a prospective study, 
revealed a considerable correlation between serum lev-
els of FGF-21 and HC in lean and obese children (34). 
To the best of our knowledge, no observational study 
assesses the association between dietary intake and 
serum FGF-21 levels. Our results showed the inverse 
correlation between dietary protein and carbohydrate 
intake and serum FGF-21 levels. Chalvo-Demersay 
et al., in an experimental study, revealed that low and 
high protein intake induced and reduced FGF-21 pro-
duction in male C57BL/6 mice hepatocytes, respec-
tively (35). On the other hand, Lundsgaard et al., in 
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