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Abstract

Background and Purpose. Fibroblast growth
factor 21 (FGF21) has recently been identified as a metabolic
regulator, but its physiological role is still not completely
known. The aim of this study was to evaluate serum FGF21
levels in an Iranian population with type 2 diabetes.

Materials and Methods. This cross-sectional study
was conducted in patients with type 2 diabetes. All patients
were evaluated for fasting serum levels of glucose, glycated
hemoglobin (HbAlc), lipids, urea and creatinine. Participants
were divided into two groups with poorly-controlled and well-
controlled diabetes based on their HbAlc levels. Healthy non-
diabetic subjects (matched with patients in terms of age, sex
and body mass index [BMI]) were also recruited as control
group. Serum FGF21 concentrations were determined in all
subjects using ELISA.

Results. Of the evaluated 141 subjects, 49 (34.8%)
were categorized as having well-controlled diabetes, 66
(46.8%) had poorly-controlled diabetes, and there were 26
subjects in the normal control group. Mean serum FGF-21
concentration was 337.89+283.67 ng/L in the diabetic group
and 237.25+43.22 ng/mL in the non-diabetic group (p<0.001).
Mean serum FGF21 level was 237.25 + 43.22 ng/mL in the
control group, 309.81 + 301.68 ng/mL in the well-controlled
diabetic group, and 358.73 + 269.98 ng/mL in the poorly
controlled diabetic group. Serum FGF21 level in the poorly
controlled diabetic group was significantly higher than that
in the well-controlled diabetic and the healthy control groups
(p=0.02) but there was no significant difference between the
well-controlled and healthy groups. There was no significant
association between serum FGF21 levels with lipid levels,
presence of diabetic complications and BMI (p > 0.05).

Conclusions. The present results suggested an
association between elevated serum levels of FGF21 and poor
control of diabetes. Future studies are warranted to elucidate
the prognostic role of these elevated levels of FGF21 in
diabetic subjects.
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INTRODUCTION

Type 2 diabetes mellitus is a major public
health burden with a rising global prevalence (1).
Fibroblast growth factor 21 (FGF21) is a metabolic
factor produced in the liver, adipose tissue, skeletal
muscle, and pancreas tissues, and is known to
regulate glucose and lipid metabolism (2). It has been
recently reported that high serum levels of FGF21
cause abnormal glucose metabolism and insulin
resistance in adults (3). Previous animal studies have
examined the effects of FGF21 on lipid and glucose
metabolism, insulin sensitivity, and body weight (4-6)
and suggested of the use of FGF21 as a potential target
for the treatment of diabetes and obesity. High serum
levels of FGF21 have been reported in patients with
obesity, obesity-related diseases, and insulin resistance
(7), supporting a potential role for the involvement of
this factor in the pathophysiology of cardio metabolic
diseases. Owing to the limited number of previous
clinical studies, and lack of a previous investigation
in the Iranian population, the present study aimed
to evaluate the potential association between serum
FGF21 concentrations with the presence of diabetes
and glycemic control in Iranian subjects with well- and
poorly controlled diabetes.

SUBJECTS AND METHODS

Subjects

Patients with type 2 diabetes who were referred
to the Imam Reza diabetes clinic in Mashhad from May
to July 2014 were selected using convenience sampling
approach. Patients were excluded if they had an active
infection or inflammation, were taking drugs that affect
the immune system (e.g., corticosteroids), had liver or
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kidney disease, or had severe physical inactivity. After
a complete explanation of the project, demographic
characteristics were recorded, including height, weight,
blood pressure, body mass index (BMI), and family
history of diabetes. The diagnosis of diabetes was based
on the American Diabetes Association criteria (8). A
questionnaire was also administered to determine each
patient’s duration of diabetes, presence of hypertension
(determined according to the use of anti-hypertensive
drugs or having a blood pressure > 140/90), history
of dyslipidemia (lipid abnormalities or use of anti-
lipid therapy), presence of cardiovascular disease, and
diabetes complications (neuropathy, retinopathy, and
nephropathy). The study protocol was approved by the
Institutional Ethics Committee.

Blood sampling

Patients, after a 12-hour fast, had 5 mL of
their blood drawn from the brachial vein, and all
samples were evaluated for FGF21 levels using ELISA
technique (Bioassay Technology Laboratory [Crystal
Day, China] which gave intra-assay and inter-assay
variations of <10% and <12%, respectively. Blood
glucose, HbA1c, low-density lipoproteins (LDL), high-
density lipoproteins (HDL), triglycerides, cholesterol,
urea and creatinine were determined using routine
enzymatic techniques. According to HbAlc levels,
patients were classified as having well-controlled
diabetes (<7%) or poorly controlled diabetes (>7%).
Twenty-six healthy subjects who were matched with
patients in terms of age, gender and BMI were also
recruited as controls.

Statistical analysis
Statistical analyses were performed using
SPSS software (version 16). Normal distribution

of data was assessed using Kolmogorov—Smirnov
test. Variables that had a normal distribution were
compared using one-way ANOVA (for continuous
variables) and Chi-square (for categorical variables).
For non-normally distributed data Kruskal-Wallis
and Mann—Whitney U tests, Wilcoxon sign test, and
Spearman correlation were used. A p-value of <0.05
was considered significant in this study.

RESULTS

In this study, 141 subjects participated,
including 49 patients (34.8%) in the well-controlled
diabetes group, 66 patients (46.8%) in the poorly
controlled diabetes group, and 26 persons (18.4%)
in the healthy non-diabetic control group. These
three groups did not have any statistically significant
difference in terms of age, gender, BMI, systolic and
diastolic blood pressure, triglycerides, and HDL-
cholesterol. However, serum glucose, creatinine, and
LDL-cholesterol levels were significantly different in
at least two groups. Tukey’s post-hoc test showed that
mean glucose levels were significantly higher in the
poorly controlled diabetes patients compared with those
with well-controlled diabetes and healthy non-diabetic
control subjects, and that patients with well-controlled
diabetes group had significantly higher blood glucose
compared with the healthy control group as expected.
Results from a t-test showed that mean HbAlc levels
were significantly greater in patients with poorly
controlled diabetes (7.90+1.95%) than in patients with
well-controlled diabetes (6.22+0.22%), (p=0.001).
Mean serum FGF-21 level was 337.89+283.67 ng/L in
the diabetes patients and 237.25+43.22 ng/L in the non-
diabetes subjects (p<0.001). The results showed that
the mean level of blood creatinine was significantly

Table 1. Comparison of age, body mass index, systolic and diastolic blood pressure, glucose, creatinine and blood lipid profiles in three

groups
Grou Well controlled led Poorly controlled
’ diabetes d>i,abetes Healthy control P-value
Variable mean + SD mean + SD mean = SD
Age(year) 52.57+11.09 56.15+£11.26 51.77+9.78 0.11
Body mass index (kg/m?) 27.72+3.78 26.98+4.39 26.84+3.76 0.62
Systolic blood pressure (mmHg) 122.56+14.99 123.56+12.25 118.95£9.94 0.40
Diastolic blood pressure (mmHg) 76.67£7.01 78.47£5.51 80.26+3.53 0.08
Blood glucose (mg/dL) 128.10+34.62 196.98+82.81 85.35+11.18 <0.001
HbAlc % 6.22 £0.62 7.90+1.95 - <0.001
Creatinine (mg/dL) 0.91+0.18 1.05+0.19 0.97+0.11 0.001
Triglyceride (mg/dL) 153.71£77.21 161.64+88.87 151.25+81.29 0.83
Cholesterol (mg/dL) 191.22+44.01 189.26+47.02 184.33+34.74 0.93
LDL (mg/dL) 114.84+35.75 113.61+£37.78 89.25+29.03 0.01
HDL (mg/dL) 48.98+10.83 45.53+12.49 42.41+6.89 0.06
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higher in patients with poorly controlled diabetes than
in those with well-controlled diabetes and that mean
LDL-cholesterol was significantly lower in the healthy
controls than in patients in the well-controlled and
poorly controlled diabetes groups (Table 1).

The prevalence of diabetic neuropathy and
microalbuminuria was significantly higher in patients
with poorly controlled diabetes than in those with
well-controlled diabetes. However, the prevalence
rates of diabetic retinopathy, cardiovascular disease,
hypertension and family history of diabetes were not
significantly different in patients in the well-controlled
and poorly controlled groups.

Kruskal-Wallis test results showed that, for
the mean FGF21 levels in at least two groups, there
were significant differences (p=0.002), and the Mann—
Whitney U test was used to verify these differences in
the both groups. The test results showed that the mean
level of FG21 in patients with poorly controlled diabetes
was significantly higher than those in patients with
well-controlled diabetes (p=0.002) and in the healthy
control group (p=0.007). However, the mean FGF21
level did not significantly differ between patients with
well-controlled diabetes and participants in the healthy
control group (p=0.55) (Table 2).

The mean level of FGF21 was not significantly
different among patients with diabetes who had comorbid

Table 2. Comparison of FGF-21 in three groups

Group No Mean Sta{ldz.lrd

deviation
Well controlled diabetes 49 309.81 301.68
Poorly controlled diabetes 66 358.73 269.98
Healthy control 26 237.25 43.22
Total 141 319.33 259.60

P=0.02 =2 df 12.76=x2

diabetic retinopathy, neuropathy, heart disease, and
microalbuminuria compared to patients with diabetes
who did not have these complications (Table 3). In
addition, according to Spearman correlation coefficient
results did not show any significant relationships between
FGF21 level with lipid profiles and creatinine. There
was a negative correlation between duration of diabetes
with FGF-21 level in well controlled group (p=0.04)
but there was no relationship between these variables
in poorly controlled diabetes (p=0.44) (Table 4).

DISCUSSION

According to the results of the present research,
serum FGF21 concentrations are significantly elevated
in people with poorly-controlled diabetes (358.73 =+
269.98) compared with those with well-controlled
diabetes, and healthy controls. Another finding was
comparable serum levels of FGF21 between the group
with well-controlled diabetes and healthy control
subjects. The present findings are consistent with
those reported by Chavez et al. They compared levels
of FGF21 in groups of lean, overweight, impaired-
fasting glucose and diabetic individuals, and found that
diabetic patients’ FGF21 levels are higher than other
groups. Chavez et al. suggested that their findings
were related to insulin resistance (9). In another
study by Semba et al., high serum concentrations of
FGF21 were found to be related to abnormal glucose
metabolism and insulin resistance in adults (3). In the
study by Kralisch et al, mean serum concentrations of
FGF21 were 2.1 times higher in type 2 diabetic patients
(141.8 ng/L) compared with the control group (66.7
ng/L). Non-diabetic patients whose FGF21 levels were
undetectable by ELISA also showed a better metabolic

Table 3. Mean comparison of FGF21 in terms of diabetic complications

. . .. NO YES .

Diabetic complication Mean Standard deviation Mean Standard deviation Mann-Whitney U P
Retinopathy 355.59 305.73 320.72 296.73 753.00 0.15
Neuropathy 306.92 269.65 372.77 328.18 824.50 0.32

Cardiac 341.95 302.44 335.27 302.48 794.50 0.44
Microalbuminuria 337.9 304.53 348.77 272.31 1189.50 0.56

Table 4. Correlation between FGF-21 level with lipid profiles, creatinine and duration of diabetes in the study groups

Variable Group TG CHOL
Well controlled r=0.14 r=0.15

diabetes p=0.37 r=0.32

Poorly controlled r=-0.09 r=-0.04

FGE-21 diabetes p=0.49 p=0.75
. r=0.18 r=0.26

Healthy subjects =039 p=0.62

LDL HDL CR Duration
r=0.16 r=-0.11 r=-0.04 r=-0.33
=0.29 p=0.48 p=0.78 p=0.04
r=-0.10 r=0.13 r=0.10 r=0.11
p=0.44 p=0.29 p=0.44 p=0.44
r=-0.27 r=-0.10 r=0.22
p=0.21 p=0.63 p=0.29 )
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profile than those whose FGF21 was measurable
(10). According to Mraz et al., FGF21 serum levels
were significantly higher in patients with comorbid
obesity and type 2 diabetes compared with the control
group (11). Cheng et al. reported that serum FGF21
levels are significantly higher in patients with newly-
diagnosed type 2 diabetes and patients who have had
type 2 diabetes for 5 years or more compared with
healthy subjects. However, the latter study showed no
significant difference between serum levels of FGF21
in newly diagnosed type 2 diabetes patients and patients
who had type 2 diabetes for longer than 5 years (12).

A study by Li et al. determined that fasting
plasma levels of FGF21 were significantly higher in
patients with new-onset type 2 diabetes and in patients
with poorly managed diabetes compared to the control
group (p <0.05). They found no significant difference in
FGF21 levels when patients with newly-diagnosed and
those with poorly controlled diabetes were compared;
(13) however, the results of these studies are consistent
with our study’s findings, which suggest that diabetes
is associated with increased serum levels of FGF21.

In this study, there was no significant
relationship among levels of triglycerides, cholesterol,
HDL, or LDL and FGF21 in any of the three groups.
In other studies, a positive association has been found
between serum levels of triglycerides and FGF21,
and FGF21 has been suggested to play a role in lipid
metabolism (14).

Jinetal.,in 2014, reported a significant positive
association between triglyceride levels and FGF21,
however, they found that the association between HDL
and FGF21 serum levels was not significant (15). Su
et al. found that mean HDL in diabetic patients was
significantly higher than in healthy individuals (16). In
Chavezetal.,serum levels of LDL were lower in patients
with diabetes than in persons without insulin resistance
(9). The results of their studies are not consistent with
this study’s findings. This inconsistency is probably
due to the removal of patients receiving lipid-lowering
drugs in the cited studies, whereas in this study, most
patients have been treated with drugs that control blood
lipids.

The results showed that there was no significant
difference between sex, mean age, or BMI and serum
levels of FGF21 in any of the three groups. Because the
groups were matched for age, sex, and BMI, they did
not have any differences in these variables.

In a study by Cheng et al., fasting serum
FGF21 levels significantly correlated with age and
BMI (12). Kralisch et al. found that the mean serum
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levels of FGF21 significantly correlated with BMI and
age, but after adjusting for age and BMI, the average
concentration of serum FGF21 was significantly lower
in women than in men (10).

Jin et al. reported a positive correlation among
age, BMI, and serum levels of FGF21, but there was no
significant relationship between sex and serum FGF21
levels (15).

In this study, no relation was detected between
diabetic complications and FGF21 serum levels. There
was no significant relationship demonstrated among
creatinine or urea levels and FGF21; this result may
be due to the fact that the study excluded people with
higher than normal creatinine levels. Stein et al.,
however, showed that patients with kidney failure had
high levels of FGF21 (17).

Jian et al. found an independent association
between FGF21 serum levels and urinary albumin
excretion in type 2 diabetes patients, indicating that
the circulation of FGF21 may be involved in the
pathogenesis of diabetic nephropathy (18). An et al.
showed that FGF21 levels were significantly higher in
type 2 diabetes patients with carotid artery plaques than
in patients without plaque (19). In another study, serum
levels of FGF21 were shown to have higher positive
correlations with carotid and iliac lesions in patients
with subclinical atherosclerosis than in patients without
these complications (20).

While the present study provides the first
evidence on the association between serum FGF21
levels with the presence of diabetes and its control
status in an Iranian population, a number of limitations
deserve to be noted for the present study. The association
of serum FGF21 levels with indices of hepatic function
was not evaluated in this study. In addition, the cross-
sectional nature of this study impedes evaluation of the
prognostic value of raised serum FGF21 levels, and the
predictive value of these raised levels for future diabetic
complications. In conclusion, the results showed that
high serum levels of FGF21 were associated with a
poor control of blood glucose in diabetic patients.
Thus, measurement of serum FGF21 levels might be
regarded as a potential indicator for identifying patients
with poorly controlled diabetes. However, the role
of elevated circulating concentrations of FGF21 in
predicting future diabetic, cardiovascular and hepatic
events needs to be further explored in future studies.
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