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Abstract

Background Diabetes mellitus (DM) is a global epidemic disease affecting millions each year. Recent stud-

ies have suggested novel biomarkers that are linked to DM. This study aimed to measure the levels of fibroblast
growth factor-21 (FGF-21) and adiponectin in the blood of patients with type 2 DM and to assess the variations
in their levels in response to the type of treatments. The possible correlations with several biochemical param-
eters and the diagnostic potential of FGF-21 and adiponectin as biomarkers for DM were also investigated. Eighty
subjects were classified into control, Type 2 DM patients who were treated with metformin, Type 2 DM patients
who were treated with metformin + oral hypoglycemic agents (OHAs), and Type 2 DM patients who were treated
with insulin +metformin +OHAs.

Results The metformin+OHAs group and the insulin + metformin+ OHAs group had higher levels of FGF-21

when compared to the control group. The metformin+OHAs also had significantly higher adiponectin levels

when compared to the control or metformin groups. The serum levels of FGF-21 in the diabetic subjects were
negatively correlated with LDL, direct bilirubin, aloumin, and insulin levels and positively correlated with the dura-
tion of DM. However, the serum levels of adiponectin in the diabetic subjects were negatively correlated with weight
while positively correlated with potassium levels. Remarkably, FGF-21 and adiponectin were effective biomarkers

for diagnosing DM with a specificity of 100% and 90% and sensitivity of 52.3% and 64.5%, respectively.

Conclusion These findings suggest that FGF-21 and adiponectin play crucial roles in DM diagnosis and prognosis
and that their levels change depending on the treatment type.
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1 Background
Diabetes mellitus (DM) is a global epidemic disease
characterized by a chronically high blood glucose level
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metformin. Other oral hypoglycemic agents (OHAs) are
added to the treatment regimen according to the patient’s
response [1].

Chronic hyperglycemia is linked to persistent organ
damage, particularly to the kidneys, eyes, heart, nerves,
and blood vessels, causing cardiovascular disease, retin-
opathy, nephropathy, and neuropathy [2]. For diagnosis
of nephropathy complications, serum creatinine, urea,
sodium, potassium, and chloride are usually considered
biomarkers indicating organ damage when their serum
levels are elevated above the normal range [3]. Similarly,
for diagnosis of liver damage associated with DM compli-
cations, the abnormally high serum levels of liver func-
tion tests such as alanine transaminase (ALT), aspartate
transaminase (AST), alkaline phosphatase (ALP), albu-
min, total, direct, and indirect bilirubin are commonly
used to indicate hepatocellular injury [4].

The diagnosis of DM can be made using the plasma
glucose criteria, which include the fasting blood glucose
(FBQG) test, the 2-h blood glucose value obtained after
75 g oral glucose intake named the oral glucose toler-
ance test, and the hemoglobin Alc (HbAlc) criteria [5].
Homeostatic model assessment for insulin resistance
(HOMA-IR) and blood insulin level tests could also be
used for disease diagnosis [6]. It is currently uncertain
which test provides the most accurate diagnosis of DM.
Thus, further biomarker validation is needed for a more
precise diagnosis [7].

The fibroblast growth factor-21 (FGF-21), a polypep-
tide consisting of 209 amino acids, belongs to the endo-
crine subfamily. It is normally expressed in the liver,
pancreas, and adipose tissues [8]. To function appro-
priately, FGF-21 binds to target cells through specific
receptors (FGFRs), primarily FGFR-1 and {3-Klotho [9].
Researchers suggest that FGF-21 can regulate lipid and
glucose metabolism, maintain energy balance, and have
antioxidant, anti-inflammatory, and cardioprotective
functions [9, 10]. The FGF-21 has recently been used as
a biochemical marker for DM; its serum level changes
dynamically in response to DM types, complications,
and treatments. For example, the FGF-21 levels are sig-
nificantly lower in T1DM and higher in T2DM compared
to healthy controls [11, 12]. Its level also increases in the
metformin-treated patients [13].

Adiponectin, a polypeptide with 247 amino acids, is an
adipocyte secretory product. It is produced and released
primarily when the white adipose tissue contains less
visceral fat [14]. Adiponectin shows many functions,
including induction of apoptosis in cancer cells, as well
as anti-inflammatory, antioxidant, and vasodilator prop-
erties. It also controls body weight, energy, lipid metabo-
lism, and glucose uptake through increasing glycolysis,
inhibiting gluconeogenesis and fatty acid oxidation in
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the liver, enhancing glucose uptake of skeletal muscles,
activating fatty acid oxidation, and promoting insulin
sensitivity [15]. Studies have shown that in patients with
T1DM, the serum levels of adiponectin are significantly
higher than healthy individuals [16]. However, other
studies indicated that individuals with T2DM, particu-
larly those who are obese, exhibit lower serum levels of
adiponectin [17]. In addition, the serum adiponectin lev-
els changed differently in the patients treated with met-
formin and thiazolidinediones [18].

The current study aims to measure the levels of FGE-
21 and adiponectin in the blood of patients with T2DM
to assess the variations in their levels in response to DM
treatments. Additionally, the study examines the cor-
relations between these biomarkers and the traditional
biomarkers, lipid profile, liver and kidney function tests,
total protein, and electrolyte levels in the blood. The
study also identifies the diagnostic potential of FGF-21
and adiponectin as biomarkers for diabetes mellitus.

2 Methods
2.1 Subjects
This cross-sectional study was conducted on Jordanian
patients diagnosed with T2DM for at least 6 months who
regularly visited the Endocrinology outpatient clinics
et al. Karak Governmental Hospital.

The inclusion criteria were set as follows:

+ Subjects were aged between 30 and 65 years old.

+ Subjects had been treated with oral hypoglycemic
drugs for at least 6 months.

« Subjects were diagnosed with T2DM with or without
complications.

The following subjects were excluded from the study:

+ Prediabetic patients and pregnant women with or
without gestational diabetes.

+ DPatients taking fenofibrate medication.

+ Individuals taking oral hypoglycemic agents for con-
ditions other than diabetes, such as polycystic ovary
syndrome.

+ Subjects with chronic inflammatory diseases like
hepatitis, pancreatitis, and certain cancers, especially
pancreatic cancer.

A total of 80 male and female subjects were enrolled in
the study and divided into four groups:

« Control group: non-diabetic subjects (n=20).
+ Metformin group: subjects with T2DM who were
treated with metformin (n=20).
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+ Metformin+ OHAs group: subjects with T2DM who
were treated with metformin and oral hypoglycemic
agents (n=20).

+ Insulin+metformin4+OHAs: subjects with T2DM
who were treated with insulin, metformin, and other
oral hypoglycemic agents (n =20).

The oral hypoglycemic agents used by patients were
vildagliptin, glimepiride, and gliclazide.

2.2 Patient examination and sample preparation

Patient history, including age, body weight, duration of
DM, and BMI (kg/m?) was collected. A physical exami-
nation by an endocrinologist was performed to identify
any associated physical complications or other diseases.
Next, blood samples were withdrawn from each partici-
pant after overnight fasting. After allowing the blood to
clot at 37 °C for 30 min, the sample was centrifuged at
4000 rpm for 4 min. The resulting supernatant (serum)
was separated and subsequently stored at — 80 °C freezer
to analyze the biochemical markers.

2.3 Biochemical measurements

Utilizing commercial kits and following the manufactur-
er’s instructions, each participant completed the follow-
ing biochemical analyses:

Haemoglobin-Alc (A1C-3, Roche Diagnostics GmbH,
Germany, REF: 05336163190, Lot: 73376801), Fasting
blood glucose (GLUC3, Roche Diagnostics GmbH, Ger-
many, REF: 04404483190, LOT: 73288001), Cholesterol
(CHOL2, Roche Diagnostics GmbH, Germany, REF:
03039773190, LOT: 73304401), Triglyceride (TRIGL,
Roche Diagnostics GmbH, Germany, REF: 20767107322,
LOT: 67081601), High-density lipoprotein (HDLC4,
Roche Diagnostics GmbH, Germany, REF:07528566190,
LOT: 59851601), Low-density lipoprotein (LDLC3,
Roche Diagnostics GmbH, Germany, REF:07005717190,
LOT: 68807401), Alkaline phosphatase (ALP2, Roche
Diagnostics GmbH, Germany, REF: 03333701190, LOT:
71223301), Aspartate aminotransferase (ASTL, Roche
Diagnostics GmbH, Germany, REF: 20764949322, LOT:
64235501), Alanine Aminotransferase (ALTL, Roche
Diagnostics GmbH, Germany, REF: 20764957322, LOT:
72938001), Albumin (ALB2, Roche Diagnostics GmbH,
Germany, REF: 03183688122, LOT: 72570901), Direct
bilirubin (BILD2, Roche Diagnostics GmbH, Ger-
many, REF: 05589061190, LOT: 71882501), Total biliru-
bin (BILT3, Roche Diagnostics GmbH, Germany, REF:
05795397190, LOT: 68886401), Total protein (TP2,
Roche Diagnostics GmbH, Germany, REF: 03183734190,
LOT: 68769801), Creatinine (CREJ2, Roche Diagnostics
GmbH, Germany, REF: 04810716190, LOT: 64726401),
Urea (UREAL, Roche Diagnostics GmbH, Germany, REF:
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04460715190, LOT: 73051101) Uric acid (UA2, Roche
Diagnostics GmbH, Germany, REF: 03183807190, LOT:
71418901), Phosphorous (PHOS2, Roche Diagnostics
GmbH, Germany, REF: 03183793122, LOT: 72960101),
Calcium (CA2, Roche Diagnostics GmbH, Germany,
REF: 05061482190, LOT: 73362201), Sodium, and Potas-
sium (NACL, Roche Diagnostics GmbH, Germany, REF:
04489357190, LOT: 69473301).

2.4 Determination of insulin level and HOMA-IR
The insulin levels in the sera samples were measured by
the human insulin ELISA Kit (Catalog No: E-EL-H2665),
Elabscience, USA. The ELISA kit consists of a microplate,
which has been pre-coated with an antibody specific to
human insulin. The standards series and samples were
added to the wells of the ELISA plate and bound with the
specific antibody. Next, a biotin detection antibody spe-
cific for human insulin and an avidin-horseradish per-
oxidase (HRP) conjugate were sequentially added to each
well of the microplate. Following the incubation period,
the excess substances were rinsed out. The solution of
the substrate was added to each well. With the addition
of the stop solution, the enzyme—substrate interaction
was stopped, resulting in a color change from blue to yel-
low. At a wavelength of 450 nm, the optical density (OD)
was determined using a Multiskan SkyHigh microplate
spectrophotometer.

The insulin resistance index (HOMA-IR) was calcu-
lated using the homeostasis model assessment (HOMA)
according to the following equation [6]:

HOMA - IR =Fasting insulin (@IU/mL)
x Fasting blood glucose
(mg/dL) /405

2.5 Measurement of blood FGF-21 and adiponectin
concentrations

Human FGF-21 ELISA Kit (Catalog No: EH188RB), Ther-

moFisher Scientific (Invitrogen), USA was used for the

measurement of FGF-21 and human Adiponectin ELISA

Kit (Catalog No: ab99968), Abcam, UK was used for the

measurement of adiponectin concentration.

In each assay procedure, 100 pL of blank, standards
and samples were individually dispensed into their corre-
sponding coated wells. Subsequently, the wells were cov-
ered and incubated at room temperature for 2.5 h with
gentle shaking. After the completion of incubation, the
solution was discarded, and the wells were subjected to
four washing steps with a wash buffer. This involved fill-
ing each well with 300 pL of wash buffer using a multi-
channel pipette, followed by complete removal of all
liquid. After the last wash, the plate was inverted and
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blotted against clean filter papers. Afterward, 100 pL of
the biotinylated FGF21 or adiponectin detection antibody
was added to each well. The mixture underwent gentle
shaking and was incubated for one hour at room tem-
perature. Once again, the solution was discarded, and the
wells were washed as described previously. In each well,
100 pL of the Streptavidin-HRP solution was applied, and
at room temperature, the plate was incubated for 45 min
with gentle shaking. The solution was then discarded, and
the wash step was repeated. To develop the color, in each
well, 100 pL of tetramethylbenzidine (TMB) substrate
was added in the dark and at room temperature; the plate
was incubated for 30 min with gentle shaking, initiating a
color change as the substrate turned blue. After 30 min,
50 pL of stop solution was added to each well, turning the
color from blue to yellow. Finally, the color absorbance in
each well was measured spectrophotometrically using a
Multiskan SkyHigh Microplate Spectrophotometer at a
wavelength of 450 nm.

2.6 Statistical analysis

The Statistical Package for the Social Sciences (SPSS)
version 28 (IBM Corp., Armonk, NY, USA) was used
to input and code the data. Frequencies (number of
instances) and relative frequencies (percentages) were
used to represent categorical variables. Mean and stand-
ard deviation (SD) were used to express quantitative
variables. An analysis of variance (ANOVA) with mul-
tiple comparisons post hoc test was utilized to compare
groups in normally distributed quantitative data. A chi-
square test was conducted to compare categorical data,
with the exact test being employed when the anticipated
frequency was below 5. The Spearman correlation coef-
ficient was used to ascertain the correlation between
quantitative variables. The ideal cut-off value of FGF-21
and adiponectin for DM detection has been determined
by constructing a receiver operating characteristic (ROC)
curve and analyzing the area under the curve. A p value
below 0.05 was accepted as statistically significant.

3 Results
3.1 Demographic and biochemical characteristics

of the subjects
The diabetic cases group showed significantly higher age,
weight, height, HbAlc, FBG, HOMA-IR, total protein,
ALP, and phosphorus levels but significantly lower albu-
min level, compared to the control group (Table 1).

The diabetic cases group was further divided into
three sub-groups according to the type of treatments
they received: metformin, metformin+OHAs, and
insulin + metformin+ OHAs. The results showed no
significant differences between the sub-groups regard-
ing sex, age, weight, height, BMI, LDL, total cholesterol,

Page 4 of 14

Table 1 The demographic and biochemical characteristics of

subjects
Biochemical and clinical Control Diabetic cases P value
characteristics (N=20) (N=60)
Sex (N) M:9 M:27 0.83
F:11 F:33
Age (year) 485+7.86 5402+8.19 0.01*
Weight (kg) 75+16.71 8496+15.53 0.017*
Height (m) 1.62+0.08 1.67+0.09 0.031*
BMI 2846+5.68 30.55+£5.74 0.162
HbA1c (%) 531+£048 8.57+207 <0.001*
FBG (mg/dL) 86.66+6.58 199.95+93.5 <0.001*
LDL (mg/dL) 126.38+31.45 111.36+33.39 0.081
TRG (mg/dL) 15959413859 215.18+12846 0.105
Total cholesterol (mg/dL)  194.2142.73 180.05+41.24 0.191
HDL (mg/dL) 4491+114 43.82+10.02 0.691
ALT (U/L) 1837+£78 22.72+16.81 0.44
AST (U/L) 19.28+5.05 19.67+10.84 0339
Direct bilirubin (mg/dL) 0.17+0.06 0.18+0.09 0.824
Total bilirubin (mg/dL) 047+0.18 0.53+0.65 0.358
Total protein (g/dL) 7.27+0.25 7.57+037 0.001*
ALP (U/L) 79.25+16.06 104.15+39.13 <0.001*
Albumin (g/dL) 462+0.25 444033 0.015*
BUN (mg/dL) 2796+7.61 33.26+14.51 0.123
Uric acid (mg/dL) 541157 488+15 0.185
Creatinine (mg/dL) 08+0.17 0.9+041 0.271
Calcium (mg/dL) 9.57+0.5 9.79+045 0.084
Potassium (mmol/L) 437+042 4.58+041 0.051
Sodium (mmol/L) 139.05+25 138.33+4.33 0.496
Phosphorus (mg/dL) 333+042 3.63+061 0.049*
HOMA-IR 253+2 7.8+10.13 0.011*
Insulin (uIU/mL) 12.07£10.02 15.72+13.16 0433
Duration of DM (months) - 71.63+50.49 -

The data is presented as mean +SD

*Statistically significant P value

ALT, AST, direct bilirubin, total bilirubin, uric acid,
potassium, calcium, phosphorus, or insulin levels.
There were no significant differences between the sub-
groups regarding retinopathy and macrovascular com-
plications. However, there was a significant difference
in terms of neuropathy complications in which 90% of
the insulin + metformin + OHAs group, 50% of the met-
formin 4+ OHAs group, and 45% of the metformin group
had neuropathy complications (Table 2).

HbAlc levels were significantly higher in all sub-
groups when compared to the control group. Also,
the HbAlc level was significantly different among the
sub-groups, where the highest value was measured in
the insulin + metformin+ OHAs group. The FBG lev-
els were significantly higher in the metformin+OHAs
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Table 2 Demographic and biochemical characteristics of the sub-groups

Characteristics Groups P value
Control Metformin Metformin + OHAs Insulin + metformin + OHAs
Sex (N) M:9 M:7 M:7 M:13 0.183
F11 F:13 F13 F7

Retinopathy

Yes 0 (0%) 9 (45%) 8 (40%) 11 (55%) 0.626

No 20 (100%) 11 (55%) 12 (60%) 9 (45%)
Neuropathy

Yes 0 (0%) 9 (45%) 10 (50%) 18 (90%) 0.006*

No 20 (100%) 11 (55%) 10 (50%) 2 (10%)
Macrovascular complications

Yes 0 (0%) 9 (45%) 8 (40%) 7 (35%) 0812

No 20 (100%) 11 (55%) 12 (60%) 13 (65%)
Age (yr) 485+7.86 52.8+881 5435+7.73 549+827 0.065
Weight (Kg) 75+16.71 84.8+10.63 86.03+£19.61 84.06+£15.8 0123
Height (m) 1.62+0.08 1.66+0.08 1.66+0.09 1.69+0.11 0.102
BMI 2846+5.68 30.73+4.27 31.29+6.55 29.63+6.31 0426
HbA1c (%) 5314048 7.16+£1.02 8.53+207 10.02+£1.91 <0.001*
FBG (mg/dL) 86.66+6.58 137.38+42.37 184.75+71.81 277.71£973 <0.001*
LDL-cholesterol (mg/dL) 126.38+31.45 101.89+27.35 106.75+36.62 12545+32.34 0.052
TRG (mg/dL) 159.59+138.59 204.22+106.62 1717117742 26743+168.64 0.044*
Total cholesterol (mg/dL) 1942144273 1713343687 173.12+39.1 195.69+44.79 0113
HDL-cholesterol (mg/dL) 4491+114 4691+7.75 45.96+£9.65 3869+ 10.76 0.048*
ALT (U/L) 1837+78 25.62+25.08 2267+1292 19.86+£8.04 0.869
AST (U/L) 19.28+5.05 224+1649 1946+6.35 17.16+6.2 0.469
Direct bilirubin (mg/dL) 0.17+0.06 0.19+0.1 0.17+0.09 0.17+0.09 0.569
Total bilirubin (mg/dL) 047+0.18 0.53+0.34 0.68+1.04 038+0.22 0.1
Total protein (g/dL) 727+0.25 761+0.36 7.63+£044 748+0.29 0.007*
ALP (U/L) 79.25+16.06 92.85+22.11 107.8+52.76 111.8+£3567 0.015%
Albumin (g/dL) 462+0.25 449+04 448+0.17 4.28+0.31 0.014*
BUN (mg/dL) 27.96+7.61 28.49+8.01 26.63+5.08 44.08+1887 <0.001*
Uric acid (mg/dL) 541+£157 559+147 45+1.17 459+1.67 0.054
Creatinine (mg/dL) 08=+0.17 0.83+0.23 0.76+0.25 1.12+0.56 0.005*
Sodium (mmol/L) 139.05+25 139.89+24 138.63+4.83 136.47+£4.79 0.048*
Potassium (mmol/L) 4371042 449+0.24 4.68+0.44 457405 0.118
Calcium (mg/dL) 9.57+05 9.86+£041 9.67+045 9.83+£048 0.183
Phosphorus (mg/dL) 333+042 3.59+0.65 3.82+0.71 3.5+041 0.067
HOMA-IR 253+2 436+432 7.74+861 16461347 0.01*
Insulin (uIU/mL) 12.07+£10.02 12.19+£9.18 15.5+13.89 20.99+16.15 0.562
Duration of DM (months) - 46.6+26.67 783+52.79 90+57.94 0.033*

The data is presented as mean+SD
*Statistically significant P value

group and the insulin + metformin + OHAs group when The analysis of the other biochemical parame-
compared to the control group. However, the met- ters showed that the metformin group and the met-
formin group and metformin + OHAs had significantly  formin+OHAs group had significantly higher total
lower FBG levels, when compared to the insulin+ met-  protein levels, when compared to the control group.
formin + OHAs group (Tables 2, 3). The insulin+metformin+OHAs group had signifi-

cantly higher levels of TRG, ALP, BUN, creatinine, and
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Table 3 Post hoc pairwise comparison between each two sub-groups

Control Control versus Control versus Metformin versus  Insulin+metformin+OHAs Insulin + metformin + OHAs
versus versus versus
Metformin  Metformin+OHAs Insulin+ metformin+OHAs Metformin+OHAs Metformin Metformin + OHAs
HbATC (%) 0.001* <0.001* <0.001* 0.034* <0.001* 0.016*
FBG (mg/dL)  0.087 <0.001* <0.001* 0133 <0.001* <0.001*
TRG (mg/dL) 1 1 0.047* 1 0.736 0.134
HDL (mg/dL) 1 1 0.332 1 0.046* 0.155
Total protein ~ 0.021* 0.012* 0327 1 1 1
(g/dL)
ALP (U/L) 1 0.066 0.024* 1 0.527 1
Albumin (g/ 1 1 0.008* 1 0.286 0.553
du)
BUN (mg/dL) 1 1 <0.001* 1 <0.001* <0.001*
Creatinine 1 1 0.025* 1 0.055 0.009*
(mg/dL)
Sodium 1 1 0.246 1 0.044* 0515
(mmol/L)
HOMA-IR 1 0434 0.001* 1 0.026* 0.149
Duration 0.078 0.011* 0435
of DM
(months)

*P value <0.05 is statistically significant

HOMA-IR but lower levels of albumin, compared to
the control group. Furthermore, the metformin group
had significantly lower levels of BUN and HOMA-IR
while having higher HDL and Sodium levels, compared
to the insulin+metformin+OHAs group. The insu-
lin+ metformin+OHAs showed significantly higher
levels of BUN and creatinine when compared to the met-
formin+ OHAs and significantly longer disease duration,
compared to the metformin group (Tables 2, 3). The cor-
relations among the biochemical parameters in each indi-
vidual group are found in supplementary Tables S1-54.

3.2 The expression levels of FGF-21 and adiponectin
among the study groups

The study found that the control group had FGF-21
and adiponectin values of 0.86 ng/mL and 14.3 ng/mL,
respectively. The diabetic cases group had significantly
higher serum levels of FGF-21 by 32.9% and adiponec-
tin by 10.7% compared to the control group, as shown
in Fig. 1A. Interestingly, the levels of FGF-21 in the insu-
lin + metformin+ OHAs group increased significantly
by 37.6% compared to the control group. Also, the met-
formin+OHAs group showed increased FGF21 lev-
els by 34.1% compared to the control group (Fig. 1B).

o
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Y14 0 Diabetic cases

Concentration (ng/mL)
=3
FGF-21 concentration (ng/mL)
= =
x %=

~
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= = = =

Adiponectin Concentration (ng/mL)
o e =

FGF-21 Adiponectin

Metformin

MetfronintOHAs  Insulin+metformin+OHAS Metformin MetfroninOHAs  Insulinmetformin+OHAS

Fig. 1 The expression levels of FGF-21 and adiponectin among the study groups. A: Column figure shows the serum FGF-21 and adiponectin levels
between the controls and diabetic cases. B: Column figure shows the FGF-21 level among the sub-groups. C: Column figure shows the adiponectin
level among the sub-groups. The data is presented as mean +SD. "a" indicates a significant difference compared to the control group. "b" indicates

a significant difference compared to the metformin group
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The results of adiponectin level showed that the met-
formin+ OHAs group had significantly higher adiponec-
tin level by 18.11% compared to the control group and
12.32% compared to the metformin group (Fig. 1C).

3.3 Significant correlations of serum FGF-21 level
with the biochemical parameters in the sub-groups

In the control group, the serum level of FGF-21 was
positively correlated with age and phosphorus levels. In
the metformin group, FGF-21 levels showed a negative
correlation with LDL, total cholesterol, total protein,
insulin levels, and HOMA-IR but a positive correlation
with uric acid levels. In the metformin+ OHAs group,
FGF-21 concentration was positively correlated with
TRG levels but negatively correlated with BUN levels.
Finally, in the insulin + metformin + OHAs group, there
were significant negative correlations between FGE-
21 with ALT, AST, direct bilirubin, and total bilirubin
levels. In contrast, positive correlations were found
between FGF-21 and the sodium, potassium levels,
and duration of DM (Table 4). Supplementary Table S5
shows the correlations of FGF-21 with biochemical
parameters in the diabetic cases.

3.4 Significant correlations of serum adiponectin level
with the biochemical parameters in the sub-groups
In the control group, the serum adiponectin level was
negatively correlated with ALP levels. In the met-
formin group, the serum concentration of adiponectin
was positively correlated with HDL and potassium lev-
els. In the metformin+ OHAs group, the adiponectin
concentration was negatively correlated with weight,
BMI, TRG, and uric acid levels while positively corre-
lated with sodium and potassium levels. Finally, in the
insulin + metformin+ OHAs group, the adiponectin
level was positively correlated with total protein levels
(Table 5). Supplementary Table S5 shows the correla-
tions of adiponectin with biochemical parameters in
the diabetic cases.

3.5 FGF-21 and adiponectin as biomarkers for DM
diagnosis

To determine the best diagnostic thresholds, a receiver
operating characteristic (ROC) curve analysis was con-
ducted; this analysis allowed us to pinpoint the cut-off
values that optimize the sensitivity and specificity for
distinguishing between the control and diabetic case
groups. For FGF-21, the identified optimal threshold
was 1.155 ng/mL, and for adiponectin, it was 15.45 ng/
mL. The sensitivity and specificity of FGF-21 in detect-
ing the DM cases were 52.3% and 100%, respectively
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with an AUC of 0.804. The sensitivity and specificity of
adiponectin were 64.5% and 90%, respectively with an
AUC=0.766, as shown in Fig. 2.

4 Discussion

The current study investigated the levels of two biomark-
ers, FGF-21 and adiponectin, and identified the differ-
ences and correlations in their levels amongst T2DM
patients treated with different anti-diabetic drugs. Our
study is the first to provide insights into the change in the
FGF-21 and adiponectin levels based on the type of DM
treatments in Jordanian patients.

Remarkably, studies show that obesity, testosterone
hormone, and aging inhibit the secretion of FGF-21 from
the liver. At the same time, prolonged fasting, exercise,
peroxisome proliferator-activated receptor-a (PPAR-«)
activation, ketogenic diet, hyperglycemia, protein restric-
tion, glucose or fructose ingestion, and alcohol stimulate
FGF-21 secretion. This activation leads to increased insu-
lin sensitivity, hepatic fatty acid oxidation, and decreased
hepatic steatosis. FGF-21 also increases adipose tis-
sue lipoprotein catabolism, reduces renal albuminuria,
decreases plasma blood glucose, decreases food intake,
increases energy expenditure, and reduces body weight
[14].

On the other hand, insulin inhibits the secretion of
adiponectin, while factors such as reduction in adipose
tissue mass, activation of PPAR-y, aging, severe insu-
lin resistance, and inflammation stimulate adiponectin
secretion. Consequently, several metabolic pathways
are affected, including increased insulin sensitivity, fatty
acid oxidation in muscles, triglyceride storage in subcu-
taneous adipose tissue, higher nitric oxide and endothe-
lium-dependent vasodilation levels, and increased
HDL plasma levels. Additionally, adiponectin decreases
hepatic glucose production, lipogenesis, triglyceride
storage, fibrosis, endothelial cells’ oxidative stress, and
plasma triglyceride levels [14].

The current results demonstrated that the diabetic
cases had significantly higher serum levels of FGF-21,
especially in the metformin + OHAs and insulin 4+ met-
formin + OHAs groups compared to the control group.
Many studies have shown increased FGF-21 levels in
T2DM patients treated with metformin, vildagliptin,
glimepiride, and insulin [13, 19, 20]. The increase in
FGEF-21 level is mainly induced through various mech-
anisms depending on the medication used. For exam-
ple, in the liver cells, metformin activates adenosine
monophosphate-activated protein kinase (AMPK) and
inhibits mitochondrial complex I, leading to the stim-
ulation of the activating transcription factor-4 (ATF4)
protein, which increases FGF-21 expression [13]. Vild-
agliptin drug previously induced FGF-21 expression
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Table 4 Correlations of FGF-21 with the biochemical and clinical characteristics in the study sub-groups
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Biochemical and clinical
characteristics

FGF-21 concentration (ng/mL)

Control group

Metformin group

Metformin + OHAs group

Insulin + metformin + OHAs
group

Age (yr)

r

Pvalue
Weight (Kg)

r

Pvalue
Height (m)

r

Pvalue
BMI

r

Pvalue
HbA1c (%)

r

Pvalue
FBG (mg/dL)

r

Pvalue
LDL (mg/dL)

r

Pvalue
TRG (mg/dL)

r

Pvalue
Total Cholesterol (mg/dL)

r

Pvalue
HDL (mg/dL)

r

P value
ALT (U/L)

r

P value
AST (U/L)

r

Pvalue
Direct Bilirubin (mg/dL)

r

Pvalue
Total bilirubin (mg/dL)

r

Pvalue
Total protein (g/dL)

r

Pvalue
ALP (U/L)

r

0621
0.013*

0.235
0.398

0.13
0.644

0.359
0.188

0444
0.098

0.134
0.634

0.266
0.337

0.291
0.292

0317
0.27

0.241
0.386

0.009
0.975

—-0.022
0.937

0.057
0.84

0.329
0.251

0.089

0.266
0.337

0.234
0.401

-0.072
0.799

0.184
0.512

-0.113
0.688

-0.041
0.884

-0.596
0.019*

-0.118
0.675

—0.644
0.01*

0.193
049

0.331
0.228

0.15
0.593

—0.145
0.606

—0.004
0.988

-0678
0.011*

—0.358

-0473
0.075

—-0.009
0975

—0.558
0.031*

0.121
0.666

0.075
0.79

—0.021
0.94

-0.107
0.704

0.661
0.007*

—0.082
0.771

-022
045

0.171
0.541

0474
0.075

-0.19
0.498

0.029
0919

-0.027
0.928

0.114

-0.115
0.695

-0.221
0.449

-0.082
0.781

-0.011
0.97

—-0.062
0.834

—0.224
0441

-0422
0.132

0475
0.086

-0.139
0.637

-0.255
0.379

-0631
0.015*

—-0.601
0.023*

—0.748
0.002*

-0.674
0.008*

0.128
0.677

-0.21
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Table 4 (continued)
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Biochemical and clinical FGF-21 concentration (ng/mL)

characteristics
Control group

Metformin group

Metformin +OHAs group  Insulin + metformin + OHAs

group

P value 0.753 0.19 0.685 047
Albumin (g/dL)

r —-0.492 -0.36 -0.392 -0377

P value 0.104 0.227 0.297 0.204
BUN (mg/dL)

r 0.147 0416 —-0.565 0.396

Pvalue 0.602 0.139 0.035* 0.161
Uric acid (mg/dL)

r 0.099 0.851 -0.182 0.298

Pvalue 0.726 <0.001* 0516 0.347
Creatinine (mg/dL)

r 0.227 0.262 —-0473 0.205

P value 0415 0.345 0.088 0.483
Sodium (mmol/L)

r 0213 —-0.397 0.296 0.604

P value 0.465 0.16 0.285 0.029*
Potassium (mmol/L)

r 0.526 0518 —-0.304 0.702

P value 0.053 0.058 0.271 0.008*
Calcium (mg/dL)

r 0.225 -0392 0.143 0.261

Pvalue 044 0.166 0.626 0.368
Phosphorus (mg/dL)

r 0.542 -0 0.15 0.497

Pvalue 0.045* 0.694 0.594 0.07
HOMA-IR

r 0.536 -0677 —-0.183 —-0.643

P value 0.059 0.016* 0.637 0.086
Insulin (LIU/MI)

r 0512 —-0.681 -0.15 —-0.69

Pvalue 0.074 0.015* 0.7 0.058
Duration of DM (months)

r 0.298 -0.237 0.824

P value 0.281 0.396 <0.001*

*Statistically significant P value
r: correlation coefficient

through sirtuin-1 signaling in cardiac fibroblasts [19].
A study demonstrated that subcutaneously adminis-
trated basal and bolus insulin injections significantly
increased FGF-21 levels. This effect suggests that insu-
lin can preserve FGF-21 secretion in diabetic patients,
while pancreatic B-cells failure reduces the baseline
levels of FGF-21 [21]. In addition, a recent study dem-
onstrated that combination therapy of metformin,
glipizide, and basal insulin glargine increased FGEF-
21 levels but not to significant values compared to the

pretreatment baseline levels [22]. Not enough data are
available to reveal the association between sulfonylu-
rea drugs, especially glimepiride or gliclazide, and the
serum levels of FGF-21.

Similarly, the diabetic cases, especially the met-
formin+ OHAs group, showed significantly higher serum
adiponectin levels, compared to the controls or the met-
formin group. Many studies have demonstrated that
adiponectin concentrations in T2DM patients treated
with metformin for more than 6 months, glimepiride,



Al-Qusous et al. Beni-Suef Univ J Basic Appl Sci

(2024) 13:109

Page 10 of 14

Table 5 Correlations of adiponectin with the biochemical and clinical characteristics in the study sub-groups

Biochemical and clinical

characteristics

Adiponectin concentration (ng/mL)

Control group

Metformin group

Metformin + OHAs group

Insulin + metformin + OHAs
group

Age (yr)

r

Pvalue
Weight (kg)

r

Pvalue
Height (m)

r

Pvalue
BMI

r

Pvalue
HbA1c (%)

r

Pvalue
FBG (mg/dL)

r

Pvalue
LDL (mg/dL)

r

Pvalue
TRG (mg/dL)

r

Pvalue
Total cholesterol (mg/dL)

r

Pvalue
HDL (mg/dL)

r

Pvalue
ALT (U/L)

r

Pvalue
AST (U/L)

r

P value
Direct bilirubin (mg/dL)

r

Pvalue
Total bilirubin (mg/dL)

r

Pvalue
Total protein (g/dL)

r

Pvalue
ALP (U/L)

r

-0.030
0.934

0434
0.21

0.697
0.025*

0.079
0.829

0.396
0.257

0.285
0425

0.188
0.603

-0.091
0.803

0.055
0.881

—-0.200
0.58

—0.285
0425

-0.236
0511

0.03
0.934

0.03
0.934

0.183
0614

-0.699

-0.39
0.257

—-0.301
0.399

-0.110
0.763

—0.340
0.336

-0.117
0.747

-0.273
0.446

-0.236
0.511

-0.195
0.59

-0.164
0.651

0.784
0.007*

0.152
0676

-0.200
0.58

—-0.261
0467

—-0.600
0.088

0.048
0.909

0.508
0.111

—0.850
<0.001*

0.064
0.852

—0.645
0.032*

0.1
0.77

0.2
0.555

-0.319
0.339

—0.745
0.008*

—-0.400
0.223

—-0.305
0.361

-0473
0.142

-0.556
0.076

—-0.200
0.555

=0.271
0.449

-0.164-

-0.287
0422

-0.140—
0.7

0.006
0.987

—-0.249
0487

0.28
0432

—0.055-
0.881

-0.370-
0.293

0.552
0.098

—0.091
0.803

-0.39%4
0.26

-0.139-
0.701

-0.333-
0.347

—0.152-
0.676

—-0.201
0.577

0.722
0.018*

—0.042-
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Biochemical and clinical Adiponectin concentration (ng/mL)

characteristics
Control group

Metformin group

Metformin +OHAs group  Insulin + metformin + OHAs

group

P value 0.024* 0.603 0.631 0.907
Albumin (g/dL)

r —0.243 0.464 047 0.024

Pvalue 0.529 0.294 0.24 0.947
BUN (mg/dL)

r 0.248 —-0.633 0.018 —-0.115-

P value 0.489 0.067 0.96 0.751
Uric acid (mg/dL)

r -0.116 —-0524 —0.736- 0329

Pvalue 0.751 0.183 0.01* 0353
Creatinine (mg/dL)

r 0.285 —-0.150 0.1 —-0.539-

P value 0425 0.7 0.769 0.108
Sodium (mmol/L)

r —-0.331 —-0.346 0.695 0.146

P value 035 0.362 0.026* 0.687
Potassium (mmol/L)

r 0.292 0.733 0.661 0212

P value 0413 0.025* 0.038* 0.556
Calcium (mg/dL)

r -0.043 0.1 —0.055 0.042

Pvalue 0.907 0.798 0.881 0.907
Phosphorus (mg/dL)

r -0.079 0.018 0.009 0.188

P value 0.829 0.96 0979 0.603
HOMA-IR

r 0217 -0.491 -0.167 -0.071

P value 0576 0.15 0.668 0.879
Insulin (LIU/MI)

r 0.25 —0455 -0317 0.107

P value 0516 0.187 0.406 0.819
Duration of DM (months)

r -0117 0.366 0.55

Pvalue 0.747 0.268 0.099

*Statistically significant P value
r: correlation coefficient

vildagliptin, and insulin were significantly increased [18,
23, 24]. Metformin could increase in vitro and in vivo
adiponectin expression, mainly from the adipose tissue,
through AMPK activation [18]. Vildagliptin may pro-
mote adiponectin secretion by increasing the synthesis
of active glucagon-like peptide 1 (GLP-1) [25]. Further-
more, adiponectin levels were considerably higher in the
patients treated with vildagliptin plus metformin than
in those treated with glimepiride plus metformin [25]
or high doses of metformin alone [24]. Another study

demonstrated that glimepiride increases the serum lev-
els of adiponectin after 3 months of treatment [26]. Not
enough data has shown the effect of gliclazide on the
serum adiponectin concentrations.

In the control group, the serum level of FGF-21 was
positively correlated with age. A study on a healthy popu-
lation suggests that FGF-21 levels increase with age and
independently with body composition [27]. In the met-
formin group, a positive correlation between FGF-21 and
uric acid levels was noticed. Another study demonstrated
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Fig. 2 The sensitivity and specificity of FGF-21 and adiponectin for DM detection. A The ROC of the FGF21 biomarker. B The ROC of the adiponectin
biomarker. C A table shows the area under the curve, 95% confidence intervals, P values, sensitivity %, and specificity % of FGF21 and adiponectin

biomarkers for detecting DM cases

a consistent correlation between uric acid and FGF-21
in individuals with and without metabolic abnormalities
[28]. Metformin might offer a protective effect on lipid
levels by enhancing the expression of FGF-21, which
may explain the observed negative correlation between
FGF-21 and LDL or total cholesterol levels [20]. In the
metformin + OHAs group, we found that serum FGF-21
concentration was positively correlated with TRG levels.
A previous study found that in diabetic patients treated
with metformin, pioglitazone, and exenatide (a triple
therapy), serum FGF-21 levels were positively correlated
with serum TRG levels, compatible with our results [22].

In the control group, the serum adiponectin level was
negatively correlated with ALP level, which is a bio-
marker of liver disease. Other studies found that reduced
serum adiponectin levels could be a significant bio-
marker for detecting non-alcoholic fatty liver disease
in healthy individuals. This consistent finding could be
attributed to the effect of adiponectin on regulating the
inflammation processes, thus maintaining normal liver
function [29, 30]. For patients in the metformin group,
adiponectin concentration was positively correlated with

HDL and potassium levels, which was compatible with a
previous study [30]. Metformin improved the lipid profile
in patients with T2DM by increasing HDL levels [31]. In
the metformin + OHAs group, adiponectin level was neg-
atively correlated with weight, BMI, TRG, and uric acid
levels. The same correlations were observed in a study on
T2DM patients treated with OHAs [32]. An earlier study
has demonstrated that adiponectin levels increase with
weight loss [30]. Furthermore, our study found that adi-
ponectin levels were positively correlated with Sodium
and Potassium levels. A previous study revealed that
adiponectin was negatively linked with urinary sodium
excretion [33]. This decrease in sodium excretion may
be explained by the role of adiponectin in