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Effect of Add-On Therapy of Sodium-Glucose Cotransporter
2 Inhibitors and Dipeptidyl Peptidase 4 Inhibitors on
Adipokines in Type 2 Diabetes Mellitus
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Abstract

Background: Excess adiposity is associated with an increased risk of
cardiovascular disease due to metabolic changes in the body. Visceral
obesity increases the risk of diabetes mellitus through adipocytokines
and hence the effective targeting therapies are essential to control
obesity in high-risk individuals. The study’s main objective was to
evaluate the effect of add-on therapy of sodium-glucose cotransporter
2 (SGLT2) inhibitors and dipeptidyl peptidase 4 (DPP4) inhibitors on
visceral fat-associated serum adipokines.

Methods: The study included 90 subjects diagnosed with type 2 dia-
betes mellitus. The blood samples were taken before starting first-line
therapy with metformin, 12 weeks after starting metformin therapy
and 12 weeks after starting add-on therapy. Serum adipokines were
analyzed with enzyme-linked immunosorbent assay (ELISA). Hemo-
globin Alc (HbAlc) level was estimated with high-performance lig-
uid chromatography (HPLC). The biochemical variables were meas-
ured using Cobas® 6000 analyzer.

Results: The mean adiponectin level was significantly elevated with
add-on therapy using SGLT2 inhibitors and DPP4 inhibitors (P <
0.001). The mean retinol binding protein 4 (RBP4), fatty acid binding
protein 4 (FABP4) and visfatin levels were reduced considerably (P
< 0.001). The SGLT2 inhibitors are more effective on serum FABP4
in patients with type 2 diabetes (P = 0.038). The mean fasting plasma
glucose (FPG), postprandial blood glucose (PPBG) and HbAlc levels
were reduced significantly with add-on therapy (P < 0.001). Lipid pro-
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file was also altered significantly with this add-on therapy (P <0.001).

Conclusions: The results indicate that add-on therapy exerts a ben-
eficial effect in type 2 diabetic patients insufficiently controlled with
metformin only by altering the visceral fat-associated adipokine lev-
els and controlling the metabolic activities.

Keywords: Adipokines; Visceral fat; Metformin; SGLT2 inhibitors;
DPP4 inhibitors

Introduction

Type 2 diabetes mellitus is a metabolic disorder that occurs
primarily due to the impaired insulin production from the pan-
creatic P cells and peripheral insulin resistance [1]. In visceral
obesity, the excessive intra-abdominal fat impairs health. It is
a specific independent risk factor associated strongly with the
pathogenesis of insulin resistance, leading to type 2 diabetes
mellitus [2]. Excess adiposity is associated with an increased
risk of cardiovascular disease due to blood pressure changes,
alteration in lipid metabolism and uncontrolled blood glucose
[3, 4]. Visceral obesity increases the risk of diabetes mellitus
through several adipocytokines and hence the effective tar-
geting therapies are essential to control obesity in high-risk
individuals [5]. Adipokines are a group of bioactive cytokines
primarily secreted by adipose tissue. The imbalance in adi-
pokines production leads to the pathogenesis of obesity-linked
metabolic disorders and their complications [6].

The recent evaluation conducted by the International Dia-
betes Federation (IDF) revealed the number of adult populations
affected by diabetes mellitus in the Middle East was 54.8 mil-
lion, predicted to increase 76 million by 2030 [7]. The incidence
of obesity, type 2 diabetes, hypertension and dyslipidemia is a
significant health problem in the United Arab Emirates [8].

Metformin is a first-line oral hypoglycemic drug that reduces
glucose production in the liver, decreases the intestinal absorption
of glucose and improves insulin sensitivity by up-regulation of
glucose transporters that promotes glucose uptake and utilization
[9, 10]. Metformin activates adenosine monophosphate-activat-
ed protein kinase by the upstream liver kinase B1 or increasing
adenosine monophosphate/adenosine triphosphate ratio by inhib-
iting mitochondrial respiration. Metformin also acts on glycerol
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metabolism by blocking mitochondrial glycerophosphate dehy-
drogenase. Metformin alters the intestinal microbes in humans,
but its significance in glucose metabolism is still unclear [9-11].

The sodium-glucose cotransporter 2 (SGLT2) is a transport-
er located in the proximal renal tubule, which helps to reabsorb
90% of the glucose filtered by the capillaries of the glomerulus.
The SGLT?2 inhibitors are a group of medication that plays a vi-
tal role in decreasing renal glucose reabsorption by blocking the
action of SGLT2, thereby increasing urinary glucose excretion.
These drugs have received approval in the treatment of type 2
diabetes mellitus [12]. SGLT?2 inhibitors are the most beneficial
antihyperglycemic medication currently used as an add-on ther-
apy with metformin in patients with a history of cardiovascular
or renal disease to control their blood glucose level [13].

SGLT2 inhibitors are the best choice of therapy for obese
patients. These drugs help to reduce body fat and have an in-
fluential role in controlling cardiovascular risk in type 2 dia-
betes mellitus [14]. Dapagliflozin reduces the secretion of pro-
inflammatory chemokines effectively and improves epicardial
adipose tissue cells’ differentiation in patients with cardiovas-
cular disease [15]. Add-on therapy of dapagliflozin and empa-
gliflozin with metformin is safe, effective and well-tolerated.
The side effects of these combination therapies are infrequent
when compared with monotherapy [16, 17].

Dipeptidyl peptidase 4 (DPP4) is a multifunctional adi-
pocytokine mainly released by fully differentiated adipocytes.
DPP4 is a marker for metabolic syndrome, visceral obesity
and insulin resistance [18]. DPP4 inhibitors are currently used
for glycemic control and preserve B-cell function in type 2
diabetic patients. DPP4 inhibitors enhance glucagon-like pep-
tide-1 and glucose-dependent insulin-tropic polypeptide which
leads to increased insulin secretion by B cells of the pancreas
and reduced glucagon secretion which in turn lowers glucose
production in the liver [19]. Add-on therapy of sitagliptin and
vildagliptin is also safe and well-tolerated when combined
with metformin [20-22].

The present study primarily focuses on the effect of add-
on therapy of SGLT2 inhibitors and DPP4 inhibitors on vis-
ceral fat-associated adipokines.

Materials and Methods

Study population

The study subjects include males and females in the age group
30 - 60 years, diagnosed with type 2 diabetes mellitus in Internal
Medicine Department, Thumbay Hospital, Ajman, United Arab
Emirates. The study focussed on type 2 diabetic patients who are
on metformin monotherapy. The study excluded type 1 diabe-
tes mellitus, gestational diabetes mellitus, diabetic ketoacidosis,
moderate to severe renal disease and liver disease.

Sample size

A total of 90 adults with type 2 diabetes mellitus were included
in the study.
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Study settings

Type 2 diabetic patients were identified according to the
American Diabetic Association (ADA) diagnostic criteria. The
data were taken at baseline and the subjects were observed
for a minimum of 12 weeks to confirm whether they are un-
der control on metformin monotherapy. The glycemic control
was monitored by estimating fasting plasma glucose (FPG),
2-h postprandial blood glucose (PPBG) and hemoglobin Alc
(HbAlc) levels. The study subjects who achieved HbAlc <
7% or 1% reduction in HbAlc level were excluded. The data
were collected again after 12 weeks of first-line therapy and
after 12 weeks of add-on therapy of SGLT2 inhibitors or DPP4
inhibitors with metformin. A questionnaire was used to record
participants’ details including lifestyle parameters and family
history, after obtaining written informed consent. The blood
pressure, waist circumference (WC), height, weight and body
mass index (BMI) were recorded.

Duration of study

The duration of the study was 2 years after approval from the
Institutional Ethics Committee (IRB/COM/FAC/05/2018).
The research work was done from April 2018 to March 2020.

Study instrument and validation procedure

The ethical approval was taken from our the Institutional Eth-
ics Committee. Informed written consent was obtained from
all individual participants and the confidentiality of study sub-
jects, including their details were maintained. This study was
conducted in compliance with the ethical standards of the Gulf
Medical University, Ajman, United Arab Emirates.

Methodology

Venous blood samples collected from each of the study sub-
jects were analyzed for FPG, 2-h PPBG, total cholesterol
(TC), LDL cholesterol (LDL-C), HDL cholesterol (HDL-C),
triglycerides (TG), creatinine, albumin, aspartate transami-
nase (AST) and alanine transaminase (ALT) on Cobas® 6000
analyzer (Roche). High-performance liquid chromatography
(HPLC) was used to estimate HbAlc level.

Serum adipokines including retinol binding protein 4
(RBP4), fatty acid binding protein 4 (FABP4), visfatin and adi-
ponectin were analyzed by enzyme-linked immunosorbent assay
(ELISA) with the reagents supplied by BioVendor, Laboratory
medicina a.s, Czech Republic. BMI was calculated by dividing
the weight (in kg) by height? (in m?). A sphygmomanometer was
used to measure systolic and diastolic blood pressure.

Data analysis

The data were expressed as the mean =+ standard deviation or
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Table 1. Baseline Characteristics, Family History and Clinical Variables Between the Study Subjects

Total Group 1 Group 2

Baseline characteristics

n 90 30 60

Men (n, %) 67 (74.5%) 20 (66.7%) 47 (78.3%)

Women (n, %) 23 (25.5%) 10 (33.3%) 13 (21.7%)

Smoking (n, %) 13 (14.4%) 5 (16.6%) 8 (13.3%)

Hypertension (n, %) 49 (54.4%) 17 (56.6%) 32 (53.3%)

Hypercholesterolemia (n, %) 69 (76.6%) 22 (73.3%) 47 (78.3%)
Family history

Diabetes mellitus (n, %) 69 (76.6%) 23 (76.6%) 46 (76.6%)

Hyper cholesterolemia (n, %) 12 (13.3%) 8 (26.6%) 4 (6.6%)

Hypertension (n, %) 36 (40%) 11 (36.6%) 25 (41.6%)
Clinical variables

Weight (kg) 83.2+10.2 80.4 + 8.8 84.6 + 10.7

BMI (kg/m?) 29.7+2.7 292423 29.9+2.8

WC (cm) 97.6+4.7 96.0 + 4.7 98.4+4.5

Systolic BP (mm Hg) 120.5 8.7 119.4 +£9.7 121.1+8.2

Diastolic BP (mm Hg) 76.7+6.4 772+7.7 76.5+6.4

Data are expressed as means = SD, n (%). Group 1: metformin + DPP4 inhibitors. Group 2: metformin + SGLT2 inhibitors. DPP4: dipeptidyl peptidase
4; SGLT2: sodium-glucose cotransporter 2; BMI: body mass index; WC: waist circumference; BP: blood pressure.

frequencies. Parametric and non-parametric tests were ap-
plied to compare groups according to the type of variable and
normality distribution. The z-test was applied to evaluate the
differences between the means across the groups. The Mann-
Whitney U test was used for non-normally distributed vari-
ables. Repeated measures analysis of covariance (ANCOVA)
was applied to find the effect of SGLT2 inhibitor and DPP4
inhibitor on the clinical parameters, biochemical variables and
adipokines. Data were analyzed using the Statistical Package
for Social Science (SPSS Version 27.0) and a P-value < 0.05
was considered significant.

Results

Out of the 90 participants, 67 (74.5%) were male and 23
(25.5%) were female. Table 1 outlines the baseline character-
istics, family history and clinical variables between the study
subjects. The mean age of participants was 46.0 £ 7.7 years,
the mean weight was 83.2 + 10.2 kg, mean BMI was 29.7 +
2.7 kg/m? and mean WC was 97.6 = 4.7 cm. The mean systolic
and diastolic blood pressures were 120.5 + 8.7 and 76.7 + 6.4
mm Hg, respectively. Out of the 90 participants, 14.5% were
smokers and 85.5% were non-smokers. It is also shown that
54.5% had a history of hypertension and 76.5% had hyper-
cholesterolemia. The participants had an inactive lifestyle and
were overweight or obese in all the study groups. Out of the
total 90 participants, 77% had a family history of diabetes mel-
litus, 13.3% had a family history of hypercholesterolemia and
40% had a family history of hypertension.
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Table 2 outlines the groups and treatment modality of the
study participants. All the study subjects were taken metformin
1,000 mg (Glucophage®) twice/day as first-line treatment for
12 months, followed by add-on therapy for 12 weeks. Among
the participants, 30 subjects had taken DPP4 inhibitors, and
60 subjects had taken SGLT2 inhibitors. The 30 subjects
who received add-on therapy of DPP4 inhibitors included 15
participants with sitagliptin/metformin 50 mg/1,000 mg (Ja-
numet®) and 15 with vildagliptin/metformin 50 mg/1,000 mg
(Galvusmet®). The 60 subjects who received add-on therapy of
SGLT?2 inhibitors included 15 participants with dapagliflozin/
metformin 5 mg/1,000 mg (Xigduo®), 15 with dapagliflozin/
metformin 10 mg/1,000 mg (Xigduo®), 15 with empagliflozin/
metformin 5 mg/1,000 mg (Synjardy®) and 15 with empagli-
flozin/metformin 12.5 mg/1,000 mg (Synjardy®).

Supplementary Material 1 (wwww.jocmr.org) shows the
effect of add-on therapy of DPP4 inhibitors and SGLT2 in-
hibitors on clinical parameters, biochemical variables and
adipokines. Add-on therapy significantly reduced the mean
weight by -1.60% (95% confidence interval (CI): -1.85, -1.35),
1.29% (-1.83, -0.76) and -1.91% (95% CI: -2.16, -1.67) when
compared to metformin monotherapy (P < 0.001) within the
total study subjects, groups 1 and 2 respectively. Add-on thera-
py significantly altered the mean BMI by -0.54 (95% CI: -0.65,
-0.43), -0.40 (95% CI: -0.68, -0.12) and -0.68 (95% CI: -0.77,
-0.59) from 12th week (P < 0.05) within the total study sub-
jects, groups 1 and 2 respectively. Add-on therapy also exerted
a beneficial change in the mean WC by -2.49 (95% CI: -2.67,
-2.31), -2.11 (95% CI: -2.41, -1.81) and -2.87 (95% CI: -3.08,
-2.66) when compared to metformin monotherapy (P < 0.001)
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Table 2. The Groups and Treatment Modality of the Study Participants

Group Number of subjects Firstline therapy Add-on therapy Daily dosage
1 (metformin + 30 Metformin 1,000 Sitagliptin/metformin 50 One tablet two times per day
DPP4 inhibitors) mg (Glucophage®)  mg/1,000 mg (Janumet®)
Vildagliptin/metformin 50 One tablet two times per day
mg/1,000 mg (Galvusmet®)
2 (metformin + 60 Metformin 1,000 Dapagliflozin/metformin 5 One tablet two times per day
SGLT?2 inhibitors) mg (Glucophage®)  mg/1,000 mg (Xigduo®)

Dapagliflozin/metformin 10
mg/1,000 mg (Xigduo®)

Empagliflozin/metformin 5
mg/1,000 mg (Synjardy®)

Empagliflozin/metformin 12.5
mg/1,000 mg (Synjardy®)

One tablet two times per day
One tablet two times per day

One tablet two times per day

DPP4: dipeptidyl peptidase 4; SGLT2: sodium-glucose cotransporter 2

within the total study subjects, groups 1 and 2 respectively.
There were significant differences in mean systolic blood pres-
sure (P < 0.001) and diastolic blood pressure (P < 0.05) after
add-on therapy within the total study subjects, groups 1 and
2. The mean WC was significantly differed between the two
study groups (P < 0.05), but there was no significant difference
in the mean weight, BMI, systolic and diastolic blood pres-
sures between the two study groups (P > 0.05).

The mean FPG level in the total study subjects with add-
on therapy was significantly reduced by -1.8 (95% CI: -2.0,
-1.6) mmol/L from the 12th week (P < 0.001) compared to
a decline with metformin monotherapy which is -0.45 (95%
CI: -0.66, -0.25) mmol/L from the baseline (P < 0.001). The
mean FPG level in group 1 with add-on therapy was reduced
by -1.47 (95% CI: -1.64, -1.30) mmol/L from the 12th week (P
< 0.001). However, there was no significant alteration within
group 1 with metformin monotherapy from the baseline (P =
0.217). The mean FPG level in group 2 with add-on therapy
was reduced by -2.14 (95% CI: -2.38, -1.91) mmol/L from the
12th week (P < 0.001) compared to a decline with metformin
monotherapy which is -0.60 (95% CI: -0.80, -0.40) mmol/L
from the baseline (P < 0.001). The mean FPG level signifi-
cantly differed between the two study groups (P = 0.02).

The mean PPBG in the total study subjects was signifi-
cantly reduced by -2.36 (95% CI: -2.89, -1.83) mmol/L from
the 12th week (P <0.001) compared to a decline with metform-
in monotherapy which is -0.48 (95% CI: -0.91, -0.05) mmol/L
from the baseline (P <0.001). The mean PPBG level in group 1
was reduced by -2.36 (95% CI: -2.89, -1.83) mmol/L from the
12th week (P <0.001) compared to a decrease with metformin
monotherapy which is -0.48 (95% CI: -0.91, -0.05) mmol/L
from the baseline (P =0.026). The mean PPBG level in group 2
was reduced by -3.13 (95% CI: -3.63, -2.63) mmol/L from the
12th week (P < 0.001) compared to a decline with metformin
monotherapy which is -0.62 (95% CI: -0.89, -0.35) mmol/L
from the baseline (P < 0.001). The mean PPBG level signifi-
cantly altered between the two study groups (P = 0.001).

Add-on therapy significantly reduced the HbAlc levels by
-1.07% (95% CI: -1.15, -1.00), -0.96% (95% CI: -1.04, -0.89),
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and -1.19% (95% CI: -1.28, -1.09) when compared to met-
formin monotherapy (P < 0.001) which altered significantly
from baseline with a change of -0.10% (95% CI: -0.14, -0.06),
-0.08% (95% CI: -0.14, -0.02), and -0.12% (95% CI: -0.17,
-0.07) within the total study subjects, groups 1 and 2, respec-
tively (P <0.001). The mean HbA ¢ significantly differed be-
tween the two study groups (P = 0.008). Supplementary Mate-
rial 1 (wwww.jocmr.org) also shows the change in the lipid
profile with a significant difference in mean TC (P < 0.001),
TG (P < 0.001), HDL-C (P < 0.001), and LDL-C (P < 0.001)
after add-on therapy within the total study subjects, groups 1
and 2. The mean TG and HDL-C level significantly differed
between the two study groups (P < 0.05), but there was no sig-
nificant difference in the mean TC and LDL-C level between
the two study groups (P> 0.05). The mean creatinine level was
significant between the two study groups (P = 0.041).

The mean RBP4 in the total study subjects was signifi-
cantly reduced by -5.57 (95% CI: -6.20, -5.04) pg/mL from
the 12th week (P < 0.001). The mean RBP4 level in group 1
was decreased by -5.13 (95% CI: -5.94, -4.33) ug/mL from
the 12th week (P < 0.001). The mean RBP4 level in group 2
was reduced by -6.00 (95% CI: -6.65, -5.35) pg/mL from the
12th week (P < 0.001). There was no significant change with
metformin monotherapy from the baseline (P > 0.05) within
the total study subjects, groups 1 and 2. The mean RBP4 level
was not significant between the two study groups (P = 0.138).

The mean FABP4 in the total study subjects was signifi-
cantly decreased by -2.67 (95% CI: -2.97, -2.37) ng/mL from
the 12th week (P < 0.001). The mean FABP4 level in group
1 was reduced by -2.10 (95% CI: -2.42, -1.79) ng/mL from
the 12th week (P < 0.001). The mean FABP4 level in group 2
was decreased by -3.2 (95% CI: -3.63, -2.84) ng/mL from the
12th week (P < 0.001). There was no significant variation with
metformin monotherapy from the baseline (P > 0.05) within
the total study subjects, groups 1 and 2. However, the mean
FABP4 level was significant between the two study groups (P
=0.038).

The mean visfatin level in the total study subjects signif-
icantly altered by -1.54 (95% CI: -1.68, -1.41) ng/mL from
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the 12th week (P < 0.001) compared to a significant increase
with metformin monotherapy which is 0.05 (0.00, 0.10) ng/
mL from the baseline (P = 0.047). The mean visfatin level in
group 1 was decreased by -1.39 (95% CI: -1.58, -1.20) ng/
mL from the 12th week (P < 0.001). There was no significant
variation with metformin monotherapy from the baseline (P
> 0.05) within group 1. The mean visfatin level within group
2 was decreased by -1.69 (95% CI: -1.86, -1.53) ng/mL from
the 12th week (P < 0.001) compared to a significant increase
with metformin monotherapy which is 0.07 (0.02, 0.12) ng/mL
from the baseline (P = 0.002). The mean visfatin level was not
significant between the two study groups (P = 0.265).

The mean adiponectin in the total study subjects signifi-
cantly altered by 3.89 (95% CI: 3.67, 4.12) pg/mL from the
12th week (P < 0.001). The mean adiponectin level in group
1 was increased by 3.15 (95% CI: 2.89, 3.42) ug/mL from
the 12th week (P < 0.001). The mean adiponectin level in
group 2 was enhanced by 4.63 (95% CI: 4.33, 4.93) ug/mL
from the 12th week (P < 0.001). There was no significant dif-
ference with metformin monotherapy from the baseline (P >
0.05) within total study participants, groups 1 and 2. The mean
adiponectin level was not significant between the two study
groups (P =0.736).

Treatment-emergent adverse events during the study were
the incidence of hypoglycemia (n = 1) with add-on therapy of
DPP4 inhibitors, urinary tract infections (n = 2) and genital
infections (n = 1) with add-on therapy of SGLT2 inhibitors.

Discussion

Metformin is the most preferred first-line therapy recommend-
ed by most guideline committees for type 2 diabetes mellitus
despite changes in lifestyle and dietary habits [23, 24]. The re-
cent guidelines on the treatment of type 2 diabetes recommend
first and second-line therapies to prevent the patient’s cardio-
vascular risk profile [25, 26]. The guidelines also suggest that
SGLT?2 inhibitors are more suitable than DPP4 inhibitors or
sulfonylureas as add-on therapy to metformin [25, 27]. The
recommendations are given based on the trials that included
type 2 diabetic patients with cardiovascular disease [25].

The current study is the first investigation on the effects
of add-on therapy of SGLT2 inhibitors and DPP4 inhibitors
on visceral fat-associated adipokines. The study subjects had
an inactive lifestyle with a regular controlled diet during the
study period. The study findings suggest that adipokine lev-
els are altered extensively after the add-on therapy in type 2
diabetic patients inadequately controlled with metformin. The
result indicates a substantial effect (P < 0.001) of the add-on
therapy on adipokines in type 2 diabetic patients. The result
also indicates a significant effect (P < 0.05) of the add-on ther-
apy on clinical parameters such as weight, BMI, WC, systolic
and diastolic blood pressures in type 2 diabetic patients. The
study provides new insight into the effective therapeutic target
in central obese type 2 diabetic patients.

Adipokines regulate insulin sensitivity, endothelial func-
tion, energy expenditure, glucose and lipid metabolism and
inflammation [28]. Abdominal fat deposition induces several
metabolic variations that result in increased hepatic glucose
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output and decreased insulin sensitivity in adipose tissue,
leading to diabetes mellitus [29]. An increase in adiponec-
tin level reduces obesity-related diseases, insulin resistance,
type 2 diabetes and cardiovascular disease [30]. Adiponectin
has insulin-sensitizing, anti-inflammatory and cardiovascular
modulating effects in type 2 diabetic patients. Adiponectin
can provide an important therapeutic tool to reduce the burden
associated with obesity, diabetes and cardiovascular disease
[31]. Our study reveals that adiponectin level is significantly
elevated (P < 0.001) with add-on therapy of SGLT?2 inhibitors
and DPP4 inhibitors.

RBP4 is associated with cardiovascular risk in type 2 dia-
betic subjects with varying clinical presentations [32]. Recent
studies demonstrated that RBP4 levels significantly alter with
variables related to insulin resistance, obesity, type 2 diabetes
and metabolic syndrome [32-34]. Furthermore, there is some
indication that reduced RBP4 levels decrease the risk of dia-
betic nephropathy [34]. The plasma level of RBP4 is higher
in type 2 diabetic patients when compared with normal con-
trols [35]. Our study shows that serum RBP4 is significantly
reduced (P < 0.001) with add-on therapy of SGLT2 inhibitors
and DPP4 inhibitors.

Recent studies link FABP4 with insulin resistance and
type 2 diabetes mellitus [35, 36]. FABP4 plays a vital role in
regulating lipid metabolism and inflammation [35, 37]. Re-
cent research reveals that FABP4 is a predictor for develop-
ing atherosclerosis, cardiovascular risk, metabolic syndrome
and type 2 diabetes mellitus [35, 38]. The circulating FABP4
levels influence the clinical parameters such as BMI, dyslipi-
demia and insulin resistance. FABP4 appears to be one of the
most considerable interests to develop potential therapeutic
strategies targeting the pathogenesis of metabolic disorders
[35]. Treatment with anagliptin decreases the FABP4 concen-
tration in type 2 diabetic patients who are at high risk for car-
diovascular disease receiving statin therapy [39]. Our study
shows that FABP4 level is significantly decreased (P <0.001)
with add-on therapy of SGLT2 inhibitors and DPP4 inhibi-
tors. The study also demonstrates that SGLT2 inhibitors are
more effective (P < 0.05) on serum FABP4 in patients with
type 2 diabetes.

Visfatin plays a vital role in regulating various patho-
physiological functions and is a marker of inflammation and
endothelial dysfunction [40]. The visfatin level is linked with
vascular inflammation, atherosclerosis and cardiovascular dis-
ease in patients with type 2 diabetes [40, 41]. However, the
mechanism by which the visfatin levels influences atheroscle-
rosis plaque progression in patients with type 2 diabetes re-
mains unclear [40]. Our study explains that visfatin level is
significantly decreased with add-on therapy of SGLT2 inhibi-
tors and DPP4 inhibitors.

SGLT?2 inhibitors significantly decrease FPG and HbAlc
in type 2 diabetic patients in clinical practice. The patients
treated with SGLT2 inhibitors showed a decline in HbAlc of
about 1% after 18 weeks of the study period. A part of the
participants achieved the glycemic targets set by ADA, thus
strictly relating the effectiveness of SGLT2 inhibitors in ran-
domized clinical trials [31]. Previous studies reveal that FPG
and HbAlc levels showed more significant reductions with
dapagliflozin treatment than with placebo. The therapy with
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SGLT?2 inhibitor might be more suitable in type 2 diabetic pa-
tients with visceral obesity and poor glycemic control. SGLT2
inhibitor also has a positive influence on glycemic control
without the appearance of hypoglycemia [42]. Our study found
that the add-on therapy of both SGLT2 inhibitors and DPP4
inhibitors is associated with a significant beneficial effect (P
< 0.001) on FPG, PPBG and HbAlc levels in type 2 diabetic
patients. The study also demonstrates that SGLT2 inhibitors
are more effective (P < 0.05) on FPG, PPBG and HbAlc¢ in
patients with type 2 diabetes.

The different effects on plasma lipid levels have been re-
ported in some studies. SGLT2 inhibitors target renal glucose
reabsorption via an insulin-independent mechanism, resulting
in the loss of glucose. Recent evidence supports that using
SGLT?2 inhibitors in regular treatment in type 2 diabetic pa-
tients with high cardiovascular risk can have beneficial effects
in clinically relevant cardiovascular outcomes [43, 44]. SGLT2
inhibitors are more effective in improving HDL-C from base-
line to 24 weeks than DPP4 inhibitor therapy, suggesting that
dapagliflozin is the preferred choice in type 2 diabetic patients
with low HDL-C [44]. The mechanism by which the DPP4
inhibitor influences lipid metabolism in patients with type
2 diabetes is not fully understood. The effect may be due to
glucagon-like peptide-1 receptor-mediated inhibitory impact
on lipid intake in the gastrointestinal tract [44, 45]. Our study
found that the add-on therapy has a significant beneficial ef-
fect (P < 0.001) on lipid profile in type 2 diabetic patients.
The study also demonstrates that SGLT2 inhibitors are more
effective (P < 0.05) on TC, TG, VLDL and HDL-C in patients
with type 2 diabetes.

There were few limitations to this study. The sample size
was relatively small due to the strict restriction of partici-
pants who have taken only metformin therapy. The study also
excluded the patients who have taken the statins during the
follow-up period. The participants received varying doses of
DPP4 inhibitors and SGLT2 inhibitors. However, the dosage
was the same in each medication given. The study excluded
the patients who changed the drug during the follow-up peri-
ods. Also, the participants’ lifestyle was different as the study
included different nationalities having various dietary habits.
The participants who developed adverse clinical events during
the treatment period were discontinued from the study.

Conclusion

The adipokine levels are altered substantially with the add-
on therapy in type 2 diabetic patients inadequately controlled
with metformin. Add-on therapy of both SGLT2 inhibitors
and DPP4 inhibitors substantially affects RBP4, FABP4, adi-
ponectin and visfatin in type 2 diabetic patients. However, the
SGLT?2 inhibitors are more effective on serum FABP4 in pa-
tients with type 2 diabetes. The add-on therapy exerts a ben-
eficial effect by altering the visceral fat-associated adipokine
levels and controlling metabolic activities. The SGLT2 inhibi-
tors and DPP4 inhibitors also reduce cardiovascular risk in pa-
tients with type 2 diabetes. The study provides new insight into
the effective therapeutic goal in central obese type 2 diabetic
patients.
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