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Effect of Add-On Therapy of Dapagliflozin and Empagliflozin
on Adipokines in Type 2 Diabetes Mellitus
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Abstract

Background: The alteration of adipokine secretion leads to the de-
velopment of insulin resistance or impaired function of insulin in type
2 diabetes with obesity. The main objective of the study was to evalu-
ate the effect of add-on therapy of dapagliflozin and empagliflozin
on visceral fat-associated adipokines in inadequately controlled over-
weight and obese type 2 diabetic patients on metformin monotherapy.

Methods: The study included 60 participants diagnosed with type 2
diabetes mellitus with overweight or obesity. 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. The biochemical variables were analyzed using Cobas® 6000
analyzer. Hemoglobin Alc (HbAlc) level was measured with high-
performance liquid chromatography (HPLC). Serum adipokines were
estimated with enzyme-linked immunosorbent assay (ELISA).

Results: The mean adiponectin level was significantly elevated with
add-on therapy using dapagliflozin and empagliflozin (P < 0.001).
The mean fatty-acid binding protein 4 (FABP4), retinol-binding
protein 4 (RBP4) and visfatin levels were reduced considerably (P
< 0.001). The mean HbA 1c, fasting plasma glucose (FPG) and post-
prandial blood glucose (PPBG) levels were reduced significantly with
add-on therapy (P < 0.001). Lipid profile and creatinine were also
altered significantly with the add-on therapy (P < 0.001).

Conclusions: Add-on therapy of dapagliflozin and empagliflozin are
beneficial to control the adipokines that regulate the visceral fat in
overweight and obese type 2 diabetic patients. The effective thera-
peutic target to control adipokines with metabolic variables reduces
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body weight, obesity, cardiovascular risk and renal disease in type 2
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Introduction

Diabetes mellitus is a metabolic disorder that occurs due to
insulin deficiency or impaired insulin action, which is char-
acterized by defective metabolisms in the body [1]. Obesity
is linked with insulin resistance in peripheral tissues and is an
independent risk factor for developing type 2 diabetes mellitus
[1, 2]. The risk of chronic kidney disease and cardiovascular
disease has been considerably increased in type 2 diabetes with
concomitant obesity. It has been noted that the development
of insulin resistance may be associated with the alterations in
lipid concentration in the cytoplasm of adipocytes. In addition,
the alteration of adipokine secretion may lead to the develop-
ment of peripheral insulin resistance or impaired function of
insulin [2].

The recent evaluation by the International Diabetes Feder-
ation (IDF) estimated that the regional prevalence of diabetes
mellitus in the middle east population is about 12.8%, and is
predicted to increase to 14.2% by 2030 [3]. The incidence of
overweight in the Middle East is 48% in males and 35% in fe-
males and the prevalence of obesity is 24% in males and 40%
in females [4]. The incidence of obesity and type 2 diabetes is
a significant concern on the public health policy [5].

The body fat distribution is a major component of body
weight responsible for adverse outcomes that accurately pre-
dict the prognosis and assign treatment strategies. Overweight
and obesity with excess fat accumulation impair the health,
leading to comorbidity occurring at different thresholds de-
pending on the population. The estimates of body fat provide
relevant information and are easily performed in clinical set-
tings [6]. The substantial body mass index (BMI) cutoffs are
associated with increased risk of body fat distribution, degree
of obesity and weight. Increased risk of type 2 diabetes and
premature mortality occurs well before a BMI of 30 kg/m? is
reached. Therefore, the strategies to restrict weight gain will
have significant health benefits in the earlier stages. In ad-
dition, the historical relationships between increased weight
and comorbidity recommend better treatments for those con-
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ditions. In this regard, updated data on the health outcomes
linked to overweight and obesity need to include medications
and the treatment methods implemented [6, 7].

The alteration in metabolic pathways is closely related
to the turnover of adenosine triphosphate regardless of insu-
lin sensitivity status. The actual mechanism of systemic me-
tabolite patterns and how the metabolisms are altered during
metabolic health, adiposity and insulin sensitivity is still not
well understood [8]. The adipose tissue is a highly active met-
abolic, endocrine organ that secretes various cytokines, col-
lectively named adipokines. The functions of adipose tissue
are enhanced by multiple proteins stimulated by metabolic
alterations and enzymes involved in the steroid hormone me-
tabolism. The adipokines are involved in altering carbohydrate
or lipid metabolisms and altering insulin sensitivity through
insulin signaling regulation [9].

The fatty-acid binding proteins (FABP) are intracellular
lipid chaperones that help hydrophobic molecules to transport
through the cell membrane. FABP4 is mainly expressed in adi-
pose tissue and is closely associated with inflammation, insulin
resistance and diabetes mellitus. FABP4 is also related to the
occurrence of atherosclerosis and cardiovascular diseases [10].
The retinol-binding protein 4 (RBP4) is a protein synthesized
mainly by the hepatocytes and adipocytes [11]. The RBP4 syn-
thesized in the liver is primarily involved in the transport of
retinol from the liver to peripheral tissues, and is associated
with the accumulation of fat in the liver [11, 12]. The RBP4 re-
leased in the adipose tissue is associated with the pathogenesis
of insulin resistance and type 2 diabetes mellitus [11].

Visfatin is an adipokine released primarily in visceral
adipose tissue, bone marrow, skeletal muscle and hepatocytes
[13]. Visfatin exhibits a significant role in the physiologi-
cal and pathological processes, the pathogenesis of various
metabolic disorders, insulin resistance, obesity, diabetes and
cardiovascular disease [13-15]. Visfatin also has an immu-
nomodulatory function and is considered a marker of inflam-
mation and endothelial dysfunction [14, 15]. Adiponectin is an
adipocytokine primarily secreted by the adipocytes that play
a central role in protecting against insulin resistance, diabe-
tes, obesity and cardiovascular disease [16]. The adiponectin
is also produced by the liver and muscle, where it serves as an
insulin-sensitizing hormone. The decreased adiponectin levels
in obesity lead to low-grade inflammation, which enhances the
development of metabolic disorders [17].

Metformin is an established first-line drug for the treat-
ment of diabetes mellitus by lowering glycemia in high-risk
individuals [18]. Metformin reduces hepatic glucose produc-
tion, inhibits the intestinal absorption of glucose, and improves
insulin sensitivity by promoting glucose uptake and utilization
[18-20]. Metformin treatment is safe and effective in reducing
overweight or obesity in type 2 diabetes mellitus with lifestyle
interventions [18, 21]. There is a controversy about the precise
mechanism of metformin action, although many studies point
out the role of the drug in reducing hepatic glucose production
[22].

The sodium-glucose cotransporter 2 (SGLT2) inhibitors
are a group of medicine that plays an essential role in reducing
renal glucose reabsorption by preventing the action of SGLT2,
thereby enhancing urinary glucose excretion [23]. SGLT2 in-
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hibitors are the most effective hypoglycemic medicine current-
ly accepted as add-on therapy with metformin in subjects hav-
ing diabetic complications to regulate the blood glucose level
[24]. Add-on therapy of SGLT2 inhibitors with metformin is
effective, safe and well-tolerated. In addition, the side effects
of these combination medicines are rare compared with other
hypoglycemic drugs [25].

The current study focuses mainly on the effect of add-on
therapy of dapagliflozin and empagliflozin on visceral fat-as-
sociated adipokines in inadequately controlled obese and over-
weight type 2 diabetic patients on metformin monotherapy.

Materials and Methods

Study population

The study subjects include both males and females in the age
group of 30 - 60 years, newly diagnosed with type 2 diabe-
tes mellitus in the Department of Internal Medicine, Thum-
bay Hospital, Ajman, United Arab Emirates. The subjects
with first-line medication (metformin 1,000 mg two times
per day) were observed for a minimum of 12 weeks, and the
inadequately controlled subjects were recruited for the study.
The subjects who received metformin with different dosages,
other hypoglycemic agents, and statins were not included. The
study excluded type 1 diabetes mellitus, gestational diabetes
mellitus, moderate to severe renal disease, liver disease and
diabetic ketoacidosis. The subjects with normal BMI were also
excluded from the study.

Sample size

A total of 60 adult type 2 diabetic patients with overweight
(BMI between 25 and 29.9 kg/m?) or obesity (BMI > 30 kg/
m?) were included in the study.

Study settings

Type 2 diabetic patients were identified according to the
American Diabetic Association (ADA) diagnostic criteria.
The data were taken before starting first-line therapy with
metformin, 12 weeks after starting metformin therapy and
12 weeks after starting add-on therapy. The glycemic control
was monitored by estimating hemoglobin Alc (HbAlc), fast-
ing plasma glucose (FPG) and 2-h postprandial blood glucose
(PPBQG) levels. The study subjects who achieved more than
1% reduction in HbAlc level or HbAlc < 7% were excluded.
Information on age, lifestyle parameters, family history and
treatment modalities were collected through a questionnaire
after written informed consent. The height, weight, waist cir-
cumference (WC), BMI, systolic and diastolic blood pressure
were recorded. A total of 181 subjects were screened for the
study and 84 were uncontrolled with metformin monotherapy.
Out of these 24 were withheld due to various reasons such as
non-cooperation, failure in a follow-up visit, change in medi-
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cine, use of other medications for long time, surgery and in-
fection.

Duration of study

The duration of the study was 2 years (from April 2018 to
March 2020).

Study instrument and validation procedure

The ethical approval was taken from the Institutional Ethics
Committee (IRB/COM/FAC/05/2018). Informed written con-
sent was obtained from all individual participants, and the con-
fidentiality of study subjects was maintained. This study was
conducted in compliance with the ethical standards of the Gulf
Medical University, Ajman, United Arab Emirates.

Methodology

The blood samples collected from the study subjects were
analyzed for visfatin, adiponectin, FABP4 and RBP4 by en-
zyme-linked immunosorbent assay (ELISA) with the reagents
supplied by BioVendor, Laboratory Medicina, Czech Repub-
lic. HbAlc level was measured with high-performance liquid
chromatography (HPLC). FPG, 2-h PPBG, total cholesterol
(TC), triglycerides (TG), high-density lipoprotein (HDL) cho-
lesterol (HDL-C), low-density lipoprotein (LDL) cholesterol
(LDL-C), albumin, creatinine, alanine transaminase (ALT) and
aspartate transaminase (AST) were analyzed using Cobas®
6000 analyzer (Roche). BMI was calculated by dividing the
weight (in kilograms) by height (in meters?). A sphygmoma-
nometer was used for office blood pressure (OBP) measure-
ment.

Data analysis

The data were expressed as the mean =+ standard deviation or
frequencies. Parametric and non-parametric tests were applied
to compare groups based on the type of variable and normal-
ity distribution. The z-test was applied to find the differences
between the means across the groups. The effect of dapagliflo-
zin and empagliflozin on the clinical parameters, biochemical
variables and adipokines were analyzed with repeated meas-
ures analysis of covariance (ANCOVA) with treatment as the
factor and change of HbAlc, BMI and age as covariates. Data
were analyzed using the Statistical Package for Social Science
(SPSS Version 27.0) and a P value < 0.05 was considered sig-
nificant.

Results

Supplementary Material 1 (www.jofem.org) outlines the base-
line characteristics of the study subjects. The study subjects
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were divided into two groups, type 2 diabetic patients with
overweight and type 2 diabetic patients with obesity. The
participants had an inactive lifestyle with controlled dietary
habits. The mean age of participants was 45.7 + 7.1 and 45.6
+ 8.3 years in type 2 diabetes with overweight and obesity,
respectively. The mean weight was 78.2 + 8.2 kg, mean BMI
was 27.4 £ 1.3 kg/m? and mean WC was 96.3 = 3.7 cm in
overweight type 2 diabetes. The mean weight was 91.1 + 9.0
kg, mean BMI was 32.5 + 1.3 kg/m? and mean WC was 100.6
+ 4.3 cm in obese type 2 diabetes. The mean systolic and dias-
tolic blood pressures were 120.0 + 8.3 and 76.0 £ 6.2 mm Hg,
respectively in overweight type 2 diabetes. The mean systolic
and diastolic blood pressures were 122.3 + 8.2 and 77.0 £ 5.4
mm Hg, respectively in obese type 2 diabetes.

Out of the 30 overweight participants, 10% were smokers,
43.3% had a history of hypertension and 80% had a history of
hypercholesterolemia. The participants with obesity had a his-
tory of hypertension (63.3%), hypercholesterolemia (76.7%),
and 16.7% were smokers. The subjects with overweight had
a family history of diabetes mellitus (73.3%), hypercholester-
olemia (6.7%) and hypertension (36.7%). The subjects with
obesity also had a family history of diabetes mellitus (80%),
hypercholesterolemia (6.7%) and hypertension (46.7%).

All the study subjects were taken metformin 1,000 mg
(Glucophage®) twice/day as first-line treatment for 12 weeks,
followed by add-on therapy for 12 weeks. Among the partici-
pants, 30 subjects had taken dapagliflozin and 30 subjects had
taken empagliflozin. Among the participants who received da-
pagliflozin, 53.33% were overweight and 46.66% were obese.
Among the subjects who received empagliflozin, 46.66% were
overweight and 53.33% were obese. The subjects included 15
participants with empagliflozin/metformin 5 mg/1,000 mg
(Synjardy®), 15 with empagliflozin/metformin 12.5 mg/1,000
mg (Synjardy®), 15 with dapagliflozin/metformin 5 mg/1,000
mg (Xigduo®) and 15 with dapagliflozin/metformin 10
mg/1,000 mg (Xigduo®).

Supplementary Materials 2 and 3 (www.jofem.org) show
the change from baseline to treatment with metformin, before
and after add-on therapy of SGLT2 inhibitors on clinical and
biochemical variables in overweight and obese type 2 diabetes
patients, respectively. Add-on therapy with dapagliflozin and
empagliflozin significantly reduced the mean body weight (P
<0.001) by -1.81 (95% confidence interval (CI): -2.13, -1.48),
-1.83 (95% CI: -2.22, -1.45) and -1.79 (95% CI: -2.39, -1.18)
kg/m? in total overweight subjects, groups 1 and 2, respective-
ly. A significant change is also observed in obese subjects (P <
0.001) by -2.00 (95% CI: -2.39, -1.61), -1.81 (95% CI: -2.19,
-1.43) and -2.19 (95% CI: -2.88, -1.50) kg/m?. Add-on therapy
also exerts a beneficial reduction on the mean BMI by -0.64
(95% CI: -0.77, -0.52), -0.65 (95% CI: -0.82, -0.49), -0.64
(95% CI: -0.86, -0.41) in overweight participants. A similar
effect is also observed in obese subjects (P < 0.001) with a
change of -0.71 (95% CI: -0.85, -0.58), -0.68 (95% CI: -0.84,
-0.52) and -0.75 (95% CI: -0.97, -0.53). There was significant
differences in the mean WC (P < 0.001) by -2.82 (95% CI:
-3.17, -2.48), -2.83 (95% CI: -3.38, -2.27) and -2.82 (95% CI:
-3.27,-2.38) cm in overweight subjects and by -2.91 (95% CI:
-3.19, -2.63), -2.87 (95% CI: -3.31, -2.43) and -2.95 (95% CI:
-3.37, -2.53) cm in obesity. Add-on therapy significantly al-
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ters the mean systolic blood pressure (P < 0.001) and diastolic
blood pressure (P < 0.05) after add-on therapy in overweight
and obese type 2 diabetes. The add-on therapy with dapagliflo-
zin was more effective (P < 0.05) on reducing the mean sys-
tolic blood pressure compared to empagliflozin in obesity.

The mean FPG level was significantly reduced with add-
on therapy in the overweight study subjects (P < 0.001) by
-2.04(95% CI:-2.39,-1.70),-2.20 (95% CI:-2.79,-1.61),-1.89
(95% CI: -2.29, -1.48) mmol/L when compared to metformin
monotherapy. A similar effect was also observed in obese sub-
jects (P < 0.001) by -2.25 (95% CI: -2.57, -1.93), -2.57 (95%
CIL: -3.15, -1.99), -1.94 (95% CI: -2.33, -1.54) mmol/L. The
mean PPPG level was significantly reduced (P < 0.001) in
overweight subjects by -3.29 (95% CI: -4.03, -2.54), -3.96
(95% CI: -5.37, -2.56), -2.61 (95% CI: -3.10, -2.11) mmol/L.
A similar result was also observed (P < 0.001) in obese type 2
diabetic patients by -2.25 (95% CI: -2.57, -1.93), -2.57 (95%
CI: -3.15, -1.99), -1.94 (95% CI: -2.33, -1.54) mmol/L when
compared to metformin monotherapy.

Add-on therapy exerts a beneficial reduction on HbAlc
levels in overweight type 2 diabetic patients (P < 0.001) by
-1.14 (95% CI: -1.29, -1.00), -1.31 (95% CI: -1.54, -1.08) and
-0.97 (95% CI: -1.17, -0.77) % when compared to metformin
monotherapy which reduced from baseline with a reduction
of -0.11 (95% CI: -0.19, -0.04), -0.13 (95% CI: -0.25, -0.02)
and -0.09 (95% CI: -0.19, 0.01) % within the total study sub-
jects, group 1 and 2, respectively. The same beneficial effect
was also observed in obese type 2 diabetic patients with a sig-
nificant decrease (P < 0.001) of -1.23 (95% CI: -1.33, -1.12),
-1.32 (95% CI: -1.54, -1.11) and -1.13 (95% CI: -1.24, -1.02)
% compared to a decrease with metformin monotherapy by
-0.12 (95% CI: -0.18, -0.06), -0.06 (95% CI: -0.15, -0.02), and
-0.18 (95% CI: -0.29, -0.07) %.

The results also shows the alterations in the lipid profile
in overweight and obese subjects with a significant decrease
in mean TC (P <0.001), LDL-C (P < 0.001), TG (P < 0.001),
and increase in HDL-C (P <0.001) after add-on therapy within
the total study subjects, groups 1 and 2. In addition, the add-on
therapy also exerts a reduction (P < 0.001) on mean creatinine
level within the overweight and obese study subjects.

Supplementary Materials 4 and 5 (www.jofem.org) show
the change from baseline to treatment with metformin, be-
fore and after add-on therapy of SGLT2 inhibitors on adi-
pokines in overweight and obese type 2 diabetic patients,
respectively. The mean RBP4 in overweight diabetic patients
was significantly reduced (P < 0.001) by -5.85 (95% CI:
-6.87, -4.84), -6.06 (95% CI: -7.57, -4.56) and -5.64 (95%
CI: -7.18, -4.10) pg/mL compared to a non-significant (P >
0.05) change from the baseline with metformin monotherapy
in total study subjects, groups 1 and 2, respectively. A simi-
lar results were observed in obese subjects with a significant
decline (P < 0.001) by -6.16 (95% CI: -7.07, -5.26), -6.64
(95% CI: -8.01, -5.27) and -5.69 (95% CI: -7.03, -4.35) ng/
mL with add-on therapy in total study subjects, groups 1 and
2, respectively. The mean RBP4 level was not significant be-
tween the study groups in overweight (P = 0.439) and obese
(P =0.463) subjects.

The mean FABP4 in overweight type 2 diabetic subjects
was significantly reduced by -3.15 (95% CI: -3.65, -2.65),
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-3.44 (95% CI: -4.10, -2.78) and -2.86 (95% CI: -3.70, -2.02)
ng/mL from the 12th week (P < 0.001) when compared to a
non-significant (P > 0.05) change from the baseline with met-
formin monotherapy in total study subjects, groups 1 and 2,
respectively. The same beneficial effect was also observed
in obese type 2 diabetic patients with a significant decrease
(P < 0.001) of -3.30 (95% CI: -3.96, -2.63), -3.32 (95% CIL:
-4.18, -2.46) and -3.28 (95% CI: -4.36, -2.19) ng/mL with add-
on therapy in total study subjects, groups 1 and 2. The mean
FABP4 level was not significant between the study groups in
overweight (P = 0.420) and obese (P = 0.200) subjects.

The mean visfatin levels in overweight subjects signifi-
cantly reduced by -1.44 (95% CI: -1.59, -1.29), -1.38 (95%
CI: -1.64,-1.12) and -1.51 (95% CI: -1.67, -1.34) ng/mL from
the 12th week (P < 0.001) compared to a significant variation
with metformin monotherapy, which is 0.13 (95% CI: -0.06,
0.20), 0.17 (95% CI: 0.06, 0.28) and -0.10 (95% CI: -0.01,
-0.20) ng/mL from the baseline in total study subjects (P <
0.001), groups 1 (P < 0.05) and 2 (P < 0.05), respectively.
A similar result was observed in obese subjects with a sig-
nificant decrease by -1.95 (95% CI: -2.22, -1.67), -1.91 (95%
CI: -2.29, -1.54) and -1.98 (95% CI: -2.41, -1.54) ng/mL with
add-on therapy (P < 0.001) in total study subjects, groups |
and 2, respectively. But there was no significant change in
visfatin level in obese subjects with metformin monothera-
py from the baseline (P > 0.05) within the total participants,
groups 1 and 2. The mean visfatin level was not significant
between the two study groups in overweight (P = 0.468) and
obese (P =0.696) subjects.

The mean adiponectin level in overweight subjects sig-
nificantly increased by 4.28 (95% CI: 3.90, 4.66), 4.26 (95%
ClL: 3.67, -4.84) and 4.30 (95% CI: 3.74, 4.86) pg/mL from
the 12th week (P < 0.001) in total study subjects, groups 1
and 2, respectively. But there was no significant difference in
adiponectin level with metformin monotherapy from the base-
line (P > 0.05) within total study participants, groups 1 and 2,
respectively. A similar result was observed in obese subjects
with a significant increase (P < 0.001) by 5.00 (95% CI: 4.58,
5.42),5.24 (95% CI: 4.61, 5.86) and 4.77 (95% CI: 4.12, 5.42)
pg/mL with add-on therapy. The mean adiponectin level was
not significant between the two study groups in overweight (P
=0.752) and obese (P = 0.580) subjects.

The adverse events observed during the study were genital
infections (n = 1) with add-on therapy of empagliflozin and
urinary tract infections (n = 2) with add-on therapy of dapa-
gliflozin.

Discussion

Metformin is the recommended first-line medication suggested
by most guideline organizations to treat type 2 diabetes mel-
litus [26, 27]. The current guidelines also recommend second-
line treatment with SGLT2 inhibitors to effectively prevent the
complications of type 2 diabetes mellitus [28-30]. Abdominal
fat deposition induces several metabolic variations that result
in increased hepatic glucose output and decreased insulin sen-
sitivity in adipose tissue, leading to diabetes mellitus [31]. The
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current study focused on the effects of add-on therapy of da-
pagliflozin and empagliflozin on visceral fat-associated adi-
pokines. The study has been conducted in both overweight and
obese type 2 diabetes as the visceral fat and adiposity alter
with various degrees of BMI. The participants had a routine
controlled diet with an inactive lifestyle during the entire study
period. The findings of the study suggest that adipokine lev-
els are improved with the add-on therapy of dapagliflozin and
empagliflozin in central obese type 2 diabetic patients insuf-
ficiently controlled with metformin.

SGLT-2 inhibitors efficiently reduce ectopic deposition of
fat and body weight by promoting adipose tissue function and
temporary loss of extracellular fluid accompanied by regula-
tion of the renin-angiotensin-aldosterone system [32, 33]. The
increase in BMI is associated with high insulin resistance and
low insulin sensitivity in adult type 2 diabetes mellitus [34].
WC is an index of visceral obesity approved by the World
Health Organization, IDF, American Heart Association and
National Institutes of Health for screening the risk of diabe-
tes and cardiovascular disease [35]. The current study shows
a beneficial effect of the add-on therapy of dapagliflozin and
empagliflozin on body weight (P < 0.001), BMI (P < 0.001)
and WC (P < 0.001) in overweight and obese type 2 diabetic
patients.

The effective control of hypertension in diabetes mellitus
is a target to reduce the risk of cardiovascular disease, cer-
ebrovascular disease and renal failure. The different guidelines
emphasize using various drug classes to treat hypertension in
diabetic patients as the appropriate drug for hypertensive dia-
betics is still unclear [36]. The result of our study indicates a
significant effect (P < 0.05) of the add-on therapy on systolic
and diastolic blood pressures in type 2 diabetic patients. The
add-on therapy with dapagliflozin was more effective (P <
0.05) on reducing the mean systolic blood pressure compared
to empagliflozin in obesity.

Previous studies reported that SGLT2 inhibitors reduce
WC and visceral fat, accompanied by a decrease in leptin and
an increase in adiponectin levels [37]. However, the data on
changes in adipokine levels are limited, especially no data
available with the add-on therapy of SGLT?2 inhibitors to met-
formin. The RBP4 level is associated with the abnormal lipid
profile and risk of cardiovascular disease, especially among
subjects with obesity. The role of RBP4 in atherosclerosis
has been linked with the soluble pro-inflammatory factors
and the expression of pro-inflammatory cell surface adhesion
molecules [38]. The current study found that serum RBP4 is
significantly reduced (P < 0.001) with add-on therapy of da-
pagliflozin and empagliflozin. FABP4 expressed in adipocytes
and macrophages controls lipid trafficking, which is linked
to inflammation and metabolic pathways. FABP4 also plays
a significant role in developing atherosclerosis and insulin
resistance [39]. The current study shows that FABP4 level is
significantly decreased (P < 0.001) with add-on therapy of da-
pagliflozin and empagliflozin indicating the effectively control
of metabolic pathways.

High visceral fat in obese and overweight subjects is
associated with a reduced level of adiponectin. Increased
visceral fat is also related to prolonged oxidative stress and
elevated inflammatory markers. Therefore, factors that lead
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to a reduction in visceral fat provide an essential tool for re-
ducing obesity and related diseases [40]. The current study
explains that adiponectin level is significantly elevated (P <
0.001) with add-on therapy of dapagliflozin and empagliflo-
zin, which effectively reduces visceral fat in obese and over-
weight subjects.

Increased visfatin level has been observed in associa-
tion with insulin resistance, type 2 diabetes mellitus and obe-
sity. Visfatin functions as a pro-inflammatory mediator, which
plays a vital role in the pathogenesis of vascular inflammation
in obesity and type 2 diabetes mellitus. High visfatin levels are
also related to the risk of adverse cardiac events indicating the
contribution of adipokine in the inflammatory state in type 2
diabetes [41]. The current study reveals that visfatin level is
significantly decreased (P < 0.001) with add-on therapy of da-
pagliflozin and empagliflozin. Also, metformin monotherapy
was considerably effective in reducing visfatin levels in over-
weight subjects (P < 0.05), but it was not significant in obese
subjects.

SGLT2 inhibitors reduce blood glucose levels by sup-
pressing renal glucose reabsorption and enhancing urinary
glucose excretion in type 2 diabetes mellitus [42]. SGLT2 in-
hibitors are linked with a decline in HbAlc level by 0.6-0.9%
(7 - 10 mmol/mol) regardless of background drug therapy.
SGLT?2 inhibitor therapy leads to a more significant reduction
of HbAlc in patients with poor glycemic control due to the
hyperfiltration and elevated excretion of glucose in urine [43].
Our study found that the dapagliflozin and empagliflozin are
associated with a significant beneficial effect on HbAlc (P <
0.001), FPG (P < 0.001) and PPBG (P < 0.001) levels in type
2 diabetic patients.

Dapagliflozin and empagliflozin positively reduce cardio-
vascular risk and heart failure in type 2 diabetic patients [44].
Recent studies highlighted the cardioprotective impact of da-
pagliflozin and empagliflozin in type 2 diabetic subjects with
authenticated cardiovascular disease [44-46]. Our study found
that the add-on therapy has a significant beneficial effect (P
< 0.001) on lipid profile in type 2 diabetic patients agreeing
to the findings of studies exploring the role of SGLT?2 inhibi-
tors in preventing cardiovascular complications. Overall, there
were no significant differences in the results between the dapa-
gliflozin and empagliflozin groups due to the same mechanism
of action of SGLT?2 inhibitors. The study provides new insight
to target visceral fat-associated adipokines in central obese
subjects to control the risk factors and to prevent the complica-
tions of type 2 diabetes mellitus.

There were few limitations to this study. The sample size
was less because we have selected the participants who have
taken only metformin therapy. The study also excluded the
participants who changed the medicine during the study pe-
riod. Also, participants’ lifestyle was different due to the inclu-
sion of different nationalities with various dietary habits. The
participants who developed adverse clinical events during the
study period were excluded from participating in the study.

Conclusions

The adipokine levels are improved with the add-on therapy of
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dapagliflozin and empagliflozin in central obese type 2 dia-
betic patients insufficiently controlled with metformin. Both
dapagliflozin and empagliflozin are beneficial in controlling
adipokines and regulating the visceral fat in overweight and
obese type 2 diabetic patients. Add-on therapy of dapagliflozin
and empagliflozin effectively reduce the visceral fat in over-
weight and obese subjects. The effective therapeutic target to
control visceral fat-associated adipokines with metabolic vari-
ables reduces body weight, obesity, cardiovascular risk and
renal disease in type 2 diabetes.
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