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ABSTRACT 

Objective: The objective of this study is to evaluate the effects of Empagliflozin on cardiovascular and renal outcomes in Type 2 Diabetes Mellites 
(T2DM) patients, particularly focusing on improvements in glycemic control, weight, blood pressure, and renal function after 6 mo of treatment. 

Methods: A cross-sectional observational study was conducted at Osmania Medical College and Hospitals, Hyderabad, over six months, involving 
120 patients with T2DM. The patients were randomly divided into two groups. Group 1 patients received standard Oral Hypoglycemic Agents 
(OHAs) such as Metformin. Group 2 patients received the same OHAs along with Empagliflozin 10 mg. Baseline and post-treatment data for key 
parameters such as blood glucose levels, blood pressure, Body Mass Index (BMI), and renal function markers (e. g., serum creatinine) were 
collected. The t-test was used for statistical analysis to compare pre-and post-treatment values. 

Results: After six months of treatment, the following significant improvements were observed in the group receiving Empagliflozin: Diastolic blood 
pressure: A significant reduction of 7 mmHg (p = 0.00066), BMI: A reduction of 1.6 units (p = 0.0107), Key glycemic parameters showed significant 
improvements: Fasting Blood Sugar (FBS): p = 0.000212, Random Blood Sugar (RBS): p<0.00001, HbA1c levels: p = 0.000147. These results indicate 
that Empagliflozin significantly improved glycemic control, blood pressure, and weight, which are all key factors contributing to improved 
cardiovascular and renal health in T2DM patients. 

Conclusion: The addition of Empagliflozin to standard T2DM treatment resulted in significant improvements in glycemic control, body weight, and 
blood pressure, particularly diastolic blood pressure, over the 6-month study period. These changes are likely to contribute to improved 
cardiovascular and renal outcomes in patients with T2DM. Thus, Empagliflozin offers a valuable therapeutic option for enhancing overall disease 
management in T2DM patients with complications. 
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INTRODUCTION 

Diabetes mellitus (DM), particularly Type 2 Diabetes Mellitus 
(T2DM), is one of the leading causes of morbidity and mortality 
worldwide. The condition significantly contributes to various 
complications, including cardiovascular disease, kidney failure, 
neuropathy, and retinopathy, all of which can lead to premature 
death if not adequately managed. According to World Health 
Organization (WHO), Non-Communicable Diseases (NCDs) 
accounted for 74% of deaths globally in 2019, among which 
Diabetes caused 1.6 million deaths [1]. Thus, T2DM became the 9th 
leading cause of death globally [2]. The prevalence of Diabetes in 
India has risen from 7.1% in 2009 to 11.4 in 2023 [3]. Various 
factors, including lifestyle changes, urbanization, and an aging 
population, drive the prevalence of T2DM in India. Obesity, high 
blood pressure (hypertension), and hypertriglyceridemia are 
common risk factors in people with diabetes [4]. These factors not 
only accelerate the progression of T2DM but also significantly 
increase the risk of developing cardiovascular diseases, stroke, 
nephropathy, retinopathy, neuropathy, and other diabetes-related 
complications [5]. These complications are often the main 
contributors to the premature morbidity and mortality observed in 
diabetic patients. The underlying mechanisms responsible for these 
complications involve complex biochemical processes such as 
oxidative stress, which results from the overproduction of Reactive 
Oxygen Species (ROS) and insulin signaling defects that lead to 
insulin resistance [6, 7]. Adults with T2DM have a 2-to-4-fold higher 
risk for cardiovascular morbidity and mortality than adults without 
diabetes, according to the American Heart Association (AHA) [8]. 
The treatment of Diabetes in the elderly is challenging concerning 
the potential drug-drug interactions, paucity of data from 

randomized trials, and lack of specific guidelines [9]. Metformin is 
the preferred medication because it is more efficacious in reducing 
HbA1c levels by 1.5 to 2%, Fasting blood glucose by 60-80 mg/dl, 
plasma triglycerides, and Low-Density Lipoprotein (LDL) levels by 
8-15% [10, 11]. The progressive nature of Type 2 Diabetes means 
that beta-cell function gradually declines over time, leading to a need 
for additional medications beyond Metformin to maintain optimal 
glycemic control. By using a combination of oral hypoglycemic agents 
or adding insulin therapy, healthcare providers can help patients 
achieve and maintain target blood glucose levels, thus reducing the 
risk of complications like cardiovascular disease, kidney damage, and 
neuropathy. Regular re-evaluation and adjustment of the treatment 
regimen are key to managing this chronic, progressive disease 
effectively. Also, new anti-hyperglycemic agents, such as Sodium 
Glucose Transporter-2 Inhibitors (SGLT-2 inhibitors), have the 
potential to address the unmet needs associated with conventional 
anti-hyperglycemic agents, including the improvement of glycemic 
control with the modification of cardiovascular and renal factors [12]. 
Because the mechanism of action is independent of beta cell function 
and insulin pathway, the risk of hypoglycemia is less with SGLT-2 
inhibitors. Empagliflozin is a highly potent, competitive inhibitor of 
SGLT-2 and has been approved as a treatment for T2DM in patients 
with normal renal function [13]. Empagliflozin offers the convenience 
of once-daily oral administration when compared with other members 
of this group of drugs. Besides, lowering Empagliflozin exerts a 
favorable effect on several non-glycemic outcomes, including modest 
reductions in body weight and blood pressure [14]. 

The study aims to evaluate the short-term effect of empagliflozin on 
cardiovascular and renal outcomes of patients with type 2 Diabetes 
mellitus. 
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MATERIALS AND METHODS 

Study design 

This study is a cross-sectional observational study aimed at 
evaluating the short-term effect of empagliflozin on cardiovascular 
and renal outcomes in patients with T2DM. The study was approved 
by the Institutional Ethics Committee of Osmania Medical College 
before commencement (IEC/OMC/2022/M. NO. (03), Acad-14). 

Study setting 

The study was conducted at Osmania General Hospital, a tertiary care 
teaching hospital located in Hyderabad, Telangana. The study was 
conducted over 6 mo, from March 2023 to August 2023, during which 
patients with T2DM and complications were evaluated and followed up. 

Study duration 

The total duration of the study was 6 mo. 

Study subjects 

The study included T2DM patients with cardiovascular and renal 
impairment. These patients were selected to assess the effects of 
Empagliflozin 10 mg on cardiovascular and renal outcomes. 

Study tool 

The study evaluated the patients based on their blood sugar levels, 
including HbA1c (Glycated Hemoglobin), FBS, and Postprandial 
Blood Sugar (PLBS) levels. The collected data was analyzed 
statistically to determine the effects of Empagliflozin on both 
cardiovascular and renal outcomes in these patients. 

Inclusion criteria 

Patients meeting the following criteria were included: Diagnosed 
with type 2 Diabetes Mellitus, HbA1c>6%, and currently on oral 
hypoglycemic agents, age between 25 to 85 y, presenting with 
cardiovascular and renal impairment (eGFR>60 ml/min), willing to 
provide informed consent for participation in the study. 

Exclusion criteria 

Pregnant or lactating women, patients with type 1 diabetes mellitus 
or other types of diabetes, non-compliant patients, or those with 
renal failure of non-diabetic etiology (eGFR<60 ml/min), and 
patients who were unwilling to provide informed consent were 

excluded from the study. 

Sample size 

The study initially evaluated 130 T2DM patients, out of which 120 
patients were included in the study. The exclusion of the remaining 
10 patients occurred for the following reasons:  

3patients had chronic kidney disease of non-diabetic etiology, 6 
patients dropped out by not showing up for the study visits, and 1 
patient declined to give informed consent during the study period. 

Detailed history and physical examination 

A comprehensive history was taken for each patient, including 
details about present and past medical history, family history of 
diabetes or other diseases, dietary habits, and drug history (current 
medications and treatments). A thorough general physical and 
systemic examination was conducted for each patient. 

Grouping of patients 

After meeting the inclusion criteria, 120 patients were randomly 
allocated into 2 groups (Group 1 and Group 2) using computer-
generated randomization. 

Group-1: Patients of group 1 were treated with metformin 500 mg.  

Group-2: Patients in this group continued their routine oral 
hypoglycemic agents with the addition of SGLT-2 inhibitor 
Empagliflozin 10 mg. 

Baseline investigations 

The baseline investigations such as Fasting Blood Sugar (FBS), 
Random Blood Sugar (RBS), HbA1c levels, Body Mass Index (BMI), 
Systolic and Diastolic Blood Pressure (SBP and DBP), Lipid Profile 
(Total cholesterol, Triglycerides, LDL, HDL), Serum Creatinine levels 
were performed for all patients. 

Treatment and follow-up 

Based on their group allocation, patients were administered the 
corresponding treatment (Metformin therapy for group 1 and 
Metformin+Empagliflozin for group 2). Follow-up was done for 6 mo, 
during which the treatment efficacy of Empagliflozin on cardiovascular 
and renal outcomes was assessed. The post-treatment parameters 
were compared with the baseline data to determine the effect of 
Empagliflozin on the primary outcomes of interest. 

 

 

Fig. 1: Methodology of the study 
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Statistical analysis 

The collected data was analyzed using Statistical Package for the 
Social Sciences (SPSS) software version 25. T-tests were used to 
compare the pre-treatment and post-treatment parameters within 
each group and between the two groups. Statistical significance was 
defined by a p-value<0.05. 

Outcome measures 

The primary endpoints of the study focused on glycemic control 
(FBS, RBS, HbA1c) and blood pressure management (systolic and 
diastolic BP), which are critical factors in evaluating cardiovascular 
and renal outcomes in T2DM. The secondary endpoints (BMI, lipid 
profile parameters) were important for understanding the broader 
effects of Empagliflozin 10 mg on cardiometabolic health, including 
weight loss and improvement in lipid metabolism. The study aimed 
to provide comprehensive evidence on how Empagliflozin can 
positively influence both glycemic control and cardiovascular/renal 
health in diabetic patients. 

RESULTS 

A total of 120 patients participated in the study, which was 
conducted over 6 mo. The patients were categorized into Group 1 
and Group 2. The following are the key demographic and baseline 
characteristics of the study population:  

Age Distribution: Age Range: 25 to 85 y, mean Age: 55 y. Gender 
Distribution: Male: 78 patients (65%), Female: 42 patients (35%). 
Age Group Distribution: 85% of patients were aged between 40-75 
y. Weight and Body Mass Index (BMI): Weight Range: 78 kg to 86 kg, 

mean Weight: 82 kg. BMI Distribution: 66.6% of patients (80 out of 
120) had a BMI between 25 and 30 (overweight). 33.3% of patients 
(40 out of 120) had a BMI above 30 (obese). Hypertension: 
Hypertensive Patients: 76 out of 120 (63.3%). Non-hypertensive 
Patients: 44 out of 120 (36.6%). Glycemic Control (HbA1c Levels): 
HbA1c<7%: 39 out of 120 (32.5%), HbA1c between 7-8%: 72 out of 
120 (60%), HbA1c between 8-9%: 9 out of 120 (7.5%). Lipid Profile 
(Baseline Levels): Total Cholesterol, Triglycerides, and LDL: There 
was a slight decrease observed in the levels of total cholesterol, 
triglycerides, and LDL cholesterol throughout the study. HDL (Good 
Cholesterol): A slight increase in HDL levels was observed during the 
follow-up period. 

These baseline characteristics provide an overview of the study 
population, highlighting a predominance of middle-aged patients 
with a high prevalence of hypertension and overweight/obesity. The 
patients generally exhibited moderate to poor glycemic control at 
the beginning of the study, with a majority having HbA1c between 7-
8%. The slight improvements in lipid profiles and BMI during the 
study suggest that Empagliflozin may have had beneficial effects on 
both cardiovascular and renal outcomes in this cohort of patients 
with Type 2 Diabetes Mellitus. The baseline characteristics of the 
study population are shown in table 1. 

The baseline and post-treatment parameters were evaluated within 
each group using a paired t-test to determine the significance of 
changes over the 6-month treatment period. The results of this 
analysis are summarized in table 2, showing significant 
improvements in several key health parameters for both Group 1 
(patients on oral hypoglycemic agents) and Group 2 (patients on 
oral hypoglycemic agents plus Empagliflozin). 

 

Table 1: Baseline characteristics 

Factors Mean SD 
Age group(25-85y) 55 6.38 
Male to female ratio 78:42 0.93 
Duration of diabetes (y) 4  0.85 
Weight (kg) 82.5 5.52 
BMI 25.84 4.15 
SBP (mm Hg) 141.4 19.83 
DBP (mm Hg) 83.8 10.11 
FBS (mg/dl) 134.5 3.83 
RBS (mg/dl) 166.9 4.27 
HbA1c (n %) 7.35 0.85 
Total Cholesterol 213 23.03 
Triglyceride (TG) 164.4 30.06 
LDL 136.4 18.51 
HDL 43.5 6.51 
Serum Creatinine 2.1 0.51 

BMI-Body Mass Index, SBP-Systolic Blood Pressure, DBP-Diastolic Blood Pressure, FBS-Fasting Blood Sugars, RBS-Random Blood Sugars, LDL-low 
density lipoprotein, HDL-High Density Lipoprotein. 

 

Table 2: Comparision of the baseline and post-treatment results 

 Group-1 Group-2 
Parameter Baseline average Post-treatment average P-value Baseline average Post-treatment average P-value 
SBP (mm Hg) 143.2 140.6 0.00041 139.6 131.6 0.00001 
DBP (mm Hg) 83.83 82.3 0.0002 83.93 77 0.0001 
BMI 26.2 25.28 <0.00001 25.48 23.68 <0.00001 
FBS (mg/dl) 134.36 125.81 <0.00001 134.65 124.18 <0.00001 
RBS (mg/dl) 166.91 138.8 <0.00001 167 136.01 <0.00001 
HbA1c (n %) 7.31 6.72 <0.00001 7.38 6.37 <0.00001 
Total Cholesterol 211.56 201.65 <0.00001 214.5 200.9 <0.00001 
Triglyceride 163.18 150.68 <0.00001 165.63 138.16 <0.00001 
LDL 135.65 115.71 <0.00001 137.2 108.41 <0.00001 
HDL 41.46 43.33 <0.00001 45.7 48.93 <0.00001 
Sr. Creatinine 2.1 1.8 <.00001 1.8 1.6 <.00001 

 

After following up with the patients for 6 mo, the results of Group 1 
(treated with oral hypoglycemic agents) were compared with those 

of Group 2 (treated with oral hypoglycemic agents in combination 
with Empagliflozin 10 mg). The findings are summarized below:  
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Baseline systolic blood pressure showed a modest reduction after 
treatment in Group 1 patients. A reduction in systolic blood 
pressure, showing a difference of about 10 mm Hg was observed in 
Group 2 patients(p =0.001173), which is statistically significant 
indicating a greater reduction in systolic blood pressure. Graph 2 
clearly illustrates this improvement. Group 1 patients showed a 
slight reduction in diastolic blood pressure after treatment while 
Group 2 patients demonstrated a greater improvement in diastolic 
blood pressure, with a difference of about 7 mm Hg between the two 
groups (p = 0.00066), indicating the superior effect of Empagliflozin 
in lowering diastolic blood pressure. Patients of Group 1 showed a 
minor decrease in BMI after 6 mo of treatment. Group 2 patients 
showed a greater decrease in BMI, with a difference of 1.6 between 
the two groups (p =0.010699), which is statistically significant, 
suggesting that Empagliflozin promotes greater weight loss 
compared to the standard oral hypoglycemic agents. A Significant 
improvement in Fasting Blood Sugar (FBS), Random Blood Sugar 
(RBS), and HbA1c was observed in Group 2 (FBS p-value: 0.000212, 
RBS p-value:<0.00001, HbA1c p-value: 0.000147). All these p-values 
are less than 0.05, indicating improvements in glycemic control in 
Group 2 with the addition of Empagliflozin. Total Cholesterol 
showed no significant difference between the two groups, as the p-
value was 0.82. A significant reduction was observed in triglyceride 

levels in Group 2, (p = 0.001355). There was an increase in HDL 
levels and a reduction in LDL levels in Group 2 compared to Group 1, 
with p-values of 0.000065 and<0.00001, respectively, indicating 
significant improvements in lipoproteins. Baseline Sr. creatinine of 
Group 1 patients showed a modest reduction after treatment. 
Significant reduction of Sr. creatinine in Group 2 patients, showing a 
difference of about 0.2 mg/dl compared to Group 1 (p<0.00001), 
which is statistically significant, indicating a greater improvement in 
the Empagliflozin group (Group 2). 

The addition of Empagliflozin to the OHAs in Group 2 showed 
significant improvements in cardiovascular and renal outcomes when 
compared to the patients treated with Metformin alone (Group 1). 
Group 2 showed better blood pressure control, glycemic control, and 
improvements in lipid profile (including triglycerides, HDL, and LDL) 
as well as a greater reduction in BMI. These significant differences 
(with p-values<0.05) confirm that Empagliflozin added to the 
treatment regimen of oral hypoglycemics provided superior clinical 
outcomes, particularly in terms of cardiovascular health, renal 
function, and weight loss. The results strongly suggest that 
Empagliflozin is an effective add-on therapy for patients with Type 2 
Diabetes Mellitus, particularly those with cardiovascular and renal 
complications, enhancing both glycemic and cardiovascular outcomes. 

 

 

Fig. 2: Comparison of baseline and after-treatment HbA1c levels 

 

 

Fig. 3: Comparison of baseline and after-treatment systolic BP levels 

 

Table 3: Comparison of the results of group 1 and group 2 after treatment 

Parameter Group-1 average Group-2 average P-value 
SBP (mm Hg) 140.63 131.16 0.001173 
DBP (mm Hg) 83.2 77 0.00066 
BMI 25.28 23.68 0.010699 
FBS (mg/dl) 125.81 124.18 0.000212 
RBS (mg/dl) 138.8 136.01 <0.00001 
HbA1c (n %) 6.72 6.37 0.000147 
Total Cholesterol 201.65 200.9 0.825858 
Triglyceride 150.68 138.16 0.001355 
LDL 115.71 108.41 0.000065 
HDL 43.33 48.93 <0.00001 
Sr. Creatinine 1.8 1.6 <0.00001 
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DISCUSSION 

In this short-term observational study, there was a statistically 
significant reduction in glycosylated hemoglobin, fasting blood 
glucose, body mass index, and favorable lipid profile changes in 
group 2 patients when compared with group 1 patients. Studies of 
SGLT-2 inhibitors with a placebo established that SGLT-2 inhibitors 
were weak glucose-lowering agents showing a modest reduction in 
HbA1c. These also inhibit both hyper and hypoglycemia by 
modulating urinary glucose losses, including enhanced lipolysis, 
which has little net effect on HbA1c [15].  

A weight loss of 2 to 2.75 is observed in the study and there was a 
significant decrease of 1.6 in BMI in patients treated with 
combination therapy of oral hypoglycaemics and Empagliflozin 10 
mg (Group-2). An indirect meta-analysis suggests that SGLT-2 
inhibitors achieved a greater weight reduction than Dipeptidyl 
peptidase 4 inhibitors without increasing the risk of hypoglycemia in 
T2DM patients inadequately controlled with insulin [16]. Weight 
loss is characterized by early body water and fat loss followed by a 
slower rate of sustained fat loss. Fat loss is due to glucose loss in the 
urine with a shift towards lipolysis and ketogenesis [17]. 

In this study, an approximate reduction of 10 mm of Hg in SBP and 6 
mm of Hg reduction in DBP was seen in both groups. Mechanistic trials 
of short-term and medium-term duration in T2DM showed that SGLT-
2 inhibitors produced a modest reduction in 24 h ambulatory BP, and 
central systolic and pulse pressures [18]. A systolic BP reduction 
difference was also reported in those allocated to empagliflozin versus 
placebo treatment in the EMPA-REG OUTCOME trial [19]. There was a 
reduction in LDL-C, TG and an increase in HDL-C, which is the most 
vital marker of cardiovascular outcome in T2DM patients. SGLT-2 
inhibitors also reduce albuminuria, which reduces kidney damage in 
patients with Chronic Kidney Disease (CKD). SGLT-2 inhibitors shift 
the renal threshold for glucose excretion from 180 to 50 mg/dl. 

SGLT-2 inhibitors exhibit pleiotropic effects on patients with T2DM, 
and these include a reduction in BP by decreasing preload and 
afterload, weight loss by increasing free fatty acid oxidation, hepatic 
glucose production, and lipolysis, reduced HbA1c by decreasing 
insulin secretion and increasing glucagon production, and decreases 
GFR, NHE3, oxidative stress, inflammation, uric acid, producing 
cardio and reno-protective effects [20]. Meta-analysis trials on SGLT-
2 inhibitors yielded better results in the prevention of worsening 
heart failure and renal disease progression and mortality. Therefore, 
SGLT-2 inhibitors produce effective cardiovascular and renal 
outcomes in patients with type 2 DM. 

LIMITATIONS 

This study was done over a short period and the long-term adverse 
effects of Empagliflozin on cardiovascular and renal outcomes were not 
observed, so the results of the study may not apply to long-term effects. 
The effect on pregnant and lactating women and elderly patients is not 
proven in this study. Moreover, the study subjects were limited to 
Osmania General Hospital with relatively better healthcare facilities. 

CONCLUSION 

A strong reduction in systemic complications is noticed in the 
treatment of Type 2 DM patients with empagliflozin as an add-on 
therapy. The study concludes that add-on therapy with 
empagliflozin illustrates a reduction in HbA1c weight loss, and a 
reduction in both systolic and diastolic BP, resulting in effective 
cardiovascular and renal outcomes. 
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