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INTRODUCTION 
Diabetes mellitus is one of the significant health problems in 
the world associated with high morbidity and mortality and 
the incidence is increasing in geometric proportion around 
the world. The International Diabetes Federation predicted 
that the by 2045, nearly 700 million people will be affected by 
this malady around the world.it has been estimated that 77 
million adults are affected with diabetes in India.1 T2DM is 
responsible for 90-95% cases and is responsible for 5million 
deaths per year.2

Treatment for diabetes is usually initiated with monotherapy 
usually with metformin or as combination therapy with 
different agents either as double or triple drug combination.3,4 
Triple drug combination therapy was observed to be associated 
with significant reduction in HbA1c in different studies.5 
However there are no guidelines or recommendations how 
to control glycaemia in people who fail triple drug therapy 
other than introducing insulin.6 Hence there has always been 

a place for newer therapeutic agents. SGLT2 inhibitors were 
introduced in the early part of this decade for this purpose.7 
These drugs prevent reabsorption of glucose from proximal 
convoluted tubules there by reducing hyperglycemia.8 These 
agents work in parallel with blood glucose concentration 
thereby decreasing hypoglycemia without stimulating the 
beta cells.8

Empagliflizon is a member of this class of drugs which was 
approved by US FDA in 2014. The EMPA REG trial in 
2015 has shown that Empagliflozin has many pleiotropic 
beneficial effects besides glycemic control. These include 
blood pressure lowering, weight loss, cardiovascular and renal 
benefits besides overall mortality benefit.9 Efficacy and safety 
of this drug is well established as monotherapy.10 However 
literature evidence of safety and efficacy after quadruple drug 
combination therapy is limited. Present study was conducted 
to evaluate the efficacy and safety addition of empagliflozin 
25mg/day to T2DM patients who were inadequately 
controlled with glimepiride/metformin and sitagliptin. 

A B S T R A C T

Introduction: The aim of the study was to examine the efficacy and safety of empagliflozin as add on therapy in type 2 
diabetes patients inadequately controlled on triple drug therapy with glimepiride, metformin and sitagliptin. 
Material and methods: This prospective observational study conducted in a clinical setting included subjects with T2DM aged 
between 40-70years with inadequate disease control on triple combination therapy glimepiride(8mg), metformin(2gm) and 
sitagliptin(100mg) and had HbA1c>7.5%. Patients with CKD, MI, severe sepsis and overtly osmotic symptoms were excluded. 
In all the cases baseline clinical and anthropometry was taken. Empagliflozin 25mg was added to these patients for 12 weeks 
and the change in HbA1c and renal parameters noted after 3months and change in fasting and postprandial plasma glucose 
every month was observed for 3months. Any adverse events during the course of the study was duly noted. The pre and 
post therapy anthropometry and biochemical parameters were analyzed using paired t-test and Wilcoxon signed rank test.
Results: The study included 40 T2DM patients with mean age and duration of diabetes respectively 54±4.2yrs and 6.1±2.26yrs 
respectively. FPG, PPG, HbA1C, body weight showed significant reduction following add-on treatment with empagliflozin 
25mg to triple therapy with glimepiride, metformin and sitagliptin (p<0.001). mean change in HbA1c after 12 weeks of 
empagliflozin 25mg was -0.67%. HbA1c decrease of ≤0.7% and >0.7% observed in 27(67.5%) and 13 (22.5%) of patients. 
Adverse events included genital mycotic infections and UTI. 
Conclusion: Empagliflozin treatment as an add-on therapy to triple drug treatment with metformin, glimepride and 
sitagliptin in adequately controlled T2DM patients is a safe option in selected patients. 
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MATERIALS AND METHODS
This prospective observational study was carried out in the 
diabetes clinic of MKCG Medical College from April 2019 
till August 2019. Informed consent from all the subjects 
was taken prior to inclusion in the present study. The study 
participants included T2DM patients aged 40-70yrs who 
had uncontrolled glycemia (HbA1c>7.5%) on glimepiride 
(6-8mg/d), Metformin (2gm/d) and sitagliptin (100mg/d). 
Patients who had overt osmotic symptoms, history of MI, 
CVA, CKD,, severe sepsis were excluded from the study. 
Demographic and clinical characteristics like age, sex, height, 
weight, duration of diabetes and any complications were 
obtained from all the patients. All patients were treated with 
empagliflozin 25mg/d along with triple drug treatment with 
glimepiride upto 8mg/d, metformin 2gm/d and sitagliptin 
100mg/d for 12 weeks. Body weight, blood pressure, fasting 
plasma glucose, postprandial plasma glucose, HbA1c were 
measured before and after therapy. Any adverse events during 
the course of the study was recorded.

STATISTICAL ANALYSIS 
Comparison of pre and post therapy anthropometry and 
laboratory parameters were performed by paired t- test for 
normal data and Wilcoxon signed rank test for data without 
normal distribution. P value<o.o5 was considered statistically 
significant. Percent reduction in HbA!c of ≤0.7% and >0.7% 
were verified as prespecified end points. All the statistical 
analysis were performed using SPSS14.

RESULTS
The study included 48 T2DM patients, out of which 8 
dropped out because of withdrawal of consent or opting for 
insulin. Forty patients completed the study. The mean age 
of the patients was 54±4.2yrs and duration of the diabetes 
was 6.12yrs±2.2yrs. The male female ratio was 1.5:1. The 
demographic and anthropometric data are shown in Table 1.
Comparison of variables before and after treatment with 
empagliflozin 25mg/d for 12weeks showed that the body 
weight, FPG, PPPG and HbA1c significantly decreased 

(p<0.001). However renal parameters did not change 
significantly. (Table 2). The mean decrease in body weight 
was 1.71±0.5kg and SBP and DBP was -3.7 and -2.6mmHg 
respectively. Body weight decreased in 23 subjects, increased 
in 7 and remained stable in 10 patients. Systolic blood 
pressure decrease in 26 patients and increased in 1 patient 
and remain unchanged in 13 patients. Diastolic blood 
pressure decreased in 30 patients and remain unchanged in 
rest. Percent reduction in prespecified HbA1c cut-off showed 
27 (67.5%) patients had decrease of HbA1c ≤0.7% and 13 
(22.5%) patients achieved a decrease of >0.7% HbA1c.
There was no dropout due to adverse reactions such as serious 
deterioration of renal function, complications due to osmotic 
diuresis, DKA and amputation. Adverse reactions noted 
were mild, UTI 8% in males and 18% in female and mycotic 
infections 14% in males and 20% in females.

DISCUSSION 
The present study showed that T2DM patients uncontrolled 
with maximal doses of glimepiride, metformin and sitagliptin 
still showed significant reduction in HbA1c, FPG, PPG, 
body weight, SBP and DBP after 12weeks of therapy with 
25mg of empagliflozin.
SGLT2 inhibitors inhibits reabsorption of filtered glucose at 
the level of proximal convoluted tubule in the kidney with 
excretion of glucose in the urine.11 Moreover this insulin 
independent mechanism results in substantially less risk of 
hypoglycemia.12 The results of present study in line with 
observation by Neelard and colleagues.13 Devi et al (2017) in 
a met analysis of randomized control trials have substantiated 
the safety and efficacy of empagliflozin as monotherapy as 
well as add on therapy to other agents.10 Even in patients 
with CKD, empagliflozin reduces HbA1c as demonstrated 
by Barnett and associates.13 
On the other hand treatment with empagliflozin confers 
several non-glycemic benefits such as reduction in blood 
pressure and body weight.10 Similar observations are 
also observed in present study where 23 patients showed 
significant reduction in bodyweight. The reduction body 

Age (yrs) 54±4.2yrs
Male: female 24:16
Duration of diabetes(yrs) 6.12±2.26
BMI kg/m2 26±1.2
Hypertension BP≥140/or 90mmHg(=N) 15

Table-1: Demgraphic and Anthropometry of study patients

Base line 1month 2month 3month p
Body weight kg 63.65±5.01 61.94±5.1 <0.001
SBP mmHg 147±3.1 143.3±2.8 0.01
DBP mmHg 88±2.4 85.4±1.2 0.01
Urea mg/dl 24.5±4 24±5.6 0.14
Creatinine 0.98±0.16 0.9±0.4 0.17
FPG mg/dl 160±18.4 136±46.5 116±36.4 94.3±30.1 <0.001
PPG mg/dl 302±40.0 230±36.2 170.8±40.4 160±20.1 ,<0.001
HbA1c% 7.69±0.53 7.02±0.68 <0.001

Table-2: Comparison of variables before and after Empagliflozin add-on
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weight is believed to be due to loss of calories 240-400kcal/d 
due to loss of glucose in urine.6

Ferranini and colleagues while studying the long-term safety 
and efficacy of triple combination therapy empagliflozin, 
metformin and sitagliptin observed significant long-term 
and short-term safety with this combination.14 Safety factor 
was also noted by Shiba et al while studying the effect of 
empagliflazon in Japanese patient when they reported that 
the drug to be well tolerated with no case of hypoglycemia 
requiring assistance.15 Kohler et al in analyzing pool data 
from 14 clinical studies noted 0.2% and 0.3% incidence 
of UTI with 10mg and 25mg empagliflozin respectively 
compared to 0.4% in placebo group. However they noted 
4.7 and5% incidence of mycotic infection with 10mg and 
25mg empagliflozin respectively compared to 1.3% in the 
placebo group.16 The risk of hypoglycemia was observed to be 
increased in those with background insulin or sulfonylureas 
but not with empagliflozin montherapy. The incidence of 
malignancy, fracture, hepatic injury, venous thromboembolic 
events, impaired renal events and DKA was similar across 
the treatment group.17 Addition of empagliflazone in patiens 
who were inadequately controlled with metformin and 
linagliptin over 24 weeks showed significant decrease in 
HbA1c of 0.7%.17

Ridder Straile et al while comparing the effect of addition 
of empagliflozin or glimepride as add on to metformin 
have shown better control with empagliflozin compared to 
glimepride (0.73% Vs 0.66%) over 52weeks. Body weight 
was significantly reduced with empagliflozin while it was 
increases with glimepride.18 In another study HbA1c 
reduction with empagliflozin and linagliptin combination 
was better than compared to linagliptin alone.19

A search of literature did not reveal any quadruple 
combination therapy using empagliflozin, glimepiride2, 
metformin and sitagliptin. Even in uncontrolled T2DM 
patients on triple therapy addition of empagliflazon appear 
to be beneficial.

CONCLUSION 
In conclusion, empagliflozin may be an excellent add on in 
T2DM patients who are inadequately controlled with triple 
drug combination of glimepride, metformin and sitagliptin.

REFERENCES
1. IDF atlas 2019 https://idf.org/e-library/epidemiology-

research/diabetes-atlas.html
2. WHO.int/diabetes/global-report/en/
3. Phung OJ, Sobieraj DM, Engel SS, Rajpathak SN. 

Early combination therapy for the treatment of type 2 
diabetes mellitus: systematic review and meta-analysis. 
Diabetes Obes Metab. 2014;16(5):410-417. 

4. Lee CM, Woodward M, Colagiuri S. Triple therapy 
combinations for the treatment of type 2 diabetes - 
A network meta-analysis. Diabetes Res Clin Pract. 
2016;116(1):149-158. 

5. Panikar V, Chandalia HB, Joshi SR, Fafadia A, Santvana 
C. Beneficial effects of triple drug combination of 
pioglitazone with glibenclamide and metformin in type 
2 diabetes mellitus patients on insulin therapy. J Assoc 
Physicians India. 2003;51(6):1061-1064

6. SilvioE. Inzucchi, RichardM. Bergenstal, JohnB. 
Buse, Michaela Diamant, Ele Ferrannini, Michael 
Nauck, AnneL. Peters, Apostolos Tsapas, Richard 
Wender, David R. Matthews Diabetes Management of 
Hyperglycemia in Type 2 Diabetes: A Patient-Centered 
Approach. Care Jun 2012;35(2):1364-1379; 

7. Anne L. Peters, Elizabeth O. Buschur, John B. Buse, 
Pejman Cohan, Jamie C. Diner, Irl B. Hirsch Euglycemic 
Diabetic Ketoacidosis: A Potential Complication of 
Treatment With Sodium-Glucose Cotransporter 2 
Inhibition. Diabetes Care Diabetes Care. 2015; 38(9): 
1687–1693.

8. Kalra, S. Sodium Glucose Co-Transporter-2 (SGLT2) 
Inhibitors: A Review of Their Basic and Clinical 
Pharmacology. Diabetes Ther 2014;5(4):355–366. 

9. Bernard Zinman, Christoph Wanner, John M. Lachin, 
David Fitchett, Erich Bluhmki, Stefan Hantel, 
Michaela Mattheus, Dipl. Biomath., Theresa Devins, 
Odd Erik Johansen, Hans J. Woerle, Uli C. Broedl, and 
Silvio E. Inzucchi, for the EMPA-REG OUTCOME 
Investigators Empagliflozin, Cardiovascular Outcomes, 
and Mortality in Type 2 Diabetes N Engl J Med 2015; 
373(2):2117-2128

10. R. Devi, Ghanshyam Mali, Indrani Chakraborty, 
Mazhuvancherry Kesavan Unnikrishnan & Suhaj 
Abdulsalim (2017) Efficacy and safety of empagliflozin 
in type 2 diabetes mellitus: a meta analysis of 
randomized controlled trials, PostgraduateMedicine, 
129:3(4);382392.

11. C. S. Karyekar R. Frederich S. Ravichandran.Clinically 
relevant reductions in HbA1c without hypoglycaemia: 
results across four studies of saxagliptin. Int J Clin Pract, 
August 2013;67(8):759–767. .

12. Neumiller JJ. Empagliflozin: a new sodium-glucose co-
transporter 2 (SGLT2) inhibitor for the treatment of 
type 2 diabetes. Drugs in Context. 2014;3(1):212262. 

13. Neeland IJ, Salahuddin U, McGuire DK. A Safety 
Evaluation of Empagliflozin for the Treatment of Type 
2 Diabetes. Expert Opin Drug Saf. 2016;15(3):393-402. 

14. Barnett AH, Mithal A, Manassie J, et al. Efficacy and 
safety of empagliflozin added to existing antidiabetes 
treatment in patients with type 2 diabetes and 
chronic kidney disease: a randomised, double-blind, 
placebo-controlled trial. Lancet Diabetes Endocrinol. 
2014;2(5):369-384

15. Ferrannini E, Berk A, Hantel S, et al. Long-term safety 
and efficacy of empagliflozin, sitagliptin, and metformin: 
an active-controlled, parallel-group, randomized, 78-
week open-label extension study in patients with type 2 
diabetes. Diabetes Care. 2013;36(12):4015-4021. 

16. Teruo Shiba, So Ishii, Tomoo Okamura, Rika 
Mitsuyoshi, Egon Pfarr, Kazuki Koiwai Efficacy and 
safety of empagliflozin in Japanese patients with type 
2 diabetes mellitus: A sub-analysis by body mass index 
and age of pooled data from three clinical trials. Diab 
Res Clin Prac 2017;131(4):169-178.

17. Kohler S, Zeller C, Iliev H, Kaspers S. Safety and 
Tolerability of Empagliflozin in Patients with Type 2 
Diabetes: Pooled Analysis of Phase I-III Clinical Trials. 
Adv Ther. 2017;34(7):1707-1726. 

18. Søfteland E, Meier JJ, Vangen B, Toorawa R, 
Maldonado-Lutomirsky M, Broedl UC. Empagliflozin 



Pattanaik, et al. Efficacy and Safety of Addition of Empagliflozin in Diabetic Patients

C29

International Journal of Contemporary Medical Research  
International Journal of Contemporary Medicine Surgery and Radiology Volume 5 | Issue 3 | July-September 2020

ISSN (Online): 2565-4810; (Print): 2565-4802 | ICV 2019: 98.48 |

as Add-on Therapy in Patients With Type 2 Diabetes 
Inadequately Controlled With Linagliptin and 
Metformin: A 24-Week Randomized, Double-Blind, 
Parallel-Group Trial. Diabetes Care. 2017;40(2):201-
209. 

19. Martin Ridderstråle, Knut Robert Andersen, Cordula 
Zeller, Dipl-MathGabriel Kim, Hans J Woerle, 
MDUli C Broedl, et al. Comparison of empagliflozin 
and glimepiride as add-on to metformin in patients 
with type 2 diabetes: a 104-week randomised, active-
controlled, double-blind, phase 3 trial. 2014; 2(1):691-
700. 

20. Lewin A, DeFronzo RA, Patel S, et al. Initial combination 
of empagliflozin and linagliptin in subjects with type 2 
diabetes [published correction appears in Diabetes Care. 
2015;38(6):1173]. Diabetes Care. 2015;38(3):394-402. 

Source of Support: Nil; Conflict of Interest: None

Submitted: 16-07-2020; Accepted: 20-07-2020; Published online: 30-07-2020


