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Abstract: Current recommendations for the management of type 2 diabetes mellitus (T2DM) 

include patient-centered approach, ie, targeting glycemic control based on patient and disease 

characteristics. Ten different classes of oral and injectable anti-hyperglycemic agents have been 

developed for T2DM, including the newest class – sodium–glucose cotransporter 2 (SGLT2) 

inhibitors. Four members of the class with comparable glycemic efficacy and side effects have 

gained approval in the US and the rest of the world. This review covers empagliflozin – third 

approved SGLT2 inhibitor in the US. The drug has shown rapid absorption reaching peak levels 

in ~2 hours and an elimination half-life of ~13 hours. Empagliflozin is a highly selective SGLT2 

inhibitor with 2600-fold higher affinity for SGLT2 compared with SGLT1. Oral administra-

tion results in a dose-dependent inhibition of the transporters with increased urinary glucose 

excretion and resultant reduction in plasma glucose. Its efficacy and safety have been shown in 

a number of studies conducted in many countries. Across the trials, significant improvements 

in primary and secondary efficacy end points have been demonstrated, including reductions 

in HbA
1c

 (~‑0.8%), fasting plasma glucose (~‑2 mmol/L), body weight (~‑2 kg), and blood 

pressure (systolic ‑4 mmHg and diastolic ‑2 mmHg). Similar to other SGLT2 inhibitors, 

empagliflozin does not increase the risk for hypoglycemia, and the most commonly reported 

side effects are urinary and genital tract infections. Although empagliflozin can be used as the 

first-line monotherapy, its current place in the treatment of T2DM appears to be as an add-on 

to other oral anti-hyperglycemic agent(s) or insulin at any stage of the disease.
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Introduction to the management issues  
in the type 2 diabetes mellitus
There are over 100 different drug formulations approved by the US Food and Drug 

Administration (FDA) for use in type 2 diabetes mellitus (T2DM), and yet, challenges 

in the management of the disease remain. The issues are usually associated with insuf-

ficient glycemic control and/or side effects of oral or injectable medications. Currently, six 

mechanisms targeted by oral agents offer lowering of blood glucose: (1) increased insulin 

production (sulfonylureas, meglitinides), (2) increased insulin sensitivity and reduced 

glucose production (biguanides, thiazolidinediones [TZD]), (3) inhibited breakdown of 

carbohydrates (a-glucosidase inhibitors), (4) increased insulin release and reduced glucose 

production (dipeptidyl peptidase-4 inhibitors), (4) inhibited renal glucose reabsorption 

(sodium–glucose cotransporter 2 [SGLT2] inhibitors), (5) modulation of the hypothalamic 

regulation of metabolism and increased insulin sensitivity (dopamine-2 agonists), and (6) 

an unknown primary physiological action (bile acid sequestrants). Injectable treatment 

options for T2DM include insulin and insulin analogs, amylin mimetics with slowing of 

gastric emptying time and inhibition of glucagon production, and glucagon-like peptide-1 

(GLP-1) receptor agonists that increase insulin release and inhibit glucagon secretion.1,2
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Key side effects of the above agents include hypogly-

cemia – insulin and sulfonylureas; gastrointestinal side 

effects (nausea, vomiting, diarrhea, abdominal cramping) 

– biguanides, a-glucosidase inhibitors, GLP-1 receptor 

agonists, and amylin mimetics; and weight gain – insulin, 

sulfonylureas, meglitinides, and TZDs.1,3,4

Inadequate glycemic efficacy has also limited the wide-

spread use of a-glucosidase inhibitors, amylin mimetics, bile 

acid sequestrants, and dopamine-2 agonists.4

Overview of the clinical aspects of 
the main patient profiles in diabetes 
and treatment considerations
The American Diabetes Association (ADA) and the Euro-

pean Association for the Study of Diabetes (EASD) are 

calling for a more patient-centered approach for diabetes 

care.1,2 ADA and EASD recommend choosing a target 

HbA
1c

 based on patient and disease characteristics.1 For 

example, tighter glycemic control with target HbA
1c

 6.5% 

is recommended for newly diagnosed patients with a longer 

life expectancy, with low risks of hypoglycemia or other 

side effects, who do not have comorbidities or vascular 

complications, who are highly motivated, and who have 

social support readily available. For individuals newly 

diagnosed with T2DM, metformin remains the drug of 

choice, unless contraindicated or not tolerated (GI side 

effects). Although, SGLT2 inhibitors are also approved 

as an initial monotherapy, they are currently mostly used 

as second- or third-line agents.5

A newer approach is being considered for individuals who 

are newly diagnosed with T2DM with HbA
1c
 9%. Since the 

chance of achieving near-normal glycemia with one agent 

is very low, ADA recommends starting dual combination 

therapy with metformin and a second agent.1 Based on patient 

and disease characteristics, insulin may also be initiated and, 

in fact, may be the best option in this patient category.

In individuals with T2DM who were started on metformin 

monotherapy but were unable to achieve target HbA
1c
 within 

3 months, addition of a second anti-hyperglycemic agent is 

recommended.2 The 2015 position statement of ADA and 

EASD suggests considering SGLT2 inhibitors as reasonable 

options for addition to metformin.1 When triple combina-

tions are required, initiation of insulin should be considered; 

otherwise, agents with the complementary mechanisms of 

action, eg, metformin + an SGLT2 inhibitor + a TZD6 or a 

sulfonylurea, should be chosen.7

In all, ~80% of T2DM patients are either overweight or 

obese.8 In this patient group, as a common practice, medi-

cations with weight neutrality or reduction are favored 

(met formin, SGLT2 inhibitors, GLP-1 receptor agonists, 

and amylin mimetics).

Review of pharmacology, mode 
of action, pharmacokinetics 
of empagliflozin
introduction to SGLT2 inhibitors  
and the mode of action
SGLT2 inhibitors are the newest class of anti-diabetes 

drugs currently available on the market. The class targets 

the highest capacity subtype of sodium-coupled transport-

ers (ie, SGLT2) that are responsible for the reabsorption of 

filtered glucose in the proximal tubules of kidneys (Figure 1).9 

As a result, excess glucose is eliminated from the body, 

which can lead to an HbA
1c
 reduction of ~1%.10 Although 

SGLT2 normally transports ~90% of the filtered glucose, 

its inhibition results in excretion of only 30%–50% of glu-

cose (Figure 2), and therefore, the risk of hypoglycemia is 

low. An important advantage of SGLT2 inhibitors is the 

insulin-independent mechanism of action, which allows the 

class to be effective at any stage during the progression of 

T2DM. Additional benefits include weight loss (~‑2 kg) and 

reduction in blood pressure (BP) (systolic: ~‑3 mmHg and 

diastolic: ~‑2 mmHg).10,11

Currently, four SGLT2 inhibitors have gained approval 

from the US FDA, the European Medicines Agency, 

Therapeutic Goods Administration of Australia, and Phar-

maceuticals and Medical Devices Agency of Japan: dapagli-

flozin (Farxiga™, marketed as Forxiga™ outside the US), 

canagliflozin (Invokana™), ipragliflozin (Suglat™), and 

empagliflozin (Jardiance™). The latter has been developed 

and marketed by Boehringer Ingelheim Pharmaceuticals in 

collaboration with Eli Lilly and Company. Empagliflozin 

was approved by FDA on August 1, 2014 as an addition 

to diet and exercise to improve glycemic control in T2DM 

adults.12 Recommended starting dose is 10 mg/day. If greater 

glycemic control is required and 10 mg is well tolerated, the 

dose can be increased to 25 mg/day.13

Chemistry
Empagliflozin (C23H27ClO7; molecular weight: 450.9) is 

a highly selective inhibitor of SGLT2 with a half maximal 

SGLT2 inhibitory concentration (IC
50

) of 3.1 nM, which 

is 2,600-fold higher compared with the IC
50

 for SGLT1 

(8,300 nM).14

Pharmacodynamics
Pharmacodynamic (PD) properties of a single dose of empa-

gliflozin (from 0.5 mg to 800 mg) were investigated in healthy 
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Figure 1 Sodium–glucose cotransporter 2.
Abbreviations: SGLT2, sodium–glucose cotransporter 2; GLUT2, glucose transporter 2.

Figure 2 Mechanism of SGLT2 inhibition.
Abbreviations: SGLT2, sodium–glucose cotransporter 2; GLUT2, glucose transporter 2.

males during two separate trials in Germany15 and Japan.16 

The studies demonstrated that empagliflozin significantly 

inhibited glucose reabsorption (maximum effect – 100 mg 

dose: 50% vs placebo ‑0.6%) and increased urinary glu-

cose excretion (UGE) in a dose-dependent manner: from 

20 g/24 hours with the 1 mg dose to ~76 g/24 hours with the 

100 mg vs ~0.05 g/24 hours with placebo. The inhibition of 

the resultant glucosuria continued for up to 72 hours.16 There 

was a linear relationship between empagliflozin exposure and 

UGE. However, time to reach maximum rate of UGE was not 

dose dependent and was similar in all groups (5–7 hours).

Heise et al studied PD parameters of a single dose of 

empagliflozin (10 mg, 25 mg, or 100 mg) following 4 weeks 

of treatment in 78 T2DM individuals (mean HbA
1c
 ~7.2%, 

duration of diabetes ~6.3 years) in a randomized, double-

blind, placebo-controlled manner (Table 1).17 The participants 

were being treated with lifestyle modification, monotherapy, 

or dual therapy that did not include TZDs. After an acute 
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single-dose empagliflozin administration, mean cumulative 

UGE was inhibited by 36% (with 10 mg), 42% (with 25 mg), 

and 45% (with 100 mg). The study also demonstrated that 

the acute effects of the drug on UGE did not change during 

the 4-week study. At the end of 28 days, trial reductions in 

fasting plasma glucose (FPG) levels (‑1.6 mmol/L in the 

100 mg group, P0.001) were also significantly compared to 

the placebo (‑0.2 mmol/L). Similar results in individuals with 

T2DM (mean HbA
1c
 8.5%, duration of diabetes ~6.3 years) 

were demonstrated in another randomized, placebo-controlled 

trial conducted in Germany (Table 1).18

Pharmacokinetics
Empagliflozin has been demonstrated to have rapid absorp-

tion (~2 hours) across a range of doses (1–100 mg).16 Half-life 

(t
1/2

) of the drug ranged from 7.8 hours to 11.7 hours, and 

the total clearance ranged from 140 mL/min to 172 mL/min. 

Exposure to empagliflozin was also shown to be dose depen-

dent, the C
max

 increasing from 37 nmol/L following a 1 mg 

dose to 2,980 nmol/L with a 100-mg dose. Empagliflozin 

remained measurable in urine for up to 72 hours following 

administration. It was estimated that ~22% of the drug was 

excreted in the urine.

Pharmacokinetic (PK) parameters in T2DM were studied in 

a randomized, double-blind, placebo-controlled, parallel-group 

trial in 78 individuals in three centers of Germany.17 Empagli-

flozin was rapidly absorbed, reaching t
max

 in 1.5 hours with all 

doses. Similar to the study in healthy individuals, drug exposure 

was dose proportional: C
max

 increased from 309 nmol/L in the 

10 mg group to 2,630 nmol/L in the 100 mg group; AUC
0–24 

ranged from 1,550 nmol h/L (10 mg) to 15,900 nmol h/L 

(100 mg). Renal clearance of empagliflozin over 72 hours 

was ~13% with all doses. The study also measured PK param-

eters after 4 weeks of treatment (steady state) and reported 

only a 10% difference compared to the acute administration 

studies: C
max

 2,390 nmol/L, AUC
0–24 

18,700 nmol h/L, and renal 

clearance
 
17% in the 100 mg group. Similar results were also 

obtained in another randomized, placebo-controlled trial of 

empagliflozin in T2DM individuals that investigated multiple 

doses of the drug administered over 8 days.18

A number of studies have investigated the PK interactions of 

empagliflozin with drugs typically used in combination therapy 

for T2DM. These studies have demonstrated that empagli-

flozin does not alter PK properties of metformin,15 sitagliptin,19 

linagliptin,20 ramipril, digoxin, verapamil, and diuretics.21

Clinical efficacy
To investigate the clinical efficacy, empagliflozin has 

been studied either alone or in combination with other oral 

anti-hyperglycemic agents or as add-on to insulin in individu-

als with inadequately controlled T2DM. Several of these 

studies have been followed by extension trials, data from 

which are currently only available as abstracts.

Monotherapy
The key objective of monotherapy studies was to evaluate 

the effects of different therapeutic doses of empagliflozin on 

glycemic control as measured by reductions in HbA
1c
 and FPG 

and to provide additional data on body weight and BP.

A randomized, double-blind, placebo-controlled phase 2 

trial investigated empagliflozin (5 mg, 10 mg, 25 mg, and 

50 mg doses) monotherapy for 12 weeks in 547 individuals 

with T2DM in Japan (Table 1).22 Drug-naïve participants 

underwent a 2-week placebo run-in period; for individuals 

on oral anti-hyperglycemic agents, placebo run-in was pre-

ceded by a 4-week washout period. Mean HbA
1c
 of all par-

ticipants was ~8%, FPG was ~8.7 mmol/L, and BMI ranged 

from18 kg/m2 to 40 kg/m2. The study demonstrated that HbA
1c
 

was significantly reduced in all empagliflozin groups and 

the differences from the placebo ranged from ‑0.7% with 

the 5 mg dose to ‑0.9% with the 50 mg dose (P0.001). 

In addition, more patients in the empagliflozin groups 

(28%–35%, P0.001) achieved HbA
1c
 7% by the end of 

treatment compared to the placebo (3%). Other efficacy end 

points, including FPG (difference vs placebo: ‑1.5 mmol/L 

to ‑2 mmol/L, P0.001), body weight (‑1.6 kg to – 2.2 kg, 

P0.001), and systolic BP (‑1.5 mmHg to 4 mmHg, 

P0.001), were also significantly improved (P0.02) with 

all doses (5–50 mg). The initial 12-week study was followed 

by a 40-week extension trial23 during which improvements in 

glycemic control, body weight, and BP were maintained and 

remained significantly greater in the empagliflozin groups 

compared to the placebo.

Another large phase 2b trial in T2DM individuals (n=408) 

with mean HbA
1c
 ~8% and BMI 28 kg/m2 compared 5 mg, 

10 mg, and 25 mg empagliflozin with placebo and open-label 

metformin (Table 1).24 The participants were either treatment-

naïve or on monotherapy that did not include TZDs, GLP-1 

receptor agonists, or insulin. After 12 weeks of treatment, 

HbA
1c
 was significantly reduced in a dose-dependent manner 

(5 mg: ‑0.4%, 10 mg: ‑0.5%, 25 mg: ‑0.6%, P0.0001) 

compared to the slight increase in the placebo group (0.09%). 

Maximum changes from baseline in other efficacy end points 

with the 25 mg dose were as follows: FPG ‑1.7 mmol/L 

(vs +0.04 mmol/L in the placebo group, P0.0001) and body 

weight ‑2 kg (vs ‑0.7 kg in the placebo group, P0.0001).

Drug-naïve T2DM individuals (HbA
1c
 ~8%, BMI ~28 kg/m2, 

disease duration ~5 years) were also studied in a multicenter, 
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randomized, placebo-controlled phase 3 trial to investigate 

the effects of 24 weeks treatment with 10 mg (n=224) and 

25 mg (n=224) doses of empagliflozin in comparison with 

placebo (n=228) and sitagliptin as an active comparator 

(n=223) (Table 1).25 At week 24, compared with the placebo, 

changes in HbA
1c
 from baseline were ‑0.7% in the 10 mg 

group, ‑0.9% in the 25 mg group, and ‑0.7% in the sitagliptin 

group (P0.001).

Effects of 4-week treatment with empagliflozin (10 mg or 

25 mg dose) on postprandial glucose (PPG) have been studied 

in Japanese T2DM individuals (HbA
1c
 ~8%, BMI ~24 kg/m2, 

disease duration ~5–10 years) in a randomized, double-blind, 

placebo-controlled, parallel-group trial (Table 1).26 At the 

end of the treatment period, PPG was significantly improved 

in the 25 mg group (‑6.8 mmol h/L vs ‑1 mmol h/L in the 

placebo group, P0.001); FPG (‑2.2 mmol/L, P0.001) 

was also significantly reduced compared to the placebo 

(‑0.3 mmol/L).

Combination therapy
The sections below focus on phase 3 trials that investigated 

10 mg or 25 mg empagliflozin doses to assess therapeutic effi-

cacy of the drug as add-on to other oral agents or insulin.

Add-on to metformin
T2DM patients (HbA

1c
 ~8%, BMI ~29 kg/m2, disease dura-

tion ~5–10 years) inadequately controlled with metformin 

were randomized in a double-blind manner to receive 

10 mg or 25 mg of empagliflozin or placebo for 24 weeks 

(EMPA-REG MET) (Table 1).27 The reductions in HbA
1c
 

were significantly greater in both empagliflozin groups 

(10 mg: ‑0.7% and 25 mg: ‑0.8%, P0.001) compared to 

placebo (‑0.1%). Improvements in secondary end points 

following 25 mg empagliflozin included FPG ‑1.2 mmol/L 

(placebo: +0.4 mmol/L, P0.001), body weight ‑2.5 kg 

(placebo: ‑0.5 kg, P0.001), systolic BP ‑5 mmHg (pla-

cebo: ‑0.4 mmHg, P0.001), and diastolic BP ‑1.6 mmHg 

(placebo: 0 mmHg, P0.05).

Similar results were demonstrated in a large multinational 

(16 countries), dose-ranging, double-blind, placebo-controlled 

phase 2 trial in 495 individuals with T2DM (HbA
1c
 ~8%, 

FPG ~9.7 mmol/L, BMI ~31 kg/m2).11 The participants 

received empagliflozin (from 1 mg to 50 mg), placebo, or 

open-label sitagliptin (100 mg/day) added to metformin 

(1,500 mg or maximum tolerated dose) for 12 weeks. 

The trial demonstrated that, except for the 1 mg dose group, 

change from the baseline in HbA
1c
 was significant with sita-

gliptin (‑0.5%) and all doses of empagliflozin (~‑0.5% with 

10 mg, 25 mg, and 50 mg, P0.001) compared to placebo 

(+0.2%). The percent of patients who achieved HbA
1c
 7% 

by the end of treatment was ~37% with 10 mg, 25 mg, and 

50 mg doses (P0.01) vs 15% with placebo and 34% with 

sitagliptin. The study also measured differences in FPG 

(maximum effect with 50 mg: ‑1.6 mmol/L vs +0.3 mmol/L 

in the placebo group, P0.0001, and ‑0.7 mmol/L in the sita-

gliptin group, P0.01 vs placebo) and body weight (maxi-

mum effect with 50 mg: ‑2.9 kg vs ‑1.2 kg in the placebo 

group, P0.0001, and ‑0.8 kg in the sitagliptin group). There 

was a non-statistical reduction in systolic and diastolic BP 

(50 mg group – systolic: ‑3 mmHg and diastolic: ‑2 mmHg 

vs ‑2.2 mmHg and ‑1 mmHg in the placebo group).

The 12-week study was followed by a randomized open-

label 78-week extension trial conducted in 21 countries.28 In 

all, 78% from the initial study continued the extension trial. 

The trial included six treatment groups: empagliflozin 10 mg 

or 25 mg monotherapy, metformin (active comparator), met-

formin and empagliflozin 10 mg or 25 mg, and metformin with 

sitagliptin. At week 78, compared to the baseline of week 1, 

HbA
1c
 was improved equally with empagliflozin 25 mg mono-

therapy (‑0.5%) and add-on to metformin (‑0.6%). The 25 mg 

empagliflozin group combination with the metformin group 

also achieved highest reductions in FPG (‑1.8 mmol/L), body 

weight (‑4 kg), waist circumference (‑2.4 cm), systolic BP 

(‑3 mmHg), and diastolic BP (‑2 mmHg). In addition, more 

patients achieved HbA
1c
 7% by the end of the treatment 

(45%) compared to the other groups.

Triple combination therapy
The effects of empagliflozin (10 mg or 25 mg) as add-on to 

metformin and a sulfonylurea were investigated in a large 

(n=666) 24-week randomized, double-blind, placebo-con-

trolled trial,7 followed by a 52-week extension trial.29 At 

the end of the first treatment period, HbA
1c
 was significantly 

reduced in both empagliflozin groups (‑0.8%, P0.001) 

compared to the placebo group (‑0.2%) and more patients 

achieved HbA
1c

 7% (10 mg: 26%, 25 mg: 32% vs pla-

cebo: 9%, P0.001). There were significant improvements 

in key secondary end points: FPG (‑1.3 mmol/L in both 

empagliflozin groups vs +0.3 mmol/L in the placebo group, 

P0.001), 2-hour PPG (‑2 mmol/L in both empagliflozin 

groups vs ‑0.1 mmol/L in the placebo group, P=0.003), body 

weight (10 mg: ‑2.2 kg, 25 mg: ‑2.4 kg vs placebo: ‑0.4 kg, 

P0.001), waist circumference (‑1.5 cm in both empagliflozin 

groups vs ‑0.3 in the placebo group, P=0.003), and systolic BP 

(‑4 mmHg in both empagliflozin groups vs ‑0.3 mmHg in the 

placebo group, P=0.003). In all, 71% of the initial participants 
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entered into the extension trial.29 At week 76, differences in the 

efficacy end points vs those of the placebo group were main-

tained in HbA
1c
 (‑0.7%, P0.001), body weight (~‑1.7 kg, 

P0.001), and systolic BP (‑2 mmHg, P0.05).

A similar design study (24 weeks randomized, placebo 

controlled) investigated the effects of 10 mg and 25 mg 

empagliflozin as add-on therapy with metformin and/or pio-

glitazone (Table 1).6 After 24 weeks, reductions in HbA
1c
 were 

significantly greater in the empagliflozin groups (change from 

baseline in 10 mg: ‑6%, 25 mg: ‑7%, P0.001) compared 

to the placebo group (‑1%). In all, 36% of participants in 

the 10 mg group and 48% in the 25 mg group (vs 12% in the 

placebo group) achieved HbA
1c
 7% at week 24 (P0.001). 

Interestingly, glycemic efficacy was shown to be similar 

(~‑0.7%) in groups receiving dual (empagliflozin with piogli-

tazone) and triple (empagliflozin + pioglitazone + metformin) 

combination therapies. The study also demonstrated signifi-

cant improvements in FPG at week 24 (‑0.9 mmol/L in the 

10 mg group and ‑1.2 mmol/L in the 25 mg group vs increase 

in the placebo group +0.4 mmol/L, P0.001). Body weight 

and waist circumference were reduced in the empagliflozin 

groups (10 mg: ‑1.6 kg and ‑1.7 cm, 25 mg: ‑1.5 kg and 

0.9 cm, respectively, P0.001) and increased in the placebo 

group (0.3 kg and 0.2 cm, respectively). Systolic and diastolic 

BPs were also significantly reduced in both empagliflozin 

groups (10 mg: systolic ‑3 mmHg and diastolic ‑2 mmHg, 

25 mg: systolic ‑4 mmHg and diastolic ‑2 mmHg, P0.01) 

compared to the slight increase in the placebo group (systolic: 

0.7 mmHg, diastolic: 0.3 mmHg). In all, 61% participants 

of the first trial completed the 52-week extension trial in a 

double-blind manner.30 The extension trial demonstrated that 

changes in the efficacy end points (HbA
1c
: ‑0.7%, P0.001; 

body weight: ~‑2 kg, P0.001; systolic BP: ‑4 mmHg, 

P0.01; diastolic BP: ‑2 mmHg, P0.01) can be maintained 

for at least 76 weeks.

Add-on to insulin
Rosenstock et al investigated empagliflozin in combination 

with insulin in two trials (Table 1).31,32 The first trial studied 

addition of empagliflozin (10 mg or 25 mg) to basal insulin 

in 494 T2DM individuals31 and demonstrated significant 

improvements in glycemic control as well as secondary 

efficacy end points. HbA
1c
 at week 78 was reduced by 0.5% 

in the 10 mg group and 0.6% in the 25 mg group compared 

to reduction of 0.02% in the placebo group (P0.001); 

FPG was reduced by ‑0.6 mmol/L in the 10 mg group 

and ‑2.5 mmol/L in the 25 mg group vs increase in the pla-

cebo group (0.2 mmol/L) (P0.001). Weight was reduced 

significantly in the empagliflozin groups (10 mg: ‑2.2 kg, 

25 mg: ‑2 kg, P0.001) vs a 0.7-kg weight gain in the pla-

cebo. Systolic BP was also reduced in the empagliflozin groups 

(10 mg: ‑4 mmHg, P0.01; 25 mg: ‑2 mmHg) and slightly 

increased in the placebo group (0.1 mmHg). In addition, at 

week 78 compared to the baseline, insulin dosage was signifi-

cantly reduced in the empagliflozin groups (10 mg: ‑1.2 IU, 

25 mg: ‑0.5 IU, P0.01) compared to an increase in the pla-

cebo group (+5.5 IU). The second trial evaluated empagliflozin 

(10 mg or 25 mg) added to multiple daily injections of insulin 

in 563 obese, inadequately controlled (HbA
1c
 ~8.3%) T2DM 

individuals.32 Changes from baseline were assessed at weeks 

18 and 52: HbA
1c
 in the 10 mg group was ‑0.9%, 25 mg group 

was ‑1% vs ‑0.5% in the placebo group at week 18 (P0.001). 

The glycemic control was further improved by week 52 with 

HbA
1c
 reduced by ‑1.2% in the 10 mg group and –1.3% in the 

25 mg group vs ‑0.8% in the placebo group. In addition, insulin 

doses in both empagliflozin groups were significantly reduced 

(‑9 to ‑11 IU/day, P0.01). Compared to the placebo group, 

body weight was also reduced in the empagliflozin groups 

(‑2.4 kg to ‑2.5 kg, P0.001).

Pooled analysis
Pooled analysis of the efficacy data from four phase 3 trials 

(n=2,477 T2DM participants) demonstrated improved HbA
1c
 

(‑0.8% in the 25 mg group vs ‑0.08 in the placebo group), 

body weight (‑2.3 kg in the 25 mg group vs 0.2 kg gain in 

the placebo group), and reduction in BP (systolic 4 mmHg 

and diastolic 2 mmHg in the 25 mg group vs 0.5 mmHg and 

0.6 mmHg, respectively, in the placebo group) at 24 weeks 

compared to baseline.33

Phase 3 clinical trials have investigated empagliflozin as a 

monotherapy or in combination with other anti-diabetes agent 

in over 14,000 individuals with T2DM.34 All trials demonstrated 

improved glycemic control. Additional benefits included low 

risk of hypoglycemia and reductions in body weight and BP. 

Similar to other SGLT2 inhibitors, empagliflozin increased risk 

of mild-to-moderate genital and urinary tract infections.

Comorbidities
Renal impairment
Empagliflozin (10 mg or 25 mg) as add-on to existing 

therapy was studied in T2DM individuals with impaired 

renal function: stage 2 (eGFR (estimated glomerular filtration 

rate) 60 mL/min/1.73 m2–90 mL/min/1.73 m2) or 3 (eGFR 

30 mL/min/1.73 m2–60 mL/min/1.73 m2) chronic kidney 

disease.35 The study demonstrated that compared to the 

baseline, at 24 weeks, HbA
1c
 was reduced in both stages of 
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chronic kidney disease: ‑0.7% and ‑0.4%, respectively, in 

the 25 mg group (P0.0001).

Liver impairment
PK and PD properties of 50 mg empagliflozin were studied in 

T2DM individuals with mild (Child-Pugh Class A, 5–6 points), 

moderate (Child-Pugh Class B, 7–9 points), or severe (Child-

Pugh Class C, 10–15 points) hepatic impairment compared 

to T2DM controls (with normal hepatic function) in an open-

label parallel-group study.36 The study demonstrated increased 

empagliflozin exposure (mild: 13,800 nmol×h/L, moderate: 

16,100 nmol×h/L, and severe impairment: 19,000 nmol×h/L 

vs normal hepatic function: 10,800 nmol×h/L) with increasing 

hepatic impairment. The study also assessed PD parameters 

and showed similar mean UGE between the groups (normal: 

43 g/24 hours, mild: 36 g/24 hours, moderate: 38 g/24 hours, 

and severe: 40 g/24 hours).

Hypertension
A large, double-blind, randomized, placebo-controlled, 

multinational phase 3 trial has investigated the effects of 

12-week treatment with empagliflozin (10 mg or 25 mg) in 

825 individuals with T2DM and hypertension (mean systolic 

BP: 130–159 mmHg, mean diastolic BP: 80–99 mmHg).37 

The study demonstrated significant improvements in gly-

cemic control as well as BP. The change from the baseline 

in HbA
1c

 at week 12 was ‑0.6% (vs placebo) with the 

10 mg dose and ‑0.7% with the 25 mg dose (P0.001). 

Mean 24-hour systolic BP was reduced by ‑3.4 mmHg 

with the 10 mg dose and ‑4.2 mmHg with the 25 mg dose 

(P0.001). Changes in mean diastolic BP were ‑1.4 mmHg 

and ‑1.7 mmHg with 10 mg and 25 mg doses, respectively 

(P0.001).

Safety and tolerability
Across the initial clinical studies as well as longer-term 

extension trials, empagliflozin has been shown to be safe 

and generally well tolerated.15–20,22–38 Empagliflozin safety 

was assessed in a systemic review and meta-analysis of 10 

randomized controlled trials in 6,203 T2DM participants.38 

The study demonstrated that treatment with empagliflozin 

did not increase the risk of hypoglycemia. The total number 

of hypoglycemic events was 195 in the 25 mg empagli-

flozin group and 186 in the placebo group. Majority of 

these episodes occurred in trials that investigated patients 

who were also treated with agents known to increase risk of 

hypoglycemia (sulfonylurea, insulin).31,38 There were only 

eight participants (out of 3,165) who experienced severe 

hypoglycemia – requiring assistance by another person. 

Liakos et al also analyzed the risk of urinary and genital 

tract infections in the empagliflozin-treated individuals. 

While the risk of urinary tract infections was not increased, 

there were more episodes of genital tract infection (mainly 

in male participants) in the empagliflozin groups compared 

to the placebo group.38

Another review of phase 3 clinical trials reported effects 

of empagliflozin on plasma low-density lipoprotein (LDL), 

high-density lipoprotein (HDL), and triglycerides.33 LDL 

was increased in empagliflozin 10 mg (3.1 mg/dL) and 

25 mg (3.9 mg/dL) groups compared to the placebo group 

(0.8 mg/dL). HDL was also increased by 2.7 mg/dL in both 

empagliflozin groups vs there was no change in the placebo 

group. There was a reduction in triglycerides in the 10 mg 

(‑9.7 mg/dL) and 25 mg (‑1.8 mg/dL) groups vs increase 

in the placebo group (+2.7 mg/dL). The clinical significance 

of these results has yet to be determined.

Ongoing trials
FDA approval of empagliflozin included a requirement for 

postmarketing studies that are currently continuing, and the 

results are not yet available.12

EMPA-REG OUTCOME™ is an ongoing randomized, 

placebo-controlled, cardiovascular outcome trial of empa-

gliflozin that will determine the long-term cardiovascular 

safety of the drug and potential benefits on macrovascular 

and microvascular outcomes (ClinicalTrials.gov identifier: 

NCT01131676). The trial is being conducted in 592 clinical 

sites where 7,034 patients with T2DM on background anti-

hyperglycemic therapy have been randomized and treated 

with 10 mg or 25 mg empagliflozin or placebo.39

PK and PD properties of empagliflozin are currently 

being studied in children and adolescents aged 10 to less 

than 18 years with T2DM to identify a safe and effective 

dose of the drug in this patient category (ClinicalTrials.gov 

identifier: NCT02121483).

The efficacy and safety of empagliflozin (10 mg/day 

or 25 mg/day) in African–American T2DM individuals 

with hypertension is being investigated in a randomized, 

double-blind, placebo-controlled, parallel-group manner 

(ClinicalTrials.gov identifier: NCT02182830). Primary 

efficacy end point is a reduction in HbA
1c
 at week 24 with 

secondary end points of decreases in systolic and diastolic 

BPs at 12 weeks and 24 weeks.

The safety and efficacy of the drug are also being studied 

in Japanese elderly (aged 65 and over) patients with T2DM 

(ClinicalTrials.gov identifier: NCT02367131).
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Specific patient profiles suited to 
the treatment with empagliflozin
Because of the favorable interaction with other anti-hyper-

glycemic agents and the unique mechanism of action that 

does not involve insulin, empagliflozin can be used as a 

monotherapy or as part of combination treatment in most 

patient categories with any stage of T2DM. The following 

paragraphs describe examples of specific patient profiles that 

would be suited to the treatment with empagliflozin.

Patient profile #1
Jane is a 52-year-old female with ~10-year history of T2DM. 

She is 5′3″ and weighs 190 lb; her most recent HbA
1c
 was 

9.1% and BP 162/92 mmHg. She is currently taking met-

formin 1,000 mg bid and glipizide 20 mg/day for diabetes 

and enalapril 20 mg/day for hypertension.

Patient profile #2
Tom is an overweight 62-year-old African–American man 

who was diagnosed with T2DM 16 years ago. He finds it 

difficult to adhere to diet and exercise recommendations. 

His clinical and laboratory parameters are as follows: BP 

156/84 mmHg, BMI 37 kg/m2, HbA
1c
 8.4%, and FPG 132 mg/

dL. He was started on insulin 2 years ago, currently taking 

insulin glargine 48 IU/day.

Patient profile #3
Saul is a 49-year-old man who has a 5-year history of T2DM. 

Initially managed with lifestyle modification, he was started 

on metformin 2 years ago, presently taking 2,000 mg/day. 

He also takes ramipril 5 mg/day for hypertension. His BP is 

138/82 mmHg, BMI 36 kg/m2, HbA
1c
 7.3%, FPG 129 mg/dL, 

and 2-hour PPG 166 mg/dL, and urine albumin is within 

normal limits.

Patient profile #4
JN is a 59-year-old woman with T2DM diagnosed in 1998, 

hypertension, hyperlipidemia, and asthma. She was initially 

treated with metformin and lifestyle modification and was 

switched to insulin ~5 years ago. She is treated with Humalog 

75/25, 31 units before breakfast and 27 units before dinner. 

Her other medications include lisinopril 30 mg/day, fluvas-

tatin 20 mg at bedtime, fluticasone MDI 4 puffs/day, and 

levalbuterol two inhalations every 5 hours. Because of the 

exacerbation of asthma, she requires prednisone therapy. Phys-

ical examination and lab results include weight 299 lb, height 

5′4″, BP 131/81 mmHg, HbA
1c
 7.1%, FPG 131 mg/dL, LDL 

cholesterol 114 mg/dL, and HDL cholesterol 49 mg/dL.

Patient profile #5
Linda is a 44-year-old Hispanic obese female diagnosed 

with T2DM 7 years ago. She is currently taking metformin 

1,500 mg/day and glimepiride 4 mg/day. Her most recent HbA
1c
 

was 7.9%, FPG was 131 mg/dL, and BP was 129/78 mmHg.

Conclusion and place in therapy
In adult T2DM individuals, empagliflozin is characterized 

by rapid absorption reaching peak levels in ~2 hours,15 dose 

proportional exposure, inhibition of glucose reabsorption, and 

increase in UGE. Empagliflozin produces clinically meaning-

ful improvements in HbA
1c
 and FPG without increasing risk of 

hypoglycemia. The drug is also associated with significant reduc-

tions in body weight and systolic BP. Empagliflozin can be used 

as a monotherapy or in combination with one or two other oral 

agents or insulin. Although FDA has approved empagliflozin 

as the first-line therapy, according to the position statement of 

ADA and EASD, SGLT2 inhibitors are more likely to be used 

in combination with metformin and/or other medications.1

Glycemic efficacy of empagliflozin is comparable to 

other approved members of the class. Reductions in HbA
1c
 

have been shown to be ~‑0.9% with canagliflozin,40 ~0.8% 

with dapagliflozin,41 and ~1% with ipragliflozin.42 Weight 

loss also appears to be similar to other SGLT2 inhibitors: 

canagliflozin ~‑2.9 kg,40 dapagliflozin ~ ‑2.6 kg,43 and 

ipragliflozin ~‑2 kg.42 Most common side effects associated 

with empagliflozin were genital and urinary tract infections, 

which were also reported in trials with dapagliflozin and 

canagliflozin.44,45

In conclusion, empagliflozin taken as a single medication 

or as add-on to other common anti-hyperglycemic agents 

(including insulin) is safe, well tolerated, and effective and 

has additional clinical benefits of weight loss and reductions 

in BP. Ongoing cardiovascular outcome studies will reveal 

long-term safety and efficacy of the drug.39
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