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Abstract

Introduction—Empagliflozin is a sodium glucose co-transporter 2 inhibitor used to improve 

glycemic control in adults with type 2 diabetes mellitus (T2DM) by enhancing urinary glucose 

excretion. Empagliflozin is effective at lowering glycosylated hemoglobin and was recently proven 

superior to placebo for reduction of cardiovascular disease (CVD) risk. As with any new drug, 

there are safety considerations that inform its potential use in patients with T2DM.

Areas Covered—Here, we evaluate the safety of empagliflozin and provide an expert opinion as 

to its current and future role in the treatment of patients with T2DM. A search of the English 

language literature was performed using PubMed search terms: “empagliflozin”, “sodium glucose 

cotransporter 2 inhibitors”, and “drug safety”. Articles and bibliographies relevant to the subject 

were reviewed and additional references known to the authors were included.

Expert Opinion—The evidence for empagliflozin is robust with regard to glycemic efficacy and 

safety. Low risk of hypoglycemia, absence of weight gain, and demonstrated cardiovascular risk 

reduction support its consideration as a first line medication in addition to metformin for patients 

with T2DM and CVD. Ongoing trials will continue to address the safety and efficacy of 

empagliflozin and expand our clinical knowledge of this medication.
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1.0 Introduction

Empagliflozin (Jardiance®, Boehringer Ingelheim Pharma GmbH & Co. KG, Ingelheim, 

Germany), a sodium glucose co-transporter 2 (SGLT2) inhibitor, is one in a novel class of 

medications used as an adjunct to diet and exercise to improve glycemic control in adults 

with type 2 diabetes mellitus (T2DM) by enhancing urinary glucose excretion. SGLT2 

inhibition lowers blood glucose through an insulin-independent mechanism, thereby 

addressing many of the limitations of existing therapies for T2DM such as hypoglycemia 

and weight gain. SGLT2 inhibitors also exhibit important non-glycemic effects such as 

lowering blood pressure and body weight and favorably altering fat distribution.[1]

The development of this drug class began with the discovery of phlorizin, a naturally 

occurring compound found to have glucosuric effects. Mechanistic studies of phlorizin’s 

inhibition of membrane glucose transport led to the identification of the sodium-glucose 

transport mechanism. Demonstration that the pharmacological effects of phlorizin resembled 

primary renal glycosuria, an autosomal dominant disorder of chronic glucosuria due to 

deficient or dysfunctional SGLT2, sparked further interest in its potential for clinical use. 

However, development of phlorizin was halted due to prohibitive gastrointestinal side effects 

and a poor pharmacokinetic and pharmacodynamic profile.[2]

Empagliflozin, a newer SGLT2 inhibitor in current clinical use, has improved potency, 

longer half-life, and better oral availability compared with phlorizin,[3] and has 

demonstrated efficacy at lowering glycosylated hemoglobin (HbA1c) as monotherapy or 

add-on to existing diabetes therapies in multiple phase III, randomized, controlled clinical 

trials.[4–9] However, as is common in the evaluation of new medications, a number of safety 

considerations have emerged that may inform the potential use of empagliflozin in patients 

with T2DM. Here, we review the mechanism of action and clinical application of 

empagliflozin, evaluate its safety with a focus on Phase III trial data and safety in special 

populations, and provide an expert opinion as to the role of empagliflozin in the treatment of 

patients with T2DM within the context of the current clinical landscape.

2.0 Review of empagliflozin

2.1 Mechanism of action

Glucose is freely filtered into the urine at the glomerulus where reabsorption occurs through 

an efficient system of adenosine triphosphate (ATP) – dependent transporter proteins, the 

sodium glucose co-transporter (SGLT) proteins 1 and 2. SGLT2 is a high-capacity, low 

affinity transporter protein that is located on the apical side of the early convoluted segment 

of the proximal tubule where it is responsible for approximately 90% reabsorption of filtered 

glucose back into the circulation.[10–12]. It does so by coupling glucose transport to the 

electrochemical sodium gradient across the luminal cell membrane. [13] The remaining 10% 

of filtered glucose is reabsorbed by SGLT1, also localized to the proximal tubule. Hence, the 

expression and function of SGLT1 and SGLT2 are insulin-independent determinants of the 

renal tubular threshold for glycosuria. [14]

Neeland et al. Page 2

Expert Opin Drug Saf. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In type 2 diabetes, the expression of SGLT2 is paradoxically upregulated, leading to higher 

than normal amount of renal tubular glucose reabsorption and thereby exacerbating systemic 

hyperglycemia and its complications. [15] Empagliflozin, a SGLT2 inhibitor, increases 

urinary excretion of glucose by markedly reducing the renal tubular threshold for glycosuria. 

This leads to excretion of 60 to 100 g/day of glucose, improving glucose control with low 

risk of hypoglycemia, and results in loss of 240 to 400 kCal/day into the urine with 

associated weight reduction. In addition, a decrease in blood pressure is seen due to osmotic 

diuresis of glucose and natriuresis of co-transported sodium.[1] Because the SGLT2 protein 

is primarily expressed within the kidneys, the potential off-target effect of SGLT2 inhibition 

are minimal.

2.1.1 Pharmacodynamics—In a Phase I study of healthy adults designed to evaluate 

empagliflozin pharmacodynamics, observation of renal tubular reabsorption of glucose over 

the first 24 hours showed that 40 % of filtered glucose reabsorption was inhibited by 

empagliflozin 10mg, with higher doses inhibiting 40–60% of glucose reabsorption, reaching 

a plateau with a 100mg dose.[16] Subsequently, the effects of multiple oral daily doses in 

patients with T2DM were evaluated in 2 studies. Dose-proportional exposure of 

empagliflozin over 8 days resulted in urinary glucose excretion ranging from 77.9 g with the 

10mg dose to 89.8 g with the 100mg dose.[17] Results were consistent in a study with 

T2DM patients over a 4-week duration.[18] These results were further supported by a study 

in 100 Japanese patients with T2DM with once daily doses of empagliflozin 1, 5, 10 and 

25mg. After 4 weeks, all empagliflozin groups showed significant increases in daily urinary 

glucose excretion (40.8 g, 77.1 g, 80.9 g, and 93.0 g, respectively vs. −2.1 g for placebo).

[19]

2.1.2 Pharmacokinetics—Pharmacokinetic properties of empagliflozin are similar in 

healthy subjects and in patients with T2DM. It is an orally active agent reaching peak levels 

in 1.5 hours with 78% bioavailability.[20] Following absorption, plasma levels decline in a 

biphasic pattern with rapid distribution and slower elimination phase.[20] No clinically 

relevant effects on drug exposure after high-fat and high calorie meal were seen on 

absorption suggesting that empagliflozin may be administered with or without food.[21]

Distribution of empagliflozin is primarily protein bound (86.2%) with 36.8% getting 

partitioned into red blood cell with a population-based volume of distribution of 73.8L in 

steady state.[20] Metabolism is via glucuronidation into three glucornide conjugates. No 

major metabolites are detected in plasma; however each metabolite consists of less than 10% 

of the total drug in circulation.[20] The terminal half-life of empagliflozin is approximately 

12.4 hours with total body clearance of 10.6L per hour. 54.4% of orally absorbed 

empagliflozin is excreted by the kidney and 41.2% is excreted in feces, mostly as unaltered 

drug.[20]

2.2 Clinical efficacy

2.2.1 Effects on glycemia—No significant changes in plasma glucose concentration 

were observed in healthy participants with empagliflozin compared with placebo.[16, 22] 

However, in a study investigating use of empagliflozin over 4 weeks in 78 participants with 
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T2DM, there were statistically significant reductions in mean fasting plasma glucose from 

baseline for all 3 empagliflozin doses tested (10 mg, 25 mg, 100 mg) compared with placebo 

(39 mg/dL, 34 mg/dL, and 30 mg/dL vs. 4 mg/dL, respectively; P<0.05 for each).[18] 

Empagliflozin has been shown to lower HbA1c in a dose-dependent manner as 

monotherapy,[4] as an add-on to metformin with or without a sulfonylurea,[5, 6] and as an 

add-on to pioglitazone[7] or insulin therapy (Table 1).[23] A recent pooled analysis of 10 

studies with 6203 participants showed mean changes in HbA1c of −0.62% (95% CI −0.68 to 

−0.57%) and −0.66% (95% CI −0.76 to −0.57%) for the 10 mg and 25 mg doses, 

respectively compared with placebo.[24]

2.2.1 Effects on other cardiometabolic markers—Empagliflozin treatment is 

associated with favorable effects on blood pressure with a weighted mean decrease of 

approximately −4.2 mmHg (95% CI −5.2 to −3.2 mmHg) in systolic blood pressure and 

−1.9 mmHg (95% CI −2.7 to −1.0 mmHg) in diastolic blood pressure, with consistent results 

between clinically measured recordings and 24-hour ambulatory blood pressure monitoring 

(Table 1).[24] Empagliflozin also improves markers of arterial stiffness and vascular 

resistance in patients with type 2 diabetes through mechanisms possibly related to improved 

glycemic control, weight loss, volume contraction, or reduced oxidative stress.[25]

Compared with placebo, treatment with empagliflozin has been associated with significant 

reductions in body weight (Table 1) and indices of total and visceral adiposity. In pooled 

analyses, both doses decreased body weight by approximately 1.8 kg [24] and significant 

reductions were seen in waist circumference and the index of central obesity,[26] as well as 

visceral and abdominal subcutaneous adipose tissue.[9]

All SGLT2 inhibitors (including empagliflozin) have been associated with small increases in 

low-density lipoprotein (LDL) cholesterol (2.3%, 4.6%, and 6.5% in patients treated with 

placebo, empagliflozin 10 mg, and empagliflozin 25 mg, respectively per the prescribing 

information) with concomitant increases in high-density lipoprotein (HDL) cholesterol and 

reductions in triglyceride levels with no significant changes in LDL/HDL or total 

cholesterol/HDL ratios.[27] Whether these minor alterations in lipid levels are clinically 

relevant and how they might augment or offset any potential cardiovascular benefit with 

empagliflozin is a subject of ongoing investigation.

2.2.2 Effects on cardiovascular outcomes—The effect of empagliflozin on 

cardiovascular outcomes among patients with type 2 diabetes and prevalent atherosclerotic 

cardiovascular disease (CVD) was recently evaluated in the EMPA REG OUTCOME trial, a 

multicenter, randomized, double blind, placebo controlled trial.[28] This study included 

7,028 participants with type 2 diabetes and established CVD from 590 centers over 42 

countries and tested two doses of empagliflozin (10mg or 25mg) compared with placebo. 

Over a median follow up of 2.6 years, pooled analyses of the 2 empagliflozin dose groups 

versus placebo demonstrated a statistically significant 14% reduction in the primary 

composite outcome of cardiovascular death, nonfatal myocardial infarction or nonfatal 

stroke (HR 0.86; 95% CI 0.74 to 0.99, P=0.04 for superiority). Furthermore, empagliflozin 

was also associated with significant risk reduction of the individual outcomes of 

cardiovascular mortality (HR=0.62; 95% CI 0.49 to 0.77), all-cause mortality (HR=0.68; 
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95% CI 0.57 to 0.82), and hospitalization for heart failure (HR=0.65; 95% CI 0.50 to 0.85). 

Whether or not these cardiovascular benefits are unique to empagliflozin or represent a 

class-effect remains to be seen and is the subject of ongoing investigation. Currently, 

empagliflozin is the only glucose-lowering agent to have demonstrated CVD risk reduction 

in a dedicated cardiovascular outcomes trial.

2.3 Safety evaluation

2.3.1 Safety in clinical studies—The physiological effects of empagliflozin and 

reported adverse drug reactions are summarized in the Figure. Clinical trial data reporting 

adverse drug reactions from a total of 4,585 patients treated with empagliflozin vs. placebo 

or standard care in six pooled, randomized, controlled Phase III clinical trials of 

empagliflozin monotherapy or combination therapy suggest that the drug is generally well 

tolerated, with a low rate of adverse events leading to study drug discontinuation (3.9% vs. 

2.2% vs. 3.9% in placebo, empagliflozin 10 mg, and empagliflozin 25 mg treated groups, 

respectively, Table 2). There was an increased incidence of genital mycotic infections in the 

empagliflozin treated groups although events were generally of mild to moderate intensity, 

rarely led to drug discontinuation, and tended not to recur. Patients with a history of chronic 

or recurrent genital mycotic infections were more likely to develop these infections when 

exposed to empagliflozin and women appear to be at greater risk compared with men and 

uncircumcised men may be at greater risk compared with circumcised men. Because 

empagliflozin induces glucosuria, it is postulated that higher levels of glucose in the urine 

promote fungal overgrowth leading to infection. In virtually all cases, these events were 

reported to subside spontaneously or respond to standard antifungal therapy treatment. There 

has been no clear incremental risk for bacterial urinary tract infections with empagliflozin 

treatment compared with placebo (Table 2).[29]

Since empagliflozin causes polyuria (increased daily urinary output) through an osmotic 

diuresis and natriuresis effect, patients may be predisposed to intravascular volume 

contraction. In a study investigating the efficacy and safety of empagliflozin among patients 

with T2DM and hypertension, empagliflozin reduced mean systolic blood pressure vs. 

placebo by 3.4 (95% CI 4.8-2.1) mmHg with the 10 mg dose and by 4.2 (95% CI 5.5-2.8) 

mmHg with the 25 mg dose using 24-hour ambulatory blood pressure monitoring after 12 

weeks of treatment (both P<0.001).[30] Reductions in blood pressure were not associated 

with increases in pulse rate (suggesting negligible hemodynamic alterations in autonomic 

tone) and only 1 patient on placebo and 1 patient on 10 mg empagliflozin reported events 

consistent with volume depletion. Nevertheless, according to the prescribing information, 

symptomatic hypotension may occur after initiating empagliflozin, especially in patients 

with renal impairment, the elderly, in patients with low baseline systolic blood pressure, and 

in patients taking diuretics, so caution is advised in these higher risk subgroups and volume 

status should be assessed and corrected prior to initiating treatment.[20]

The incidence of hypoglycemia (defined as plasma glucose ≤ 70 mg/dL) is generally low 

with empagliflozin treatment as compared with placebo (Table 3). The incidence of 

hypoglycemia has ranged between 0.4% to 2.4% in phase III placebo-controlled clinical 

trials of empagliflozin monotherapy or in combination with metformin or pioglitazone. 
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Combined use of empagliflozin and insulin or an insulin-secretagogue can increase the risk 

of hypoglycemia, occasionally prompting a reduction in dose or temporary discontinuation 

of the insulin or insulin-secretagogue medication. When added to a sulfonylurea or in 

combination with insulin, rates of hypoglycemia were as high as 41.3% (compared with 

37.2% with placebo).[20] Rates of severe hypoglycemia (defined as requiring assistance 

regardless of the blood glucose level) were between 0% and 0.5% and only observed in 

studies in which empagliflozin was used as an add-on to insulin and/or sulfonylureas.

Multiple studies have seen greater increases in hemoglobin and hematocrit concentrations 

among empagliflozin treated groups compared with placebo or active controls. For example, 

in the EMPA REG OUTCOME trial, the mean change from baseline in hemoglobin and 

hematocrit among those treated with empagliflozin 25 mg was 0.8 ± 1.3 g/dL and 5.0 

± 5.3 %, respectively, compared with −0.1 ± 1.2 g/dL and 0.9 ± 4.7 % with placebo.[28] 

These changes appear to be a class effect with all SGLT2 inhibitors, although a recent 

systematic review found that empagliflozin demonstrated the largest increase in hematocrit.

[31] Whether these changes are related to alterations in blood volume leading to 

hemoconcentration or if they represent off-target effects (erythropoietin stimulation?), as 

well as the clinical relevance of such changes, remains to be determined.

Recently, there has been a growing concern over an increased risk for developing diabetic 

ketoacidosis related to use of SGLT2 inhibitors (including empagliflozin) in the literature 

and media. A recent search of the FDA Adverse Event Reporting System (FAERS) database 

identified 20 case of ketoacidosis in patients treated with SGLT2 inhibitors from March 

2013 to June 2014.[32] All patients required emergency room visits or hospitalization and 

there were no deaths. The median time to onset of symptoms following initiation of drug 

therapy was 2 weeks (range 1 to 175 days). Importantly, the case presentations were atypical 

in that blood glucose levels were only mildly elevated (<200 mg/dL) in some reports, raising 

the issue of point-of-care or home-based testing of urinary ketones and/or plasma beta-

hydroxybutyrate for closer monitoring. Furthermore, cases of ketoacidosis occurred in both 

type 1 and type 2 diabetes patients. The FDA warning was preceded by reports in the 

literature suggesting a risk of ketoacidosis related to empagliflozin [33] and canagliflozin 

[34] in patients with type 1 diabetes and use of the drug is currently not approved for this 

patient population. Factors identified as having possibly triggered the episodes included 

concurrent illness, reduced oral intake, and reduced insulin dose.[34] It is not currently 

known whether the risk for developing diabetic ketoacidosis related to SGLT2 inhibitors is 

greater in patients with type 1 or type 2 diabetes or whether any individual SGLT2 inhibitor 

imparts excess risk compared with others in the drug class. Further research is being directed 

toward identifying which patients are at greatest risk for this side effect and toward 

developing strategies to minimize the risk to patients.

Another recent FDA warning was issued regarding an increased risk for bone fractures 

associated with decreased bone mineral density and osteoporosis with canagliflozin use, 

with the risk increasing over time.[35] In a pooled analysis of 8 clinical trials, there was a 

30% increased risk for fractures associated with canagliflozin treatment and, after 52 weeks, 

bone mineral density in the lumbar spine and hip was decreased.[36] SGLT2 inhibitors are 

thought to increase serum phosphate concentrations with the potential to adversely affect 
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bone metabolism.[37] Although adverse effects on bone turnover have not been reported 

with empagliflozin or dapagliflozin, given a similar mechanism of action as canagliflozin, 

the potential for osteoporosis associated with use of these agents should be carefully 

considered.

2.3.2 Safety in special populations

Pregnancy/Nursing: Empagliflozin is rated a safety category C in pregnancy. There are 

currently no controlled human studies of the drug in pregnant women. In animal studies, 

empagliflozin can cross the placenta and result in impaired kidney development and 

maturation. However, no evidence of teratogenicity was found in doses 48-times and 128-

times the maximum human clinical dose in rats and rabbits, respectively.[20] It is 

recommended that the drug be used during pregnancy only if the potential benefit justifies 

the potential harm to the fetus and no other alternatives are available. Similarly, 

empagliflozin is considered possibly unsafe for use in lactation, although it is not known if 

the drug is excreted in human milk. Since there is potential for serious adverse reactions in 

nursing infants due to the glucose lowering and volume contraction effects of the drug, it is 

recommended that empagliflozin is discontinued while nursing.

Elderly: The geriatric population represents another special population of interest with 

regard to treatment with empagliflozin. Because elderly patients often have impaired 

autonomic function, may be taking diuretics, and are often prescribed multiple medications 

with significant potential for drug-drug interactions, adverse events related to empagliflozin 

treatment may be amplified in this group. Furthermore, empagliflozin is expected to have 

diminished efficacy among elderly patients due to concomitant kidney impairment common 

in the elderly. Although only 6% of patients included in randomized clinical trials were over 

age 75, the risk of volume depletion-related adverse reactions and risk for urinary tract 

infections were increased in this age group compared with younger patients. Therefore, 

caution is advised when prescribing empagliflozin in the elderly and close monitoring for 

adverse effects is necessary.

Chronic kidney disease: Chronic kidney disease (CKD) is a well-known complication of 

T2DM and up to 40% of patients with T2DM have CKD.[3] Because SGLT2 inhibitors must 

be filtered at the glomerulus and reach the proximal tubule in the nephron to exert their 

inhibitory effects, they require a certain degree of glomerular filtration for efficacy.[38]. The 

efficacy and safety of empagliflozin was evaluated in a study of patients with T2DM and 

CKD stage 2 (n=290) and stage 3 (n=374) compared with placebo.[39] In general, adverse 

events were similar between placebo and empagliflozin treated groups. Small decreases in 

estimated glomerular filtration rate were reported with empagliflozin treatment, with larger 

changes on average among those with worse baseline renal function, but generally resolved 

up to 3 weeks after treatment cessation. The glucose lowering benefit of empagliflozin 

compared with placebo was decreased, and the risks of declining kidney function, volume 

depletion, and urinary tract infection were increased, with worsening kidney impairment 

(CKD stage >3). It is also important to recognize that the efficacy and safety of 

empagliflozin has not been adequately tested in patients with more severe kidney 

impairment (CKD stages 4 and 5), or in patients receiving dialysis. In the aforementioned 

Neeland et al. Page 7

Expert Opin Drug Saf. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



study, a small group (n=30) patients with CKD stage 4 were randomized to receive 

empagliflozin vs. placebo but empagliflozin treatment did not reduce glycosylated 

hemoglobin in this group and the incidence of adverse events was higher compared with 

placebo. Thus empagliflozin is not likely to be effective in patients with more advanced 

CKD and its use should be avoided in this patient population, with the product labeling 

reflecting this contraindication. Furthermore, if a patient treated with empagliflozin goes on 

to develop CKD stage 4 or higher, empagliflozin should be discontinued and alternative 

therapies should be considered.

2.3.3 Comparison with safety of other drugs for diabetes—The insulin-

independent action of empagliflozin makes it an attractive option compared with insulin and 

insulin-secretagogues due to lower risk for hypoglycemia. This hypothesis was directly 

addressed when the efficacy and safety of empagliflozin treatment compared with 

glimepiride (a sulfonylurea) was investigated in the EMPA-REG H2H SU [9] trial among 

patients with inadequate T2DM control with metformin alone. In this head-to-head study, 

the adverse event rates were similar between the two treatment arms (overall/severe: 

86%/9% with empagliflozin vs. 86%/9% with glimepiride), but the rates of confirmed 

hypoglycemia (plasma glucose ≤ 70 mg/dL or requiring assistance) at week 104 were 

reported in only 2% of patients treated with empagliflozin vs. 24% reported in those treated 

with glimepiride.

Furthermore, the beneficial effects of empagliflozin on blood pressure, body weight, and 

HDL-cholesterol may result in improved cardiovascular and metabolic health, in contrast to 

several other anti-hyperglycemic medications such as rosiglitazone, pioglitazone, 

sulfonylureas, and saxagliptin which have been associated with an increased risk for 

atherosclerotic CVD [40, 41] and/or heart failure.[42, 43] Although longer-term data are 

lacking, the results of the EMPA REG OUTCOME trial demonstrating reduced CVD risk 

with empagliflozin, supports its consideration as a first-line anti-hyperglycemic medication 

for T2DM patients with established CVD.

3.0 Conclusion

Empagliflozin lowers glycosylated hemoglobin as monotherapy or add-on to existing anti-

hyperglycemic therapies among patients with T2DM, with consistent observations of 

associated weight reduction and blood pressure lowering. More recently, empagliflozin was 

proven superior to placebo for reduction of major adverse cardiovascular risk among patients 

with T2DM and established CVD. The safety and tolerability of empagliflozin has been 

demonstrated in multiple phase III clinical trials, with the most common adverse reactions 

(≥5%) being urinary tract and genital mycotic infections associated with very low rates of 

study drug discontinuation. Along with the other SGLT2 inhibitors, empagliflozin is not yet 

approved for the treatment of type 1 diabetes, partly owing to concern for risk of diabetic 

ketoacidosis. Due to its mechanism of action, caution is advised among patients with renal 

impairment, the elderly, and those with low blood pressure or taking diuretics.
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4.0 Expert opinion

The accumulated evidence across the class of SGLT2 inhibitors in general, and for 

empagliflozin specifically, are encouraging with regard to glycemic efficacy, overall safety 

and tolerability, and for empagliflozin-incremental CVD risk reduction. Given their low risk 

of hypoglycemia and absence of weight gain-adverse effects of glucose management that 

have complicated treatment of T2DM for decades-the SGLT2 inhibitors compliment the 

GLP1 receptor antagonists and the DPP4 inhibitors in that regard. Moreover, given the 

insulin-independent mechanism of action, the SGLT2 inhibitors can be used in combination 

with all other available classes of medications for T2DM, and can be continued even in the 

context of complete ß-cell failure. Extending the latter concept, these medications have 

potential utility in type 1 diabetes, and despite the absence of rigorous trial data or a product 

indication or claim for type 1 diabetes, providers are increasingly using the SGLT2 

inhibitors for patients with type 1 diabetes. While some trials are underway to explore the 

safety and efficacy of such use, the signal for diabetic ketoacidosis risk must be taken 

seriously, and it is especially important to educate patients and front-line providers about the 

normal or relatively low plasma glucose levels that have been observed in the few cases of 

ketoacidosis associated with SGLT2 inhibitors reported to date. Providers should counsel 

their patients about the risks for severe genital infections and osteoporosis and consider 

alternative therapies in patients at higher risk for developing such adverse effects.

The statistically significant improvement for the primary cardiovascular outcome in the 

EMPA REG OUTCOME trial represents the first ever positive cardiovascular outcomes trial 

for any anti-hyperglycemic medication. Most notably, the primary outcome result was driven 

primarily by a reduction in cardiovascular death and was accompanied by a reduction of 

similar magnitude and significance in the risk for hospitalization for heart failure. The 

mechanistic underpinnings of these observations remain unclear. Perhaps this represents an 

effect on the renin-angiotensin-aldosterone system by changes to glomerular hemodynamics 

attributable to solute delivery to the macula densa.[44] Alternatively, with SGLT1 (but not 

SGLT2) expressed in cardiac myocytes, inhibition of cardiac SGLT1 could favorably affect 

substrate utilization for glucose over free fatty acids with potential for more efficient cardiac 

energetics and perhaps concomitant anti-arrhythmic effects. However, all hypotheses are 

completely speculative at this point and require further study.

From a broad clinical perspective, the combined dataset available for empagliflozin 

punctuated by the recent EMPA-REG OUTCOME results support its consideration to 

become a first line medication in addition to metformin for T2DM with established CVD. 

The most evident hurdle to such a strategy will be the expense associated with this and other 

new proprietary medications for T2DM, compared with less expensive generic agents such 

as metformin. Whether this approach should be extended to patients with clustered 

cardiovascular risk factors but without manifest cardiovascular disease, or even extended to 

include all patients with T2DM, will be a matter of great debate and further investigation 

moving forward. All SGLT2 inhibitors in current clinical use have shown glycemic efficacy; 

however, until the ongoing cardiovascular outcomes trials assessing dapagliflozin and 

canagliflozin are completed (estimated 2017–2019; https://clinicaltrials.gov, accessed 

November 6, 2015), we may only speculate that the cardiovascular benefit observed with 
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empagliflozin might be a class effect. However, using the best available evidence presently 

available and until further data are available with other SGLT2 inhibitors, we can only 

confidently conclude that empagliflozin favorably affects CVD risk.

Ongoing trials will also address the safety and efficacy of canagliflozin and dapagliflozin 

among patients with CKD, and more data are needed in this regard for empagliflozin. In 

addition, future research should specifically evaluate the safety and efficacy of SGLT2 

inhibitors in patients with heart failure, ideally among patients with both reduced and 

preserved ejection fraction, and possibly both with and without prevalent T2DM. Another 

potential focus of research will be to assess in empagliflozin in lower cardiovascular risk 

populations, such as those with prediabetes. Lastly, whether dual inhibition of SGLT1 and 

SGLT2 would improve upon efficacy and/or safety remains to be determined, and is the 

focus of the sotagliflozin development program presently limited to Phase III evaluation in 

patients with type 1 diabetes.[45]
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5.0 Drug Summary Box

Drug name (generic) Empagliflozin

Phase IV

Indication Indicated as an adjunct to diet and exercise to improve glycemic control in adults with type 2 diabetes 
mellitus

Pharmacology 
description/method of 
action

Inhibits the renal sodium glucose co-transporter 2 isoform thereby enhancing urinary glucose excretion

Route of administration Oral

Chemical structure

D-Glucitol,1,5-anhydro-1-C-[4-chloro-3-[[4-[[(3S)-tetrahydro-3-furanyl]oxy]phenyl]methyl]phenyl]-,(1S)

Pivotal trials

EMPA-REG MONO (NCT01177813) [4]
EMPA-REG MET (NCT01159600) [5]
EMPA-REG METSU (NCT01159600) [6]
EMPA-REG PIO (NCT01210001) [7]
EMPA-REG MDI (NCT01306214) [8]
EMPA-REG H2H SU (NCT01167881) [9]
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Figure. Physiological effects of empagliflozin and related adverse reactions
Empagliflozin promotes glucosuria, diuresis, and natriuresis at the level of the proximal 

tubule in the kidney. Increased levels of urinary glucose may predispose patients to urinary 

tract or genital infection and may increase the risk for hypoglycemia, especially when used 

in combination with insulin or sulfonylureas. The diuretic and natriuretic effects may 

exacerbate volume depletion and increase the risk for hypotension especially among those 

with renal impairment, the elderly, in patients with low baseline systolic blood pressure, and 

in patients taking diuretics. Effects with an unknown physiologic mechanism include a small 

increase in LDL cholesterol levels and increases in hemoglobin and hematocrit, the clinical 

relevance which is not known.
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Table 2

Summary of Key Safety Outcomes in Pooled Phase III Clinical Trials of Empagliflozin (N=4,585)

Adverse Event Placebo
Event Rate (%)

(n=1,794)

Empagliflozin (10 
mg)

Event Rate (%)
(n=1,017)

Empagliflozin (25 
mg)

Event Rate (%)
(n=1,774)

Comment

Urinary Tract Infection* 11.0 10.4 11.0 Males: 4.2% vs. 1.9% vs. 4.0%
Females: 17.5% vs. 18.5% vs. 19.0%

Genital Mycotic Infection† 1.4 4.2 7.8 Males: 0.8% vs. 2.6% vs. 5.1%
Females: 2.1% vs. 6.3% vs. 10.7%

Hypoglycemia‡ 12.5 4.5 4.7 Excluding add-on to insulin study

Dyslipidemia

5.6 8.0 5.4

Generally small increases in low-
density and high-density lipoprotein 
cholesterol with small decreases in 

triglycerides

Adverse Events Leading to 
Discontinuation 3.9 2.2 3.9 Deaths: 7 vs. 1 vs. 8

Selected adverse reactions reported in patients treated with empagliflozin in six pooled, placebo-controlled Phase III clinical studies of 

empagliflozin monotherapy or combination therapy totaling 4,585 patients.[4–9]

*
Based on 67 preferred terms for UTI events

†
Based on 87 preferred terms for genital infection events

‡
Plasma glucose ≤ 70 mg/dL and/or requiring assistance
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Table 3

Incidence of Overall and Severe Hypoglycemic Events in Phase III Placebo-Controlled Clinical Trials of 

Empagliflozin*

Monotherapy
(24 weeks)

Placebo (%)
(n=229)

Empagliflozin (10 mg) (%)
(n=224)

Empagliflozin (25 mg) (%)
(n=223)

Overall† 0.4 0.4 0.4

Severe‡ 0 0 0

+ Metformin
(24 weeks)

Placebo (%)
(n=206)

Empagliflozin (10 mg) (%)
(n=217)

Empagliflozin (25 mg) (%)
(n=214)

Overall† 0.5 1.8 1.4

Severe‡ 0 0 0

+ Metformin and Sulfonylurea
(24 weeks)

Placebo (%)
(n=225)

Empagliflozin (10 mg) (%)
(n=224)

Empagliflozin (25 mg) (%)
(n=217)

Overall† 8.4 16.1 11.5

Severe‡ 0 0 0

+ Pioglitazone
(24 weeks)

Placebo (%)
(n=165)

Empagliflozin (10 mg) (%)
(n=165)

Empagliflozin (25 mg) (%)
(n=168)

Overall† 1.8 1.2 2.4

Severe‡ 0 0 0

+ Insulin
(18 weeks)‖

Placebo (%)
(n=188)

Empagliflozin (10 mg) (%)
(n=186)

Empagliflozin (25 mg) (%)
(n=189)

Overall† 37.2 39.8 41.3

Severe‡ 0.5 0.5 0.5

+Metformin vs. Glimepiride/Metformin
(104 weeks)

Glimepiride (%)
(n=780)

N/A Empagliflozin (25 mg) (%)
(n=765)

Overall† 25 N/A 4

Severe‡ N/A N/A N/A

Hypoglycemic events reported in patients treated with empagliflozin in six pooled, placebo-controlled Phase III clinical studies of empagliflozin 

monotherapy or combination therapy totaling 4,585 patients.[4–9]

*
Modified from empagliflozin prescribing information [20]

†
Plasma glucose ≤ 3.9 mmol/L

‡
Requiring assistance regardless of blood glucose level

‖
Insulin dose could not be adjusted during the initial 18 week treatment period
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