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Abstract: Dapagliflozin belongs in the family of sodium-glucose cotransporter 2 (SGLT2)

inhibitors and acts by reducing glucose reabsorption in the proximal tubule. The aim of this

review is to present the differential pharmacology and clinical utility of dapagliflozin.

Dapagliflozin is orally administered, has a long half-life of 12.9 hours and (similar to

empagliflozin) is a much weaker SGLT1 inhibitor compared with canagliflozin.

Dapagliflozin significantly decreases glycated hemoglobin and fasting glucose levels in

patients with type 2 diabetes mellitus (T2DM). The drug improves body weight, blood

pressure, uric acid, triglycerides and high-density lipoprotein cholesterol. In the

DECLARE-TIMI 58 trial, a large trial of 17,160 T2DM patients with established cardiovas-

cular disease (CVD) or without established CVD but with multiple risk factors, dapagliflozin

compared with placebo resulted in a significantly lower rate of the composite outcome of

CVD death or hospitalization for heart failure (HHF); this effect was mainly due to a lower

rate of HHF in the dapagliflozin group (HR: 0.73; 95%CI: 0.61–0.88), whereas no difference

was observed in the rate of CVD death (HR: 0.98; 95%CI: 0.82–1.17). Moreover, dapagli-

flozin was noninferior to placebo with respect to major adverse CVD events. Dapagliflozin

exerts beneficial effects on albuminuria. Additionally, in the DECLARE-TIMI 58 trial it

significantly reduced the composite renal endpoint (40% decrease in glomerular filtration

rate, end stage renal disease, or renal death) in both patients with established CVD and

patients with multiple risk factors (overall HR: 0.53; 95%CI: 0.43–0.66). However dapagli-

flozin, like the other SGLT2 inhibitors, is associated with an increased risk of genital and

urinary tract infections (usually mild mycotic infections) and acute kidney injury in cases of

reduced extracellular volume. Dapagliflozin is a useful antidiabetic treatment which also

exerts beneficial effects in the management of heart failure and diabetic kidney disease.

Keywords: dapagliflozin, sodium-glucose cotransporter 2, cardiovascular disease, diabetes,

kidney, adverse effects

Introduction
Diabetes mellitus (DM) is a multisystemic disease with serious impact on people’s

quality of life and financial dynamics worldwide.1 A new class of antidiabetic

drugs, the sodium-glucose cotransporter 2 (SGLT2) inhibitors have recently gained

great interest. Glucose is absorbed in the urine in the proximal convoluted tubule by

the SGLTs, which are energy consuming transporters on the brush border. This is

mediated mainly by SGLT2 (90%) and SGLT1 (10%), resulting in reabsorption of

97% of daily filtrated glucose.2 A mechanical model for sodium-coupled sugar

transport has been proposed, which suggests that sodium binds first to the extra-

cellular side of the SGLT2 to open the outer gate, then glucose binds inducing a

conformational change of the transporter leading to the release of sodium and
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glucose into the tubular cell interior.3 SGLT2 inhibitors

prevent glucose reabsorption in the proximal convoluted

tubule.4 Experimental models have shown that dapagliflo-

zin acts specifically on the kidneys, which binds to the

external surface of functional SGLT2 in the plasma mem-

brane of proximal tubular cells surrounding the glomeruli,

leading to inhibition of glucose binding.3

The aim of this review is to present the differential

pharmacology and clinical utility of dapagliflozin, focus-

ing on its effects on glucose regulation and DM manage-

ment, renal function, blood pressure and body weight,

lipid metabolism, and cardiovascular disease (CVD), as

well as on adverse effects that have been recognized in

clinical trials and postmarketing studies.

Pharmacology
Dapagliflozin is orally administered in doses of 5–10 mg.

Peak plasma concentration is achieved in 1.5–2 hours in

adults (Table 1).5 Food consumption does not significantly

affect the efficacy of dapagliflozin.6 Dapagliflozin is

mainly protein-bound and has the largest volume of dis-

tribution (118 L) between the SGLT2 inhibitors.5

Dapagliflozin, similar to empagliflozin and canagliflozin,

has a long half-life of 12.9 hours, permitting it to be

administered in single-dose regimens.7 Regarding SGLT2

inhibition, it is the second most potent agent, after ertugli-

flozin, with a maximal half-inhibitory concentration of 1.2

nM, followed by canagliflozin (2.7 nM) and empagliflozin

(3.1 nM). Both dapagliflozin and empagliflozin are much

weaker SGLT1 inhibitors compared with canagliflozin.5

Dapagliflozin undergoes glucuronidation to dapagliflo-

zin 3-O-glucoronate in the liver and the kidneys and is

excreted in urine (75%) and bile (21%).8,9 Studies have

shown increments in blood levels and maximum

concentration of dapagliflozin and its metabolite, propor-

tionately to the degree of kidney dysfunction.5 Similar

with the other SGLT2 inhibitors, treatment with dapagli-

flozin should not be initialized in patients with estimated

glomerular filtration rate (GFR) <60 mL/minute and dis-

continued with values <45 mL/minute.5

Effects of dapagliflozin
Effects on urinary glucose excretion,

insulin sensitivity, beta cell function and

glucagon
Owing to its mechanism of action, dapagliflozin-induced

SGLT2 inhibition increases urinary glucose excretion

dose-dependently. There is also substantial evidence that

dapagliflozin enhances insulin sensitivity.10–13 In a study

dapagliflozin was associated with a greater glucose dis-

appearance rate (assessed by hyperinsulinemic and

hyperglycemic clamps) compared with placebo.

Additionally, the acute (within 10 minutes) insulin

response was increased with dapagliflozin but was

reduced with placebo.14 Beneficial effects have also

been demonstrated in beta-cell function with dapagliflo-

zin. A higher insulin concentration in beta cells was

accompanied with reduced variability in glucose and

insulin levels.15,16 A two-week dapagliflozin administra-

tion increased the area under the curve for c-peptide

levels compared with placebo. The increased ratio of c-

peptide increments to glucose difference from 0 to 120

minutes, along with an improved euglycemic clamp after

treatment, suggested enhanced beta-cell function and

improved insulin sensitivity.17 Dapagliflozin may also

affect glucose metabolism by increasing glucagon levels,

owing to increase of glucagon gene expression, reduction

Table 1 Pharmacokinetic characteristics of currently approved SGLT2 inhibitors

Dapagliflozin Empagliflozin Canagliflozin Ertugliflozin

Absorption (Tmax) 2 hours 1.5 hours 1–2 hours 1 hour

Bioavailability 78% 78% 65% 100%

Fraction bound to protein 91% 86% 99% 93.6%

Volume of distribution 118 L 73.8 L 83.5 L 86 L

T1/2 12.9 hours 12.4 hours 13.1 hours 17 hours

SGLT2 inhibition IC50 1.2 nM 3.1 nM 2.7 nM 0.9 nM

SGLT1 inhibition IC50 1400 nM 8300 nM 710 nM 1960 nM

Metabolism Glucuronidation Glucuronidation Glucuronidation Glucuronidation

Elimination route 21% feces

75% urine

41% feces

54% urine

52% feces

33% urine

41% feces

50% urine

Abbreviations: SGLT2, sodium-glucose cotransporter 2; T1/2, drug half-life; IC50, the concentration needed to achieve 50% of inhibition.
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of hepatocyte nuclear factor 4α (HNF4A) and SGLT2

inhibition-induced decreased glucose and sodium influx

in alpha-cells causing greater glucagon secretion.18,19

Effects on anthropometric and metabolic

variables
Dapagliflozin has been shown to be beneficial regarding body

weight, blood pressure and lipid parameters. In type 2 DM

(T2DM) subjects with body mass index (BMI) >25 kg/m2 and

glycated hemoglobin (HbA1c) >6.5% treated with dapagliflo-

zin 5 mg for 12 weeks, apart from improved glycemic para-

meters, a reduction in body weight (−4 kg), a significant

elevation in adiponectin levels and a reduction in C-reactive

protein (CRP) levels were observed.20 Dapagliflozin 10 mg

achieved reductions in body weight of 2.6, 4.3 and 4.6 kg after

14–90, 91–180 and beyond 180 days, respectively.21 A study

involving 5,828 T2DM subjects showed reductions in body

weight by 5 kg and systolic blood pressure by 3.1 mmHg after

12–24 months.22 In a meta-analysis of 55 placebo-controlled

trials, dapagliflozin achieved significant weight reduction pro-

portional to its dose. Mean weight loss by 1.30 kg, 1.51 kg,

1.70 kg and 2.24 kg were noted with doses of 2.5, 5, 10 and 20

mg, respectively (P<0.001).23 Indeed, dapagliflozin 5 mg for

24 weeks in T2DM patients induced a significant reduction in

total fat mass, which was independently correlated with the

improvement of anthropometric parameters (BMI, waist cir-

cumference, and waist to hip ratio, all P<0.001), while total

body water and lean muscle mass remained unaffected.24

Dapagliflozin exerts beneficial effects on lipid profile.5

In T2DM subjects dapagliflozin significantly reduced tri-

glycerides by 18 mg/dL, increased high-density lipopro-

tein cholesterol by 2.2 mg/dL, while low-density

lipoprotein cholesterol (LDL-C) remained unaffected or

slightly increased.25

In a meta-analysis of 62 studies dapagliflozin dose-

dependently reduced uric acid levels (P<0.01). This effect

persisted after long-term therapy, while it was abolished in

patients with chronic kidney disease (CKD; GFR <60 mL/

minute/1.73 m2).26 The reduction of serum uric acid levels

has been attributed to uricosuria; possibly the SGLT2

inhibition-induced increased glucose levels stimulate uric

acid excretion mediated by GLUT9 isoform 2 in the prox-

imal tubule and the collecting duct.27

Utility in patients with DM
A randomized trial lasting 102 weeks showed that dapagli-

flozin as monotherapy significantly reduces HbA1c

(−0.44% with 5 mg and −0.53% with 10 mg) compared

with placebo.28 In treatment-naïve patients (baseline

HbA1c 9%), dapagliflozin reduced HbA1c (−1.45%) simi-

larly to metformin-XR (−1.44%).29 In another randomized

double-blind phase 3 trial dapagliflozin reduced not only

mean fasting plasma glucose (FPG) levels but also

decreased mean amplitude of glucose excursions after 24

weeks.30

Dapagliflozin has been extensively studied as an

adjunct therapy in T2DM patients. In a randomized double

blind phase 3 placebo-controlled trial involving 400

patients suboptimally controlled with metformin twice

daily, the addition of dapagliflozin 2.5 mg and 5 mg

twice daily produced mean HbA1c reductions by −0.52%
and −0.65% respectively, along with improvements in

FPG and body weight at 16 weeks.31 Dapagliflozin in a

triple regimen with metformin and saxagliptin produced

greater reductions in FPG and HbA1c levels compared

with placebo (−0.82% vs −0.07%) at week 24, while

more patients reached the HbA1c goal of <7%.32 These

effects were sustained at week 52.33 Dapagliflozin as an

adjunct to metformin and sulphonylurea for 52 weeks in a

trial involving 218 patients with baseline HbA1c 7–10%

produced a relative reduction of HbA1c by −0.8% vs

placebo at 52 weeks, while 27.3% and 11.3% of partici-

pants achieved the HbA1c goal in the treatment and pla-

cebo group, respectively.34

A clinical trial involving T2DM patients suboptimally

controlled on insulin with up to two oral antidiabetic drugs

showed reductions of HbA1c (−0.40% −0.59% and

−0.57% with dapagliflozin 2.5, 5 and 10 mg, respectively)

at week 24. Insulin dose was decreased by −7.60 IU, −6.28
IU and −6.82 IU with 2.5 mg, 5 mg and 10 mg respec-

tively, while placebo was correlated with increases of 5.65

IU.35 At 104 weeks, mean reductions of HbA1c levels by

−0.6 to −0.8% vs −0.4% with placebo were observed.36

Addition of dapagliflozin in suboptimally treated patients

(HbA1c >7.5%) receiving large insulin doses (>30 IU/day)

and up to three oral hypoglycemic drugs led to significant

Hba1c reductions (−1.8%), as well as reduced total daily

insulin dose (overall and individual mean reductions of

10.8 IU and up to 19.9 IU, respectively).37

A meta-analysis of 12 randomized controlled trials sup-

ported the above observations by indicating further mean

reduction of HbA1c by −0.50% with dapagliflozin in

patients receiving any preexisting antiglycemic therapy

(P<0.01).38 A post-hoc analysis of pooled trials showed

that HbA1c levels were reduced more in patients with
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baseline glycated hemoglobin (HbA1c) >10% compared

with those with baseline HbA1c >9% or those with baseline

<8% (0.77% and 1.32% vs 0.72% and 0.75% vs 0.26% and

0.37%, with respective doses of 5 mg and 10 mg)

(Table 2).39

The drug’s action is attenuated in patients with com-

promised renal function. In the DERIVE study, that

included patients with moderate renal failure (CKD stage

3a), dapagliflozin 10 mg significantly lowered HbA1c by a

median of 0.34% (P<0.001).40 In patients with end-stage

renal disease (stage 3b–4), although dapagliflozin signifi-

cantly lowered blood pressure, body weight and urea-to-

creatinine ratio, it did not significantly reduced HbA1c

levels.41

Dapagliflozin has also been investigated as a comple-

mentary treatment in patients with type 1 DM (T1DM), in

whom dose-dependent reductions in average plasma FPG,

lower needs in insulin administration and improvement of

glycemic parameters have been observed.42 A milestone on

this matter is the DEPICT-1 study, a large-scale, multicen-

ter, randomized double-blind phase 3 trial, where 775

T1DM patients inadequately controlled with insulin (mean

HbA1c 8.53%) randomized to either dapagliflozin 5 mg,

dapagliflozin 10 mg or placebo for 24 weeks. Dapagliflozin

5 mg, 10 mg and placebo induced mean reductions in

HbA1c by −0.42%, −0.45%, −0.03%, and total daily insulin

dose by −7.74%, −12.6% and +1.16%, respectively. The

frequency of ketoacidosis, hypoglycemia and other adverse

effects was indifferent between groups.43 Similar results

were observed in the large-scale DEPICT-2 trial.44

Effects of dapagliflozin on CVD and heart

failure (HF)
T2DM is a major cause of CVD morbidity and mortality

worldwide and a risk factor for increased HF morbidity

and mortality.45,46 In this context, the results of SGLT2

inhibitor trials are promising in terms of new ways of

CVD and HF reduction in T2DM patients.47,48

A retrospective open cohort study, the CVD-REAL

study, the first large real-world study of >300,000

patients with T2DM with and without established CVD,

showed that the risk of all-cause death and hospitalization

for heart failure (HHF) was significantly lower in patients

treated with SGLT2 inhibitors compared with other glu-

cose-lowering drugs (P<0.001).49 Dapagliflozin

accounted for 42% of the total exposure time in the

SGLT2 inhibitors class (Table 3).49 The extended CVD-

REAL 2 study confirmed these findings indicating a class

effect that may extend to the whole CVD risk

continuum.50 Additionally, the CVD-REAL Nordic trial

compared SGLT2 inhibitors with other glucose lowering

drugs. In this multinational observational analysis the use

of dapagliflozin accounted for 94% of the total SGLT2

inhibitor exposure time. Compared with other glucose-

lowering drugs, the administration of SGLT2 inhibitors

was associated with decreased CVD mortality (HR: 0.53;

95%CI: 0.40–0.71), major adverse CVD events (MACE;

HR: 0.78; 95%CI: 0.69–0.87) and HHF (HR: 0.70;, 95%

CI: 0.61–0.81; P<0·0001 for all).51

Recently the DECLARE-TIMI 58 trial assessed CVD

outcomes with dapagliflozin in 17,160 T2DM patients

with established CVD or without established CVD but

with multiple risk factors.52 Dapagliflozin resulted in a

lower rate of CVD death or HHF (4.9% vs 5.8%; HR:

0.83; 95%CI: 0.73–0.95, P=0.005), which mainly reflected

a lower rate of HHF (HR: 0.73; 95%CI: 0.61–0.88).

Dapagliflozin also met the prespecified criterion for non-

inferiority to placebo with respect to MACE. Mechanisms

that may be involved in the cardioprotective properties of

dapagliflozin and generally SGLT2 inhibitors include

osmotic diuresis and natriuresis, reductions in plasma

volume, blood pressure and arterial stifness and beneficial

effects on metabolism.5,53–55Additionally, an increase in

ketone body formation and oxidation that is observed

during SGLT2 inhibitors treatment may have anti-arrhyth-

mogenic properties.56 Furthermore, a direct beneficial

effect on ventricular myocytes through a decrease of myo-

cardial intracellular Na+ concentrations via inhibition of

the myocardial Na+/H+ exchanger flux leading to a sec-

ondary reduction in intracellular and mitochondrial cal-

cium has been also suggested as a potential

cardioprotective mechanism of dapagliflozin.53,57,58

Current evidence suggests that, if not contraindicated,

SGLT2 inhibitors should be the preferred therapy in

T2DM patients who have HF.1 However CVD death

rates in DECLARE-TIMI 58 trial were not significantly

different between dapagliflozin and placebo (HR: 0.98;

95%CI: 0.82–1.17).52 The inclusion of mainly primary

prevention patients, who generally have lower CVD risk

compared with patients with established CVD, may have

played a role in the observed differences in CVD death

between DECLARE-TIMI 58 trial and the previous

SGLT2 inhibitors trials.
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Dapagliflozin and the kidney
DM is strongly related with CKD owing to hyperglycemia

and many metabolic and hemodynamic alterations in kidney

function.59 The EMPA-REG OUTCOME trial and the

CANVAS program demonstrated that empagliflozin and

canagliflozin exert significant renoprotective effects.47,48

Dapagliflozin exerts beneficial effects (compared with

placebo) on urinary albumin to creatinine ratio in patients

with normo-, micro- or macroalbuminuria.41,60–62 This

effect is also seen in patients receiving angiotensin convert-

ing enzyme inhibitors or angiotensin receptor blockers.63

Additionally, in the DECLARE-TIMI 58 trial dapagliflozin

significantly reduced the composite renal endpoint (40%

decrease in GFR, end-stage renal disease, or renal death)

in patients with established CVD disease (HR: 0.55; 95%

CI: 0.41–0.75) and patients with multiple risk factors (HR:

0.51; 95%CI: 0.37–0.69),52 suggesting that nephroprotec-

tion is a class effect of SGLT2 inhibitors.

The proposed mechanisms for the cardioprotective and

nephroprotective effects of dapagliflozin include64,65 (i) the

improvement of hyperglycemia and insulin sensitivity, along

with other metabolic effects such as uric acid reduction, (ii)

the reduced inflammation, oxidative stress and oxygen-con-

suming transport workload owing to reduced sodium and

glucose reabsorption in the proximal renal tubules (indeed,

it has been demonstrated that dapagliflozin may reduce prox-

imal tubular cell injury),66,67 (iii) the blood pressure lowering

effect, (iv) the increase in fasting glucagon,68 (v) the reduc-

tion in intraglomerular pressure owing to SGLT2 inhibition-

induced increased sodium delivery to the macula densa,

leading to constriction of afferent renal arterioles, (vi) the

reduction of kidney fat deposition, which is considered ecto-

pic fat that promotes diabetic kidney disease progression,60

(vii) the reversal of hypomagnesemia, which is correlated

with a more rapid decline of renal function,69,70 (viii) the

increase in erythropoietin levels that exhibits direct renopro-

tective effects,71 (ix) the increase in the production of ketone

bodies, since they can be used as a more efficient energy

substrate leading to reduction in renal hypoxia.72

Adverse effects
The adverse effects of dapagliflozin in clinical and post-

marketing surveillance trials include:

Genital mycotic infections and urinary

tract infections
Genital mycotic infections are the most common adverse

effect of SGLT2 inhibitors (approximately 7% in clinical

trials).73,74 Similarly with the other SGLT2 inhibitors,

Table 3 Effects of dapaliflozin on renal function and cardiovascular events in large prospective trials and meta-analyses

Pooled analysis of 11 phase 3 studies with 10 mg dapagliflozin vs

placebo95

(N=4404, duration: 24 weeks)

Dapagliflozin decreased albumin excretion in patients with baseline

albuminuria regardless of eGFR (P<0.001)

CVD-REAL study49

(309,056 patients received for 4 years either SGLT2 inhibitor or other

glucose-lowering drugs. Canagliflozin, dapagliflozin, and empagliflozin

accounted for 53%, 42%, and 5% of the total exposure time in the

SGLT2 inhibitor class)

● lower rate of HHF (HR: 0.61; 95%CI: 0.51–0.73, P<0.001)
● lower rate of CV death (HR: 0.49; 95%CI: 0.41–0.57, P<0.01)

DECLARE-TIMI 5852

(17,160 patients with T2DM, of whom 10,186 without atherosclerotic

cardiovascular disease, received 10 mg of dapagliflozin daily or

matching placebo for 4.2 years)

Primary outcomes

● dapagliflozin was noninferior to placebo with respect to the primary

safety outcome of MACE

● dapagliflozin did not result in a significantly lower rate of MACE (8.8%

in the dapagliflozin group and 9.4% in the placebo group; HR: 0.93; 95%

CI: 0.84–1.03, P=0.17)
● dapagliflozin was associated with a lower rate of CV death or HHF

(4.9% vs 5.8%; HR: 0.83; 95%CI: 0.73–0.95, P=0.005)

Secondary outcomes

● dapagliflozin was associated with a lower rate of adverse renal out-

comes (HR: 0.76; 95%CI: 0.67–0.87)

Abbreviations: SGLT2, sodium-glucose cotransporter 2; HHF, hospitalization for heart failure; CVD, cardiovascular disease; T2DM, type 2 diabetes mellitus; MACE, major

adverse cardiovascular events.
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treatment with dapagliflozin is associated with a signifi-

cant increase in genital tract infections compared with

placebo (OR: 3.48; 95%CI: 2.33–5.20).75 These infections

are observed particularly in women with a previous genital

infection and in men with previous balanitis.76,77

Urinary tract infections (UTIs) are the second most com-

mon adverse effect in patients receiving SGLT2 inhibitors.

The proposed pathophysiologic mechanism is that SGLT2

inhibitors-induced glycosuria provides a positive environ-

ment for bacterial growth in the urinary tract.78

A meta-analysis of 52 randomized controlled trials

showed a dose-dependent association between dapagliflo-

zin and the risk of UTIs and genital infections, which were

more common in females.79 UTIs and genital infections

are mostly observed at the beginning of treatment (first

24–26 weeks) with a decreased incidence thereafter.80

These infections are usually mild and usually resolve

with conventional treatment (standard oral and topical

antifungal therapies).80,81 Severe pyelonephritis has very

low incidence and similar frequency with placebo.80

It should be mentioned that, according to the last FDA

warnings, 12 cases of Fournier’s gangrene-necrotizing fasciitis

of the perineum have been reported in patients on SGLT2

inhibitors since 2013. The rate of genital infections in the

DECLARE-TIMI 58 trial was higher in dapagliflozin group

compared with placebo, but the rate of Fournier’s gangrene

was not (one case in the dapagliflozin group and five in the

placebo group). However, clinicians should inform patients

regarding the symptoms and signs of a genital infection or a

UTI and advise them to seek medical help if they experience

such symptoms in order to prevent severe infections of the

genital area.

Increase in creatinine
An acute reversible decrease in GFR after the initiation of

SGLT2 inhibitors treatment is usually observed, which is

attributed to extracellular volume depletion along with the

restoration of tubuloglomerular balance, both leading to a

reduction of intraglomerular pressure.64,65,73,82,83 Thus, dapa-

gliflozin should be administered very cautiously or even

avoided in patients with hypovolemia, in patients receiving

high doses of furosemide or other diuretics or drugs affecting

renal hemodynamics such as renin angiotensin aldosterone

system blockers or nonsteroidal anti-inflammatory agents.

Changes in lipid profile
SGLT2 inhibitors may induce a mild dose dependent increase

in LDL-C, which appears to be a class effect of these drugs.5

However a single center, open-label, randomized, prospec-

tive study that included 80 T2DM patients showed that

dapagliflozin markedly decreased the levels of the very

atherogenic small dence LDL-C, whereas it increased the

concentration of the less atherogenic lbLDL-C.84

Orthostatic hypotension
SGLT2 inhibitors block glucose reabsorption in the prox-

imal convoluted tubule and have a diuretic effect that

causes plasma volume contraction increasing the risk of

hypotension.73,85 According to 13 placebo-controlled stu-

dies a slightly higher proportion of patients (~2%) receiv-

ing dapagliflozin compared with placebo experienced any

measured orthostatic reaction over the entire 24-week

observation period irrespective of baseline blood pressure

category.86 Clinicians should evaluate thoroughly the

patients’ volume status and the presence of risk factors

when prescribing SGLT2 inhibitors.

Diabetic ketoacidosis
SGLT2 inhibitors have been related with a specific form of

diabetic ketoacidosis (DKA), the so-called euglycemic

DKA, which is defined as DKAwithout marked hypergly-

cemia. SGLT2 inhibitors induce glucagon release and

reduce insulin resistance leading to an increased gluca-

gon/insulin ratio that induces ketone reabsorption in the

renal tubules, thus increasing the concentration of ketone

bodies.11,87 This mild increase in ketone levels possibly

represents a mechanism of cardioprotection and nephro-

protection of SGLT2 inhibitors, based on the fact that

ketones are energy efficient-substrates.53,64,72 In this con-

text, mild ketonemia during dapagliflozin treatment had no

clinical consequences but was significantly associated with

improved insulin sensitivity.25 Euglycemic DKA is a

severe metabolic complication related to insulin deficiency

and lack of glucose utilization, which may be rarely devel-

oped in some patients receiving SGLT2 inhibitors in the

setting of severe illness and a reduction in food intake and/

or insulin doses or any factor that may increase insulin

demand, such as stress or excessive alcohol intake.73,88–90

Conclusion
Dapagliflozin used as monotherapy or as add-on treatment in

T2DM patients significantly decreases HbA1c and FPG

levels and significantly improves body weight, blood pres-

sure, uric acid, triglycerides and high-density lipoprotein

cholesterol. Based on the results of the DECLARE-TIMI

58 trial, dapagliflozin is noninferior to placebo with respect
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to MACE and is associated with lower HHF risk.

Dapagliflozin exerts beneficial effects on albuminuria and

significantly reduces the progression of diabetic kidney dis-

ease. Dapagliflozin was not associated with increased risk of

bone fractures or amputation.91 However, dapagliflozin

increases the incidence of genital mycotic infections and

UTIs, which are usually mild to moderate and respond to

standard antimicrobial treatment. Attention is needed in

patients receiving dapagliflozin who are prone to plasma

volume reduction, in order to avoid acute kidney injury and

orthostatic hypotension.

Based on the current evidence, dapagliflozin is promising

for the management of HF and kidney disease even in the

nondiabetic population, but we have to wait for the results of

ongoing trials in such populations. The possible mechanisms

of dapagliflozin-induced cardioprotection and nephroprotec-

tion need to be elucidated since they may reveal new treat-

ment targets. In addition, dapagliflozin has been shown to

affect other variables not directly related to DM; for example,

in animal models it seems to have presumptive neuroprotec-

tive effects such as reductions in cognitive decline and pre-

servation of synaptic plasticity.92 Further research is required

to expand our understanding concerning the effects of dapa-

gliflozin on the aforementioned parameters.
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