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Abstract:  Despite the availability of a great variety of medications, a significant proportion 

of people with type 2 diabetes mellitus (T2DM) are not able to achieve or maintain adequate 

glycemic control. Beyond improved glucose control, novel treatments would ideally provide a 

reduction of cardiovascular risk, with a favorable impact on excess weight, and a low intrinsic 

hypoglycemia risk, as well as a synergistic mechanism of action for broad combination therapy. 

With the development of sodium glucose cotransporter 2 (SGLT2) inhibitors, an antidiabetic 

pharmacologic option has recently become available that comes close to meeting these 

requirements. For the first time, SGLT2 inhibitors offer a therapeutic approach acting directly 

on the kidneys without requiring insulin secretion or action. Canagliflozin, dapagliflozin, and 

empagliflozin are the SGLT2 inhibitors approved to date. Taken once a day, these medications 

can be combined with all other antidiabetic medications including insulin, due to their insulin-

independent mechanism of action, with only a minimal risk of hypoglycemia. SGLT2 inhibitors 

provide additional reductions in body weight and blood pressure due to the therapeutically 

induced excretion of glucose and sodium through the kidneys. These “concomitant effects” are 

particularly interesting with regard to the increased cardiovascular risk in T2DM. In many cases, 

T2DM treatment requires a multidimensional approach where the treatment goals have to be 

adapted to the individual patient. While there is a consensus on the use of metformin as a first-

line drug therapy, various antidiabetics are used for treatment intensification. New mechanisms 

of action like that of SGLT2 inhibitors such as canagliflozin, which can be used both in early 

and late stages of diabetes, are a welcome addition to expand the treatment options for patients 

at every stage of T2DM. The efficacy and tolerability of canagliflozin have been tested in an 

extensive clinical trial program described in this review article.

Keywords: sodium glucose cotransporter 2 (SGLT2) inhibitor, canagliflozin, dapagliflozin, 
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Why do we need new antidiabetics?
Although a range of therapeutic options are available for the treatment of type 2 

diabetes mellitus (T2DM),1 disease progression still remains a challenge. Nearly 40% 

of patients with T2DM in Europe do not achieve HbA
1c

 targets at a level of ,7.0%.2 

Moreover, glycemic control continues to worsen over the course of the disease for a 

variety of reasons, such as fading endogenous insulin secretion and clinical inertia to 

counteract this pathophysiology by adequate intensification of medical therapy.3

A central aspect of T2DM is the development of chronic complications associated 

with high morbidity and mortality.4 In addition to microvascular complications at the 

retina and kidneys, in particular, the risk of developing cardiovascular events, such 

as myocardial infarction, stroke, and peripheral artery disease, is life-threatening. 
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On average, patients with T2DM have an approximately 

two-fold higher risk of vascular diseases, such as coronary 

heart disease and ischemic strokes,5 compared to people 

without diabetes of the same age. The German Metabolic 

and Cardiovascular Risk Project has screened patients 

nationwide from general practitioner practices and observed 

that 43% of male and 35% of female patients with T2DM 

have experienced at least one cardiovascular event (eg, 

heart attack, acute coronary syndrome, stroke, transient 

ischemic attack, peripheral arterial occlusive disease, and/

or heart failure). In comparison, a corresponding diagnosis 

existed for only 16.4% of male and 8.8% of female patients 

without diabetes.6 The DUTY register in Germany shows 

that, in many cases, the targets for cardiovascular risk 

factors are not achieved by patients with T2DM. Despite 

established antihypertensive treatment, approximately 65% 

of patients display .140 mmHg systolic or .90 mmHg 

diastolic blood pressure levels.7 More than 80% of people 

with T2DM are overweight or obese.7 Lipid-lowering agents 

are used in approximately one-third of cases, but more 

than one-quarter of patients do not achieve target levels 

for low-density lipoprotein cholesterol.7 Until now, there 

have been no results from controlled studies with clinical 

endpoints that delivered conclusive evidence of macrovas-

cular event reduction by an antidiabetic medication, except 

for 340 overweight patients treated by metformin in the 

UK Prospective Diabetes Study,8 and for the secondary 

cardiovascular endpoint in patients treated by pioglitazone 

in the PROactive trial.9 The recent cardiovascular endpoint 

studies SAVOR-TIMI 53 and EXAMINE, published in 2013, 

displayed a neutral effect on cardiovascular outcomes for 

the antidiabetic dipeptidyl peptidase-4 (DPP-4) inhibitors 

saxagliptin and alogliptin without being able to demonstrate 

any cardiovascular benefit.10,11

Currently, there is an evidence-based consensus that 

T2DM treatment should be more closely adapted to indi-

vidual patient situations (ie, “individualization” of therapy).1,4 

Among other things, patient preferences, age, comorbidities, 

and the risks of hypoglycemia and complications play an 

important role.4 The benefits and possible side effects of 

antidiabetic substances under consideration must also be 

weighed on an individual patient basis. Major considerations 

for the use of different antidiabetic medications include 

treatment-induced weight gain and hypoglycemia risk.4

With the sodium glucose cotransporter 2 (SGLT2) 

inhibitor class of drugs, a new pharmacologic option has 

been recently developed for oral antidiabetic treatment. 

Notably, SGLT2 inhibition offers an oral therapeutic approach 

that acts directly on the kidneys and is insulin-independent 

(ie, independent of pancreatic beta-cell function and/or 

existing insulin resistance; Figure 1). Currently licensed 

SGLT2 inhibitors comprise canagliflozin, dapagliflozin, and 

empagliflozin. Focusing on canagliflozin, the following over-

view presents the mechanism of action, the glycemic efficacy, 

pleiotropic concomitant effects on blood pressure and body 

weight, and the tolerability profile of this SGLT2 inhibitor, 

and discusses how canagliflozin can usefully expand the 

existing T2DM therapeutic arsenal in routine practice and 

what limitations need to be taken into account.

The principle of SGLT2 inhibition
The kidneys contribute substantially to the regulation of 

glucose homeostasis. Alongside gluconeogenesis, this 

contribution primarily involves glomerular filtration and 

tubular reabsorption of glucose.12 Glucose reabsorption 

specifically takes place in the proximal kidney tubules as an 

active transport mediated through SGLT2 (responsible for 

approximately 90% of reabsorption) and SGLT1 (responsible 

for approximately 10% of reabsorption). While the amounts 

of freely filtered glucose are positively correlated with the 

serum glucose concentrations, the reabsorption process of 

glucose through SGLTs represents a saturable mechanism. 

As a clinical consequence, exceeding the glucose transport 

capacity of SGLT functional proteins by an excess of filtered 

glucose during hyperglycemia leads to glucosuria.12

Paradoxically, it has been demonstrated that there is 

increased glucose reabsorption despite elevated serum 

glucose levels in patients with T2DM. This mechanism may 

very well contribute to the derangement of glucose homeo-

stasis and further increase hyperglycemia. Mechanistically, 

in vitro investigations demonstrate that renal tubular cells 

from patients with T2DM express more SGLT2 proteins as 

compared with tubular cells from controls without T2DM.13 

The enhanced glucose reabsorption and the consecutive 

increase in the serum glucose concentrations are therefore 

presumably explained by an overexpression or increased 

activity of SGLT proteins.13 SGLT2 inhibitors directly target 

this pathophysiologic dysregulation by inhibiting the trans-

port protein function. As a consequence, the pathologically 

elevated kidney threshold for glucose is reduced, and the main 

therapeutic effect is exerted by excretion of excess glucose 

with the urine (ie, therapeutic glycosuria). In Phase I studies 

with the SGLT2 inhibitor canagliflozin, this lowering of the 

renal threshold for glucose (RT
G
) led to increased urine excre-

tion of approximately 77–119 g/d. This can be translated into 

a calorie loss of 308–476 kcal/d.14 A Phase I study in healthy 
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participants showed that 24-hour urinary glucose excretion 

was approximately 25% higher with canagliflozin 300 mg 

compared with dapagliflozin 10 mg.15 In Phase III studies, 

the use of canagliflozin 300 mg was also associated with 

a reduction in postprandial glucose excursion, which may 

indicate an additional transient, partial inhibition of intestinal 

SGLT1.16 In the Phase I study comparing canagliflozin with 

dapagliflozin, dapagliflozin 10 mg did not have an effect on 

postprandial glucose excursion in healthy participants.15 In 

a separate study, empagliflozin had no effect on postprandial 

glucose excursion in patients with T2DM.17 A slight pharma-

cologic effect on SGLT1 has previously been demonstrated 

with canagliflozin in vitro.18 However, this seems to be a 

minor effect, as signs of carbohydrate malabsorption have 

not been observed with canagliflozin treatment.14

In patients with T2DM, SGLT2 inhibition causes an 

antihyperglycemic effect19 that, contrary to other antidiabetic 

substances, is neither directly nor indirectly dependent on the 

pancreatic beta-cell, insulin secretion, and/or insulin sensitivity 

(ie, represents a completely insulin-independent mechanism 

of action; Figure 1).20 Accordingly, SGLT2 inhibitors can be 

very well additively combined with other agents with different 

antihyperglycemic mechanisms of action.

History of therapeutic SGLT2 
inhibition
SGLT2-inhibitor medications functionally imitate the clinical 

effect of a mutation in the SGLT2 gene that was discovered 

as the genetic basis for a rare monogenetic disease called 

familial hereditary renal glucosuria. Patients harboring 

these mutations lose glucose through the kidneys to different 

extents from early in life throughout the life span without 

experiencing any relevant morbidity or mortality related to 

this defect. In vivo investigations show that the pharmaco-

logic intervention by SGLT2 inhibitors only inhibits up to 

50% of the SGLT2 activity and, therefore, the magnitude of 

glucosuria is, in principle, lower than in many people with 

inactivating SGLT2 gene mutations.21 One of the first phar-

macologically investigated substances for therapeutic SGLT2 

inhibition was phlorizin, a plant-based glycoside of the 

Kidneys Pancreas

Sulfonylurea
GLP-1 agonists
DPP-4 inhibitors
Glinides

SGLT2 inhibition

Thiazolidinedione
Metformin
Exogenic insulin Thiazolidinedione

Metformin
Exogenic insulin

Muscles,
fatty tissue

Liver

Glucose
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Insulin
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Insulin
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Figure 1 Pharmacologic options for the treatment of T2DM: SGLT2 inhibition in the kidneys complements existing treatment options through an insulin-independent 
mechanism of action.
Notes: Adapted from Seufert J. SGLT-2 inhibition with canagliflozin: a new option for the treatment of type 2 diabetes. Dtsch Med Wochenschr. 2014;139(Suppl 2): 
S52–S58. © Georg Thieme verlag KG.21

Abbreviations: T2DM, type 2 diabetes mellitus; SGLT2, sodium glucose cotransporter 2; GLP-1, glucagon-like peptide-1; DPP-4, dipeptidyl peptidase-4.
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 flavonoid group.22 Further development of phlorizin was later 

abandoned in favor of other substances, owing to low bio-

availability and lack of specificity for SGLT2. Canagliflozin, 

dapagliflozin, and empagliflozin are SGLT2 inhibitors that 

have been approved for the treatment of adults with T2DM 

in the United States and Europe; consistent with their shared 

mechanism of action, these agents have been associated with 

improvements in glycemic control, weight loss, and blood 

pressure reductions in patients with T2DM.14,23,24 To date, 

there have not been any head-to-head clinical studies of these 

agents in patients with T2DM. Results from the canagliflozin 

clinical development program are detailed below.

Phase iii clinical trial program  
with the SGLT2 inhibitor canagliflozin
A total of 10,285 patients with T2DM participated in the 

prospective, double-blind, controlled studies investigating 

the efficacy and safety of the SGLT2 inhibitor canagliflozin.14 

Specific populations, such as elderly patients, patients with 

moderate renal impairment, and patients with cardiovascular 

disease or a high cardiovascular risk, were also included in 

the trial portfolio. The studies with canagliflozin investigate 

monotherapy as adjunct to diet and exercise, dual therapy with 

metformin or a sulfonylurea, triple therapy with metformin and 

a sulfonylurea or pioglitazone, and combination therapy with 

insulin (with or without additional oral antidiabetic substances; 

Figure 2).14 Furthermore, in addition to the pivotal Phase III 

trials, an extensive long-term clinical outcome study program 

(including the CANagliflozin cardioVascular Assessment 

Study [CANVAS]25 and CANVAS-R) was initiated to 

investigate the impact of canagliflozin on classical macro-

vascular and microvascular endpoints in patients with T2DM. 

One of the emphases is on renal parameters; the CANVAS-R 

study (ClinicalTrials.gov identifier, NCT01989754), which 

was initiated after license authorization, will test the effects 

of canagliflozin on the progression of albuminuria and the 

progression of diabetic nephropathy, for example. Reporting 

of the outcomes from these endpoint studies is expected in 

2017. A recently initiated renal outcomes trial (Canagliflozin 

and Renal Events in Diabetes with Established Nephropathy 

Clinical Evaluation Trial [CREDENCE]; ClinicalTrials.gov 

identifier, NCT02065791) will assess the renal protective 

effect of canagliflozin in patients with T2DM, Stage 2 or 

3 chronic kidney disease, and macroalbuminuria receiving 

standard of care and treatment with an angiotensin-converting 

enzyme inhibitor or angiotensin receptor blocker; this study 

is expected to be completed in 2019.

Efficacy of canagliflozin in glycemic 
control
The Phase III trial program in patients with T2DM shows 

clinically relevant improvements in glycemic control for 

canagliflozin in both monotherapy and in combination with 

other antidiabetics (dual therapy, triple therapy, and in com-

bination with insulin; Table 1);26–35 long-term data are avail-

able from individual clinical studies over treatment periods 

of up to 104 weeks.27–35 The results of the study program 

confirm the propensity of canagliflozin to combine well with 

Monotherapy

Monotherapy
26/26 weeks

N=587

Add-on to MET
vs PBO and SITA

26/26 weeks
N=1,284

Add-on to
MET + PIO 
26/26 weeks

N=344

Add-on to
MET + SU

26/26 weeks
N=469

Add-on to MET
vs GLIM

52/52 weeks
N=1,452

Studies in special T2DM patient populations

Renal impairment
(eGFR ≥30 and

<50 mL/min/1.73 m2) 
26/26 weeks

N=272

Older patients
Bone safety and body

composition
26/78 weeks

N=716
PBO-controlled Active-controlled

CV assessment study
(CANVAS)

Event driven
N=4,330

Add-on to MET + SU
vs SITA
52 weeks

N=756

CANVAS add-on
to insulin substudy

18 weeks
N=1,718

CANVAS add-on
to SU substudy

18 weeks
N=127

Dual therapy Triple therapy Insulin ± OAD

Figure 2 Phase III trial program with canagliflozin.
Notes: Data from published studies.14,26,28–32,34

Abbreviations: OAD, oral antidiabetic; MET, metformin; PBO, placebo; SITA, sitagliptin; PIO, pioglitazone; CANVAS, CANagliflozin cardioVascular Assessment Study; 
SU, sulfonylurea; GLIM, glimepiride; T2DM, type 2 diabetes mellitus; CV, cardiovascular; eGFR, estimated glomerular filtration rate.
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other agents with different, synergistic antihyperglycemic 

mechanisms of action, including exogenous insulin 

administration (Table 1).26–35

Based on its mode of action, the efficacy of SGLT2 inhi-

bition depends on the magnitude of the glomerular filtration 

rate (GFR), and therefore less glucose lowering occurs in 

patients with impaired kidney function.14 This is because 

with reduced GFR, the glomerular filtration of glucose is 

lowered, which renders inhibition of glucose reabsorption 

through SGLT2 less effective. However, an analysis of six 

randomized, double-blind, Phase III studies revealed that 

canagliflozin considerably reduced HbA
1c

 levels compared 

with placebo also in mild-to-moderate kidney disease. 

In patients with an estimated glomerular filtration rate 

(eGFR) $60 to ,90 mL/min/1.73 m2, average HbA
1c

 reduc-

tions of approximately -0.63% and -0.80% were achieved 

with canagliflozin 100 mg and 300 mg, respectively; in 

patients with an eGFR $45 to ,60 mL/min/1.73 m2, the 

HbA
1c

 reductions were -0.57% and -0.61%, respectively 

(P,0.001 vs placebo).36 According to the label, in patients 

with an eGFR $45 to ,60 mL/min/1.73 m2, the dose of 

canagliflozin should be adjusted to 100 mg once a day.14

Canagliflozin is the only licensed SGLT2 inhibitor to 

demonstrate superiority in HbA
1c

 reduction as compared 

with the DPP-4 inhibitor sitagliptin and the sulfonylurea 

glimepiride. A total of three 52-week studies compared 

canagliflozin directly with sitagliptin (in dual and triple 

therapy),30,32 and with glimepiride (in dual therapy).28 In these 

studies, canagliflozin 300 mg showed statistically superior 

reductions of HbA
1c

 as compared with both sitagliptin and 

glimepiride.14,28,30,32 In the study versus glimepiride (in dual 

therapy with metformin), stable HbA
1c

 reductions with 

canagliflozin were maintained over a long-term treatment 

period of 104 weeks.27

Direct comparison between canagliflozin  
and sitagliptin
The efficacy and tolerability of canagliflozin as add-on to 

metformin were directly compared with the DPP-4 inhibitor 

sitagliptin 100 mg in a 52-week study.30 The results showed 

that canagliflozin 100 mg was noninferior to sitagliptin in 

HbA
1c

 reduction, and canagliflozin 300 mg was statistically 

superior (Table 1). Beyond the effect on blood glucose 

control, canagliflozin treatment was associated with weight 

loss and systolic blood pressure reductions for both tested 

doses of canagliflozin (100 mg and 300 mg). Again, the 

differences were statistically significant compared with 

sitagliptin ( Figures 3 and 4).
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Figure 3 Percent change in body weight as a concomitant effect of SGLT2 inhibition with canagliflozin 100 mg and 300 mg in a direct comparison with placebo, glimepiride, 
and sitagliptin: examples from clinical Phase III trials on canagliflozin monotherapy, dual combination therapy, triple combination therapy, and in combination with insulin.
Notes: *P,0.001 vs PBO. **P,0.0001 vs GLiM. ***P,0.001 vs SiTA.
Abbreviations: SGLT2, sodium glucose cotransporter 2; CANA, canagliflozin; PBO, placebo; GLIM, glimepiride; SITA, sitagliptin; LS, least squares; MET, metformin; 
SU, sulfonylurea; OAD, oral antidiabetic.
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A 52-week study of canagliflozin in triple combination 

treatment with metformin and sulfonylurea demonstrated 

similar results for patients with T2DM when compared with 

the triple combination regime of metformin, sulfonylurea, 

and sitagliptin.32 Canagliflozin 300 mg achieved more 

effective glycemic control as compared with the DPP-4 

inhibitor sitagliptin-containing regimen (Table 1). The blood 

glucose–lowering effect of canagliflozin was again associated 

with significant weight loss and reductions of systolic blood 

pressure (Figures 3 and 4).

Direct comparison between canagliflozin  
and glimepiride
A further 52-week study compared canagliflozin with the 

sulfonylurea glimepiride as add-on to stable metformin 

treatment.28 After 52 weeks, HbA
1c

 reduction by canagliflozin 

100 mg was shown to be noninferior to the sulfonylurea 

glimepiride (average dose: 5.6 mg), and canagliflozin 300 mg 

was statistically superior (Table 1). With glimepiride, a 

gradual slight increase in HbA
1c

 levels was observed after 

week 18, although the sulfonylurea dose could be titrated up 

over the course of the entire 52-week treatment period.

In addition to better glycemic control, again canagliflozin 

significantly reduced body weight with both doses compared 

to glimepiride, which showed a tendency to increase weight 

(Figure 3). Furthermore, canagliflozin also led to reductions 

in systolic blood pressure (Figure 4). Documented hypo-

glycemia was significantly less frequent with canagliflozin 

100 mg and 300 mg (6% and 5%, respectively) compared with 

glimepiride (34%), in spite of a more prominent long-term 

effect on HbA
1c

 reduction with canagliflozin 300 mg.

Concomitant effects on body weight
The mechanism of action of SGLT2 inhibition induces a 

therapeutic increase in glucose excretion through urine 

(77–119 g/d with canagliflozin 100 mg or 300 mg), which 

represents a substantial calorie loss that amounts to 308–476 

kcal daily with canagliflozin 100 mg or 300 mg.14,37 Conse-

quently, consistent weight loss is observed with canagliflozin 

treatment. This effect is desirable in most overweight to 

obese patients with T2DM and may supplement diet and 

exercise measures.21 The recommended treatment target in 

patients with excess weight is a weight loss of approximately 

5% for those with body mass index (BMI) 27–35 kg/m2 or 10% 

for those with BMI .35 kg/m2.4 In the clinical Phase III 

 trials, treatment with canagliflozin 100 mg and 300 mg versus 

placebo in monotherapy and dual or triple therapy, including 

combination treatment with insulin, consistently resulted in 

a statistically  significant reduction in body weight. Weight 

loss was more pronounced with canagliflozin 300 mg than 

with canagliflozin 100 mg and achieved statistical signifi-

cance in comparison to placebo, sitagliptin, or glimepiride 

(Figure 3).14,26–35 The head-to-head study versus glimepiride 

on the background of metformin demonstrated an average 

weight reduction of –4.1% (–3.6 kg) and –4.2% (–3.6 kg) 

with canagliflozin 100 mg and 300 mg after 104 weeks com-

pared with a weight gain of approximately 0.9% (0.8 kg) with 

glimepiride.27 With canagliflozin 300 mg in combination with 

metformin and sulfonylurea, the average weight change after 

52 weeks was –2.5% (–2.3 kg) compared to triple therapy 

with sitagliptin, metformin, and sulfonylurea (weight gain of 

approximately 0.3% or 0.1 kg).32 The use of canagliflozin as 

add-on to insulin ($30 IU/d) led to average weight reductions 

of approximately –2.4% (–2.3 kg) and –3.1% (–3.0 kg) after 

52 weeks with canagliflozin 100 mg and 300 mg, respectively 

(Figure 3); the mean insulin dose at baseline was 83 IU/d and 

did not change over 52 weeks for the majority of patients.38

In the 52-week study, weight loss with canagliflozin 

peaked after approximately 6 months and remained stable 

until the end of the observation period.28,30,32 Investigations 

to evaluate physical composition, such as dual X-ray absorp-

tiometry and abdominal computed tomography, indicate that 

nearly two-thirds of the weight loss observed with canagli-

flozin can be attributed to a loss of body fat, with preferential 

reductions in visceral versus subcutaneous fat stores.28

Concomitant effects on blood pressure
The majority of patients with T2DM are affected by further 

comorbidities, which contribute to increased cardiovascular 

risk.37 These comorbidities predominantly include excess 

weight, lipometabolic disorders, and hypertension. Estimates 

assume that well over two-thirds of all people with T2DM 

have high blood pressure.39 Together with glycemic control 

and weight reduction, the reduction of elevated blood pres-

sure is one of the primary treatment targets for patients with 

T2DM.4 Outcome data show that a reduction of systolic blood 

pressure by 5–6 mmHg can reduce the long-term risk of car-

diovascular morbidity and mortality in this patient group.40

Hospital data from Germany have been able to confirm that 

the most common comorbidity diagnosed in 77.8% of patients 

with T2DM was hypertension.41 Frequently, no satisfactory 

blood pressure target is achieved for these patients in practice 

despite antihypertensive treatment.40 The mechanism of action 

of SGLT2 inhibition with canagliflozin is aimed at a therapeutic 
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increase in glucose excretion in the urine. SGLT2 inhibition is 

thereby associated with mild osmotic diuresis and increased 

sodium excretion, as well as weight loss.21 These mechanisms 

lead to a reduction in blood pressure at the same time.37 A pooled 

analysis of four randomized, double-blind, Phase III trials with 

2,313 patients with T2DM shows that canagliflozin reduced 

systolic and diastolic blood pressure by an average of 4.7 mmHg 

and 1.9 mmHg (300 mg dose) or by 4.0 mmHg and 1.9 mmHg 

(100 mg dose) compared with placebo. No clinically relevant 

change in heart rate was observed (-0.6 beats/min, -0.4 beats/

min, and 0.0 beats/min with canagliflozin 100 mg and 300 mg 

and placebo, respectively).42

Tolerability and safety of canagliflozin
The safety of canagliflozin treatment was evaluated for 10,285 

patients with T2DM. The primary evaluation was a pooled analy-

sis of placebo-controlled clinical studies.14 Specific adverse drug 

reactions included genital fungal infections, urinary tract infec-

tions, adverse events (AEs) associated with mildly increased 

osmotic diuresis (eg, increased urinary frequency or thirst), 

and AEs associated with a reduction in intravascular  volume 

(eg, orthostatic hypotension, postural dizziness; Table 2).43 These 

side effects were generally mild to moderate.14

Potential positive effects of canagliflozin on the lipid 

profile include elevated high-density lipoprotein cholesterol 

and decreased triglycerides. Canagliflozin is also associated 

with a mild dose-dependent increase in low-density lipo-

protein cholesterol levels, which appears to be an SGLT2 

inhibitor class effect.23,24 These effects may be related to 

hemoconcentration resulting from the mild osmotic diuretic 

effects of canagliflozin and/or downstream metabolic effects 

of increasing urinary glucose excretion (eg, shift in energy 

substrate utilization affecting hepatic triglyceride levels).44 

Long-term effects of canagliflozin treatment, including 

changes in lipids, on cardiovascular safety are being evalu-

ated in the CANVAS trial.

Hypoglycemia
Canagliflozin reduces elevated serum glucose levels by mini-

mizing glucose reabsorption in the proximal  kidney tubules. 

Studies in patients with T2DM show that  canagliflozin 

300 mg reduces the RT
G
 from a starting level of a maximum 

of approximately 240 mg/dL (13.3 mmol/L) to approximately 

70–90 mg/dL (3.9–5.0 mmol/L).45 As this level is  generally 

above the threshold for hypoglycemia, canagliflozin bears a 

low intrinsic risk of hypoglycemia. The clinical trial results 

confirm this notion: in monotherapy over 52 weeks, similar 

hypoglycemia rates were observed with canagliflozin 100 mg 

(5.1%), canagliflozin 300 mg (3.6%), and the control group 

(patients received placebo [weeks 1–26] or sitagliptin [weeks 

27–52]; 3.6%).33 Also, in combination with metformin, there 

was a comparatively low incidence of hypoglycemia; in direct 

comparison with the sulfonylurea glimepiride, the proportion 

of patients with hypoglycemia remained consistently low over 

104 weeks with canagliflozin (glimepiride, 40.9%; canagli-

flozin 100 mg, 6.8%; canagliflozin 300 mg, 8.2%). This was 

also true for episodes of severe hypoglycemia (glimepiride, 

3.3%; canagliflozin 100 mg, 0.6%; canagliflozin 300 mg, 

0.2%).27 As insulin and insulin secretagogue (eg, sulfonylurea) 

treatment is the main driver for hypoglycemia in combination 

therapy, a lower dose of insulin or the insulin secretagogue 

may be necessary in comedication with canagliflozin.14

Aes in conjunction with volume reduction
SGLT2 inhibition leads to fluid and sodium loss. These effects 

are caused by glucose-induced osmotic diuresis and the fact 

that the SGLT2 also functions as a sodium transporter. Based 

on these mechanisms of action of SGLT2 inhibition, AEs 

associated with volume depletion need close attention. In 

clinical studies with canagliflozin, a small increase of clinical 

signs related to volume deficiency, such as postural dizziness 

Table 2 AEs associated with canagliflozin that occurred in $2% 
of canagliflozin-treated patients

AE Patients, n (%)

PBO  
(n=646)

CANA 100 mg  
(n=833)

CANA 300 mg  
(n=834)

Gastrointestinal Aes
 Constipation 6 (0.9) 15 (1.8) 19 (2.3)
 Nausea 10 (1.5) 18 (2.2) 19 (2.3)
Aes related to osmotic diuresis
 Thirsta 1 (0.2) 23 (2.8) 19 (2.3)
 increased urinationb 5 (0.8) 44 (5.3) 38 (4.6)
Urinary tract infectionc 26 (4.0) 49 (5.9) 36 (4.3)
Genital Aes
  Female genital  

 mycotic infectiond,e

10 (3.2) 44 (10.4) 49 (11.4)

 vulvovaginal pruritusd 0 7 (1.6) 13 (3.0)
  Male genital  

 mycotic infectionf,g

2 (0.6) 17 (4.2) 15 (3.7)

Notes: aincludes thirst, dry mouth, and polydipsia; bincludes polyuria, pollakiuria, urine 
output increased, micturition urgency, and nocturia; cincludes urinary tract infection, 
cystitis, kidney infection, and urosepsis; dpercentages based on the number of females in 
each treatment group (PBO, n=312; CANA 100 mg, n=425; CANA 300 mg, n=430); 
eincludes vulvovaginal candidiasis, vulvovaginal mycotic infection, vulvovaginitis, vaginal 
infection, vulvitis, and genital infection fungal; fpercentages based on the number of 
males in each treatment group (PBO, n=334; CANA 100 mg, n=408; CANA 300 mg, 
n=404); gincludes balanitis or balanoposthitis, balanitis candida, and genital infection 
fungal. Adapted from Safety and tolerability of canagliflozin in patients with type 2 
diabetes: pooled analysis of phase 3 study results. Usiskin K, Kline i, Fung A, Mayer C, 
Meininger G. Postgraduate Medicine. 2014;126(3):16–34. Taylor & Francis.  Reprinted by 
permission of Taylor & Francis Ltd, http://www.tandfonline.com.43

Abbreviations: AE, adverse event; PBO, placebo; CANA, canagliflozin.
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and orthostatic hypertension, were seen with the 300 mg 

dose, especially with concomitant use of loop diuretics. 

Among patients on loop diuretics, the  incidence of volume 

depletion–related AEs with canagliflozin 100 mg and 300 mg 

and noncanagliflozin was 3.2%, 8.8%, and 4.7%.14 These side 

effects predominantly occurred in the first 3 months, after 

which the incidence declined.46

Urinary tract infections and genital  
mycotic infections
T2DM is associated with increased incidence of urinary 

tract infections and genital mycotic infections in both 

men and women. This is, in part, attributed to a reduced 

mucosa- associated immune defense exerted by chronic 

hyperglycemia.47 Treatment with an SGLT2 inhibitor, such 

as canagliflozin, reduces the glucose reabsorption in the 

kidneys. As a result, increased concentrations of glucose 

are excreted in the urine, and thereby blood glucose levels 

are reduced. The glucosuria associated with this mechanism 

of action may, at least potentially, favor the growth of uro-

pathogenic bacteria.48,49

In clinical trials, patients experienced more urinary tract 

infections with canagliflozin treatment than in the control 

groups, regardless of the dose. In the pooled placebo-

 controlled studies, the incidence of urinary tract infec-

tions with canagliflozin 100 mg and 300 mg and placebo 

was 5.9%, 4.3%, and 4.0%, respectively (Table 2); the 

incidence of urinary tract infections was 0.5%, 2.2%, and 

0.6%,  respectively, in males, and 11.1%, 6.3%, and 7.7%, 

respectively, in females.48 These infections were generally 

mild to  moderate, and only a few patients developed more 

than one  episode of symptomatic urinary tract infection. 

Common symptoms included dysuria, frequent urination, 

urinary urgency, and/or suprapubic  discomfort. The duration 

of symptoms was comparable with canagliflozin and placebo 

(~11–12 days). There were no indications that canagliflozin 

increased the incidence of recurring infections. In general, 

urinary tract infections responded well to standard treatment 

without the need for discontinuation of canagliflozin.48

A higher rate of genital mycotic infections was observed 

in clinical trials with canagliflozin treatment in both men and 

women, regardless of the dose (Table 2).43,49 In the pooled 

placebo-controlled studies, the incidence of genital mycotic 

infections with canagliflozin 100 mg and 300 mg and placebo 

was 4.2%, 3.7%, and 0.6%, respectively, in males, and 10.4%, 

11.4%, and 3.2%, respectively, in females.43 Infections were 

generally mild to moderate, responded to standard treat-

ment (topical in the majority of cases), and only rarely led 

to discontinuation of the study  medication, canagliflozin. 

Most genital fungal infections were confirmed by clinical 

diagnosis, without the necessity of further diagnostic 

evaluation. Many patients treated the infection by themselves. 

The majority of genital fungal infections were treated with 

antimycotics (topical and/or rarely oral) without discontinu-

ation of canagliflozin.49

Overall, genital fungal infections occurred more com-

monly in women than in men, and mainly during the first 

4 months of treatment with canagliflozin. Thereafter, the 

incidence was minor.49 Diabetes is a predisposing factor for 

vulvovaginal candidiasis in women. Glucosuria promotes 

the attachment and growth of yeast to the vaginal mucosa. 

Women who developed a genital fungal infection under 

treatment with canagliflozin were generally younger, had 

a higher BMI, were more commonly premenopausal, and 

more frequently reported a previous history of vulvovaginitis. 

No differences in baseline HbA
1c

 or diabetes duration were 

observed between women with and without genital mycotic 

infections with canagliflozin treatment.49

In the male group, the incidence of genital fungal infections 

(eg, balanitis, balanoposthitis) overall was low. Mostly, the 

infections occurred during the first year of treatment. Those 

affected more commonly had diabetes for a longer duration, 

and had a previous history of balanitis/balanoposthitis com-

pared to men without this AE. Genital mycotic infections were 

less frequently observed in circumcised men.49

Use of SGLT2 inhibition in  
everyday practice
The oral antidiabetic canagliflozin is available in 100 mg 

and 300 mg doses. It is licensed for use in the treatment of 

T2DM, in conjunction with diet and exercise, in the follow-

ing regimens14:

•	 Monotherapy, if use of metformin is considered unsuit-

able due to intolerability or contraindications

•	 Combination therapy with other oral antidiabetics, dual 

combination or triple combination

•	 Combination therapy with insulin, with or without other 

oral antidiabetics

When planning treatment with an SGLT2 inhibitor, one 

may consider the following aspects of treatment with the 

SGLT2 inhibitor canagliflozin:

•	 Works independently of insulin (ie, independently of 

endogenous beta-cell function and/or insulin action)

•	 Is not associated with an intrinsic risk of hypoglycemia

•	 Can be combined with other oral antidiabetics and 

 insulin (in combination therapy with insulin or an insulin 
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secretagogue, dose reduction may be necessary under 

certain circumstances in order to avoid hypoglycemia) 

in any phase of diabetes history

•	 Has been demonstrated, in the 300 mg dose as add-on to 

metformin, to exert superior HbA
1c

 reduction compared 

with sitagliptin or glimepiride

•	 Is associated with beneficial concomitant actions, such 

as weight reduction (significant differences in direct 

comparison with sitagliptin or glimepiride) and blood 

pressure reduction, in addition to glycemic control.

Overall, canagliflozin is well tolerated. Specifically, 

however, in everyday practice, the increased incidence of 

genital mycotic infections and urinary tract infections should 

be taken into account (Table 3).14,50 Additionally, clinicians 

should monitor patients’ lipid profiles per standard of care. An 

extensive, long-term outcome study program with canagli-

flozin (CANVAS) is currently being performed,25 from which 

outcomes on the effects on macrovascular and microvascular 

endpoints are expected in the next few years.

Summary
SGLT2 inhibition with canagliflozin leads to therapeutic 

glucosuria in patients with T2DM. This mechanism is inde-

pendent of beta-cell mass, insulin secretion, and/or insulin 

sensitivity. An extensive, clinical Phase III trial program with 

10,285 patients confirmed the consistent antihyperglycemic 

efficacy of the SGLT2 inhibitor canagliflozin. Weight reduc-

tion and moderate blood pressure reduction were observed 

as favorable concomitant effects of blood sugar control 

under canagliflozin. A long-term outcome study program 

(including CANVAS and CANVAS-R studies) is currently 

testing the impact of canagliflozin on macrovascular and 

renal endpoints. In  everyday practice, a higher incidence of 

genital mycotic infections and urinary tract infections needs 

to be taken into account with SGLT2 inhibitors, especially 

in women. Owing to the insulin-independent mechanism of 

action, the therapeutic use of canagliflozin is possible in any 

phase of diabetes history.
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