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INTRODUCTION

Type 2 diabetes mellitus is considered an import-
ant public health problem that is aggravated by a 
context of a populational aging, sedentary lifestyle, 
and accumulation of body fat. In 2014, the estimated 
prevalence of the disease was 422 million, 8.5% of the 
world population, which is twice the number from 
the beginning of the 1980s. In addition, 1.5 million 
deaths recorded in 2012 were attributed to diabe-
tes, 43% of which were individuals aged less than 70 

years. In the long term, the disease is an important 
risk factor for retinopathy, cardio-cerebrovascular 
disease, and kidney disease1. 

Chronic kidney disease (CKD) has worldwide 
prevalence estimated at 10%, with a predilection for 
individuals over 60 years old2, a condition with com-
plex and multifactorial physiopathology, in addition 
to a systemic impact in several organs and appara-
tus. Hospitalization, risk of death, and cardiovascu-
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ergic stimulation, while the glucose consumption 
occurs significantly in the renal medulla. With a 
normal glomerular filtration rate (180 liters per day) 
and glycemia around 100 mg/dL, 180 g of glucose is 
filtered daily, with total reabsorption in the proximal 
tubule level7. This balance occurs by the SGLT2 ac-
tion in the S1 segment of the proximal tubule, with 
80% to 90% participation in the glucose reabsorption, 
while SGLT1 has minimum participation of 10-20% in 
the segments S2 and S3. The function of SGLT 1 and 
2 depends on the Na+-K+-ATPase pump of the baso-
lateral membrane: the sodium (Na) output from the 
pump reduces intracellular Na, causing the sodium 
from the tubular to enter the cell with the glucose; 
this finally reaches the interstitium at the basolateral 
membrane through the glucose transporter (GLUT)8. 
A glucose value of 180 mg/dL is considered to be the 
limit for renal reabsorption capacity; anything above 
that will cause glycosuria9. 

RENAL INVOLVEMENT IN DIABETES 
MELLITUS

Kidney disease caused by diabetes is character-
ized by structural and functional alterations, whose 
manifestations include albuminuria and decreased 
glomerular filtration rate10. The initial pathophysi-
ological events stages that lead to CKD progression 
are divided into early (hemodynamic and metabolic) 
and late (cell and tissue remodeling)11. 

In a scenario of hyperglycemia, tubular glucose 
reabsortive capacity (Tmg) increases with greater 
glucose reabsorption and, therefore, sodium. Thus, a 
lower concentration of sodium chloride reaches the 
macula densa and, through tubule-glomerular feed-

lar events are increased in CKD, especially with the 
progression of the disease to stages of glomerular fil-
tration rate lower than 45 ml/min per 1.73 m² 3.

Diabetes mellitus has a relevant impact on cardio-
vascular morbidity and mortality, especially when 
associated with renal disease4. In Brasil, the magni-
tude of the problem is visible in the statistics of end-
stage kidney disease: 30% of patients on a permanent 
dialysis program have diabetes as the etiology, which 
is the second main cause for end-stage kidney dis-
ease requiring renal replacement therapy5.

The treatment of this metabolic disorder is rep-
resented by an extensive list of drugs of different 
pharmacodynamics, whose main goal is to optimize 
glycemic control. Sodium-glucose cotransporter-2 
(SGLT2) inhibitors, a class of oral hypoglycemic 
agents that have recently become popular, have an 
insulin-independent effect. Their main mechanism 
of action is to inhibit SGLT2 in the proximal portion 
of the nephron, with consequent glycosuria and na-
triuretic effect and attenuation of glomerular hyper-
filtration, improvement of blood pressure levels, and 
weight reduction. Thus, this class of medication has 
been a surprise in several trials due to their broad 
renal and cardiovascular benefits6.

Next, we review this class of medication, bringing 
the major clinical outcomes described in the litera-
ture, with a focus on renoprotection.

THE KIDNEY AND THE GLUCOSE 
METABOLISM

Approximately 80% of endogenous glucose is of 
hepatic origin, while 20% is renal. In the kidney, the 
production occurs mainly in cortical cells by adren-

FIGURE 1. NORMAL GLOMERULAR HEMODYNAMICS (1A) AND KIDNEY DISEASE CAUSED BY DIABETES (1B).
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back, resembling a situation of renal hypoperfusion, 
the renin-angiotensin-aldosterone system (RAAS) is 
activated with efferent arteriolar vasoconstriction 
and afferent arteriolar vasodilation, generating in-
creased intraglomerular and GFR pressure; over 
time, this hemodynamic mechanism results in inju-
ry of the glomeruli12 (Figure 1). The consequences of 
diabetes mellitus, such as exacerbated production of 
growth factors and the aforementioned changes in 
glomerular hemodynamics, lead to hyperfiltration 
and glomerular hypertension, renal hypertrophy, 
and changes in the glomerular structure, with clini-
cal manifestation typical of kidney disease caused by 
diabetes: albuminuria and hypertension. 

SGLT2 INHIBITION AS A THERAPEUTIC 
TARGET IN DIABETES MELLITUS AND IN 
NEPHROPROTECTION

Although this is a current issue that has been fre-
quently discussed in recent years, the renal SGLT 
inhibition was originated in the 1980s, still in exper-
imental studies. On that occasion, it was found that 
the administration of Phlorizin, a non-selective SGLT 
inhibitor, reduced hyperglycemia in rats, in addition 
to improving insulin resistance; however, there was 
reduced bioavailability, in addition to gastrointestinal 
effects that hindered its application in clinical stud-
ies13. This class of drugs has evolved and, current-
ly, there are three main representatives of selective 
SGLT2 inhibitors: empagliflozin, dapagliflozin, and 
canagliflozin. 

The glycosuria action of this class of medication 
is due to three mechanisms of action: the reduction 
of Tmg; reduction of glycosuria threshold; increase 

in the linear transition between reabsorption and 
renal excretion of glucose as the Tmg is reached9. 
When examined experimentally, the increase of 
glucose in urine occurred both in diabetic and nor-
moglycemic patients, and the reduction of the glu-
cose threshold appears to be the most significant 
pharmacological mechanism14.

The lower glucose reabsorption at the proximal 
tubule increases the availability of sodium and chlo-
ride that reaches the distal portions of the nephron, 
especially the macula densa. Thus, the greater intake 
of sodium chloride by this structure leads to the local 
release of adenosine and, consequently, of intracellu-
lar calcium, generating afferent arteriolar vasocon-
striction15,16. This results in a reduction of glomerular 
hyperfiltration and, consequently, of intraglomer-
ular hypertension, attenuating albuminuria, which 
are primary pathophysiological components in the 
development of kidney disease caused by diabetes, 
which explains the medication benefits beyond the 
blood glucose reduction17 (Figure 2). 

In addition to the beneficial hemodynamic ac-
tion, other effects also seem to contribute positively 
regarding the renal condition in diabetes mellitus; 
however, in a smaller proportion. The inhibition of 
SGLT2 reduces renal energy requirements, thus re-
ducing renal hypoxia18. There is also an antioxidant, 
antifibrotic, and anti-inflammatory action due to 
the reduction of glycosylation products and the ex-
pression of inflammatory molecules19. Therefore, it 
is essential to stress the idea that the renal benefit 
from the SGLT2 action comes mostly from the glo-
merular hemodynamic effect to the detriment of the 
glucosuric effect alone, and, supposedly, hypoglyce-
mic - which can vary from 0.4% to 1.1% of the glycated 
hemoglobin, in addition to reducing body weight20. 

RELEVANT CLINICAL STUDIES ON BENEFITS 
AND SECURITY

To date, three large clinical trials have studied the 
cardiovascular and renal benefits of SGLT2 inhibi-
tors, namely: EMPA-REG Outcome (empagliflozin), 
CANVAS (canagliflozin), and DECLARE-TIMI 58 (da-
pagliflozin)21-23. More recently, CREDENCE assessed 
in a primary way the renal outcomes with the use of 
canagliflozin24; we have detailed such evidence, and 
the data are summarized in Table 1.

EMPA-REG Outcome was a clinical trial, dou-
ble-blind, that randomized 7,028 patients with type 

FIGURE 2. GLOMERULAR HEMODYNAMIC EFFECT AS A 
RESULT OF SGLT2 INHIBITION.
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2 diabetes mellitus and established cardiovascular 
disease in 42 countries, who were divided into three 
groups: placebo, 10 mg, and 25 mg of empaglifloz-
in, with a three-year follow-up. The medication was 
added to the standard therapy (metformin and oth-
er hypoglycemic agents, as indicated by the clinical 
context of each patient). In the empagliflozin group, 
for both doses used, there was a significant reduction 
of cardiovascular mortality, a 32% reduction of gen-
eral mortality, in addition to a 35% reduction of hos-
pitalization due to heart failure. However, for acute 
myocardial infarction (AMI) and fatal and non-fatal 
stroke, there were no statistically significant differ-
ences21. Subsequently, the population studied in the 
EMPA-REG Outcome was studied specifically for 
renal outcomes, i.e., progression to macroalbumin-
uria, doubling of serum creatinine, initiation of renal 
replacement therapy (RRT), and death due to kidney 
failure25. It is worth noting that most individuals (ap-
proximately 75%) had an estimated glomerular filtra-
tion rate (EGFR) above 60 ml/min/1.73 m²), and 40% 
had an albuminuria/creatinine ratio (UACR) above 
30 mg/g (population with incipient kidney disease, 
which limited more robust evaluations of the renal 
outcomes). Other than that, there were positive re-
sults in the aspects analyzed, and it was inferred that 
the patients in the group treated with empaglifloz-
in had a reduction in the progression of the chron-
ic kidney disease and lower incidence of clinically 
significant renal events. It was noted that, in both 
dose groups treated with the SGLT2 inhibitor, there 
was a decrease of up to 4 ml/min/1.73 m² in the first 
four weeks of treatment, which remained stable and 
without progression, unlike in the placebo group, 
in which there was a progressive decrease of eGFR 
during the period studied. This decrease in the first 
month of treatment is justified by the intraglomer-
ular hemodynamic alteration, by the glomerular-tu-
bule feedback mechanism with afferent arteriolar 
vasoconstriction, as previously explained. In regard 
to the safety of the treatment, the only significant 
finding was genital infection. The risk of worsening 
of renal function, dehydration, and fracture did not 
differ between the groups studied25.

The CANVAS, a randomized, multicenter clinical 
trial that included 10,142 patients in two study de-
signs (Canvas and Canvas-R), had as its primary out-
come to analyze cardiovascular mortality, non-fatal 
AMI, and non-fatal stroke. The trial included patients 
with type 2 diabetes mellitus and established cardio-

vascular disease or with the presence of two risk 
factors for cardiovascular disease. In Canvas, there 
was randomization into three groups: canagliflozin 
100 mg, canagliflozin 300 mg, and placebo, while in 
Canvas-R, there were two groups: canagliflozin 100 
mg (with an optional increase to 300 mg during fol-
low-up) and placebo. Following the trends of analyzes 
for empagliflozin, the Canvas showed a reduction in 
cardiovascular mortality and hospitalization due to 
heart failure, with no significant impact on stroke 
and non-fatal AMI. When analyzed from the nephro-
logical point of view, the average eGFR, from basic 
characteristics in all groups, was 76 ml/min/1.73 m², 
and 30% of individuals presented some degree of 
UACR (7% above 300 mg/g). In patients treated with 
the canagliflozin, there was a reduction in the pro-
gression of albuminuria, need for RRT, eGFR in 40%, 
or renal death. The noteworthy significant adverse 
effects were an increase in the incidence of genital in-
fections, greater osmotic diuresis, and reduced blood 
volume in the canaglifozin groups22. Other adverse 
effects, which previously had not been noticed, were 
a higher incidence of fractures and amputations in 
patients treated with the canagliflozin. Regarding the 
risk of amputation, no precise physiopathological ex-
planation was found for it; it is possibly associated 
with episodes of dehydration and consequent hemo-
concentration in individuals with previous peripher-
al arterial vascular involvement. A prior retrospective 
analysis also noted that risk as an effect of the SGLT2 
inhibitor class, warning about the need for caution in 
susceptible patients, and monitoring for security in 
the long term26.

Another randomized, multicenter clinical trial, 
the DECLARE-TIMI 58, aimed to evaluate the clin-
ical outcomes of dapagliflozin. In it, 17,160 patients 
with type 2 diabetes and established cardiovascular 
disease or high cardiovascular risk were studied by 
an average period of four years. Two groups were 
analyzed: a treatment group, which received 10 mg 
of dapagliflozin, and a placebo group. Similar to pre-
vious trials, there was a benefit in the treatment 
group, with a reduction in cardiovascular mortality 
and hospitalization due to heart failure, but with no 
significance in the reduction of stroke and non-fatal 
AMI. There was also no reduction in the incidence 
of major cardiovascular effects, which is a possible 
explanation for the exclusion of patients with eGFR 
below 60 ml/min/1.73 m² (a group known to be of 
higher cardiovascular risk), which differs from pre-
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vious clinical studies. Despite this, when the renal 
outcomes were analyzed, there was a reduction in 
the incidence of end-stage kidney disease, a decrease 
greater than 40% in the eGFR, and death due to kid-
ney failure. Basal levels and progression of albumin-
uria were not included in the analysis. Genital infec-
tion and diabetic ketoacidosis were adverse effects 
described as significant in the group treated with 
dapagliflozin23.

In these three large clinical trials, we note that, in 
relation to renal outcomes, individuals with no or lit-
tle albuminuria were selected, as well as with normal 
or slightly reduced eGFR, which makes it difficult to 
make more complex analyses since this population 
has a low risk for progression of kidney disease. In 
this context, the CREDENCE study randomized 4,401 
patients into a placebo group or a treatment group 
with 100 mg of canagliflozin, with a follow-up of 2.6 
years. Patients needed to meet the following inclusion 
criteria: type 2 diabetes with eGFR from 30 to 90 ml/
min/1.73 m², UACR of 300 to 5,000 mg/g, and have an 
optimal and stable dose of angiotensin-converting en-
zyme inhibitors or angiotensin receptor blocker. Thus, 
the randomized groups included patients with an av-
erage of eGFR of 56 ml/min/1.73 m² and UACR of 930 
mg/g.  There was a reduction of 30% in the primary 
outcomes analyzed: end-stage kidney disease, dou-
bling of serum creatinine, renal and cardiovascular 
mortality. For specific renal outcomes, the reduction 
was 34%. In the analysis of subgroups, 59% of the pa-
tients presented eGFR between 60 and 30 ml/min/1.73 
m², a percentage that presented significant outcomes 
(the subgroup of 45 to 60 ml/min/1.73 m² had a 53% 
reduction in specific renal risk). It should be empha-
sized that such improvements were independent of 
the reduction in glycated hemoglobin. The subgroups 
with UACR greater than 1,000 mg/g and lower than 
1,000 mg/g were also studied, with positive results in 
patients with a higher degree of proteinuria. In con-
trast with the CANVAS results, there was no differ-
ence in the incidence of amputations and fractures 
between the groups analyzed; there was an active in-
vestigation of signs of lesions on patient’s feet during 
protocol visits and, in case of suspicion of worsening 
of the peripheral arterial disease, the treatment could 
be interrupted24. 

In order to strengthen the evidence for the popu-
lation with more advanced chronic kidney disease, 
the DAPA-CKD (Clinical trials: NCT03036150) is be-
ing conducted and will include patients with eGFR 

between 25 and 75 ml/min/1.73 m² or UACR between 
200 and 5,000 mg/g, with completion expected by 
November 2020 and the purpose of assessing the re-
nal benefits of dapagliflozin in patients with chronic 
kidney disease, whether or not diabetic27. Another 
promising clinical trial is the Empa-Kidney (Clinical 
trials: NCT03594110), which will include patients 
with eGFR from 20 to 45 ml/min/1.73 m² and 45 to 
90 ml/min/1.73 m² and UACR greater than 200 mg/g; 
diabetic patients, or with established cardiovascular 
disease and eGFR >60 ml/min/1.73 m² will be exclud-
ed. The primary goals are to evaluate the progression 
of kidney disease and cardiovascular death, and the 
study is expected to be completed by 202228.

In smaller proportions, the SGLT2 inhibitors, in 
particular, empagliflozin, were also studied in an-
other scenario of chronic kidney disease: post-trans-
plant diabetes mellitus. In a small, non-randomized 
study, empagliflozin proved to be safe in these indi-
viduals, with a low risk of serious adverse effects. 
It had a low impact on the reduction of blood glu-
cose levels, but significant weight reduction; there 
was not enough power to assess graft survival. This 
study emphasizes the safety of the medication and 
maintains the subject open to larger trials to ex-
pand results for the population of solid organ trans-
plantation, in particular to kidney transplantation 
recipients29.

In relation to the safety profile of SGLT2 inhibi-
tors, in general, they are well tolerated, safe med-
ications, whose main significant adverse effect 
described were fungal genital infections (vulvovag-
initis and balanoposthitis). Volume depletion, am-
putations, and fractures (these last two seen only 
with canagliflozin), although a controversial impact 
in trials, are described and deserve attention by the 
prescribing physician. Diabetic ketoacidosis, in par-
ticular, the euglycemic subtype, is classically asso-
ciated with users of this medication who have type 
1 diabetes mellitus - which actually hinders its use 
in this profile of patients. However, this was also 
observed in type 2 diabetic patients, so attention 
should be paid when the individual under treatment 
presents metabolic acidosis of unknown etiology30. 
Urinary tract infections were initially a cause for 
concern; however, subsequent strong analysis of 
the therapy did not correlate it with a higher inci-
dence of urinary tract infections of any severity31. 
As more studies are awaited to better understand 
the extent of benefits, the safety assessment of 
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SGLT2 inhibitors will continue to be discussed, es-
pecially in the population of greater risk, that is, 
that with impaired renal function. After consider-
ation, without a doubt, the benefits of SGLT2 inhibi-
tion outweigh the risks; however, good clinical prac-
tice must be based on patient safety first, and the 
monitoring of adverse reactions should be thorough 
and continuous.

PRACTICAL RECOMMENDATIONS FOR THE 
USE OF THE SGLT2 INHIBITORS IN CLINICAL 
PRACTICE

The recommendation for initial treatment, ac-
cording to the American Diabetes Association (ADA), 
is still metformin combined with changes in life-
style. The cost-benefit relationship of the medica-
tion, allied to cardiovascular and metabolic benefits, 
justifies this as the first choice in the therapeutic 
line32. As adjuvant pharmacological therapy, the ADA 
recommends associating, in individuals with estab-
lished cardiovascular disease, a SGLT2 inhibitor or 
glucagon-like peptide 1 (GLP-1) agonist. The GLP-1 ag-
onists, represented mainly by exenatide, liraglutide, 
and semaglutide, belong to the group of incretin mi-
metics, intestinal hormones which potentiate the se-
cretion of insulin, optimizing blood glucose levels, in 
addition to having cardio and renoprotective pleiotro-
pic effects, although its clinical outcomes are less im-
pactful33. In patients with risk of or established heart 
failure, there is a preference for the SGLT2 inhibitor, 
in view of the evidence above. If poor glycemic val-
ues persist, it is recommended that another hypo-
glycemic medication is added34. One alternative is 
the class of dipeptidyl peptidase 4 (DPP4) inhibitors, 
which have a different mechanism of action than the 
glycosuric drugs; the inhibition of this enzyme leads 
to the stabilization of GLP1, which justifies the glu-

cose reduction effect. The impacts on cardiovascular 
and renal outcomes were controversial. However, 
recently, benefits in the short-term improvement of 
glycated hemoglobin and albuminuria were observed 
when used concomitantly to SGLT2 inhibitors, with 
good tolerability and security profile35.

Regarding the use of SGLT2 inhibitors in patients 
with reduced renal function, the recommendation 
is to use empagliflozin and canagliflozin when the 
eGFR is greater than 30 ml/min/1.73 m²; dapaglifloz-
in should be used when the eGFR is of at least 60 ml/
min/1.73 m². For the subpopulation with advanced 
CKD, when the other studies are completed, we will 
have answers regarding their efficacy and safety.

CONCLUSION

SGLT2 inhibitors are likely the greatest pharma-
cological advancement in nephrology since RAAS 
blockers; they are agents capable of reducing renal 
cardiovascular, a great foundation for oral hypo-
glycemic therapy36. With well-established clinical 
outcomes, they are already part of the therapeutic 
armamentarium against type 2 diabetes mellitus. 
Although limited for use in the Brazilian population, 
primarily due to its cost, its prescription should be 
instigated, and the cost-benefit relationship present-
ed to the patient. Future publications are promising 
for the non-diabetic population, with even greater 
hopes of renal survival in patients with CKD.
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