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�� INTRODUCTION

Chronic kidney disease (CKD) is a frequent comorbidity in patients 
with diabetes mellitus (DM). Approximately 43% of individuals with 
type 2 DM concomitantly have CKD and, with advancing age, the 
prevalence is even higher (61% of type 2 DM patients ≥ 65 years)1. 
Many drugs used to treat DM have some restrictions in these patients 
that have to be taken into account in clinical practice. New treatment 
options are emerging that are safe and eventually beneficial for CKD 
patients, namely, GLP‑1 receptor agonists and SGLT2 inhibitors.

This review summarizes the most relevant evidence to guide clinical 
practice in using antihyperglycemic drugs, focusing on practical 
aspects, main risks and potential benefits in CKD (considering renal 
and cardiovascular outcomes, the last also being important in these 
high risk patients). Although all kinds of insulin can be used in every 
CKD stage effectively, an extensive description of this treatment option 
is beyond the scope of this review.

�� BIGUANIDES

The only biguanide currently available is metformin. This drug has 
multiple mechanisms of action, with the main a decrease in insulin 
resistance, especially in the liver, where it reduces glucogenolysis and 
neoglucogenesis, ultimately reducing the amount of glucose released 
in circulation. The insulin sensitizing action in muscle and fat tissues 
increases peripheral glucose uptake. Metformin also has an incretin
‑like effect, raising GLP‑1 levels (which stimulate insulin secretion and 
decrease glucagon release) and promotes anaerobic glucose metabo-
lism in the small intestine2. It is particularly effective in reducing fasting 

glucose levels (although it also has some effect in prandial levels)3, 
usually allowing HbA1c reductions greater than 1%, with very low 
hypoglycemia risk4. The most frequent adverse events include ano-
rexia, nausea, abdominal pain, vomiting and diarrhea, which are dose
‑dependent and usually transient2, but might be particularly bother-
some and reduce compliance. In order to prevent them, it is advisable 
to recommend taking the drug after a meal, start with a low dose 
(e.g. 500mg once or twice daily) and up‑titrate slowly (e.g. weekly 
increases of 500mg until target dose achieved)2. Maximum recom-
mended dose is 3000mg/day. Vitamin B12 deficiency (rarely leading 
to anemia) is also a concern when metformin is used chronically, so 
its levels must be checked regularly, as well as the full blood count2,5. 
Supplementation is warranted, if needed. The most serious adverse 
event related to biguanides is lactic acidosis, which is caused by res-
piratory chain inhibition that leads to a shift towards anaerobic 
metabolism and lactate production6. The evidence on this issue is 
conflicting, but in general, lactic acidosis seems to be a rare event6, 
particularly if metformin is adequately used (respecting contra
‑indications)2,6. There is some concern about an increased risk of 
lactic acidosis in CKD because metformin is excreted by the kidney3. 
In their systematic review, Inzuchi et al6 concluded that as long as 
kidney function is stable, proper monitoring is warranted, and dose 
adjustments are made as renal function deteriorates, the risk is low 
in mild and moderate CKD.

Metformin’s dose has to be adjusted according to estimated glo-
merular filtration rate (eGFR). There is no absolute consensus on the 
best way of doing this, but it is generally accepted that it should be 
suspended if eGFR is below 30ml/min/1.73m2. The American Diabetes 
Association joint position with the European Association for the Study 
of Diabetes (ADA/EASD)7 state that dose should be reduced in CKD 
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stage 3B. The European Medicines Agency (EMA) states that for CKD 
stage 3A, maximum dose should be 2000mg/day, and for stage 3B, 
daily dose should not exceed 1000mg/day8.

Metformin has long been regarded as dangerous in CKD patients, 
but it is now widely accepted as a safe option until further stages of 
the disease. In fact, it might even have renoprotective effects. Many 
studies using animal models (diabetic and non‑diabetic nephropathies) 
and human cell lines have shown protective effects of this drug. The 
mechanisms described include decreased oxidative stress, anti‑fibrotic 
actions with reduction of tubulointerstitial fibrosis and glomeruloscle-
rosis, reduced podocyte loss, reduced albuminuria and prevention of 
vascular calcification9. Data available from human studies are scarce, 
mostly from observational, retrospective studies. Metformin has been 
associated to a lower risk of renal function decline or death when 
compared to sulfonylureas (independently of HbA1c over time) and a 
higher likelihood of graft survival and lower mortality in kidney trans-
plant patients at 3 years post‑transplant9. A recent post‑hoc analysis 
from the TREAT (Trial to Reduce Cardiovascular Events with Aranesp 
(darbepoetin‑alfa) Therapy)1, that included only patients with CKD 
(eGFR 20‑60ml/min/1.73m2), compared 508 metformin users with the 
same number of matched controls, and found that metformin users 
had lower rates of a kidney disease composite outcome including end
‑stage renal disease (ESRD) or death. However, no significant differences 
were found in creatinine doubling and progression to ESRD and the 
authors assumed that the benefit observed in the kidney composite 
outcome was primarily attributable to its effect on overall survival. 
This way, they conclude that metformin might not be able to prevent 
progression to ESRD after all. A possible explanation is that anti‑fibrotic 
effects seen in animal models might only prevent progression of disease 
in earlier stages of CKD1. Properly designed clinical trials to evaluate 
metformin’s renoprotective effects in humans are still lacking.

Metformin may also reduce risk of cardiovascular events and 
death5, although data about this are still conflicting. The already men-
tioned post‑hoc analysis from TREAT1 found that metformin users had 
lower rates of all‑cause mortality, cardiovascular death and a cardio-
vascular disease composite including hospitalization for heart failure, 
myocardial infarction, stroke, myocardial ischemia or death, that 
remained after adjustment for several cardiovascular risk factors.

�� SULFONYLUREAS

Sulfonylureas exert their action by stimulating insulin secretion by 
the pancreatic beta cell (insulin secretagogues). They reduce fasting 

and prandial glucose levels and might be associated to HbA1c reduc-
tions greater than 1%4. However, their effectiveness is usually not 
sustained over time4,7. The most common adverse event related to 
sulfonylureas is hypoglycemia, which is particularly a concern when 
long half‑life sulfonylureas are used, especially glibenclamide (known 
in the USA as glyburide)7. Another common adverse event is weight 
gain7. Table I summarizes the main practical aspects of regularly used 
sulfonylureas.

The most important concern related to using these drugs in CKD 
patients is increasing hypoglycemia risk with deteriorating renal func-
tion7. Gliclazide and glipizide are mostly metabolized in the liver to 
inactive metabolites, and only a minor part is excreted unaltered in 
urine12,14, so these are the safest sulfonylureas to use in these patients. 
Dose reduction might still be advisable as CKD progresses because 
there might be some increase in hypoglycemia risk. No specific recom-
mendations exist on how to adjust dosing according to eGFR. There 
is no data on the use of gliclazide in patients with severe CKD, but 
considering its metabolism, as long as the dose is reduced, some 
recommend its use in these patients15, while others are more cautious 
and recommend against14. Glimepiride is also metabolized in the liver 
but some of its metabolites (that are subsequently excreted in urine) 
have hypoglycemic activity14,15, so when renal function deteriorates, 
hypoglycemia risk is significant. Dose reduction is recommended if 
eGFR falls below 60ml/min/1.73m2 and it should be avoided under 
30ml/min/1.73m2 15. Again, there are no specific recommendations 
on dosing according to eGFR. Glyburide is metabolized in the liver 
and some metabolites are also active, equally excreted in the urine 
and bile15. Although biliary excretion might partially compensate for 
gradual loss of renal excretion in CKD, these patients are at high risk 
of hypoglycemia15. If eGFR is between 60 and 90ml/min/1.73m2, 
patients should be treated with low dose and frequent monitoring. 
Glyburide should be suspended if eGFR falls below 60ml/min/1.73m2 15.

There is no agreement on sulfonylureas’ cardiovascular safety pro-
file. Observational studies raised some concerns about this issue7 and 
it is still a matter of debate. Many observational studies, randomized 
control trials and meta‑analysis have been performed, with inconsist-
ent results16‑18.

Evidence from the UK Prospective Diabetes Study and ADVANCE 
trials has confirmed the microvascular benefits of this drug class, 
namely, a reduction in the incidence or worsening of nephropathy, 
but it is still not known if these were related to the drug itself or to 
glucose‑lowering effect16. They are generally regarded as neutral to 
the kidney5.

Table I

Sulfonylureas – dosage, route and adjustments in CKD patients.10-15

Characteristic Gliclazide Glimepiride Glipizide Glyburide
Dosage MR: 30-120mg/day 1-8mg/day 2.5-40mg/day 5-15mg/day

Dosing frequency Once daily (MR) Once daily Once daily Once daily
Route Oral Oral Oral Oral
CKD Dose (?) Dose if eGFR<60

Avoid if eGFR <30
Dose (?) Avoid if eGFR<60

MR – modified release. eGFR is expressed in ml/min/1.73m2.
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�� GLITAZONES

Pioglitazone is the most frequently used drug in this class, and the 
only one available in our country. It acts through PPARγ activation, 
which results in peripheral insulin sensitizing effect in the muscle, fat 
and liver19. It is effective in lowering mainly fasting glucose and can 
result in HbA1c reductions greater than 1%4. Dosing varies between 
15 and 45mg, taken once daily, orally20. Hypoglycemia risk is low4. 
Pioglitazone has also a positive effect on lipid profile, raising HDL 
cholesterol, lowering triglycerides and improving LDL particle size (in 
spite of slightly raising their number)4,19. This drug main problem is 
related to its adverse events. It can cause fluid retention and increased 
fat tissue (mainly subcutaneous), which translates into weight gain 
and peripheral edema, worsening heart failure symptoms4. This might 
be particularly bothersome for CKD patients that already have fluid 
retention. Another concern is the possibility of osteoporosis and 
increased risk of bone fracture, mainly in older women4. Elevated 
liver enzymes might also be seen and this should be monitored20. 
Probably the most worrisome adverse event that has been associated 
to pioglitazone is increased risk of bladder cancer, although the evi-
dence supporting this association is inconsistent4. It is recommended 
not to prescribe this drug to patients with personal history of this kind 
of malignancy4.

Pioglitazone levels in blood are not raised in any stage of CKD20, 
so theoretically it could be used in all stages of the disease with the 
same dose regimen. However, it is advisable to reduce dose with 
progression of CKD, accounting for adverse events that might add to 
problems that come along with decreasing eGFR (e.g. fluid reten-
tion)15. It is usually recommended not to exceed 15mg/day in these 
patients and avoid if on dialysis15,20.

Apart from the positive effect on the lipid profile, pioglitazone has 
been described to have other effects that might provide cardiovascular 
benefit going beyond glucose control. These include reducing blood 
pressure, plasma free fatty acids, inflammatory markers and proco-
agulant factors, slowing the progression of carotid intima‑media thick-
ness19. Several studies have evaluated the cardiovascular benefit from 
this drug. A recent meta‑analysis of 9 randomized controlled trials 
(RCTs) including over 120100 patients with insulin resistance, pre
‑diabetes and type 2 DM was performed to evaluate this21. Among 
patients with pre‑diabetes or insulin resistance, pioglitazone was 
associated with a significant lower risk of cardiovascular mortality, 
non‑fatal myocardial infarction and non‑fatal stroke – MACE (2 trials: 
RR 0.77; 95%CI 0.64 to 0.93). Among patients with DM, pioglitazone 

was associated with a significant lower risk of MACE (5 trials: RR 0.83; 
95%CI 0.72 to 0.97). However, this apparently positive cardiovascular 
effect was downsided by the fact that there was a significant increase 
in the risk of heart failure, bone fracture, edema and weight gain.

There is some evidence that pioglitazone might have beneficial 
effects on nephropathy. Qin et al22 performed a meta‑analysis and 
review of 26 RCTs (9 with rosiglitazone and 17 with pioglitazone) includ-
ing 8129 patients with type 2 DM. Overall, in patients with normo‑ and 
micro/macroalbuminuria, treatment with glitazones was associated 
with a significant decrease in urinary albumin excretion, but no 
improvement in eGFR was seen. It is not known if this is only related 
to glucose control or if other mechanisms are in place.

�� DPP‑4 INHIBITORS

DPP‑4 is an enzyme responsible for metabolizing and inactivating 
incretins (e.g. GLP‑1, GIP), so its inhibitors increase glucose‑dependent 
insulin secretion and reduce glucagon release. They are effective in 
lowering fasting and prandial glucose levels, with very low hypogly-
cemia risk. The major issue with these drugs is their limited efficacy, 
since they are usually associated with HbA1c reductions of less than 
1%. Their greatest advantage is their safety profile, with very low 
prevalence of side effects. The most important concern is the risk of 
acute pancreatitis5, but it is predictably rare.

The different DPP‑4 inhibitors available and practical aspects of 
their use are described in Table II.

All DPP‑4 inhibitors can be safely used in CKD. Linagliptin is the 
only one that does not need dose adjustment according to eGFR 
because it is metabolized in the liver and mainly excreted in bile, unlike 
the others that are cleared by the kidneys (table II). Some recommend 
saxagliptin should not be used in ESRD28, while others just recommend 
using a reduced dose (2.5mg/day)15.

DPP‑4 inhibitors were the first antihyperglycemic drugs that had 
clinical trials specifically designed to evaluate cardiovascular safety 
(against placebo), as requested by regulatory authorities (TECOS29 
for sitagliptin, EXAMINE30 for alogliptin, SAVOR‑TIMI 5331 for saxa-
gliptin and CARMELINA32 for linagliptin). Vildagliptin has no cardio-
vascular outcome trial. These studies included only patients with 
established atherosclerotic vascular disease, except for SAVOR‑TIMI 
53 and CARMELINA that also included patients with cardiovascular 

Table II

DPP-4 inhibitors – dosage, route and adjustments in CKD patients.23-27

Characteristic Sitagliptin Vildagliptin Linagliptin Alogliptin Saxagliptin
Dosage 100mg 100mg 5mg 25mg 5mg

Dosing frequency Once daily Twice daily
(50mg+50mg)

Once daily Once daily Once daily

Route Oral Oral Oral Oral Oral
CKD eGFR 30-50: 50mg/day

eGFR <30: 25mg/day
eGFR<50: 50mg/day No dose

adjustment
eGFR 30-50: 12.5mg/day
eGFR <30: 6.25mg/day

eGFR<60: 2.5mg/day
ESRD – avoid (?)

eGFR is expressed in ml/min/1.73m2.
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risk factors but no established disease. Primary outcome was the 
3‑point MACE already described (in TECOS, hospitalization for unstable 
angina was also included). All DPP‑4 inhibitors demonstrated non
‑inferiority against placebo in primary outcome, but none was 
superior29‑32. All‑cause mortality was similar between groups in all 
studies29‑32. Saxagliptin was associated with increased risk of hospi-
talization for heart failure versus placebo (3.5% vs. 2.8%; HR 1.27; 
P=0.007), which is still not clear and has not been reproduced with 
other DPP‑4 inhibitors29,30,32.

Evidence is emerging suggesting that these drugs may have 
renoprotective effects unrelated to their antihyperglycemic 
action33,34. Several renal beneficial effects have been described in 
animal models of diabetic and non‑diabetic nephropathy, human 
cell lines and even in human studies for all DPP‑4 inhibitors avail-
able34. These include anti‑oxidative and anti‑inflammatory actions, 
decreased podocyte loss, decreased albuminuria, decreased tubular 
damage, and anti‑fibrotic actions with reduced glomerulosclerosis 
and interstitial fibrosis33,34. A detailed description of all molecular 
mechanisms potentially involved in these effects is beyond the scope 
of this review.

Cardiovascular outcome studies mentioned above also included 
some renal outcomes (secondary or evaluated on exploratory 
analysis).

In TECOS29,35, patients with eGFR >30ml/min/1.73m2 were includ-
ed. There was a progressive eGFR decline along time in both groups, 
with slightly lower eGFR in the sitagliptin group, which persisted after 
adjustment for baseline eGFR, baseline HbA1c and change of HbA1c 
over time (overall estimated mean difference of ‑1.43ml/min/1.73m2; 
95%CI ‑1.88 to ‑0.98; P<0.0001). Sitagliptin marginally lowered urinary 
albumin/creatinine ratio (UACR) in a small subset of patients with 
available data on this parameter (overall mean difference of ‑0.18 
mg/g; 95%CI ‑0.35 to ‑0.02; P=0.031). Overall, the authors conclude 
that sitagliptin has no significant impact on CKD outcomes irrespective 
of baseline eGFR.

Unlike TECOS, EXAMINE30 also included patients with eGFR <30ml/
min/1.73m2. No significant differences in eGFR change from baseline 
were found in any stage of CKD. The number of patients requiring 
dialysis was also similar between groups.

In SAVOR‑TIMI 5331,36, patients with ESRD, previous renal trans-
plant and creatinine ≥6.0mg/dL were excluded. A composite renal 
outcome was considered (including doubling of creatinine level, ini-
tiation of dialysis, renal transplantation or creatinine >6.0mg/dL), 
with a small non‑significant difference against placebo (2.2% for 
saxagliptin vs. 2.0% for placebo; HR 1.08; 95%CI 0.88 to 1.32; P=0.45). 
Saxaglitpin reduced UACR in various levels of eGFR (at 2 years of 
follow‑up, the difference in mean UACR change between saxagliptin 
and placebo groups was ‑19.3 mg/g (P=0.033) for eGFR >50 mL/
min/1.73 m2; ‑105 mg/g (P=0.011) for eGFR 30‑50 mL/min/1.73m2; 
and ‑245.2 mg/g (P=0.086) for eGFR <30ml/min/1.73m2). These find-
ings had no correlation with HbA1c levels36. Saxagliptin was signifi-
cantly superior to placebo in improving or avoiding UACR deterioration 
from baseline to end of trial for all baseline UACR categories (normo–, 
micro‑ and macroalbuminuria)36. There was no significant difference 

in eGFR change between saxagliptin and placebo arms, which was 
also observed in different UACR and eGFR categories36.

CARMELINA32 was the first of cardiovascular outcome studies also 
adequately powered to evaluate kidney outcomes and included a very 
large portion of patients with CKD (74% of patients had CKD, 43% 
with an eGFR below 45 mL/min/1.73m2, and 15.2% with an eGFR 
below 30 mL/min/1.73m2). ESRD patients were excluded. A secondary 
composite kidney outcome including first sustained ESRD, death due 
to renal failure or sustained decrease of 40% in eGFR from baseline 
was not significantly different between groups (9.4% in linagliptin 
group vs. 8.8% in placebo group; HR 1.04; 95%CI 0.89 to 1.22; P=0.06). 
However, linagliptin did have an apparent benefit in decreasing albu-
minuria progression (35.3% of linagliptin patients vs. 38.5% of placebo 
patients; HR 0.86; 95%CI 0.78 to 0.95; P=0.003).

In summary, DPP‑4 inhibitors might have a beneficial effect on 
albuminuria progression, especially saxaglitpin and linagliptin. They 
were unable, however, to prevent kidney function deterioration in 
these trials.

These studies have some limitations. Median follow‑up periods 
were short (18 months to 3.0 years) and renal outcomes were either 
secondary or evaluated on exploratory analysis, as already said. Fur-
thermore, some effect from glucose control on outcomes cannot be 
fully excluded. Also, mainly patients with established atherosclerotic 
disease were included, so results cannot be extrapolated to lower risk 
scenarios. Another relevant aspect is that clinical significance of these 
findings remains to be fully clarified. Large, prospective, adequately 
powered and specifically designed for kidney outcome evaluation 
studies, as well as real world data, are necessary to improve our under-
standing about this issue.

�� GLP‑1 RECEPTOR AGONISTS

GLP‑1 receptor agonists act through several mechanisms, namely, 
increasing glucose‑dependent insulin secretion and peripheral sensi-
tivity, reducing glucagon release, delaying gastric empty, reducing 
appetite and increasing satiety37. They are divided into 2 different 
types – short and long‑acting. The first include lixisenatide and exena-
tide (twice daily formulation); the second include liraglutide, dulaglu-
tide, exenatide (weekly formulation), semaglutide and albiglutide. 
These drugs differ slightly in their properties38. Short‑acting agonists 
tend to have a greater effect on delaying gastric emptying, having a 
more pronounced efficacy in reducing post‑prandial glucose levels38. 
Long‑acting do not significantly reduce gastric motility, exerting their 
action mainly through their effect on the pancreatic insulin and gluca-
gon secretion38. The longer half‑lives make long‑acting GLP‑1 receptor 
agonists more effective during the whole 24 hours, with a greater 
impact on fasting glucose levels38. Both increase satiety and reduce 
appetite, acting directly on the central nervous system38.

Long‑acting GLP‑1 receptor agonists are among the most effective 
drugs available to treat DM nowadays, able to produce HbA1c reduc-
tions greater than 1% with very low hypoglycemia risk4. They are 
particularly beneficial for patients with excessive weight, because they 
can produce significant weight reductions5.

Treatment options for type 2 diabetes mellitus in patients with chronic kidney disease – old and new drugs
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The most relevant characteristics of GLP‑1 receptor agonists avail-
able are in Table III.

The main disadvantage is that these drugs have to be administered 
subcutaneously, although some require weekly administration only. 
Also, some patients do not tolerate gastrointestinal side effects, 
namely, nausea, vomiting and diarrhea. Animal studies showed 
increased risk of medullary thyroid cancer4, but large studies have 
been conducted in humans and so far there have been no findings 
confirming a real malignancy risk45‑49. However, these trials were not 
specifically designed to evaluate this and are not adequately powered 
to do it, so GLP‑1 receptor agonists are still not recommended in 
patients with personal or family history of this disease4. Another con-
cern is a possible increase in the risk of pancreatitis and pancreatic 
cancer4. Evidence from large clinical trials45‑48 does not seem to con-
firm this, with pancreatitis and pancreatic cancer not being significantly 
more frequent in treatment groups than in placebo arms. However, 
as for medullary thyroid cancer, these trials have not been powered 
to specifically address this issue, so the same recommendation applies.

GLP‑1 receptor agonists do not require dose adjustment in CKD, 
as long as the patients still have an eGFR that allows their use. Lira-
glutide, dulaglutide and semaglutide are approved for use until eGFR 
15ml/min/1.73m2. In patients with ESRD, clinical experience is scarce, 
so withdrawing is recommended39,41,42. This gave physicians new 
effective options in these subjects, with very low hypoglycemia risk, 
unlike insulin and sulfonylureas, that had been until then the main 
drugs allowed in this setting. Gastrointestinal side effects might be 
the most limiting factor in CKD patients as they can lead to acute on 
chronic kidney injury. Exenatide and lixisenatide are renally excreted 
and have a more restricted recommended use in CKD40,44. Albiglutide 
is also eliminated by the kidney but differences in exposure to the 
drug are not clinically relevant. The recommendation not to use it if 
eGFR falls below 30 ml/min/1.73m2 is related to very little experience 
with its use in this setting43.

These drugs are also thought to potentially have renoprotective 
effects. They can reduce hyperfiltration that occurs in diabetic 
nephropathy through several glomerular and tubular actions, having 
a positive net effect on renal hemodynamics50.

Like DPP‑4 inhibitors, GLP‑1 receptor agonists were all tested for 
cardiovascular safety with specifically designed clinical trials against 
placebo45‑49. All trials included mostly (or only) patients with estab-
lished atherosclerotic cardiovascular disease, with the exception of 
dulaglutide’s trial (REWIND), and demonstrated non‑inferiority against 
placebo in the 3‑point MACE (lixisenatide also included hospitalization 

for unstable angina in primary outcome)45‑49. Surprisingly, liraglutide, 
semaglutide and albiglutide have showed apparent cardiovascular 
benefit with superiority in the 3‑point MACE, with relative risk reduc-
tions of 13%, 26% and 22%, respectively. Absolute differences between 
groups were 1.9%, 2.3% and 2%, respectively. When analyzing 3‑point 
MACE elements separately in these 3 trials, it becomes clear that 
MACE reduction with liraglutide was mostly attributable to cardiovas-
cular mortality reduction, with semaglutide was mostly driven by 
reduction in non‑fatal stroke and with albiglutide the only significantly 
reduced endpoint was myocardial infarction.

These trials also included renal outcomes in their analysis (as sec-
ondary endpoints).

LEADER trial (with liraglutide)45 included patients with CKD, mostly 
with eGFR >30ml/min/1.73m2. Along the trial, eGFR declined progres-
sively, slightly less in the liraglutide group (‑2%; P=0.01)51. A composite 
renal outcome including new‑onset albuminuria, persistent doubling 
of creatinine and eGFR <45ml/min/1.73m2, need for continuous 
replacement therapy and death due to renal disease, was significantly 
less frequent in the liraglutide group (5.7% vs. 7.2%; HR 0.78; 95%CI 
0.77 to 0.92; P=0.003). This was mainly due to decreased frequency 
of new‑onset macroalbuminuria (3.4% vs. 4.6%; HR 0.74; 95%CI 0.60 
to 0.91; P=0.004). Separately, none of the other endpoints had sig-
nificant differences. New‑onset microalbuminuria also occurred in 
fewer patients in the liraglutide group (49.1% vs. 53.5%; HR 0.87; 
95%CI 0.83 to 0.93; P<0.001).

Exenatide’s cardiovascular safety was evaluated in EXSCEL trial46. 
Two renal composite outcomes were also studied52: the first included 
40% eGFR decline, renal replacement and renal death and the second 
included the first plus new‑onset macroalbuminuria. There were no 
significant differences between groups in the first, but the second 
was slightly less frequent in the exenatide group, with statistical sig-
nificance only after adjusting the HR for age, sex, region, ethnicity, 
duration of diabetes, prior history of CV event, insulin use, baseline 
HbA1c, eGFR and BMI (5.8% vs. 6.5%; adjusted HR 0.85, 95%CI 0.73 
to 0.98; P=0.027). No significant differences in eGFR were found. Given 
this finding, it would be fair to assume that exenatide could have a 
positive effect on new‑onset macroalbuminuria, but when analyzed 
separately, although it was less frequent in the exenatide group, the 
difference was not statistically significant (2.2 vs. 2.5%; P=0.19). This 
way, potential renal benefits from this drug remain unclear.

Semaglutide’s cardiovascular outcomes were studied in SUSTAIN‑6 
trial47. Patients in all stages of CKD were included. New‑onset or wors-
ening nephropathy (including persistent macroalbuminuria, persisting 

Table III

GLP-1 receptor agonists – dosage, route and adjustments in CKD patients.38-44

Characteristic Liraglutide Exenatide* Dulaglutide Semaglutide Albiglutide Lixisenatide
Dosage 1.2 to 1.8mg 2mg 0.75 or 1.5mg 0.5 or 1mg 30 or 50mg 10ug or 20ug

Dosing frequency Once daily Once weekly Once weekly Once weekly Once weekly Once daily
Route SC SC SC SC SC SC
CKD Withdraw if ESRD Withdraw if eGFR<50 Withdraw if ESRD Withdraw if ESRD Withdraw if eGFR<30 Withdraw if eGFR<30

SC – subcutaneous; * long-acting. eGFR is expressed in ml/min/1.73m2.
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doubling of creatinine levels and an eGFR<45ml/min/1.73m2 or the 
need for continuous renal replacement therapy) occurred less fre-
quently with semaglutide (3.8% vs. 6.1%; HR 0.64; 95%CI 0.46 to 0.88; 
P=0.005).

The most recently available results come from the HARMONY 
trial48, evaluating albiglutide’s cardiovascular safety. Renal function 
(eGFR) was not significantly different between groups. No other renal 
outcomes were tested.

The ELIXA trial (with lixisenatide)49 included patients with CKD, 
none with ESRD. They documented percentual change in the UACR 
ratio from baseline to 108 weeks, showing a modest difference in 
favor of lixisenatide over placebo (24% vs. 34%, P=0.004), but this 
difference was attenuated after adjustment for HbA1c (P=0.07).

Dulaglutide’s cardiovascular outcome trial (REWIND) has ended, 
but results are still unpublished. This trial has two important features 
that make it different from others: first, the study population has a 
lower baseline cardiovascular risk, with only around 30% of the patients 
having established cardiovascular disease (against the 73 to 100% 
found in the already mentioned trials); second, the median follow‑up 
is longer (>5 years). Preliminary results have become public and dula-
glutide demonstrated superiority in reducing 3‑point MACE, although 
there are no data on the extent of this effect53.

Dulaglutide’s renal outcomes were studied in the AWARD‑7 clinical 
trial54, compared to insulin glargine. A secondary outcome from this 
trial included change in eGFR and UACR. Patients in all stages of CKD 
were included. At 26 and 52 weeks, eGFR did not change in the dula-
glutide group, but declined from baseline with insulin glargine. At 52 
weeks, eGFR was significantly higher with dulaglutide than with insulin 
glargine. In patients with macroalbuminuria, dulaglutide reduced its 
progression more significantly than insulin.

Most of these trials included a majority of patients with established 
atherosclerotic disease, so it is still not clear whether the results apply 
in lower risk populations. Follow‑up periods were relatively short which 
makes long‑term extrapolation of data not possible. Differences were 
found between studies, so it remains unclear if the potential benefits 
are a class effect. Moreover, although statistically significant, the abso-
lute risk differences found were of small magnitude and clinical sig-
nificance still has to be clarified. Considering these trials’ design, it is 
difficult to ascertain the extent of the contribution from many factors 
to the final outcome, namely, direct drug effect, glucose control and 
other medications. Renal outcomes were mainly included as secondary 
or evaluated in exploratory post‑hoc analysis, and not all trials were 
powered to study individual kidney outcomes. In spite of all these 
limitations, the evidence available so far is in favor of some GLP‑1 
receptor agonists having potential beneficial cardiovascular and renal 
effects and this has been reflected on the ADA/EASD guidelines 
released in 2018.

�� SGLT2 INHIBITORS

SGLT2 inhibitors exert their action by markedly reducing proximal 
tubular glucose reabsorption in the kidney, inducing glucosuria55. 

This transporter is responsible for approximately 90% of glucose 
reabsorption in the nephron, with the remaining 10% reabsorbed 
by SGLT155. There are four drugs approved in this class – dapagli-
flozin, empagliflozin, canagliflozin and ertugliflozin. Others are still 
in development. Canagliflozin also inhibits SLGT1, which is important 
for intestinal glucose absorption. SGLT2 inhibitors have been associ-
ated with HbA1c reductions greater than 1%, reducing fasting and 
prandial glucose levels, with very low hypoglycemia risk4. Modest 
weight loss is also a possible effect4. The most frequent adverse 
events include genital infections and increased urinary output4. Less 
commonly, urinary tract infections and dehydration (with all its pos-
sible consequences) might also happen4. It is advisable to recom-
mend increasing fluid intake and, if possible, avoid simultaneous 
treatment with loop diuretics or, if used concomitantly, monitor 
fluid status and kidney function closely56‑59. Another adverse event 
that can be particularly serious is euglycemic ketoacidosis4. Patients 
at greatest risk are type 1 DM, but it has also been described in type 
2 DM4,56‑59. Type 2 DM patients that are thought to be at the great-
est risk are the ones with low beta cell reserve56‑59. It is important 
for patients to be aware of the symptoms and be instructed on how 
to proceed4. Another concern about SGLT2 inhibitors is a possible 
increase in bone fracture risk. A recent systematic review and meta
‑analysis including a total of 40 RCTs and 32343 type 2 DM patients 
found no association between SGLT2 inhibitors’ use and fracture 
risk60. Lastly, canagliflozin was associated with an increase in lower 
limb amputation risk in the CANVAS trial (its cardiovascular safety 
trial). This was not seen with other SGLT2 inhibitors so far and has 
not been confirmed in a very large real life study – OBSERVE‑4D61. 
In this study, neither canagliflozin nor dapagliflozin or empagliflozin 
showed a consistent increased risk of below the knee limb amputa-
tions comparing to non‑SGLT2 inhibitors in the overall population 
or within the subpopulation of patients with established cardiovas-
cular disease. However, the authors do recognize that none of the 
analyses performed was sufficiently powered to rule out the pos-
sibility of a modest effect.

Considering their mechanism of action, SGLT2 inhibitors’ efficacy 
declines as eGFR falls below 60ml/min/1.73m2. Accordingly, dose 
reductions are generally recommended (table IV) and if the patient 
already has an eGFR below 60ml/min/1.73m2, these drugs should not 
be started62.

Cardiovascular safety trials for SGLT2 inhibitors also had positive 
results with empagliflozin and canagliflozin63,64 showing superiority 
in the 3‑point MACE against placebo, with a relative risk reduction of 
14% in both, in a population of high cardiovascular risk (mainly with 
established atherosclerotic cardiovascular disease). Absolute differ-
ences were 1.6% and 4.6 participants per 1000 patient‑years, respec-
tively. When analyzing individual endpoints, there were no significant 
differences in non‑fatal myocardial infarction and stroke with empa-
gliflozin, only in cardiovascular mortality. With canagliflozin, no statisti-
cally significant differences were found when cardiovascular death, 
non‑fatal myocardial infarction and stroke were analyzed separately. 
Dapagliflozin65 demonstrated non‑inferiority in 3‑point MACE, but 
was not superior. Ertugliflozin’s cardiovascular outcome study is still 
ongoing (VERTIS‑CV).

Renal outcomes were also included in these trials.
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EMPA‑REG OUTCOME trial (with empagliflozin)63 was the first to 
have results available. It included CKD patients with eGFR >30ml/
min/1.73m2. Renal outcomes were prespecified as secondary and a 
post‑hoc analysis was also performed. Empagliflozin was found to 
have significantly less incident or worsening nephropathy against pla-
cebo (12.7% vs. 18.8%; HR 0.61; 95%CI 0.53 to 0.70; P<0.001), doubling 
serum creatinine level associated with eGFR ≤45ml/min/1.73m2 (1.5% 
vs. 2.6%; HR 0.56; 95%CI 0.39 to 0.79; P<0.001), initiation of renal 
replacement therapy (0.3% vs. 0.6%; HR 0.45; 95%CI 0.21 to 0.97; 
P=0.04) and progression to macroalbuminuria (11.2% vs. 16.2%; HR 
0.62; 95%CI 0.54 to 0.72; P<0.001). No significant differences were 
found in new‑onset albuminuria in patients with previously normal 
UACR (51.5% vs 51.2%; HR 0.95; 95% CI 0.87 to 1.04; P=0.25). In the 
first month of treatment, there was a slight decrease in the eGFR in 
the empagliflozin group. Thereafter, eGFR remained stable in the 
empagliflozin group and declined steadily in the placebo arm.

The CANVAS program included 2 trials evaluating canagliflozin 
cardiovascular and renal outcomes (CANVAS and CANVAS‑R)64. 
Patients with eGFR >30ml/min/1.73m2 were included. Albuminuria 
progression (defined as 30% increase or progression from normo to 
micro/macroalbuminuria or progression from micro to macroalbumi-
nuria) was less frequent with canagliflozin (HR 0.73; 95%CI 0.67 to 
0.79). Albuminuria regression was also more frequent with this drug. 
Canagliflozin also performed better in the composite outcome of sus-
tained 40% reduction in eGFR, need for renal‑replacement therapy, 
or death from renal causes (HR 0.60; 95%CI 0.47 to 0.77). Annual 
eGFR decline was slower and mean UACR was lower in participants 
treated with canagliflozin. A specific trial was designed to evaluate 
potential benefits of canagliflozin in patients with type 2 DM and CKD 
(eGFR between 30 and 90ml/min/1.73m2 and macroalbuminuria, all 
treated with renin–angiotensin system blockade) – CREDENCE66. Effi-
cacy and safety of canagliflozin 100mg/day in delaying diabetic 
nephropathy progression was evaluated. It was stopped earlier due 
to achievement of pre‑specified efficacy criteria. Primary outcome 
was a composite of ESRD (dialysis for at least 30 days, kidney trans-
plantation, or an estimated eGFR of <15ml/min/1.73m2 sustained for 
at least 30 days), doubling of the serum creatinine level from baseline 
sustained for at least 30 days, or death from renal or cardiovascular 
disease. There was a 30% relative risk reduction in this outcome with 
canagliflozin (HR 0.70; 95%CI 0.59 to 0.82; P=0.00001), with an abso-
lute difference of 43.2 vs. 61.2 events/1000 patient‑years. This was 
mainly driven by doubling of serum creatinine and ESRD. The geometric 
mean of the UACR was lower by 31% on average during follow‑up and 
eGFR decline was slower in the canagliflozin group (–1.85±0.13 in the 
canagliflozin group vs. –4.59±0.14ml/min/1.73m2 in placebo group, 

per year). Adverse events were similar between groups, including 
lower limb amputations.

Dapagliflozin was studied in the DECLARE‑TIMI 58 trial65. This was 
somehow different because it included only 40% of patients with 
already established atherosclerotic cardiovascular disease (the remain-
ing only with cardiovascular risk factors) and patients with eGFR<60ml/
min/1.73m2 at screening were excluded (a few ended up being includ-
ed because eGFR was lower at randomization). A renal composite 
endpoint including sustained 40% reduction in eGFR, need for renal
‑replacement therapy, or death from renal or cardiovascular causes 
was evaluated. In the overall population, the incidence was significantly 
lower in the dapagliflozin group (4.3% vs. 5.6%; HR 0.76; 95%CI 0.67 
to 0.87). The difference still favored dapagliflozin after exclusion of 
cardiovascular causes for death from this composite endpoint (1.5% 
vs. 2.8%; HR 0.53; 95%CI 0.43 to 0.66). As for canagliflozin, a specific 
trial was designed to evaluate efficacy and safety of dapagliflozin 
10mg/day in delaying diabetic and non‑diabetic nephropathy progres-
sion – DAPA‑CKD. It is currently ongoing.

Renal outcomes were also included in trials designed to study the 
use of SGLT2 inhibitors in heart failure – EMPEROR‑Reduced, EMPEROR
‑Preserved and DAPA‑HF. Results are not available yet67.

Considering all these data, SGLT2 inhibitors seem to have the most 
promising renal benefit seen so far. Possible renoprotective mecha-
nisms include decreased intraglomerular pressure (tubuloglomerular 
feedback effects), albuminuria reduction, decrease of pro‑inflammatory 
and pro‑fibrotic pathways, improving oxygenation of tubular cells, 
improving endothelial dysfunction, reducing blood pressure and 
improving cardiac function optimizing renal perfusion67.

All the evidence coming from these large trials faces very similar 
limitations to those already described for GLP‑1 receptor agonists. 
Specific trials to evaluate renal outcomes are most likely going to 
elucidate physicians as to the apparent benefit that this class seems 
to have in delaying/preventing nephropathy progression, and some 
are already ongoing.

�� CONCLUSION

In October 2018, ADA and EASD updated their joint guidelines on 
diabetes care7, making what was probably the greatest change in the 
last years, regarding new evidence available from the above described 
cardiovascular safety trials. Metformin remains the first drug of choice 

Table IV

SGLT2 inhibitors – dosage, route and adjustments in CKD patients.56-59

Characteristic Dapagliflozin Empagliflozin Canagliflozin Ertugliflozin
Dosage 5 or 10mg 10 or 25mg 100 or 300mg 5 or 15mg

Dosing frequency Once daily Once daily Once daily Once daily
Route Oral Oral Oral Oral
CKD eGFR<60: withdraw eGFR 45-60: 10mg

eGFR<45: withdraw
eGFR 45-60: 100mg
eGFR<45: withdraw

eGFR<45: withdraw

eGFR is expressed in ml/min/1.73m2.
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(unless contra‑indicated or not tolerated), but when considering other 
options (as alternatives or in addition to metformin), they recommend 
considering the presence of atherosclerotic cardiovascular disease. If 
present, then patients are to be divided into 2 groups: predominant 
atherosclerotic cardiovascular disease and predominant heart failure 
or CKD. The main gold is to choose, in the first place, drugs that have 
proven cardiovascular benefit in clinical trials, that are among GLP‑1 
receptor agonists and SGLT2 inhibitors. If atherosclerotic cardiovascular 
disease is predominant, both are reasonable options. If heart failure 
or CKD are more significant, then SGLT2 inhibitors, if still useful con-
sidering eGFR, should be the drugs of choice. In what concerns CKD 
patients, this choice is justified because SGLT2 inhibitors demonstrated 
a more pronounced and consistent beneficial effect on renal outcomes 
evaluated in cardiovascular safety trials, namely, nephropathy and 
albuminuria progression. Discussion of the rationale for prescribing 
SGLT2 inhibitors in heart failure patients as well as an extensive descrip-
tion of other aspects of the guidelines goes beyond the scope of this 
review.

In conclusion, diabetes care has suffered several changes in the 
last years. New drugs have become widely available and provided 
robust evidence of safety and efficacy. Some might even have benefits 
that extend beyond glucose control, with potential kidney and cardio-
vascular protective effects. The clinical significance of clinical trials’ 
findings is likely to become clearer in the future with real life data 
and larger periods of follow‑up. It is, however, important not to forget 
that older drugs might also be good treatment options for many CKD 
patients, as long as used carefully and appropriately.

Disclosure of potential conflicts of interest: none declared.
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