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Introduction
Diabetes and renal disease are well
known to be related. It has been 
estimated that 30% of patients with
type 1 diabetes and up to 40% of
patients with type 2 diabetes will 
suffer from renal impairment.1 Both
contribute to cardiovascular disease
risk and diabetes is also the main
cause of end stage renal disease
(ESRD) requiring dialysis.1

Hyperglycaemia will increase the
risk of patients developing renal
impairment via both microvascular
(diabetic nephropathy) and macro -
vascular complications (renovascular 
disease). Both DCCT and UKPDS
showed us that tight glycaemic control
results in lesser progression to dia-
betic nephropathy. Intensive glucose
control resulted in a 39% reduction in
microalbuminuria and a 54% reduc-
tion in macroalbuminuria in those
with an average HbA1c of 7.9% vs
9.2% in the DCCT study,2 and a 
relative risk of 0.76 in patients with
HbA1c 7% vs 7.9% in UKPDS.3 Thus, 
it becomes important to choose and 
initiate the appropriate therapeutic
agent that reduces the burden of
hyperglycaemia at the appropriate
time. Hypertension can be either a
cause or an effect of renal disease and
therefore, in addition to hypergly-
caemia management in the diabetic
patient, blood pressure is also of 
paramount importance. Persistent 
systemic high blood pressure results in
pressure on the renal vasculature
resulting in barotrauma and hence
renal disease.4

With the variety of novel thera-
peutic agents on offer, the prescriber
must be clear regarding the efficacy,
safety and tolerability of each avail-
able option in the setting of renal
impairment to make the most
informed and beneficial choice for
their patients. 

DPP-4 inhibitors
Dipeptidyl peptidase-4 (DPP-4)
inhibitors augment insulin uptake and
utilisation by inhibiting endogenous
DPP-4 to prolong the effects of
endogenous incretin hormones. This
in turn promotes insulin secretion and
glucagon inhibition and reduces gas-
tric emptying. The majority of DPP-4
inhibitors are excreted via the kidneys,
except for linagliptin which under-
goes biliary glucuronidation. DPP-4
inhibitors, though similar in their glu-
cose lowering effect, vary in their struc-
ture and therefore pharmacodynamic
and pharmacokinetic properties that
have implications for prescribing in
patients with renal impairment.

In terms of renal safety, these
medications have been a useful addi-
tion to the management of patients
with renal impairment as all of them
are safe to use in renal impairment.
All except for linagliptin need to be
adjusted according to glomerular 
filtration rate (GFR). (See Table 1.)
Renal-specific trials of each DPP-4
inhibitor are discussed below.

Sitagliptin
Sitagliptin was the first DPP-4
inhibitor on the market and is mostly
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eliminated (87%) via the renal sys-
tem, involving tubular secretion; the
remainder is via the gastrointestinal
(GI) tract.5

A 54-week safety and efficacy trial
by Chan et al. found a 0.7% reduction
in HbA1c with lower hypoglycaemia
rate in patients with all stages 
of chronic kidney disease (CKD)
(including ESRD on dialysis) with
sitagliptin.6 These findings were 
further confirmed by a more recent
study which concluded that sitagliptin
at a reduced dose (50mg once daily in
moderate renal impairment [eGFR
30–50ml/min/1.73m2] and 25mg
once daily in severe renal impairment
[eGFR <30ml/min/1.73m2]) was
safe, well tolerated and weight neutral
in patients with all stages of CKD.7,8

Saxagliptin
Saxagliptin is eliminated via hepatic
and renal pathways with 75% renally
excreted and 22% excreted via biliary
or GI tract.9 Renal sub-analysis of the
Saxagliptin Assessment of Vascular
Outcomes Recorded (SAVOR) study
analysed patients with varying
degrees of renal impairment (GFR
>50, 30–50 and <30ml/min/1.73m2)
and found that at a median duration
of two years, irrespective of renal
function, primary and secondary 
cardiovascular outcomes were nei-
ther increased nor decreased
(p≥0.19). They also found no differ-
ence in reduction of urine microal-
bumin excretion compared to the
general population (p=0.041).10

A 52-week randomised controlled
trial (RCT) looking at saxagliptin in
patients with creatinine clearance
<50 or ESRD found that saxagliptin
had continued efficacy in terms of
HbA1c reduction (mean HbA1c differ-
ence -0.73%, p<0.001) and was well
tolerated in these groups.11 Adjusted
mean HbA1c reduction in the moder-
ate renal impairment group com-
pared to placebo was -0.94%
vs -0.19% and -0.81% vs -0.49% in
severe impairment vs placebo. In
those with ESRD, mean change was
similar vs placebo (-1.13% vs -0.99%).

Saxagliptin remains well tolerated
in all stages of renal impairment;
however, dose reduction to 2.5mg
once daily is advised at GFR
<50ml/min/1.73m2 due to the
higher accumulation of product at
lower levels. 

Vildagliptin
The majority of vildagliptin is hydrol-
ysed by tissue with a small amount
excreted unchanged; 85% is
excreted via the kidneys with the
remaining excreted via hydrolysis in
tissue.12 Lukashevich et al.13 and
Kothny et al.14 assessed the tolerabil-
ity and efficacy of vildagliptin at half
dose (50mg once daily) in moderate
to severe renal impairment (GFR
<50ml/min/1.73m2) and found that
there was efficacious HbA1c reduc-
tion with no difference in adverse
effects (including severe hypogly-
caemia) or tolerability vs placebo. 

Safety in ESRD including
haemodialysis has also been assessed
with notable improvement in HbA1c

and good tolerability,15,16 and there-
fore vildagliptin is recommended in
patients with all stages of renal
impairment, though dosing is
reduced to 50mg once daily when
GFR is <50ml/min/1.73m2. (See
Table 1.)

A study looking at 107 patients
with diabetic nephropathy (based on
albuminuria and GFR) found that, in
patients with early nephropathy
(presence of microalbuminuria),
vildagliptin reduced urinary albumin
concentrations; however, the num-
bers in this study make it difficult to
ascertain the relevance in a clinical
setting.17 Another small observation

study conducted on 47 patients with
type 2 diabetes found a reduction of
urine albumin to creatinine ratio
(ACR) by 44.6% at eight weeks with
50mg twice daily of vildagliptin.18

Linagliptin
Linagliptin remains the only DPP-4
inhibitor in clinical use predomi-
nantly eliminated via the hepatobil-
iary system. Only 5% is removed
unmetabolised via the kidney.19 A
recent study by McGill et al.20 assessed
the use of linagliptin as add-on vs
placebo to patients with severe renal
impairment (GFR <30) on pre-exist-
ing glycaemic therapy (oral agents or
insulin). This RCT found sustained
HbA1c improvement at one year
(adjusted mean HbA1c reduction
0.71%) with fewer insulin units used,
fewer adverse effects and no change
to renal function.

Linagliptin has also been found to
reduce albuminuria in patients with
type 2 diabetes and renal impairment
independent of changes in blood pres-
sure (systolic) or HbA1c at 24 weeks.
The study found that linagliptin
resulted in a 31% and 30% reduction
in urinary ACR vs placebo regardless
of whether the patients had a systolic
blood pressure <137.4mmHg or
>137.4mmHg, respectively. However,
the implications of whether this is ben-
eficial or not will be addressed by the
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DPP-4
inhibitor

Excretion Renal recommendation
dosing (eGFR in
ml/min/1.73m2)

Renal impairment (RI)

Alogliptin Renal eGFR >50: 25mg OD
eGFR 30–50: 12.5mg OD
eGFR <30: 6.25mg OD

Pooled analysis showing no
difference

Linagliptin Biliary 5mg OD for all stages of
renal impairment

-0.71% in severe RI 
(eGFR <30)

Saxagliptin Renal 5mg OD
Moderate–severe (eGFR
<50): 2.5mg OD

-0.73% 

Sitagliptin Renal eGFR >50: 100mg OD
eGFR 30–50: 50mg OD
eGFR <30: 25mg OD

-0.70%

Vildagliptin Renal eGFR >50: 50mg BD
eGFR <50: 50mg OD

-0.40% in moderate RI
(eGFR 30–50) and -0.70%
in severe RI (eGFR <30)

Table 1. Recommendations for DPP-4 inhibitors and renal impairment



MARLINA-T2D trial which is a phase
III trial of linagliptin in patients with
type 2 diabetes and albuminuria; it was
completed in December 2015 and the
results are awaited.21

Alogliptin
Alogliptin is the newest DPP-4
inhibitor to the market and is mostly
excreted unchanged in urine
(60–71%); the remainder is via the
GI tract.22 Data on alogliptin use in
renal impairment are not robust due
to small numbers; however, plasma
concentrations of the medication
increase at various stages of renal
impairment hence the need to down
titrate the dosing based on renal
function (see Table 1). A small 
study by Sakai et al.23 assessed the
effects of alogliptin in 36 patients
with CKD (defined as eGFR
<60ml/min/1.73m2 or microalbu-
minuria >30mg/gCr) at six months
and, despite not noticing any
improvement in HbA1c, found no
change in GFR, with a possible
improvement in urinary ACR (not
statistically significant).

Thus, in conclusion, DPP-4 inhibitors
remain a safe, effective and well-
tolerated medication in patients with
all stages of CKD provided dose
adjustments are made according 
to GFR (see Table 1). However, long-
term data on albuminuria and impli-
cations for renal disease/diabetic
nephropathy are still awaited.

GLP-1 receptor agonists 
The next generation of therapeutic
agents, the GLP-1 receptor agonists
(GLP-1 RAs), made a significant contri-
bution in the management of diabetes
due to both glycaemic and weight
improvement. However, one of the
main limitations with their unrestricted
use are their limitations in severe renal
impairment; they are licensed for an
eGFR >30ml/min/1.73m2.

Exenatide
Exenatide was the first GLP-1 RA to
market and both preparations (stan-
dard and extended release) are elim-
inated mainly via the renal route.24
Exenatide BD is licensed for a GFR
>30ml/min/1.73m2 but sustained
release (Bydureon) is only licensed
in mild to moderate renal impair-
ment (GFR >50ml/min/1.73m2).

Exenatide’s safety and tolerability
have been assessed in patients with all
stages of renal impairment and it was
found to be well tolerated in mild
(mild 51–80ml/min as per Cockroft-
Gault creatinine clearance [CrCl]) to
moderate (CrCl 31–50ml/min) renal
failure. However, even at a reduced
dose, side effects were intolerable
and pharmacokinetics varied, mak-
ing it ill-advised in patients with
severe or end stage kidney disease.25

A number of case reports have
noted instances of acute renal impair-
ment in patients taking exenatide. In
many cases, patients were noted to
have concomitant dehydration and
were on medications that could affect
renal function, though not always the
case.26,27 A case series by Weise et al.
noted four patients who presented
with acute renal impairment due to
exenatide with renal biopsy showing
ischaemic glomeruli. They concluded
that exenatide itself was not directly
nephrotoxic and postulated the
causative mechanism was contraction
of extracellular fluid which, together
with other medication affecting 
the renin-angiotensin-aldosterone 
system, contributed to reduction in
GFR. They also suggested that there
was a natriuretic effect which may
contribute to dehydration.28

There are limited data on exe-
natide use and diabetic nephropathy
in human subjects. Zhang et al.29
looked at 31 patients with type 2 dia-
betes on exenatide vs glimepiride and
noted significant improvements in 
24-hour urinary albumin excretion in
those patients on exenatide. Again,
due to small numbers the relevance of
these findings remains to be seen.

Liraglutide
The next GLP-1 RA to market was
liraglutide, which is degraded in the
body via proteolytic mechanisms and
differs from exenatide in that it is
not predominantly eliminated via
the kidneys.

Liraglutide has recently been
approved for use above a GFR 
of 30ml/min/1.73m2. The LIRA-
RENAL trial30 assessed patients with
GFR 30–59 with liraglutide 1.8mg vs
placebo as add-on to current therapy
at 26 weeks. They found HbA1c

reduction (1.05% vs 0.38%) with
associated weight loss and fewer
hypoglycaemic episodes. There were,

however, higher GI side effects and
drop outs in the liraglutide group as
well as higher amylase levels – though
it was not clear whether this was of
clinical significance. Overall, liraglu-
tide was tolerated with no change in
renal function at the study end. A
recent ABCD nationwide audit31

assessed liraglutide 1.2mg use in mild
to moderate renal impairment in
standard UK-based clinical practice
and found that it was safe as well as
efficacious; however, it had higher GI
side effects in patients with mild or
moderate impairment compared to
those with normal renal function.
Data were insufficient to analyse in
moderate renal impairment.

Compared to exenatide, there are
fewer cases of liraglutide-induced
acute kidney injury, possibly due to
its lack of renal excretion; however,
the potential for dehydration due to
GI side effects is present. The authors
could find only one report by Kaakeh
et al.32 which noted acute tubular
necrosis in keeping with dehydration
secondary to liraglutide use. 

Lixisenatide
Lixisenatide is a peptide and elimi-
nated via the kidneys through
glomerular filtration, tubular resorp-
tion and proteolytic degradation.33 It
is well tolerated in mild renal impair-
ment (GFR 60–89) to moderate renal
impairment (GFR 30–59); however,
concentration increases with moder-
ate renal impairment.34 There are
limited data in severe renal impair-
ment and ESRD, therefore it is not
recommended with a GFR <30.35 A
meta-analysis of trials from the
GetGoal studies with lixisenatide
based on GFR found no difference
between clinical endpoints in
patients with normal renal function
(HbA1c, postprandial and fasting glu-
cose levels) vs impairment, though
noted higher side effects in patients
with mild renal impairment.34,36

Dulaglutide
Dulaglutide is the most recent GLP-1
RA to market; it is a once-weekly
preparation and is degraded in the
body by general protein catabolism
pathways. It is currently recom-
mended for use in mild to moderate
renal impairment (GFR >30); how-
ever, pharmacological studies have
found pharmacokinetics to be similar
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in patients with mild to severe renal
impairment (including dialysis) com-
pared with healthy subjects.37 The
lack of clinical data appears to be the
main reason for lack of recommen-
dation with GFR <30; however, there
is a phase III study ongoing looking
at the use of dulaglutide in patients
with type 2 diabetes and moderate to
severe renal impairment.38

Overall, GLP-1 RAs, despite their
clinical efficacy from a glycaemic and
weight point of view, have limited use
in patients with renal impairment
below a GFR of 30, with all con-
traindicated (Table 2). The tolerance
of these medications even in mild
renal impairment also may limit their
use in patients with CKD.

SGLT-2 inhibitors
The most recent class of medications
available to clinicians are again 
limited by renal disease. These med-
ications act on the sodium glucose
co-transporter 2 (SGLT-2) receptors
found predominantly in the proxi-
mal tubule of the kidneys to prevent
glucose resorption.

Dapagliflozin
Dapagliflozin is currently licensed 
for a GFR >60ml/min/1.73m2, 
with both canagliflozin and empa -
gliflozin licensed for a GFR of
>45ml/min/1.73m2 (though both
can only be initiated if GFR is above
60ml/min/1.73m2). 

Kohan et al.39 assessed dapa -
gliflozin 5mg and 10mg doses in

moderate renal impairment (eGFR
30–60ml/min/1.73m2) over a 24-
week period and, though it was
found to be well tolerated, they were
unable to show efficacy in terms of
HbA1c improvement. They found a
non-significant reduction in HbA1c of
0.41% and 0.44% with dapagliflozin
5mg and 10mg vs -0.32% for placebo,
though weight loss was significant
with dapagliflozin.

Canagliflozin
Canagliflozin was assessed for efficacy
and safety in a 26-week trial in
patients with GFR 30–50 using
100mg and 300mg doses. The study
found HbA1c improvement (-0.33%
and -0.44%) as well as a 2–3mmHg
improvement in blood pressure in
patients taking canagliflozin.40

Empagliflozin
Empagliflozin 25mg was assessed 
in patients with a GFR of
30–60ml/min/1.73m2 vs placebo in
374 patients; sustained efficacy
(HbA1c -0.37%, -1.17kg weight) 
and tolerability with empagliflozin 
were found in such patients.41

Empagliflozin 50mg, though not
available for clinical practice, has also
been assessed for all stages of renal
impairment with no safety and toler-
ability concerns; however, being a
small study and not looking at 
clinical efficacy, it is unclear whether
this translates into clinical practice
suggestions.42

One interesting aspect of these med-
ications is the thought that they may
be able to reduce albuminuria and
hence reduce progression of diabetic
nephropathy. This may be in part
from the glucose lowering and blood
pressure lowering effects; however,
other mechanisms, which are still
unclear, may also be a reason.

This aspect is being further
assessed in Evaluation of the Effects
of Canagliflozin on Renal and
Cardiovascular Outcomes in
Participants with Diabetic Nephro -
pathy (CREDENCE), which is a large
RCT assessing the effects of
canagliflozin 100mg vs placebo in
patients with stage 2 or 3 CKD and
macroalbuminuria, with results due
in 2019.43

SGLT-2 inhibitors therefore pro-
vide an interesting medication in
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GLP-1 receptor
agonist

Renal recommendation dosing
(eGFR in ml/min/1.73m2)

HbA1c reduction in
renal impairment (RI)

Exenatide BD eGFR >50: 10µg BD
eGFR 30–50: use with caution 10µg BD
eGFR <30: avoid

Pooled analysis, no clear
data

Exenatide modified
release

eGFR >50: 2mg QW
eGFR <50: avoid

Pooled analysis, no clear
data

Liraglutide eGFR >30: 1.2–1.8mg OD
eGFR <30: avoid

-0.66% in moderate RI
(eGFR 30–59)

Lixisenatide eGFR >50: 20µg OD
eGFR 30–50: use with caution 20µg OD
eGFR <30: avoid

Pooled analysis, no clear
data

Dulaglutide eGFR >30: 0.75mg or 1.5mg QW
eGFR <30: avoid

Pooled analysis, no clear
data

Table 2. Recommendations for GLP-1 receptor agonists and renal impairment

SGLT-2 inhibitor Renal recommendation dosing
(eGFR in ml/min/1.73m2)

HbA1c reduction in
renal impairment (RI)

Dapagliflozin eGFR >60: 10mg OD
eGFR <60: avoid

-0.75% vs 0.67%
(placebo) in moderate RI
(eGFR 30–60)

Canagliflozin eGFR >60: 100mg or 300mg OD
eGFR 45–60: do not initiate. If already
initiated when GFR was >60 reduce
dose to 100mg OD
eGFR <45: avoid

-0.33% and -0.44%
(100mg and 300mg) vs 
-0.03% (placebo) in
moderate RI (eGFR
30–50)

Empagliflozin eGFR >60: 10mg or 25mg OD
eGFR 45–60: reduce dose to 10mg OD
eGFR <45: avoid

-0.37% vs +0.05%
(placebo) in moderate RI
(eGFR >30 to <60)

Table 3. Recommendations for SGLT-2 inhibitors and renal impairment



patients with diabetes. Although
their use and efficacy are limited in
moderate renal impairment (Table
3), it is their theoretical (and cur-
rently investigated) benefit to delay
renal disease through their gly-
caemic, weight, blood pressure and
renal filtration effects that make
future studies imperative for this class
of anti-glycaemic agents.

Degludec
Up until recently, the majority of
innovations were occurring in non-
insulin therapy. However, this
changed with the development of
insulin degludec: an ultra-long acting
insulin with a flatter baseline than
that of other long-acting insulins. It
has been assessed in all stages of
renal impairment including dialysis
dependence, with pharmacokinetic
studies showing no need for dose
adjustment, similar efficacy to non-
renally impaired and good tolerabil-
ity (only one episode of confirmed
hypoglycaemia in a patient with
ESRD and no severe hypoglycaemic
episodes).44

The recent combination therapy
of degludec with liraglutide,
iDegLira, has been approved for use
in patients with type 2 diabetes; data
on use in renal impairment specifi-
cally are limited (however, data on 
its individual components are as
mentioned earlier in this article). 
It is not recommended in patients
with moderate to severe renal impair-
ment (GFR <30ml/min/1.73m2)
including ESRD.

Mechanism of medications 
on albuminuria
The above-mentioned medications
are all beneficial in reducing
nephropathy in patients with dia-
betes via their effect on glycaemic

improvement. However, in addition
to this effect, there may be other 
specific benefits. Studies have shown
that DPP-4 inhibitors may reduce
albuminuria in patients with type 2
diabetes independent of HbA1c

reduction. A study on linagliptin has
shown a 33% reduction in urinary
ACR compared to placebo, and a
prospective study with sitagliptin,
when added on to sulfonylureas,
found a reduction in albuminuria
from 76.2±95.6 to 33±41.8mg/g.45,46
These effects may or may not be 
GLP-1 dependent.47

GLP-1 RAs have also been shown
to reduce albuminuria. Imamura 
et al. assessed liraglutide in 23 patients
with overt diabetic nephropathy 
on renin-angiotensin blockers and 
noted a reduction in proteinuria 
from 2.53±0.48g/g creatinine to
1.47±0.28g/g creatinine (p=0.002). In
addition, liraglutide also substantially
reduced the rate of decline in eGFR
from 6.6±1.5ml/min/1.73m2/year to
0 . 3±1 . 9m l/min/1 . 73m2/yea r
(p=0.003).48 Similar improvements
have been noted in reducing protein-
uria in patients with type 2 diabetes 
on exenatide. In normoalbuminuric
patients, 11.3% developed microalbu-
minuria or macroalbuminuria vs 20%
in those not on exenatide.49 The pos-
sible mechanisms include reduction
in oxidative stress and inflammation
with improvement in endothelial
function in the kidney (most likely
GLP-1 mediated). 

SGLT-2 inhibitors offer more
interest in their effects on the 
kidneys. Canagliflozin 100mg and
300mg have been found to reduce
albuminuria in patients to a greater
extent than placebo. A 29.9% and
20.9% reduction in urine ACR was
found compared to -7.5% in placebo
and it was also noted that the rate of

progression of albuminuria was
reduced in the canagliflozin group.40
Further, dapagliflozin has been
found to reduce albuminuria in addi-
tion to renin-angiotensin system
blockage,50 and empagliflozin has
recently been assessed in 458 patients
with pre-existing microalbuminuria
30–300mg/g. Empagliflozin 10mg
and 25mg significantly reduced urine
ACR by 30% and 25% vs placebo at
24 weeks (p<0.01).51

It is thought the combination of
glycaemic improvement, blood pres-
sure reduction and weight loss may
offer some added benefits on renal
protection; however, specific effects
on the renal tubules may have more
relevance. Proposed mechanisms
include: reduced glomerular hyper-
filtration via reduction in proximal
tubule sodium resorption leading to
reduced sodium delivery thereby
reducing intraglomerular pressure;
activation of the renin-angiotensin
system; reduction in tubular hyper-
trophy; and reduction in glucose 
toxicity in the tubules.52

The paucity of well-designed clin-
ical trials in this area means that 
currently there is still a lot to be
learned regarding the renal effects of
these medications and should hope-
fully be addressed with upcoming
clinical trials (Table 4). 

Conclusion
Despite the recent advancements in
therapeutic options available for the
management of diabetes, there are
still limited treatment options in
patients with severe renal impair-
ment, besides insulin. Of the newer
medications only DPP-4 inhibitors
have use in all stages of renal impair-
ment though recently liraglutide,
lixisenatide, exenatide BD and
dulaglutide are now being deemed
safe above a GFR of 30. Clinicians
must be aware of the restrictions in
the setting of renal impairment
when using these medications, par-
ticularly as the incidence of renal
impairment is increasing with the
ageing population. 

Future medications that are
effective in all stages of renal
impairment, especially in severe
impairment and end stage renal dis-
ease/dialysis, would be a valuable
addition to the management of
patients with type 2 diabetes.
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Drug Trial Due to report

Linagliptin MARLINA and CARMELINA 2016 and 2018

Lixisenatide ELIXIRS 2016

Dulaglutide AWARD-7 2016

Dapagliflozin DERIVE 2017

Canagliflozin CANVAS-R and CREDENCE 2017 and 2019

Table 4. Renal outcome trials ongoing
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Renal safety of newer medications

Review

l Renal impairment is common in patients with diabetes, and clinicians need to actively
review renal function when considering medication choices

l Newer medications have various restrictions with regard to use in renal impairment. 
DPP-4 inhibitors are licensed in all stages of renal impairment, GLP-1 receptor agonists
are licensed in mild to moderate renal impairment and SGLT-2 inhibitors are licensed for
initiation in mild renal impairment, with some further restrictions within each class
depending on the agent used

l Future clinical trials looking specifically at renal outcomes, changes in albuminuria and
nephropathy with these newer medications may provide further evidence for their use

Key points


