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Graphical abstract 

 

 

ABSTRACT 

Dipeptidyl-peptidase-4 (DPP-4) inhibitors are a relatively new class of non-insulin glucose-

lowering agents, belonging to the incretin family, which are able to improve glycemic control 

with a favorable safety profile, since they are associated with a low risk of hypoglycemia, no 

weight gain, and good tolerability in patients with chronic renal failure. Some experimental 

and clinical studies suggest that these drugs may exert significant pleiotropic effects, in 

particular on chronic kidney disease (CKD) progression, but data from clinical trials are still 

controversial. In an effort to clarify the effects of DPP-4 inhibitors (DPP-4is) on diabetes-

related renal damage, we performed a narrative review of available clinical trials and other 

experimental studies focusing on renal effects of DPP-4is. Currently, there is no conclusive 

evidence proving the usefulness of this drug class for improving diabetes-related renal 

damage. However, our literature review suggests that DPP-4is are safe and well tolerated in 

type 2 diabetes mellitus (T2DM) patients with CKD. More importantly, results from the 

reviewed studies indicate that DPP-4 inhibitor therapy may improve two major risk factors 

for diabetic nephropathy, such as hyperglycemia and albuminuria, resulting in potential renal 

benefits beyond glycemic control. Despite several limitations, the conclusions of our review 
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corroborate previous evidence on the potential renal benefits of DPP-4is, highlighting the 

urgent need of future trials adequately powered and designed on hard renal outcomes to 

ascertain (or contradict) the therapeutic benefit of DPP-4is in T2DM and CKD patients. 

 

Abbreviations: AKI, acute kidney injury; CAD, coronary artery disease; CKD; chronic 

kidney disease; DKD, diabetic kidney disease; DM, diabetes mellitus; DN, diabetic 

nephropathy; DPP-4, dipeptidyl-peptidase-4; DPP-4is, dipeptidyl-peptidase-4 inhibitors; ECs, 

endothelial cells; EVs, extracellular vesicles; GLP-1, glucagon-like peptide-1; GLP-1R; 

glucagon-like peptide-1 receptor; GLP-1RA, glucagon-like peptide-1 receptor agonist; NO, 

nitric oxide; RAS, renin-angiotensin system; ROS, reactive oxygen species; T2DM, type 2 

diabetes mellitus. 

 

ABBREVIATIONs: 

AEs: adverse experiences  

AKI: acute kidney injury 

BMI: Body max index 

BW: body weight 

CAD: Acute myocardial infarction/myocardial infarction 

CI: Confidence Interval 

CKD: Chronic kidney disease 

CrCl: creatinine clearance  

CVD: cardiovascular diseases 

DPP-4: Dipeptidyl peptidase-4 inhibitor 

DS: standard deviation 

FPG: Free Plasmatic glucose 

GFR: Glomerular filtration rate  

GLP-1: Glucagon-like peptide-1 

HbA1c: glycosilated haemoglobin  

HR: Hazard Ratio 

IGC: inadequate glycaemic contro 

IMA: Acute myocardial infarction 

LD: liver diseases 

MEN2: multiple endocrine neoplasia syndrome type 2. 

MRF: Multiple risk factors “To meet the criteria for the multiple risk factors, patients had to be at least 55 years 

of age (men) or 60 years of age  (women) with at least one of the following additional risk factors: dyslipidemia, 

hypertension, o active smoking.” 

OAD: oral antihyperglycemic agents  

OHdG: Urinary 8-hydroxy-2’-deoxy guanosine 

RT: renal transplant 

SAE: severe adverse experiences 

SMBG: self-monitored blood glucose  
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SDF-1α: Stromal cell-derived factor-1α  

SU: sulfonylurea  

T2DM: Type 2 diabetes mellitus 

T1DM: Type 1 diabetes mellitus 

TDZs: Thiazolidinediones 

TIA: transient ischemic attack 

 

 

Keywords: DPP-4 inhibitors, kidney function, renal benefits, proteinuria, renal detriments, 

adverse events. 

 

1. Introduction 

Diabetes mellitus (DM) is a multifactorial disease [1] associated with serious 

comorbidities. This condition has recently reached epidemic proportions, as its occurrence 

has exponentially increased in the general population. Over 400 million people worldwide 

were estimated to have DM and total mortality increased by 32.1% from 2005 to 2015. 

Diabetes caused 5 million deaths in 2015, representing the seventh leading cause of death in 

the United States [2, 3]. Moreover, the risk of both microvascular and macrovascular 

complications has significantly increased, including diabetic kidney disease (DKD), an 

independent risk factor for coronary artery and peripheral vascular disease. Hyperglycemia 

triggers many mechanisms resulting in alteration of kidney architecture, oxidative and 

inflammatory stress, and eventually progressive loss of renal function [4, 5]. 

Strict glucose control through lifestyle changes (i.e., diet, physical exercise, and 

weight loss) is crucial for slowing DKD progression. However, most type 2 diabetic patients 

need also medications such as oral hypoglycemic agents and insulin to achieve sustained 

control of hyperglycemia [6]. Other pharmacological treatments have a positive effect on 

renal function, retarding the evolution to end-stage renal disease (ESRD) [7]. For instance, 

renin–angiotensin system (RAS) inhibitors [8] as well as the use of antioxidant agents [9] 
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have demonstrated significant renoprotection, particularly related to their anti-proteinuric 

activity. Interestingly, the anti-inflammatory and hemorrheologic drug pentoxifylline may 

also afford renoprotective effects, even though there is still no conclusive evidence 

supporting its widespread use for improving renal outcomes in subjects with chronic kidney 

disease (CKD) of various etiology [10]. Some drugs specifically used to treat diabetes, like 

incretin-based therapies, represent a relatively new tool against the global epidemic of DM. 

Incretin-based drugs include glucagon-like peptide-1 (GLP-1) receptor agonists (GLP-1RAs) 

and inhibitors of dipeptidyl-peptidase-4 (DPP-4). They basically promote a significant 

decrease in serum glucose that is accompanied by low risk of hypoglycemia and weight loss 

(with GLP-1RAs) or weight neutrality (with DPP-4 inhibitors) when compared to 

conventional therapies (metformin monotherapy or combination therapy) [11, 12]. However, 

conflicting results have been obtained with these drugs: some clinical studies, in fact, have 

shown positive pleiotropic effects in retarding DKD [13-16], whereas others pointed out the 

possible accumulation of these agents in patients with impaired renal function, thereby 

exposing them to adverse events [17-22]. 

In the first part of this review, we describe the incretin system, explaining its main 

physiological and pathophysiological characteristics and discussing the pleiotropic effects of 

DPP-4 inhibitor therapy, particularly with regard to renal protection. We then report on pre-

clinical results in animal models, followed by evidence on the progression or regression of 

renal damage following DPP-4 inhibitor therapy obtained by an analysis of clinical studies. 

 

2. Main pharmacologic features of DPP-4 Inhibitors: an overview 

Drugs that inhibit DPP-4 activity, commonly referred to as gliptins, represent a 

relatively new class of non-insulin glucose-lowering agents endowed with great ability to 
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improve glycemic control, with a favorable tolerability and safety profile [23, 24]. DPP-4 

belongs to a family of proteolytic enzymes that are ubiquitously expressed in several tissues 

where they exert different functions. In particular, the DPP-4 enzyme exists in two forms, a 

soluble form circulating in the blood and a membrane-bound one present in several cell types 

[25]. In the kidney, DPP-4 is localized on glomerular visceral epithelial cells, the proximal 

tubule brush border and on endothelial cells [26] where it usually acts by preferentially 

cleaving peptide hormones containing a position two alanine or proline at the NH2-terminus 

[27]. The incretin hormones, GLP-1 and glucose-dependent insulinotropic polypeptide (GIP), 

are the best-studied substrates for the DPP-4 enzyme. These peptide hormones are secreted 

respectively by L (in the lower gut) and K cells (in the upper gut), in response to food intake. 

Notably, GLP-1 is mainly involved in post-prandial glucose homeostasis through the 

stimulation of pancreatic GLP-1 receptor (GLP-1R), thus facilitating insulin secretion from 

β-cells and inhibiting glucagon secretion from α-cells in a glucose-dependent manner [28, 

29]. Upon GLP-1 secretion, DPP-4 rapidly breaks down this hormone, inactivating it [30]. 

Furthermore, the incretin hormones are quickly removed from the bloodstream by the 

circulating DPP-4 and renal filtration [31, 32]. Taking into account the pancreatic effects of 

GLP-1 and its fast degradation, DPP-4 represents a relevant pharmacological target to 

manage diabetes. In this setting, DPP-4 inhibitors (DPP-4is) prevent GLP-1 inactivation 

resulting in the potentiation of pancreatic GLP-1R signaling, which enhances glucose 

consumption and reduces hepatic glucose production [28, 29].  

DPP-4is show two relevant benefits in the clinical management of type 2 diabetic 

patients: negligible risk of severe hypoglycemia, particularly when compared with 

sulphonylureas [33, 34], and weight neutrality, in contrast with the weight gain generally 

observed with insulin therapy, sulfonylureas, glinides, and thiazolidinediones [11, 33]. 

Indeed, since the insulinotropic effects of DPP-4is are glucose-dependent, these agents do not 
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affect the glucagon compensatory response to hypoglycemia, leading to low incidence of 

hypoglycemic episodes [24]. 

Currently, five DPP-4is are available for use in clinical practice: sitagliptin, 

vildagliptin, saxagliptin, linagliptin, and alogliptin [24]. The main pharmacokinetic and 

pharmacodynamic features of DPP-4is available on the European market are summarized in 

Table 1. 

All these agents are rapidly absorbed orally, irrespective of concomitant 

administration with food, and their peak plasma concentrations (tmax) occur between 1 and 3 

hours after administration [35]. Their bioavailability is ≥63% except for linagliptin (~30%) 

[36], whose gastrointestinal absorption is inhibited by P-glycoprotein [37]. 

Both lipophilicity and protein binding strongly affect the distribution of DPP-4is. 

Compared to other gliptins, linagliptin exhibits higher volume distribution (Vd) (more than 

1000 L) and protein binding (≥ 75%), showing extensive distribution into tissues [35, 38]. 

Metabolism of DPP-4is is widely variable. Both vildagliptin and saxagliptin are largely 

metabolized in the liver: vildagliptin produces several inactive metabolites through pathways 

that are not mediated by the cytochrome P450 (CYP) system, while saxagliptin is mainly 

metabolized by CYP 3A4/5 isoforms to 5-hydroxy saxagliptin, a major metabolite that is 

two-fold less potent than its parent molecule [39]. On the other hand, metabolism represents a 

minor elimination pathway for sitagliptin [40]. No DPP-4 inhibitor has been shown to induce 

or inhibit CYP isoforms: hence, a low risk of clinically significant drug-drug interactions is 

associated with these agents. However, a potential higher risk of drug-drug interactions with 

saxagliptin exists when this agent is co-administered with drugs that are strong inhibitors 

(e.g. ketoconazole) or inducers (e.g. rifampicin) of CYP3A4/5 isoforms. Dose adjustment is 

required in these cases [35, 39]. 
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All gliptins are predominantly excreted in the urine, with 60–85% of each dose 

eliminated as unchanged parent compound. In contrast, linagliptin undergoes enterohepatic 

cycling and it is mainly excreted in the feces (~90%). Accordingly, the European Medicines 

Agency (EMA) and US Food and Drug Administration (FDA) guidelines advocate dosing-

adjustment for sitagliptin, vildagliptin, saxagliptin, and alogliptin in patients with moderate or 

severe renal impairment whereas no restrictions have been posed for linagliptin [18, 42]. 

 

3. Pleiotropic effects of DPP-4 Inhibitors beyond glycemic control 

Beyond the pancreas, GLP-1R and DPP-4 are expressed in a wide variety of organs 

and tissues, such as the central and peripheral nervous system, heart, lung, gastrointestinal 

tract, eye and kidney, thereby explaining the pleiotropic effects of the incretin system [43-

45]. Some of these extra-pancreatic effects might be exploited to prevent or treat diabetes-

related complications, independently of the achievement of glycemic control. Accordingly, 

GLP-1 has been shown to prevent atherosclerosis-related diseases (i.e., cerebrovascular, 

coronary artery and peripheral artery disease), through direct actions on the brain [46-49], 

heart [50-53] and vascular endothelial cells (ECs) [54-59]. Particularly, GLP-1 has been 

reported to inhibit macrophage-driven atherosclerosis in healthy and diabetic apolipoprotein 

E-deficient mice [61, 62]. Furthermore, GLP-1-mediated suppression of inflammatory 

cytokines has been shown in diabetic patients, resulting in improved endothelial dysfunction 

[63-65]. In addition, in vitro studies showed that GLP-1 was able to increase endothelial 

nitric oxide (NO) production and promote both proliferation and differentiation of cultured 

endothelial progenitor cells by upregulating vascular endothelial growth factor [56, 57]. 

These effects respectively translated into increased microvascular blood flow and improved 

endothelial dysfunction in preclinical models [56, 58]. Inhibition of both nuclear factor (NF)-

kB pathway and apoptosis of human umbilical vein ECs appear to be other GLP-1-mediated 
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anti-atherogenic mechanisms [59, 66]. Consistent with the above anti-atherosclerotic effects, 

sitagliptin [67], alogliptin [67, 68], and vildagliptin [69, 70] inhibited the production of 

inflammatory cytokines and the NF-kB pathway while increasing endothelial NO production 

in experimental animal models. Interestingly, such vasoprotective effects were also observed 

in type 2 diabetic patients treated with sitagliptin [71, 72]. It is noteworthy that the increase in 

NO production might explain the ability of GLP-1 to counteract hypertension by exerting an 

arteriolar vasodilatory action, as consistently shown in several clinical trials [73, 74]. 

Moreover, it has been reported that sitagliptin attenuates blood pressure in both hypertensive 

rats [75, 76] and humans [77, 78]. 

GLP-1 also showed cardioprotective effects (i.e., infarct size reduction and ejection 

fraction improvement) in experimental models of myocardial ischemia-reperfusion injury by 

suppressing caspase-3 activation and preventing apoptosis of cardiomyocytes [50, 51]. Of 

note, such a cardioprotection was previously reported to be mediated by both GLP-1R-

dependent and GLP-1R-independent mechanisms [79]. More importantly, GLP-1 has been 

reported to improve ejection fraction of left ventricle and to prevent its ischemic dysfunction 

in patients with acute myocardial infarction [80] and coronary artery disease (CAD) [53], 

respectively. Besides its beneficial effects in CAD, GLP-1 might improve heart failure by 

increasing glucose uptake and, therefore, left ventricular function, as suggested by both 

animal [81] and human [82, 83] studies. DPP-4 inhibition resulted in similar cardioprotective 

effects in preclinical models [84, 85].  

Regarding cerebrovascular function, GLP-1 attenuated cerebral oxidative stress and 

neuronal cell death by reducing reactive oxygen species (ROS) production and exerting anti-

apoptotic effects in both non-diabetic and diabetic animals after cerebral ischemia [46-48]. In 

accordance, linagliptin afforded neuroprotection in a diabetic mouse model of ischemic brain 

damage. It is interesting to note that sulfonylurea glimepiride was not able to show similar 
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neuroprotective effects in the same study, suggesting that neuroprotection was independent of 

lowering glucose levels [49].  

The incretin system also indirectly contributes to improved macrovascular function by 

regulating lipid metabolism [60]. Dyslipidemia amelioration has been associated with GLP-1 

infusion in both experimental animals and humans through the down-regulation of intestinal 

lipid absorption [60, 86, 87]. GLP-1 has been also reported to modulate hepatic lipid 

metabolism by suppressing fatty acid synthesis and promoting fatty acid oxidation [88, 89]. 

Based on these mechanisms, vildagliptin and sitagliptin have been shown to suppress 

postprandial elevation of triglycerides in type 2 diabetic patients, suggesting their potential 

role in the prevention of macrovascular complications [90, 91].  

Furthermore, some effects of GLP-1 in the peripheral nervous system, eyes, and 

kidney could be clinically significant in the treatment of diabetes-related microvascular 

complications [60]. 

Consistent with its ability to promote neurite outgrowth of the dorsal root ganglion 

neurons in diabetic mice, GLP-1 might be useful for ameliorating diabetic polyneuropathy, 

irrespective of glycemic control [92]. Accordingly, the vildagliptin analogue PKF275-055 

partially improved the nerve conduction velocity deficit observed in diabetic rats [93]. 

Moreover, vildagliptin was shown to provide protection against nerve fiber loss in diabetic 

animals [94]. Taken together, these findings suggest the potential clinical significance of 

DPP-4is in the treatment of peripheral neuropathy. 

Accruing studies on diabetes animal models have also shown beneficial effects of 

GLP-1 and DPP-4is on the retina [95-98]. In particular, sitagliptin was able to decrease the 

nitrosative stress, IL-1beta production, and cell apoptosis in diabetic rat retinas, thus 

protecting the blood-retinal barrier [98]. However, the involvement of GLP-1 in these effects 

needs to be confirmed. 
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Last but not least, the kidney function is heavily influenced by GLP-1 and DDP-4is 

[60] whose effects might be clinically meaningful in the treatment of kidney-related disorders 

such as diabetic nephropathy (DN), a major cause of kidney failure [99]. Most notably, 

preclinical studies and meta-analyses of clinical trials have shown that DDP-4is afford direct 

renoprotective effects that make them potentially effective in acute and chronic renal failure 

[100].  

 

4. Effects of DPP-4 Inhibitors on Kidney function: physiological settings 

GLP-1 signaling mediates important renal functions [101], as suggested by the 

expression of both DPP-4 and GLP-1R in the kidney of several species, including humans 

[102]. However, controversial data exists on the specific expression pattern of these proteins, 

based on the specificity and sensitivity of detection methods [88, 103]. Few studies suggest 

their presence in the renal blood vessels, glomerular cells and tubular cells [102]. Studies on 

rodents show that DPP-4 is extensively expressed on the brush border of proximal tubules 

and glomerular podocytes, as well as in preglomerular vascular smooth cells and mesangial 

cells [26, 104]. Hence, DPP-4is are expected to have a significant impact on renal 

physiology.  

In addition to the direct stimulation of renal GLP-1Rs, the regulation of atrial 

natriuretic peptide (ANP) and the RAS represent two possible pathways underlying GLP-1 

renal actions. Notably, accumulating evidence supports that incretin system is able to 

modulate sodium and water homeostasis [101]. The natriuretic effect is probably the best 

reported one in several studies, both in rodents and in humans. Chronic infusion of GLP-1 

increased glomerular filtration rate (GFR), urinary flow and sodium excretion in Dahl salt-

sensitive rats [105, 106]. However, no effect on GFR was present in rats with denervated 

kidneys, showing that renal GLP-1 signaling also depends on functional neurotransmission 
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[107]. Moreover, exendin-4 increased GFR in non-diabetic mice whereas did not show acute 

effect in diabetic db/db mice [108]. A significant increase in urinary sodium excretion and 

GFR decrease have been reported in obese, insulin-resistant men [109], whereas GLP-1 

infusion resulted in dose-dependent natriuretic effect without GFR change in healthy subjects 

[110].  

In light of these findings, GLP-1 markedly increases GFR in healthy rodents but 

shows a limited effect in healthy humans. Conversely, GLP-1 decreases GFR in both rodents 

and humans that are metabolically challenged (e.g., with hyperglycemia). 

The GLP-1-mediated vasodilation of glomerular capillaries increases renal blood flow 

and therefore GFR in healthy rodents; however, this effect is minimal in humans receiving 

pharmacologically relevant GLP-1 doses. On the other hand, the GLP-1-mediated decrease in 

the proximal tubular reabsorption increases the proximal hydrostatic pressure, thereby 

decreasing GFR due to a decreased glomerular pressure gradient [111].  

Natriuresis has been suggested to be due to the reduction of tubular proximal 

reabsorption that, in turn, is predominantly mediated by the inhibition of the Na+/H+ 

exchanger isoform 3 (NHE3) [101]. Interestingly, GLP-1R activation has been shown to 

down-regulate NHE3 activity through a protein kinase A (PKA)-dependent mechanism [112]. 

Furthermore, it has been recently shown that GLP-1R stimulation in the heart atria can 

indirectly induce natriuretic and vasorelaxant effects by releasing ANP which, in turn, 

stimulates its own receptor in the kidney. Interestingly, in the same study, liraglutide was able 

to only reduce blood pressure acutely in hypertensive mouse models (e.g., angiotensin-2 

induced or pressure overload) [113]. These findings highlight a gut-heart axis in mice 

suggesting that ANP release mediates all acute physiological GLP-1-induced renal actions.  

On the other hand, the existence of a functional gut-heart axis in humans is questionable: 

GLP-1 infusion substantially increased natriuresis but had no effect on ANP secretion in 
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healthy males [114]. Rodent and human studies have demonstrated that GLP-1, in a GLP-1R- 

and PKA-dependent manner, also inhibits angiotensin-2 (ANG-2) actions by downregulating 

ANG-2 signaling and its plasma concentration [113, 115, 116]: ANG-2 is crucially involved 

in tubular proximal reabsorption by increasing NHE3 activity. 

Taken together, these specific mechanisms of action may largely account for the above 

reported GLP-1-mediated anti-hypertensive effects. 

Furthermore, GLP-1 has also been shown to decrease renal ROS production and 

inflammation both in vitro and in vivo by stimulating glomerular GLP-1Rs and contrasting 

the increase of oxidative stress induced by ANG-2 [116, 117]. In cultured mesangial cells, 

GLP-1 prevented cell damage by blocking ANG-2-induced superoxide formation, activation 

of NF-kB, and up-regulation of intercellular adhesion molecule-1 (ICAM-1) and plasminogen 

activator inhibitor-1: this effect was PKA-mediated [117]. Similarly, GLP-1R stimulation 

inhibited ANG-2 signaling via PKA-mediated cRaf phosphorylation in glomerular 

endothelium cells [116]. The pleiotropic properties of incretin-based therapy also include 

anti-inflammatory effects. In cultured mesangial cells, GLP-1 suppressed monocyte 

chemoattractant protein-1 (MCP-1) expression by directly stimulating GLP-1R, possibly 

exerting an anti-inflammatory action [118]. Furthermore, alogliptin has been reported to 

reduce the Toll-like receptor-4-mediated up-regulation of pro-inflammatory cytokines in 

mononuclear cells [68]. 

In summary, long-term GLP-1 treatment may preserve GFR and protect the kidney. 

Based on the above background, gliptins may exert natriuretic and diuretic effects as 

well [112, 119]. In accordance with this, Girardi and co-workers have demonstrated a 

physical interplay between DPP-4 and the NHE3 exchanger in the brush-border epithelium of 

the proximal renal tubule, suggesting a functional relationship between them [119-121]. This 

supports the involvement of DPP-4 enzyme in the NHE3-mediated reabsorption of sodium, 
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bicarbonate and water. DPP-4 inhibition might enhance natriuresis and diuresis in two ways: 

1) by promoting down-regulation of NHE3 activity associated with GLP-1R activation and 2) 

by directly impairing NHE3 function due to the inhibition of DPP-4. The latter pathway is 

supported by in vitro as well as in vivo studies by Girardi et al. [119, 120] clearly 

demonstrating a correlation between DPP-4 inhibition and decreased NHE3 function. 

Specifically, DPP-4 inhibition has been reported to decrease NHE3 function in a cultured 

opossum kidney proximal tubular cell line [120] and in normotensive wild-type Wistar rats 

[119]. In the latter study, DPP-4 inhibition resulted in a diuretic and natriuretic effect, which 

was associated with the redistribution of NHE3 and a small fraction of DPP-4 from the apical 

microvillar membranes to the intermicrovillar microdomain of the brush border. In opossum 

kidney proximal cells, suppression of NHE3 activity by DPP-4is was not antagonized by a 

PKA inhibitor [120]. This pre-clinical evidence suggests that the natriuretic and anti-

hypertensive effects of gliptins may rely on mechanisms other than renal GLP-1 signaling. 

However, the inhibition of NHE3 function by exendin-4 (a GLP-1R agonist) [122] supports 

the first hypothesized pathway, which is the enhancement of GLP-1 physiological action on 

its own receptors (related to NHE3) through the reduction of GLP-1 degradation. 

Nevertheless, the possible co-existence of both pathways cannot be ruled-out. Overall, these 

mechanisms further clarify the aforementioned studies showing the sitagliptin-mediated 

blood pressure attenuation in spontaneously hypertensive rats (SHRs) and hypertensive 

diabetic patients [75, 78]. 

In line with the above results by Girardi and colleagues [120], Rieg et al. [108] have 

demonstrated that alogliptin induced natriuretic and diuretic effects in non-diabetic mice 

independently of GLP-1R or changes in NHE3. Accordingly, in contrast to exendin-4, the 

alogliptin-induced diuresis and natriuresis were preserved in GLP-1R knockout mice. On the 

other hand, in contrast to exendin-4, the GLP-1R-independent natriuretic effect of alogliptin 
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was abolished in a mouse model of obese type 2 diabetes, where the GLP-1R-mediated 

natriuretic mechanisms were clearly kept. Furthermore, DPP-4 inhibition did not increase 

GFR in healthy rats, while both GLP-1 and exendin-4 markedly increased creatinine 

clearance [112]. These findings indicate that, under physiological conditions, the mechanisms 

mediating the diuretic and natriuretic actions of DPP-4is diverge from both GLP-1 and GLP-

1RAs.  

In this regard, it should be considered that multiple peptide substrates other than GLP-

1 are likely cleaved by DPP-4 [24, 28], thus suggesting that DPP-4 inhibition may affect the 

kidney physiology by other, non-incretin mediated pathways. For example, DPP-4 may target 

ANP, brain-derived natriuretic peptide (BNP), neuropeptide Y (NPY), peptide YY (PYY), 

and stromal-derived factor (SDF)-1α [24]. Similar to ANP, BNP is known for its natriuretic 

and vasorelaxant effects. NPY promotes vasoconstriction and up-regulation of sympathetic 

nerve activity whereas PYY mediates vasoconstriction only. SDF-1α plays a crucial role in 

the protection of ischemically-injured tissues as well as in angiogenesis. DDP-4is may 

therefore participate in the modulation of natriuresis, blood pressure, vascular function, and 

tissue repair by augmenting endogenous levels of these peptides [28, 100]. 

The inhibition of NPY cleavage may also contribute to the effect of gliptins on blood 

pressure [123]: NPY is an agonist of Y1 receptor mediating peripheral vasoconstriction. 

Interestingly, blood pressure in adult SHRs was not affected by single dose administration of 

a specific DPP-4i whereas blood pressure was significantly increased after DPP-4 inhibition 

in SHRs pre-treated with captopril. This effect was prevented by the administration of a 

selective Y1 receptor antagonist. On the other hand, the inhibition of DPP-4 did not affect 

arterial blood pressure when animals were pre-treated with a sympathetic nervous system 

blocker. Therefore, DPP-4 inhibition increased arterial blood pressure via Y1 receptors when 

elevated blood pressure had been previously reduced with anti-hypertensive drugs, provided 
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that the sympathetic nervous system was functional. These results suggest the need to 

monitor the use of gliptins in hypertensive patients treated with anti-hypertensive drugs such 

as angiotensin converting enzyme (ACE) inhibitors [123]. 

Of note, DPP-4is may potentiate the ANG-2-mediated renal vasoconstriction only in 

SHRs [124]: this effect is mediated by the NPY/Y1 receptor pathway that promotes 

vasoconstriction only in these animals but not in wild-type rats [125].  

Overall, the above reported preclinical evidence suggests that DDP-4is may offer 

renoprotective (and cardioprotective) effects in the context of hypertension and other 

disorders of sodium retention via both incretin-dependent and independent mechanisms. 

Furthermore, it is likely that long-term DDP-4 inhibition may potentially have clinical 

benefits in patients with diabetic chronic kidney disease (CKD), such as DN, as well as in 

patients with non-diabetic CKD and acute kidney injury (AKI). Accordingly, DPP-4 

expression has been reported to be up-regulated in cultured human glomerular epithelial cells 

during inflammation [126] and in a rat model of type 2 diabetes mellitus (T2DM) [127]. 

More importantly, increased DPP-4 renal activity is considered as a biomarker for human 

glomerular diseases [128, 129].  

 

5. Effects of DPP-4 Inhibitors on Kidney function: pathophysiological settings 

5.1. Potential benefits of DPP-4 inhibition in Diabetic Kidney Disease (DKD) 

The above preclinical and clinical evidence of gliptin-related renoprotective actions 

beyond glycemic control might account for the potential ability of DPP-4 inhibition to 

improve the pathophysiological processes leading to DKD. Although hyperglycemia, 

increased intra-glomerular pressure, and hyperfiltration are key players in the pathogenesis of 

DN [101], accruing evidence indicates that alternative mechanisms, including the enhanced 

production of inflammatory cytokines and ROS, advanced glycation end-products (AGEs), 
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and the up-regulation of the polyol and the protein kinase C pathways, may offer a significant 

contribution [130]. Genetic and epidemiologic studies also demonstrated that the immune-

related gene B7-1 is critically involved in podocyte injury in type 2 DN [131]. Interestingly, 

the increased activation of extracellular ATP signaling has been recently reported to play a 

crucial role in increasing kidney damage and inflammation in DKD [132]. Moreover, 

Krolewski and colleagues have reported that serum concentrations of uric acid, tumor 

necrosis factor receptor-1 (TNFR-1) and TNFR-2 strongly contributed in a similar way to 

renal decline in both normoalbuminuric and microalbuminuric type 1 diabetes patients. 

Conversely, a potential role for a number of circulating adhesion molecules and chemokines 

(VCAM, ICAM, IL-6, IL-8, IP-10, and MCP-1) in the etiology of renal decline was excluded 

in the same study group. Such a congruence supports that early progressive renal decline can 

be considered the primary clinical disorder of DN leading to impaired kidney function and 

eventually to ESRD in type 1 diabetes [133, 134]. A positive association between urinary 

inflammatory markers (IL-6, IL-8, MCP-1) and renal decline was previously demonstrated in 

microalbuminuric type 1 diabetics [135]. 

Several observations suggest that the incretin system is crucially involved in the 

pathophysiology of DN [26, 126, 127, 136-138]. In particular, DDP-4 expression and activity 

are up-regulated in the kidney of rats treated with a high-fat diet and streptozotocin (STZ) 

[127]. In contrast, DPP-4 deficiency makes rats more resistant to STZ-induced type 1 

diabetes [136]. DPP-4 up-regulation has been also shown in human glomerular epithelial 

cells during inflammation [126], which frequently contributes to glomerulosclerosis in DN 

[28]. Overall, these findings suggest a role for DPP-4 in the development of both T2DM and 

DN. This concept seems to be supported by a positive correlation between DPP-4 activity and 

HbA1c levels [139] (and thus hyperglycemia [137]) in type 2 diabetic patients. Therefore, 

DPP-4is might be clinically useful for retarding the progression of DN.   
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Interestingly, hyperglycemia decreased the expression of renal GLP-1Rs in STZ-

induced diabetic rats whereas DPP-4is up-regulated their expression [138]. In this light, one 

might speculate that renal benefits of DPP-4is in DN are mediated by renal GLP-1Rs and also 

linked to an improvement of hyperglycemia. 

Moreover, the urinary level of microvesicle-associated DPP-4 is significantly higher 

in type 2 diabetic subjects compared with non-diabetic healthy controls, and is positively 

correlated with the worsening of albuminuria in diabetic patients [26]. Of note, since 

albuminuria generally predicts the progression of renal disease, especially in DN [101], 

urinary microvesicle-bound DPP-4 could be exploited as a specific biomarker for the onset of 

DKD and for staging its severity [26]. Accordingly, an increasing body of evidence indicates 

that extracellular vesicles (EVs), mainly composed by exosomes and microvesicles, play a 

relevant role in the kidney pathophysiology by mediating cell-to-cell communication, 

transferring their content (proteins, lipids and nucleic acids), and activating signaling 

pathways in target cells. In particular, most of renal cells along the nephron and the 

urogenital tract have been shown to actively secrete urinary EVs in order to communicate 

with downstream urinary tract cells, thereby affecting the function of recipient cells. EV-

mediated renal communication appears to be a physiological system of cell signaling 

essential for kidney homeostasis. It involves several roles of EVs, including elimination of 

cellular waste, proximal-to-distal signaling, developmental roles, control of ion transport, 

regulation of inflammation and immune response. In parallel, recent findings also support the 

crucial involvement of these microparticles in renal regenerative processes and kidney 

diseases, such as cancer, inflammatory and genetic diseases, glomerular and tubular damage, 

and other pathologies. Specifically, EVs have been involved in the pathogenesis of sepsis and 

the related AKI. They were also implicated in renal failure associated with hemolytic uremic 

syndrome induced by infection of enterohemorrhagic Escherichia Coli. In addition, EVs 
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released by nephron cells can transfer pro-inflammatory or profibrotic signals from tubular 

epithelial and interstitial cells, mediating harmful pathways leading to renal fibrosis. Taken 

together, the above evidence suggests that EVs mediate opposing renal actions as a 

consequence of their cellular origin and their target cell. On the other hand, EVs derived from 

progenitor and stem cells showed protective and regenerative properties in renal pathological 

processes, by modulating fibrosis, tubular and glomerular damage, and angiogenesis [140-

144]. Interestingly, Jiang and colleagues have recently suggested that EVs secreted by human 

urine-derived stem cells may prevent renal injury in a rat model of streptozotocin-induced 

diabetes by promoting vascular regeneration and preventing podocyte apoptosis [145]. All 

these pre-clinical findings open, therefore, the perspective to therapeutic application of EVs 

in nephrology.  

Moreover, any variation in number, origin or content of EVs isolated from urine may 

reflect an alteration in the pathophysiological state of the kidneys [146]. Hence, EVs secreted 

by renal cells conveying in urine represent a great source of information about the kidney 

state of health as well as a promising non-invasive diagnostic tool for renal disease. Indeed, 

urinary EVs can be easily isolated from patients providing a suitable resource for biomarkers 

discovery. This could allow to improve diagnosis, prognosis, and clinical monitoring of renal 

diseases [140]. Consistent with above findings by Sun and co-workers [26], the number of 

EVs is elevated in DN [147]. Furthermore, Delic et al. [148] suggested an association 

between micro-RNA (miRNA) alteration in urinary EVs and early renal impairment in 

T2DM patients. 

Other experimental studies in animal models of both type 1 and type 2 DN have 

demonstrated renoprotective effects of DPP-4is, such as reduction in urinary albumin 

excretion and in proteinuria and improvement in vascular, glomerular, tubular and interstitial 

histopathology. These protective effects could be partly explained by the reduction of 
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oxidative stress damage to DNA, inflammation, apoptosis, and lipid peroxidation [138, 153, 

154]. In particular, linagliptin significantly decreased albuminuria when combined with an 

angiotensin-2 receptor blocker in STZ-induced diabetic endothelial nitric oxide synthase 

knockout mice. The reduction in albuminuria associated with linagliptin may reflect the 

ability of DPP-4 inhibition to attenuate podocyte injury which anticipates the development of 

glomerulosclerosis leading to proteinuria [153, 155]. Moreover, these results suggest that 

incretin-based therapy might exert a complementary effect with the RAS blockade in DN 

treatment. Vildagliptin treatment reduced albuminuria and histological damage while 

improving GFR in STZ-induced diabetic rats. A significant attenuation of DNA oxidation 

and apoptosis accounted for these findings [138]. Similar protective effects of DPP-4is 

(sitagliptin) were also observed in Zucker diabetic fatty rats, a model of type 2 diabetes [154]. 

A few clinical studies confirm the above pre-clinical evidence about the beneficial effects of 

DPP-4 inhibition [13, 15, 156]. 

Nevertheless, whether such benefits are fully independent from the improvement of 

glycemic control still remains an open question. 

 

5.2. Potential benefits of DPP-4 inhibition in Non-Diabetic Chronic Kidney Disease (CKD) 

Experimental studies in models of non-diabetic CKD support the possibility that 

DDP-4 inhibition may exert direct renoprotective effects also in other renal diseases. 

Sitagliptin treatment was shown to attenuate kidney injury, renal dysfunction and structural 

damage in non-diabetic rats with hypertensive nephropathy [157] or subtotal nephrectomy 

[158]. Specifically, renoprotection in the hypertensive nephropathy rat model was mediated 

by the increase in serum GLP-1 levels and the up-regulation of GLP-1Rs which resulted in 

decreased lipid peroxidation and increased antioxidant defense mechanisms. This 

observation, which is in line with experimental findings in diabetic rats [138], suggests that 
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DKD and non-diabetic CKD could share some of the renoprotective pathways mediated by 

DPP-4is. 

In the subtotal nephrectomy model of renal damage, the improvement in kidney 

function and structural damage was associated with anti-apoptotic and anti-inflammatory 

effects and with an increase in total anti-oxidants [158]. However, in contrast with the 

hypertensive nephropathy rat model, linagliptin attenuated oxidative stress without affecting 

blood pressure levels in rats with renovascular hypertension [159]. 

Interestingly, DPP-4 might also play a pivotal role in the pathogenesis of immune 

complex-mediated glomerulonephritis [28, 160]. In fact, a monoclonal antibody targeting 

DPP-4 completely suppressed proteinuria and mesangial proliferation in a rat strain with 

experimental nephritis, whereas these protective actions were not observed in another rat 

model with a deletion of the DPP-4 gene. In particular, the protective effect of the anti-DPP-4 

antibody was attributed to the suppression of the complement cascade, as confirmed by in 

vitro analysis [160]. These conclusions suggest that DPP-4 targeting may exert a protective 

role against complement-dependent tissue injury and, therefore, might be clinically useful in 

the treatment of immune-mediated glomerulopathies.  

 

5.3. Potential benefits of DPP-4 inhibition in Acute Kidney Injury (AKI) 

The potential benefits of DPP-4is in the setting of AKI are supported by some 

preclinical studies showing the effects of these agents in ischemic AKI [161, 162]. 

Consistently, DPP-4is exhibited protective actions in experimental models of ischemia-

reperfusion injury in the heart and lung [163-166]. 

Particularly, administration of sitagliptin to streptozotocin-nicotinamide-induced 

diabetic rats prior to induction of ischemic renal injury led to a significant decrease in serum 

creatinine, blood urea nitrogen and markers of tissue injury [161]. In the same animals, the 
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drug also induced a significant increase in anti-oxidant enzymes (i.e. glutathione, glutathione 

peroxidase, superoxide dismutase, and catalase) and a decrease in DNA fragmentation and 

apoptosis [161, 167]. Interestingly, such renoprotective effects of sitagliptin were associated 

with a reduction in blood glucose to levels observed in non-diabetic control rats, suggesting a 

possible close link between protective effects of DPP-4 inhibition and improved glycemic 

control. In another model of ischemia-reperfusion injury, pre-treatment of non-diabetic rats 

with vildagliptin similarly improved serum creatinine levels and reduced tubular necrosis, 

apoptosis, lipid peroxidation and the expression of pro-inflammatory markers [162]. Post-

treatment with sitagliptin conveyed similar benefits than pre-administration in terms of 

kidney recovery after acute ischemia-reperfusion injury [168]: renal protection was 

associated with anti-oxidant and anti-inflammatory effects which were probably mediated by 

the up-regulation of GLP-1 and GLP-1Rs [169]. 

The relevance of GLP-1 in attenuating renal damage after ischemic injury was 

recently shown in a study by Yang et al. [170] reporting that pre-treatment with exendin-4, a 

GLP-1RA, significantly protected against ischemia-reperfusion injury in rats through GLP-

1R activation. This resulted in up-regulation of the protective gene heme oxygenase-1 (HO-

1), an observation consistent with the anti-oxidant actions exhibited by DPP-4is in rat models 

of renal ischemia-reperfusion injury [161, 162, 168]. In addition, GLP-1 was shown to inhibit 

ANG-2-induced oxidative stress [117]. Finally, GLP-1R activation associated with DPP-4 

inhibition might also reduce the severity of renal ischemic insult via down-regulation of 

NHE3, thereby limiting energy consumption in the proximal tubule and protecting the kidney 

[171, 172]. As alluded to before, SDF-1α is another important DPP-4 substrate potentially 

mediating the protective effects of DPP-4is in AKI induced by ischemic injury. This 

hypothesis is supported by the up-regulation of mRNA expression of both SDF-1α and its 

receptor, C-X-C chemokine receptor type 4 (CXCR4), found in the kidney after such 
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experimentally-induced damage [173]. Specifically, the SDF-1α/CXCR4 axis has been 

shown to provide functional and morphological protection of ischemically-injured kidney 

[174]. Therefore, the increase in SDF-1α levels by DPP-4is might represent another 

mechanism for their renoprotective effects. On the other hand, DPP-4is might also contribute 

to the pathogenesis of renal injury after ischemia-reperfusion by inhibiting the cleavage of 

meprin-β, a member of a metalloproteinase family that is highly expressed in mouse kidney 

proximal tubules: the redistribution of meprin proteases in response to ischemia-reperfusion 

was proposed to cause damage to kidney proteins eventually resulting in cellular injury and 

inflammation [175]. 

The protective effects of DPP-4is were also observed in an AKI model of cisplatin 

toxicity. In such a model, alogliptin reduced renal injury by attenuating apoptosis [176]. 

Interestingly, alogliptin increased serum GLP-1 levels, without affecting the levels of other 

DPP-4 substrates, such as SDF-1α. In addition, the renoprotective effects of alogliptin were 

prevented by the suppression of renal GLP-1R expression in vivo by small interfering RNAs 

[176]. These findings corroborate the hypothesis that benefits of DPP-4is in AKI mostly rely 

on the protective capacity of endogenous GLP-1. 

In light of such promising preclinical data, clinical studies are eagerly awaited in 

order to test a possible applicability of these agents for preventing AKI in patients at high risk 

of this complication. 

 

6. Clinical evidence of renal benefits or detriments of DPP-4 inhibitors from 

randomized controlled clinical trials 

The clinical impact of DPP-4is on renal outcomes represents a timely and 

controversial issue, as findings from various clinical studies are somewhat conflicting. In 

order to catch the most relevant evidence on this topic, we approached the existing literature 
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by using predefined search criteria (see below) in order to find the most relevant randomized 

controlled trials (RCTs) and meta-analyses dealing with the effects of these agents on renal 

outcomes in individuals with evidence of renal impairment. Main characteristics and findings 

from the studies retrieved (summarized in Table 2) were analyzed and discussed in a 

pragmatic way. 

6.1. Literature search strategy 

Ovid-MEDLINE, PubMed and CENTRAL databases were searched for English-

language articles without time restriction up to April 30, 2017. References from relevant 

studies were screened for supplementary articles. The search was designed and performed by 

combining the following medical subject heading (MeSH) terms: “renal disease” or “chronic 

kidney disease” or “renal failure” or “albuminuria” or “serum creatinine” or “acute kidney 

injury” with the terms “DPP-4 inhibitor”, ”gliptin” and each of the generic names 

“sitagliptin”, “vildagliptin”, “saxagliptin”, “alogliptin”, “linagliptin”. We included in the 

analysis any randomized controlled trial (RCT), quasi-RCT (trials in which allocation to 

treatment was made by alternation, use of alternate medical records, date of birth or other 

expected methods), prospective or retrospective studies including diabetic patients with any 

degree of renal function impairment (CKD stage 1 to 5, not including end-stage kidney 

disease [ESKD] patients on dialysis) treated with DPP-4is alone or in combination with other 

hypoglycemic agents versus placebo or no treatment or lifestyle interventions or any other 

hypoglycemic agents. The presence of CKD was defined according to the National Kidney 

Foundation-Kidney Disease Outcomes Quality Initiative (NKF KDOQI) guidelines by a 

reduced glomerular filtration rate (GFR) < 90 mL/min/1.73 m2 or by the persistence of 

urinary abnormalities such as albuminuria, proteinuria or hematuria in subjects with GFR ≥ 

90 mL/min/1.73 m2. GFR was estimated using Cockcroft–Gault formula [177] or MDRD 

equation [178]. DPP-4i administration was considered independently from dosage, mode or 
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duration. Renal outcomes considered for analysis were: 1) CKD progression or changes in 

GFR or in creatinine; 2) doubling of serum creatinine; 3) changes in urine albumin/creatinine 

ratio (UACR); 3) need for renal replacement therapy; 4) renal and urinary disorders; 5) acute 

kidney injury (AKI) onset. 

 

6.2. Discussion of clinical evidence 

The analysis of published clinical evidence aimed at evaluating effects of DPP-4is, in 

particular their benefits or detrimental aspects in patients affected by CKD and results on 

specific renal outcomes. We focused our attention on glycemic control, renal safety and 

adverse events, and, finally, on a specific renal outcome such as the proteinuria. We 

performed a narrative review, a scientific article design that is now extensively being used in 

current literature. 

Despite the inclusion of clinical trials focusing on renal effects of DPP-4is, our review 

shows certain limitations. First of all, enrolling criteria in single studies are not 

homogeneous, then populations are often non-comparable because trials are not specifically 

designed to focus on renal outcome. Furthermore, the follow-up period is too short to assess a 

hard renal outcome. For these reasons, we prefer to define the present paper as a narrative 

review. 

6.2.1. DPP-4 inhibitors and glycemic control 

Almost all the studies included in our analysis considered the glycated hemoglobin (HbA1c 

%) decline as first end-point. Secondary efficacy outcomes also included the change in 

fasting plasma glucose (FPG) level. Unfortunately, this point may represent a considerable 

limit in the assessment of the antidiabetic agent efficacy in CKD populations. Indeed, in a 

renal failure setting, especially in the late stages and in renal replacement therapy, a huge 
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number of confounding factors may affect the legitimacy of the HbA1c dosage. Generally, 

when compared to placebo, DPP-4is have been shown to reduce HbA1c % in all the included 

studies. However, only two trials compared DPP-4is with sulfonylureas. In particular, the 

study of Chan et al. [179] analyzed the difference between sitagliptin and placebo or 

glipizide, resulting in favor of DPP-4is. On the other hand, Dobs et al. [190] valued the 

efficacy and safety of sitagliptin as add-on therapy to metformin and rosiglitazone, 

concluding with an improved glycemic control compared with only administration of 

metformin and rosiglitazone. The recent meta-analysis performed by Howse et al. [192] 

supports these data; the authors carried out a pooled analysis of 11 RCTs demonstrating that 

HbA1c level significantly decreased from baseline in the incretin-based group versus placebo 

group, while the change in HbA1c level was not statistically significant when DPP-4is were 

compared with sulfonylureas. In addition, different papers reported the difference in HbA1c 

% stratified for kidney impairment. Kothny et al. [180] documented a slightly different 

decrease in HbA1c after one year of treatment with vildagliptin (50 mg/day) in patients with 

moderate CKD compared to subjects with severe renal impairment. Barnett et al. [191] found 

similar results, in an elderly population. On the contrary, in the pooled analysis of 3 RCTs 

carried out by Groop et al. [156], no inter-group difference emerged in terms of glycemic 

control efficacy among normal, mild and moderate renal impairment (p = 0.74). No 

differences were also reported by Nowicki et al. [184] and Lukashevic et al. [183]. 

6.2.2. Renal safety of DPP-4 inhibitors 

While the US FDA in 2008 established as a rule that new antidiabetic drugs should 

demonstrate their cardiovascular safety prior to drug approval, the renal safety is not yet 

required, even though renal failure is a major consequence of diabetes. Summarizing, in 

clinical studies, all DPP-4is were well tolerated in patients with CKD, with no dose 

adjustment needed in patients with mild CKD. However, dose adjustments are needed in 
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patients with moderate or severe renal impairment for all DPP-4is, except for linagliptin 

because this agent is primarily cleared by non-renal mechanisms [42]. 

Almost all included RCTs evaluated the safety profile of DPP-4is, showing them to be 

without risk and well tolerated also in patients with moderate and severe kidney diseases. 

McGill et al. [181], using linagliptin that does not require dose adjustment, observed, after 

one year, only a tiny eGFR decrease in both experimental and placebo groups. No renal 

failure related to linagliptin was reported. Similar results were found in the DelPrato [186], 

Owens [188], Taskinen [189] and Barnett trials, with no clinically significant changes in 

renal function detected over the study period. Exclusively for linagliptin, Cooper et al. [193] 

concluded a pooled analysis of 13-RCTs including 5,000 diabetics. The analysis ascertained 

that linagliptin treatment was not associated with an increase in kidney injury. Otherwise, 

linagliptin administration significantly decreased the risk and slowed down the progression of 

kidney disease by 16% compared with placebo (HR, 0.84; 95% CI, 0.72-0.97; P = 0.02). In 

studies carried out by saxagliptin administration (SAVOR-TIMI [13] and Nowicki [184]), the 

overall outcome was that this agent was well tolerated also in moderate and severe kidney 

disease, even though the dosage was always adjusted for GFR < 50 ml/min at 2.5 mg once 

daily. Notably, in the SAVOR-TIMI trial [13] the renal outcome was a composite of doubling 

of creatinine level, initiation of dialysis, renal transplantation or creatinine > 6.0 mg/dl. The 

incidence of the renal end-point was similar in the saxagliptin (2.2%) and placebo groups 

(2.0%). On the other hand, in the trial performed by the Nowicki group [184], at the end of 

the study, patients had not statistically significant worsening of renal parameters but 4 

patients belonging equally to saxagliptin and control groups shifted to severe renal 

impairment. Conversely, 10 patients had a better renal function after 12 weeks. For 

vildagliptin, Lukashevic et al. [183] and Kothny et al. [180] already demonstrated a safe 

profile in moderate and severe CKD diabetic patients testing this drug at a 50-mg dosage 
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compared with placebo. During the 24-week observation period, no meaningful changes in 

renal function from baseline were observed in groups arranged for renal impairment. 

Accordingly, in the GALIANT study [185], vildagliptin was administered at the dose of 100 

mg once daily and was retrospectively compared with a thiazolidinedione as an add-on 

therapy to metformin in normal and mild nephropathic diabetic subjects. As shown in Table 

2, Blood Urea Nitrogen > 9.99 had been reported in a slight, but not statistically significant, 

percentage of patients in the control group. Alogliptin has been tested only by White et al. 

[182], in the EXAMINE trial which selected a specific diabetic population with history of 

acute coronary syndromes, including acute myocardial infarction and unstable angina. A dose 

of 12.5 mg of alogliptin was administered in patients with moderately impaired renal function 

(eGFR ≥ 30 and < 60 mL/min) whereas a dose of 6.25 mg was given to subjects with 

severely impaired renal function or ESRD (eGFR < 30 mL/min). Incidences of 

hypoglycemia, cancer, pancreatitis, and initiation of dialysis were similar with alogliptin and 

placebo. Passing on sitagliptin in all trials the dosage has been modified based on eGFR (50 

or 25 mg according to eGFR). Chan et al. [179] in 91 T2DM subjects with moderate or 

severe renal insufficiency, also including patients with ESRD and/or on dialysis, compared 

sitagliptin with placebo/glipizide (5-10 mg/day). In patients with moderate renal 

insufficiency, a small mean increase of serum creatinine was observed after 12 weeks 

followed by a little decrease after 54 weeks. Moreover, sitagliptin has been evaluated in 

ESRD by Dobs et al. [190], who enrolled patients with on renal replacement therapy, 

compared with glipizide 5-10 mg/day. Similarly, renal outcomes or adverse events were not 

reported.  

6.2.3. Adverse events 

Overall, DPP-4is did not significantly increase the risk of hypoglycemia compared with 

placebo. Similar results were found when the active comparator was a sulfonylurea. As for 
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glycemic control, few studies differentiated adverse events incidence for CKD stages. Among 

them, Kothny et al. [180] showed that a similar proportion of patients experienced an adverse 

event (84 vs. 85%), and a serious adverse event (21 vs. 19%), with vildagliptin and placebo, 

respectively in both severe and moderate CKD. Lukashevic et al. [183] and the GALIANT 

trials [185] confirmed these findings for vildagliptin. In the Groop et al. [156] analysis using 

linagliptin, the incidence of hypoglycemia, the overall adverse event and serious adverse 

event rates were comparable to placebo in all renal failure categories. Of note, Cooper et al. 

[193] specifically focused on renal adverse events, also reporting the incidence of additional 

adverse events of special interest for CKD individuals such as hyperkalemia and hypotension. 

They did not find any difference between linagliptin and control group. Importantly, the 

question of cardiovascular safety of DPP-4is in the renal setting remains still unclear. Indeed, 

findings regarding all-cause mortality and cardiovascular events are limited, due to the lack 

of events, short follow-up of included studies, and lack of formal adjudication of 

cardiovascular events within all studies. The SAVOR-TIMI [13] study alone used a 

composite outcome of cardiovascular death, myocardial infarction, or ischemic stroke as 

primary endpoint in the assessment of saxagliptin cardiovascular safety. Notably, the trial did 

not show any difference in cardiovascular events, but disclosed a major incidence of 

hospitalization for cardiovascular failure in the experimental arm. Therefore, results were not 

specifically stratified for kidney disease stages.  

6.2.4. Effect on the proteinuria 

Microalbuminuria and proteinuria are the primary intervention targets in the prevention of 

CKD and ESRD in diabetic patients. Moreover, albuminuria is a key predictor of 

cardiovascular complications both in diabetic and non-diabetic CKD populations. According 

to guidelines, the first-step approach is the administration of RAS inhibitors acting drugs. 

However, the demonstration of a synergic antiproteinuric effect carried out by an antidiabetic 
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drug may be of special interest [8]. The underlying mechanisms have been already described 

and are mostly related to the oxidative stress and inflammation reduction and improvement of 

endothelial dysfunction [9]. Evidence exists not only in DKD, but also in models of non-

diabetic CKD. In clinical settings, the first observation of a positive effect of DPP-4is on 

albuminuria has been made in a small trial by Hattori et al. [194] in 37 non-CKD diabetic 

patients in which sitagliptin administered at a 50-mg dose was able to reduce albumin-to-

creatinine ratio (ACR) compared to placebo [194]. Similarly, Mori et al. [195] obtained a 

noteworthy albuminuria reduction in T2DM patients after six months of treatment with 

sitagliptin compared with other antidiabetic agents [195]. In the SAVOR-TIMI-53 trial [13], 

even in normoalbuminuric patients, the treatment with saxagliptin improved ACR, without 

any adverse effect on kidney function. Indeed, the favorable action of saxagliptin on 

albuminuria was not related to the improvement of glycemia. Anyway, despite lowering 

albumin excretion, no difference was found in ESRD incidence or in the progression of renal 

injury between saxagliptin and placebo. More specifically, Kawasaki et al. [196] in 2015 

investigated the action of sitagliptin on albuminuria in 247 T2DM patients in an 

observational trial. They found that the ACR reduction was associated with the 

antihypertensive effect of sitagliptin. Therefore, authors concluded that sitagliptin exerts an 

antiproteinuric effect through impacting on both blood pressure and eGFR [196]. On the 

other hand, Fujita et al. [15] confirmed the observations made in preclinical models in a 

crossover study. In their small cohort, DPP-4is treatment lessened urinary levels of albumin 

and abated oxidative stress markers such as 8-hydroxy-2'-deoxyguanosine (8-OHdG), 

increasing urinary cAMP levels. On top of that about antiproteinuric power, more evidences 

exist for linagliptin. In 2013, Groop et al. [156] published a comprehensive analysis of RCTs 

involving 217 subjects with albuminuria (UACR: 30–3000mg/g creatinine) receiving stable 

treatment with RAS inhibitors. In this 24-week study linagliptin decreased ACR by 32% 
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versus 6% in the placebo group. Afterwards, the metanalysis from Cooper et al. [193] 

demonstrated that linagliptin (5 mg/daily) reduced the risk of new onset of moderate 

elevation of albuminuria by 18%, promoting renal protection. Lastly, a more recent 

observational cohort study was conducted by Kim et al.. Authors retrospectively collected 

albuminuria and kidney function data from patients on DPP-4is therapy in their center with a 

total of 414 patients enrolled and with a long term follow up of four years. In this analysis, 

DPP-4is appeared more beneficial in macroalbuminuric diabetic patients ameliorating eGFR 

reduction over time [197]. From all these pieces of evidence, it is suggested that emerging 

data should be systematically used to plan new RCTs directly focusing on a possible renal 

class-effect of DPP-4is. Two ongoing trials, the MARLINA-T2D™ (Efficacy, Safety & 

Modification of Albuminuria in Type 2 Diabetes Subjects with Renal Disease with 

LINAgliptin) trial (ClinicalTrials.gov Identifier: NCT01792518) and the CARMELINA® 

(CArdiovascular Safety & Renal Microvascular outcomE study with LINAgliptin) trial 

(NCT01897532) have also started enrolling patients [198]. 

 

7. Conclusions. 

DPP-4is are among the most used and effective oral antidiabetic agents. They have 

many advantages, including high glucose-lowering potency, low risk of hypoglycemia, no 

association with weight gain, and tolerability by chronic renal failure patients. However, their 

efficacy for preventing diabetic complications, especially DN, is not well established. 

In summary, diabetes management is complex, multi-dimensional and potentially 

expensive in patients with T2DM and renal insufficiency. Our literature review suggests that 

DPP-4is have the potential to improve and simplify glycemic control in this setting without 

exposing patients to hypoglycemia or other important adverse events. The renoprotective 
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potential of DPP-4is remains unproven, but it is a subject of ongoing investigations in clinical 

trials. However, findings from the reviewed studies indicate that the glucose-lowering 

efficacy of DPP-4is may provide additional renal benefits in patients with kidney failure, 

since improved glycemic control has been shown to reduce the risk of DN and ESRD. More 

importantly, beyond glycemic control, accruing evidence (especially for linagliptin) has 

demonstrated that this drug class may also reduce albuminuria, another risk factor for DN, 

especially in macroalbuminuric diabetic patients. Such an improvement in albuminuria 

suggests that DPP-4is may potentially provide renal benefits beyond their glucose-lowering 

effects. Therefore, early detection and treatment of DN risk factors, such as hyperglycemia 

and albuminuria, with DPP-4is may possibly prevent this clinical condition or slow its 

progression. Notwithstanding, the aforementioned poor methodological quality of the studies 

included in this review prevents definite conclusions to be drawn, also hampering the 

identification of the specific subpopulation of T2DM and CKD patients who would benefit 

most from DDP-4 inhibitor therapy. Future studies with longer follow-up, comparable 

populations, and specifically designed on hard renal outcomes are needed for ascertaining 

whether DPP-4is may offer a promising therapeutic option for retarding CKD progression in 

T2DM patients as well as for establishing the optimal target population. 

Given the high financial burden and reduced quality of life of patients with T2DM 

and renal insufficiency, further economic and quality of life analyses are also warranted.  
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Table 1. Main pharmacokinetic and pharmacodynamic features of DPP-4is available on the European market 

 SITAGLIPTIN# VILDAGLIPTIN# LINAGLIPTIN# SAXAGLIPTIN# ALOGLIPTIN# 

CHEMICAL 

STRUCTURE 

 

 

 

  
  

 PHARMACODYNAMICS 

In vitro DPP-4 

inhibition 

(IC50, nM) 

19 62 1 50 24 

DPP-4 selectivity 

(vs DPP-8/-9) 
> 2600 < 100 > 10000 > 100 > 14000 

 PHARMACOKINETICS 

Absorption (Tmax, h) 1-4 1.7 1.5 
2h (4h active 

metabolite) 
1-2 

Oral bioavailability (%) ~87 85 ~30 > 75 70 

Volume distribution (L) 198 71 368-918 151 300 

Binding to plasma 

protein (%) 
38 9.3 70 < 10 20 

Half-life (h) 8-14 2-3 120–184 2.2-3.8 12.4–21.4 

Liver excretion (%) 13 4.5 85 22 13 

Kidney excretion (%) 87 85 5 75 76 
# Modified with permission from Arulmozhiraja S et Al.[41] 
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Table 2. Main characteristics of the studies included in the literature review. 

Study ID Year 

Center 

Country 

Study 

design 

-Inclusion criteria 

-Exclusion Criteria 

Population Intervention Comparator Follow-up 

(week) 

Outcomes Results Notes 

Chan [179] 2008 

Multicenter 

Global 

RCT 

 

- age 18–85, T2DM, 

CKD. Not on OAD. 

-TDM1, AKI, 

RT, LD prev. 6 

months, CVD, FPG 

>15 mmol/l or 

triglycerides >6.8 

mmol/l 

N= 91 

n= 52 

GFR>30 

<50 ml/min 

and not on 

dialysis; 

n= 39 

GFR<30 

ml/min and 

not on 

dialysis; 

n= 17 

ESRD or 

dialysis. 

N= 65 

Sitagliptin  
 

N= 26 Glipizide 

5-10 mg/day or 

Placebo + 

Glipizide 

12 + 42  Mean 

change 

[95%(CI)] 

Double-

blind, 

Parallel-

group 

 

2.5:1 

randomizatio

n 

 

 

Sitagliptin 

50 or 25 mg 

according to 

GFR 

HbA1c (%) 

Change at 

week 12 

 

I: -0.6 (-0.8, -

0.4); C: -0.2 

(-0.4, - 0.1) 

HbA1c (%) 

Change at 

week 54 

 

I: -0.7 (-0.9, -

0.4); C: -1.0 

(-1.6, -0.3) 

        FPG(mmol/

L)  

Change at 

week 12 

 

I: -25.5(-38.2, 

-12.8); C: -

3.0(-15.7,-

9.6) 

FPG(mmol/

L)  

Change at 

week 54 

 

I: -17.3(-32.3, 

-2.2); C: -

23.6(-46.4, -

0.7) 

        AEs 

Clinical n 

(N%) 

 

 

I: 52 (80.0); 

C: 22 (84.6) 

Drug-

related 

clinical 

AEs  

 

I: 8 (12.3); C: 

5 (19.2) 

Serious 

clinical 

I: 20 (30.8); 

C: 10 (38.5) 
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AEs 

Serious 

clinical 

Drug-

related AEs  

 

I: 1 (1.5); C: 

0 

        Death I: 5 (7.7); C: 

1 (3.8) 

        Hypoglyce

mia  

n (N%) 

 

 

I: 3 (4.6); C: 

6 (23.1)   

HR: -18.5 (-

37.7, -3.9) 

        Renal and 

urinary 

disorders [n 

(N%)] 

 

I: 5 (7.7); C: 

3 (11.5)  

HR: -3.8 [(-

21.8, 8.0)] 

        Increased 

cCr (N%) 

 

 

I: (1.6); C: 

(7.7) 

 Mean 

change ± s.e. 

        Mean sCr 

(mg/dl) 

Increase 

after 12 

weeks 

 

GFR>30<5

0 ml/min  

 

I: 0.12 ± 

0.04; C: 0.07 

± 0.07 

Mean sCr 

(mg/dl) 

increase 

after 54 

weeks 

 

GFR>30 

I: -0.02 ± 

0.06 C: 0.69 

± 0.58 
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<50 ml/min  

 

        Urine micro 

albumin/cre

atinine 

ratio, 

mean 

increases 

from 

baseline 

after 12 

weeks 

mg/mmol 

I: 25425 

±21470 C: 

56161 ±  

49494 

        Urine micro 

albumin/cre

atinine 

ratio, 

mean 

increases 

from 

baseline 

after 54 

weeks 

mg/mmol 

I: -22035 - C: 

51641 - 

58647  

Kothny 

[180] 

2012 

Multicenter 

Global 

RCT - age 18–85; T2DM, 

BMI ≤40 kg/m2; 

Severe CKD 

 

N= 525 

-n= 10 GFR 

>50 ml/min; 

-n= 294 

GFR >30 

<50 ml/min; 

-n= 10GFR 

<30 ml/min 

or on 

dialysis 

 

N= 289  

Vildagliptin 

50 mg  

N= 226 Placebo 24+ 28  Mean 

change ± s.e. 

 

Double blind 

placebo 

controlled 

 

2:1 

randomizatio

n 

 

 

HbA1c (%)  

moderate 

CKD 

−0.4±0.2 

(p=0.005) 

 

HbA1c (%)  

severe 

CKD 

−0.7±0.2 

(p<0.0001) 

        FPG(mmol/

L)  

moderate 

CKD 

-0.9±-0.4 

        FPG(mmol/

L)  

1.8±0.54  
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severe 

CKD 

         Difference 

between 

moderate-

severe 

−1.2±0.4 

(p=0.008) 

 Mean 

change from 

baseline 

 

        GFR 

(ml/min/1.7

3 m2) 

decline 

moderate 

CKD 

 

I: −1.62; C: 

−1.80 

        GFR 

(ml/min/1.7

3 m2) 

decline 

severe 

CKD 

 

I: −1.98; C: 

−2.44 

        Hypoglyce

mia n(N%) 

Moderate 

CKD 

 

 

I: 32 (26.2); 

C: 15 (16.9) 

Severe 

CKD 

I: 17 (18.1); 

C: 11 (17.2) 

 

        Any AEs 

n(N%) 

Moderate 

CKD 

I: 103 (84.4); 

C: 76 (85.4) 

 

ACCEPTED M
ANUSCRIP

T



 52 

        Any AEs 

Severe 

CKD 

I: 80 (85.1); 

C: 56 (87.5) 

 

 

 

 

Mc Gill 

[181] 

2013 

Multicenter 

Global 

RCT - age 18–80; T2DM, 

(BMI) ≤45 

kg/m2;IGC;HbA1c 

>7.0% <10.0%; 

OAD,GFR=30mL/mi

n/1.73 m2 

 

- TDZs, GLP-1 

analogues, IMA, 

stroke, or TIA in the 

previous 6 months; 

unstable or acute 

congestive heart 

failure; AKI; RT; use 

of any other DPP-4 

inhibitor previous 3 

months. 

N=133 

-n=119 

GFR> 60 to 

<30 ml/min; 

-n= 100 

GFR> 15 to 

<30 ml/min; 

-n=14 

GFR<15 

ml/min or 

on dialysis. 

N=68 

Linagliptin 
-n= 5 GFR> 

30<60ml/min; 

-n=55 GFR> 

15<30ml/min; 

-n=8 GFR<15 

ml/min or on 

dialysis. 

N=65 

Placebo 

-n= 5 GFR>30 to 

<60 ml/min; 

n=55GFR>15 to 

<30 ml/min: 

-n=8GFR<15 

ml/min or on dial 

sis. 

52  Mean 

change 

[95%(CI)] 

Double-

blind, 

parallel-

group 

 

1:1 

randomizatio

n 

 

 

HbA1c (%) 

Change at 

week 12 

 

-0.60% ( -

0.89 , -0.31; 

P< 0.0001 

HbA1c (%) 

Change at 

week 52 

 

-0.72 (-1.03, -

0.41; P< 

0.0001) 

FPG(mmol/

L) 

Change at 

week 12 

 

-0.10; (21.35 

to 1.16; P= 

0.8802) 

 

FPG(mmol/

L) 

Change at 

week 54 

 

-0.82 to -

0.97; P = 

0.8698 

 

 Mean 

changes 

from 

baseline 

GFR 

(mL/min/1.

73 m2) 

I: -0.8; C: -

2.2 

        AEs related 

to renal and 

urinary 

disorders 

Difference 

between C 

and I 

25.0 vs. 

21.5% 

  

 

 

ACCEPTED M
ANUSCRIP

T



 53 

Scirica [13]  

 

SAVOR –

TIMI53 

2013 

Multicenter 

Global 

RCT -T2DM; HbA1c 

>6.5% 12.0%; MRF 

- DPP4inhibitors use; 

dyalisis, ESRD, RT, 

sCr> 6.0 mg/dl 

N=16492 

-n= 336 

GFR<30 

ml/min 

-n= 2240 

GFR from 

30 to ≤50 

ml/min 

-n= 13916 

GFR>50 

ml/min 

N= 8280 

Saxagliptin 
-n= 172 

GFR<30 

ml/min 

-n= 1122 GFR 

>30≤50 

ml/min 

-n=6986 

GFR>50 

ml/min 

N= 8212 

Placebo 
-n= 164 GFR<30 

ml/min 

-n= 1118 

GFR>30≤50 

ml/min 

-n=6930 

GFR>50 ml/min 

152 Doubling of 

sCr,  

initiation of 

dialysis,  

RT  

 

 

I: 194 (2.2); 

C: 178 (2.0) 

 

HR; 1.08 

(0.88–1.32) 

P=0.46 

Double-

blind, 

parallel-

group 

 

1:1 

randomizatio

n 

 

For GFR 

<50 

Saxagliptin 

dosage was 

adjusted at 

2,5mg/die 

Renal 

abnormality  

I :483 (5.8); 

C:418 (5.1) 

        CVD death, 

IMA, 

Stroke 

GFR>50 

HR: 1.00 

(0.89–1.12) 

P=0.99 

CVD 

Death, 

IMA, 

Stroke  

GFR 

>30<50 

HR: 1.17 

(1.00 - 1.37) 

P=0.0042 

CVD 

Death, 

IMA, 

Stroke  

GFR<30 

HR:1.53 

(1.13 - 2.02) 

P=0.004 

White [182] 

EXAMINE 

2013 

Multicenter 

Global 

RCT - T2DM,OAD 

combination with 

HbA1c >6.5% 

<12.0%; 

- T1DM; GLP-1 

analogues or DPP-4 

more than 14 days 

total or within the 3 

months prior to 

Screening. 

N= 5380 

-n=157 

GFR<30 

ml/min 

-n= 1408 

GFR from 

30 to ≤60 

ml/min 

-n= 2976 

GFR from 

60 to ≤90 

N=2701 

Alogliptin 
-n= 772 GFR 

≤60 ml/min 

-n= 78 

GFR<30 

ml/min 

-n= 694 GFR 

from 30 to 

≤60 ml/min 

-n= 1530 GFR 

N= 2679 

Placebo 
-n= 793 GFR 

≤60 ml/min 

-n=79 GFR<30 

ml/min 

-n= 714 GFR 

from 30 to ≤60 

ml/min 

-n= 1446 GFR 

from 60 to ≤90 

144 

 

 Mean 

change 

[95%(CI)] 

Double-

blind, 

parallel-

group 

 

1:1 

randomizatio

n 

 

 

HbA1c (%) −0.43 to 

−0.28 

(P<0.001) 

Composite 

of death 

from CV 

causes, 

nonfatal 

0.96 (≤1.16) 

P=0.32 
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ml/min 

-n= 839 

GFR>90 

ml/min 

from 60 to 

≤90 ml/min 

-n= 399 

GFR>90 

ml/min 

ml/min 

-n= 440 GFR>90 

ml/min 

IMA, or 

nonfatal 

stroke 

Composite 

of death 

from CV 

causes, 

nonfatal 

IMA, 

nonfatal 

stroke, or 

urgent 

revasculariz

ation due to 

unstable 

angina 

within 24 

hours after 

hospital 

admission 

0.95 (≤1.14) 

P= 0.26 

Death for 

CVD 

0.85 (0.66–

1.10) P= 0.21 

 

Death for 

any cause 

0.88 (0.71–

1.09) P= 0.23 

 

Groop [156] 2013 

Multicenter 

Global 

RCT - age 18–80; T2DM, 

(BMI) ≤40 kg/m2; 

IGC (HbA1c 7.0–

10.0%) 

- OAD within 10 

weeks prior to 

informed consent, 

insulin, TDZs, GLP-1 

analogues within 3 

months. IMA, stroke, 

TIA within 6 months. 

N= 503 

-n= 93 GFR 

> 30 to ≤60 

ml/min 

-n= 838 

GFR > 60 to 

≤90 ml/min 

-n= 1212 

GFR>90 

ml/min 

N= 336 

Linagliptin 
-n= 68 GFR > 

30≤60 ml/min 

-n= 620 GFR 

> 60 ≤90 

ml/min 

-n= 870 

GFR>90 

ml/min 

N= 167 Placebo 

-n= 25 GFR > 30 

≤60 ml/min 

-n= 218 GFR > 

60≤90 ml/min 

-n= 342 GFR>90 

ml/min 

24  Mean 

change 

[95%(CI)] 

Double-

blind, 

parallel-

group 

 

2:1 

randomizatio

n 

 

HbA1c (%) 

GFR 

>30≤60 

ml/min 

−0.53 (−0.91, 

−0.14; 

p<0.01) 

HbA1c (%) 

GFR> 60 

≤90 ml/min 

−0.67% 

(−0.80, 

−0.54; 

p<0.0001) 

 

HbA1c (%) 

GFR>90 

ml/min 

−0.63% 

(−0.73, 

−0.53; 
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p<0.0001) 

FPG(mmol/

L) 

GFR 

>30≤60 

ml/min 

−0.3 (−1.2, 

0.6); −5.5 

(−22.1, 11.1); 

p=0.52 

 

FPG(mmol/

L) 

GFR>60 

≤90 ml/min 

−1.2 (−1.5, 

−0.9) [−22.0 

(−27.8, 

−16.2); 

p<0.0001] 

 

FPG(mmol/

L) 

GFR>90 

ml/min 

−0.9 (−1.1, 

−0.6) 

[−16.0(−16.0(

−1.1, −0.6) 

[−22. 

AEs 

GFR>90 

ml/min 

I: 58.2 C:58.7 

AEs 

GFR>60 

≤90 ml/min 

I: 59 C:57 

AEs 

GFR>30≤6

0 ml/min 

I: 66.7 C:60 

 

Lukashevic 

[183] 

2013 

Multicenter 

Global 

RCT - age 18–85; T2DM, 

BMI ≤42 kg/m2; IGC 

HbA1c >6.5 <10.0% 

- TDZs, sulphanilure, 

GLP-1 analogues, 

insulin, antiobesity 

drugs  the previous 3 

months; IMA, stroke, 

or TIA in the previous 

6 months; unstable or 

acute congestive heart 

failure; ESRD. 

N= 525 

-n= 221 

GFR<30 

ml/min 

-n= 294 

GFR >30 to 

≤50 ml/min 

-n= 10 

GFR>50 

ml/min 

N= 289 

Vildagliptin 
-n= 124 

GFR<30 

ml/min 

-n= 165 GFR 

> 30≤50 

ml/min 

-n= GFR>50 

ml/min 

N= 226 Placebo 

-n= 97 GFR<30 

ml/min 

-n= 129 GFR > 

30≤50 ml/min 

-n= GFR>50 

ml/min 

24  Mean 

change 

[95%(CI)] 

Double-

blind, 

parallel-

group 

 

1.3:1 

randomizatio

n 

 

HbA1c (%) 

GFR<30 

ml/min 

−0.9 ± 0.2; 

−0.6 ± 0.1 (p 

< 0.0001) 

HbA1c (%) 

GFR> 

30≤50 

ml/min 

−0.7 ± 0.1; 

−0.5 ± 0.1 (p 

< 0.0001) 

FPG(mmol/

L) 

GFR<30 

ml/min 

−0.5 ± 0.4, p 

= 0.185 
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FPG(mmol/

L) 

GFR>30≤5

0 ml/min 

−0.5 ± 0.3, p 

= 0.144 

AE 

GFR>30≤5

0 ml/min 

I: 110 (67.5); 

C: 94 (72.9) 

AE 

GFR<30 

ml/min 

I: 90 (72.6); 

C: 72 (74.2) 

Deaths 

GFR<30 

ml/min 

I: 3 (2.4); C: 

4 (4.1) 

Deaths 

GFR>30≤5

0 ml/min 

I: 1 (0.6); C: 

1 (0.8) 

Nowicki 

[184]  

2011 

Multicenter 

Global 

RCT - age 18–80; T2DM, 

(BMI) ≤40 kg/m2; 

IGC HbA1c 7.0–

11.0% Documented 

history of GFR <50 

ml/min within the 3 

months prior to 

enrollment 

 

- T1DM, history of 

diabetic ketoacidosis 

or hyposmolar non-

ketonic coma 

DPP-IV inhibitor 

and/or GLP-1 

analogue. 

N= 170 

-n= 39 

GFR<30 

ml/min 

-n= 41 

GFR> 30 

≤50 ml/min 

-n= 90 

GFR>50 

ml/min 

N= 85 

Saxagliptin 
-n= 19 

GFR<30 

ml/min 

-n= 19 GFR > 

30≤50 ml/min 

-n= 48 

GFR>50 

ml/min 

N= 85 Placebo 

-n= 20 GFR<30 

ml/min 

-n= 23 GFR 

>30≤50 ml/min 

-n= 42 GFR>50 

ml/min 

52  Mean 

change 

[95%(CI)] 

Double-

blind, 

parallel-

group 

 

1:1 

randomizatio

n 

 

 

HbA1c (%) 

GFR<30 

ml/min: 

I: −0.90 to 

−0.37; C: 

−0.33 to 0.22 

HbA1c (%) 

GFR 

>30≤50 

ml/min: 

C: −0.90 to 

−0.37; I: 

−0.33 to 0.22 

HbA1c (%) 

ESRD 

I: −1.34 to 

−0.35; C: 

−1.36 to −0.3 

FPG(mmol/

L) GFR<30 

ml/min 

I: -2.90 to -

0.40; C: -2.16 

to 0.04 

Difference vs 

Placebo: -

2.26 to 1.07 

 

FPG(mmol/

L)  

GFR 

>30≤50 

ml/min 

I: -1.75 to 

0.16; C:-0.99 

to 1.02 

Difference vs 

Placebo: -
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2.24 to 0.61 

 

FPG 

(mmol/L 

ESRD 

I: -0.47 to -

4.81; C: -2.97 

to -1.85  

Difference vs 

Placebo: - 

0.85 to 6.30 

Banerji 

[185] 

GALIANT 

2010 

Multicenter 

USA 

 

Non-

RCT 

- age 18–80; T2DM, 

(BMI) ≤40 kg/m2; 

inadequately 

controlled with 

metformin 

1000mg/die 

N= 2627 

-n= 1932 

Normal 

renal 

function 

GFR >80 

ml/min 

-n= 695 

Mild 

impaired 

renal 

function 

GFR>50 

<80 ml/min 

 

N= 1743 

Vildagliptin + 

metformin 
-n= 1279 

GFR>80 

ml/min 

-n= 464  

GFR<30 

ml/min 

N= 924 

TDZ + 

metformin 
-n= 693 GFR>80 

ml/min 

-n= 231 GFR<30 

ml/min 

12 AEs  

Normal 

renal 

function 

GFR>80 

ml/min 

I: 89 (7.0); C: 

46 (7.2) 

Retrospectiv

e open label 

 

2:1 

randomizatio

n 

AEs 

Mild 

impaired 

renal 

function 

GFR>50 

<80 ml/min 

 

I: 40 (8.6); C: 

24 (10.4) 

        Death 

Normal 

renal 

function 

GFR>80 

ml/min 

I:0; C:1(0.2) 

Death 

Mild 

impaired 

renal 

function 

GFR>50 

<80 ml/min 

 

I:0; C:0 

        Blood Urea 

Nitrogen 

>9.99 

Normal 

I:1/1201 (0.1) 

C:7/595(1.2) 
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renal 

function 

GFR>80 

ml/min 

Blood Urea 

Nitrogen 

>9.99 

Mild 

impaired 

renal 

function 

GFR>50 

<80 ml/min 

I:16/447(3.6) 

C:11/223(4.9) 

Del prato 

[186] 

2011 

Multicenter 

Global 

RCT - age >18; T2DM, 

(BMI) ≤40 kg/m2;; 

treatment naïve or 

OAD not TDZ 

N= 503 

-n= 18 GFR 

>30 to ≤60 

ml/min 

-n= 248 

GFR >60 to 

≤90 ml/min 

-n= 217 

GFR>90 

ml/min 

N= 336 

Linagliptin 
-n= 14 

GFR>30 to 

≤60 ml/min 

-n= 165 GFR> 

60 to ≤90 

ml/min 

-n= 141 

GFR>90 

ml/min 

N= 167 Placebo 

-n= 4 GFR >30 

to ≤60 ml/min 

-n= 83 GFR> 60 

to ≤90 ml/min 

-n= 76 GFR>90 

ml/min 

24  Mean 

change  ± s.e. 

Double-

blind 

parallel 

group 

 

2:1 

randomizatio

n 

 

HbA1c (%) I: −0.44 

(0.05); C: 

0.25 (0.07) 

 

Difference vs 

placebo: 

−0.85, 

−0.53−0.69% 

(p < 0.0001). 

GFR 

(mL/min/1.

73 m2) 

No notable 

differences in 

renal function 

were 

observed 

between 

treatment 

groups and 

GFR did not 

appear to 

influence 

tolerability. 

Gomis [187] 2011 

Multicenter 

Global 

RCT - age 18–80; T2DM, 

(BMI) ≤40 kg/m2; igc 

(HbA1c 7.0–11.0%) 

 

- IMA, Stroke, TIA, 

N= 389 

-n= 17 GFR 

>30 to ≤60 

ml/min 

-n= 52 GFR 

N= 249 

Linagliptin+ 

Pioglitazone 
-n= 12 GFR > 

30 to ≤60 

N= 130 

Placebo+Pioglit

azone 

-n= 5 GFR >30 

to ≤60 ml/min 

24 HbA1c (%) I: 

−1.06(±0.06); 

C: 

−0.56(±0.09) 

HR: −0.71, 

Double-

blind 

parallel 

group 
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diabetic 

GLP-1 analogue, 

TDZ; pregnancy, 

nursing or not 

practicing birth 

control; FDG>13.3 

mmol/l (240 mg/dl) at 

screening 

>60 to ≤90 

ml/min 

-n= 204 

GFR>90 

ml/min 

ml/min 

-n= 97 GFR > 

60 to ≤90 

ml/min 

-n= 140 

GFR>90 

ml/min 

-n= 55 GFR>60 

to ≤90 ml/min 

-n= 64 GFR>90 

ml/min 

−0.30; (p < 

0.0001) 

2:1 

randomizatio

n Changes in 

renal 

function: 

no clinically 

significant 

changes in 

renal 

function: 93.4 

and 95.7% of 

patients in the 

linagliptin 

and placebo 

groups, 

respectively, 

continued to 

have normal 

renal function 

or mild 

renal 

impairment at 

the end of the 

trial 

FPG 

(mmol/l) 

I: −1.8; C: 

−1.0 

HR: −0.8 ( 

−1.2, −0.4; p 

< 0.0001) 

Owens 

[188] 

2011 

Multicenter 

Global 

RCT - age 18–80; T2DM, 

(BMI) ≤40 kg/m2; 

IGC (HbA1c 7.0–

10.0%) despite 

receiving a total 

metformin 

 

- IMA, Stroke, TIA, 

GLP-1 analogue, 

TDZ, pregnant, 

nursing or not 

practicing birth 

control; patients with 

fasting blood 

glucose >13.3 mmol/l 

N= 1055 

-n= 53 

GFR> 30 to 

≤60 ml/min 

-n= 365 

GFR> 60 to 

≤90 ml/min 

-n= 601 

GFR>90 

ml/min 

N= 792 

Linagliptin 
-n= 37 GFR 

>30 to ≤60 

ml/min 

-n= 282 GFR 

>60 to ≤90 

ml/min 

-n= 37 

GFR>90 

ml/min 

N= 263 Placebo 

-n= 16 GFR >30 

to ≤60 ml/min 

-n= 83 GFR >60 

to ≤90 ml/min 

-n= 158 GFR>90 

ml/min 

24 HbA1c (%) HR: -0.73 to -

0.50; P < 

0.0001 

Double-

blind 

parallel 

group 

 

3:1 

randomizatio

n 

FPG 

(mmol/l) 

HR: -1.0 to-

0.4; P < 

0.0001 

Renal AEs No reported 

renal 

outcomes or 

adverse 

events 
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(240 mg/dl) 

Taskinen 

[189]  

2011 

Multicenter 

Global 

RCT - age 18–80; T2DM, 

(BMI) ≤40 kg/m2; 

IGC (HbA1c 7.0–

10.0%) 

 

- IMA, Stroke, TIA; 

GLP-1 analogue, 

TDZ, Pregnancy, 

nursing or not 

practicing birth 

control; FDG >13.3 

mmol/l (240 mg/dl) 

N= 700 

-n= 23 GFR 

from 30 to 

≤60 ml/min 

-n= 238 

GFR from 

60 to ≤90 

ml/min 

-n= 414 

GFR>90 

ml/min 

N= 523 

Linagliptin 
-n= 18 GFR > 

30 to ≤60 

ml/min 

-n= 183 GFR> 

60 to ≤90 

ml/min 

-n= 

201GFR>90 

ml/min 

N= 177 Placebo 

-n= 5 GFR >30 

to ≤60 ml/min 

-n= 55 GFR > 60 

to ≤90 ml/min 

-n= 112 GFR>90 

ml/min 

24 HbA1c (%) HR: −0.78 to 

−0.50; p < 

0.0001 

Double-

blind 

parallel 

group 

 

3:1 

randomizatio

n 

FPG 

(mmol/l) 

HR: −0.9 to 

−1.2 p 

<0.0001 

Renal AEs No reported 

renal 

outcomes or 

adverse 

events 

Dobs [190] 2013 

Multicenter 

Global 

RCT - age>30; T2DM, 

(BMI) ≤40 kg/m2; 

IGC (HbA1c 7.0–

10.0%) 

eGFR(MDRD) <50 

mL/min/1.73 m2 

not on dialysis 

 

-taking insulin within 

12 

weeks of the 

screening visit 

IMA, Stroke, TIA, 

t; GLP-1 analogue, 

TDZ, FDG >13.3 

mmol/l (240 mg/dl) 

N=426 N=211 

Sitagliptin 

N=212 

Glipizide 

54 HbA1c (%) HR: -0.1 (-

0.3 to 0.1) 

Double-

blind 

parallel 

group 
FPG 

(mmol/l) 

HR: 7.1 (-1.9 

to 16.1) 

Death I: 3(1.4) C: 

7(3.3) 

GFR 

decrease 

(mL/min/1.

73 m2) 

Normal 

renal 

function 

I: -3.9 C: -3.3 

similar in 

both groups 

GFR 

decrease 

(mL/min/1.

73 m2) 

Moderate 

renal 

insufficienc

y at 

baseline 

I: 28(18.8); 

C:17(11) 

transitioned 

to severe 

renal 

insufficiency 
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Fujita [15] 2014 

Monocentri

c 

RCT 

 

-T2DM, no previously 

treated with sitagliptin 

 

-Persistent microal- 

buminuria (incipient 

DN) was de ned as a 

urinary albumin-to-

creatinine ratio 

between 30 and 300 

mg/g 

N=20 N=20 

Sitagliptin 
50mg/day for 

4 weeks ( rst 

period; 

baseline), 

(second 

period), and 

Sitagliptin 
50mg/day for 

4 weeks (third 

period). 

N=20 

Alogliptin 25 

mg/day for 4 

weeks 

Sitagliptin 

50mg/day for 4 

weeks 

Alogliptin 25 

mg/day for 4 

weeks 

 

8 Urinary 

albumin/cre

atinine 

ratio(mg/g) 

8-OHdG 

cAMP 

plasma 

SDF-1α 

Urinary 

levels of 

albumin were 

signicantly 

reduced after 

the switch 

from 

sitagliptin to 

alogliptin 

(81.0 ± 52.4 

vs. 33.9 ± 

23.9 mg/g 

creatinine) 

P=0,01 

Urinary 8-

OHdG levels 

were signi 

cantly 

decreased 

after the 

crossover 

from 

sitagliptin to 

alogliptin. 

Urinary 

cAMP levels 

were 

significantly 

increased 

after the 

change from 

sitagliptin to 

alogliptin.  

SDF-1α 

levels 

increase after 

the switch 

from 

sitagliptin to 

alogliptin 

Crossover 
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        HbA1c (%) I: -0.66% 

(27.25 

mmol/mol 

[95% CI 

20.90 to 

20.43 (29.82 

to 24.69 

mmol/mol)]; 

C: [95% CI 

20.90 to 

20.43 (29.82 

to 24.69 

mmol/mol)]; 

P < 0.0001) 

 

FPG 

(mmol/l) 

I: 21.22 

mmol/L 

[222.0 

mg/dL]); C: 

(20.57 

mmol/L 

[210.3 

mg/dL]; P = 

0.036 

Body 

Weight 

(Kg) 

I: -22.41 kg; 

C:-21.09  

P = 0.0052 

eGFR 

decrease 

(mL/min/1.

73 m2) 

 

No difference 

 

UACR No difference 

Barnett 

[191]  

2013 

Multicenter 

Global 

RCT -age 70 or older; 

T2DM; HbA1c 7.0–

10.0%); stable 

diabetes treatment 

receiving stable doses 

of metformin, 

N=241 N=162 

Linagliptin 5 

mg 

 

Normal renal 

function N=34 

N= 79 

Placebo 

 

Normal renal 

function 

N= 15 

24  Mean 

change 

[95%(CI)] 

Parallel 

double-blind 

 

2:1 

randomizatio

n 

HbA1c (%) 

global 

–0.81 to –

0.48 

(p<0.0001) 

ACCEPTED M
ANUSCRIP

T



 63 

sulfonylureas, 

or basal insulin, or 

combinations of these 

drugs, for at 

least 8 weeks 

 

- FDG >13.3 mmol/l 

(240 mg/dl); impaired 

hepatic function 

IMA, stroke, TIA (3 

months before); 

bariatric surgery; 

present or 3 months 

before treatment with 

GLP-1 analogues, 

TDZ, α-glucosidase 

inhibitor, meglitinide 

rapid acting 

or premixed insulin, 

steroids. 

Mild renal 

impairment 

N=83 

Moderate 

renal 

impairment 

N=41 

Severe renal 

impairment 

N=2 

Mild renal 

impairment 

N=42 

Moderate renal 

impairment 

N=20 

Severe renal 

impairment 

N=1 

Changes in 

renal 

function 

No relevant 

changes 

FPG 

(mmol/l) 

–1.68 to –

0.62 

(p<0.0001) 

 Adjusted 

mean 

percentage 

change (SE) 

HbA1c (%) 

normal 

renal 

function 

–0.39% 

(0.19) 

P=0.0397 

HbA1c (%) 

mild renal 

impairment  

–0.74% 

(0.11) 

P<0.0001 

HbA1c (%) 

moderate 

renal 

impairment 

–0.64% 

(0.17) P< 

0.0001 

HbA1c (%) 

severe renal 

impairment 

- 0.73% 

(0.74) 

P=0.3262 
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