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Abstract

The nephroprotective effect of the new anti-diabetic drugs acting on incretin system is suggested by pre-
clinical studies. However, no study evaluating kidney effects of these drugs as primary outcome on the
long term has been conducted in patients followed in diabetes centers. We designed a pilot observational
study involving two diabetes clinics to evaluate the effect of prolonged treatment with saxagliptin on
renal function in type 2 diabetics. Patients were enrolled if treated for at least 12 months with saxagliptin
without concurrent changes to anti-hypertensive and lipid-lowering therapy. Primary outcome was to
evaluate the effect of saxagliptin on albuminuria and estimated glomerular filtration rate (eGFR). Sec-
ondary outcomes were the effects of treatment on common clinical and laboratory parameters. Sixty-
three patients were enrolled. After 12 months of treatment with saxagliptin, albuminuria declined from
a mean (95%CI) of 39 (25-52) to 22 (14-30) mg/l (P<0.001), and the prevalence of increased albuminuria
(>20 mg/L) diminished by 27% versus baseline. The anti-albuminuric effect was independent of glycemic
and blood pressure control. The eGFR remained unchanged after treatment in the presence of decreased
glycated hemoglobin (from 7.1 to 6.7%). Therefore, this pilot study suggests that saxagliptin treatment
in diabetic patients at high renal risk is associated with a reduction in albuminuria and GFR stability.
Prospective trials are required to confirm the potential nephroprotective effects of saxagliptin.
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Introduction

During the last years, various classes of anti-diabetic drugs (AD) have been marketed in
order to optimize glycemic control in patients with diabetes mellitus (DM) type 2. Never-
theless, despite an improvement of the glycemic profile, almost one-third of diabetic pa-
tients still develops micro-vascular complications such as diabetic nephropathy [1], that is
the leading cause of end stage renal disease (ESRD) [2]. Until now, there are no available
clinical evidences on the long-term nephroprotective effects of the new AD. In particular,
experimental studies have shown both in vitro and in rats the anti-fibrotic and anti-
proteinuric effects of inhibitors of the enzyme dipeptidyl peptidase 4 (DPP4i) [3] (full text)
[4] (full text) [5] [6] (full text). However, despite some papers with short follow-up have
shown a reduction of the albuminuria in the subjects treated with DPP4i [7] (full text) [8] [9]
[10], no study has evaluated the renal effects of long term treatment with DPP4i as primary
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endpoint. A proper evaluation of the nephroprotective effect of DPP4i needs the absence of
variations of other anti-albuminuric therapies, such as anti-hypertensive drugs and statins.

We designed a pilot study to verify the effect of one year treatment with saxagliptin, a DPP4
inhibitor, on renal function parameters in a cohort of patients affected from DM type 2 and
followed in two diabetes centers.

Material and methods

Inclusion and exclusion criteria
We have conducted an observational retrospective study including patients followed in di-
abetology clinics at “S.M.d.P. Incurabili” and “Loreto Crispi” hospital in Naples. Recruited
patients were affected by diabetes mellitus type 2 and treated for at least 1 year with tra-
ditional AD, with the addition in therapy of saxagliptin and that had been treated, without
changes and over the last 6 months with anti-hypertensive and lipid-lowering agents. Pa-
tients were excluded if affected by DM type 1, gestational diabetes, neoplasia, advanced cir-
rhosis, congestive heart failure. Hypertension was defined by blood pressure >140/90 mmHg
or treatment with anti-hypertensive; hyperlipidemia has been defined by the necessity of
lipid-lowering therapy.

Primary outcome
The primary outcome of the study was to evaluate the change of albuminuria and estimated
glomerular filtration rate (eGFR). GFR has been estimated by CKD-EPI formula according
to the methodology of Skali and coll. [11]. The value of albuminuria, (milligrams/liter) has
been used to classify the patients, as indicated by K-DIGO guidelines 2012 [12], in three cat-
egories: normoalbuminuria (A1) <20 mg/L, albuminuria moderately increased (A2) >20 and
<200 mg/L, albuminuria severely increased (A3) >200 mg/L.

Statistic analyses
Continuous variables with normal distribution have been reported as mean and standard
deviation except for albuminuria reported as mean and 95% confidence interval (CI) and an-
alyzed with T test for dependent sample. Those with non Gaussian distribution have been
reported as median and interquartile range and analyzed with Wilcoxon test; categorical
variables have been reported as percentages and compared with McNemar test. A linear
multivariate regression test has been used to verify the determinants of absolute change
in albuminuria in comparison to the baseline level; model was done a priori including the
variation of the glycated hemoglobin (HbA1c), variations in the systolic blood pressure (BP),
age, sex, number of anti-hypertensive drugs, therapy with RAS-inhibitors at baseline and
category of albuminuria. P value <0.05 has been considered significant.

Results

Sixty-three patients with DM type 2, diagnosed in median from 6 years [IQR, 4-14], were en-
rolled. The mean age was 65.4±9.9 years. 71% patients were hypertensive treated with anti-
hypertensive drugs while 65% were treated with statins. None of the included subjects had a
previous history of major cardiovascular events. Five patients (7.9%) had basal eGFR <60 ml/
min/1.73m2. As shown in Table 1, after one year of treatment with saxagliptin, we observed
a significant reduction of HbA1c, albuminuria, systolic BP and LDL values. eGFR remained
substantially unchanged. At baseline, majority of patients (56%) were in class A2 (Figure 1).
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After one year of treatment, prevalence of patients with albuminuria A1 increased while
prevalence of class A2 albuminuria decreased significantly (Figure 1).

Albuminuria reduction was associated only with basal class of albuminuria while being in-
dependent from the glycemic and BP control and from the anti-hypertensive therapy (Table
2). Treatment followed by enrolled subjects is depicted in Table 3.

Discussion

Our study suggests a potential nephroprotective effect of saxagliptin. After one year of
treatment with this agent, the significant antialbuminuric effect was observed in absolute
terms and as prevalence of patients with class A2 albuminuria (20-200 mg/L). The effect was
independent from BP changes, use of RAS-inhibitors as well as from the improvement of
glycemic control.

One year of follow up is not sufficient to examine the effect of a drug on the progression
of chronic kidney disease; nevertheless, it is interesting that eGFR remained unchanged.
This finding becomes remarkable when considering that enrolled subjects had a high risk
of progression, being diabetics with a high percentage of albuminuria (59% of the cohort at

Tabella 1.Tabella 1. Main parameters at baseline and after 1 year of treatment with saxagliptin

BasalBasal FinalFinal PP

Weight (kg) 81.2±17.2 80.6±17.2 0.088

Hb1Ac (%) 7.1±1.0 6.7±0.7 <0.001

SBP (mmHg) 143±16 137±13 0.004

DBP (mmHg) 81±9 79±6 0.085

LDL (mg/dl) 91±30 85±28 0.020

TG (mg/dl) 125
[98-174]

131
[94-189]

0.336

eGFR (ml/min) 84±16 85±16 0.123

Albuminuria (mg/L) 38
(25-52)

22
(14-30)

<0.001

A TG: triglycerides; SBP: systolic blood pressure; DBP: diastolic blood pressure. GFR was estimated by CKD-EPI. Weight, Hb1Ac, SBP, DBP, LDL, eGFR
values are mean and standard deviation; TG is median and interquartile range; albuminuria is mean and 95% confidence interval.

Tabella 2.Tabella 2. Multivariate linear regression analysis of variations in albuminuria determinants, after one-year treatment with saxagliptin

RR PP

Age 0.077 0.478

Gender 0.022 0.828

Change in SBP -0.047 0.651

Number of anti-HT drugs -0.007 0.961

Use of anti-RAS -0.060 0.686

Change in HbA1C -0.049 0.642

Albuminuria class at baseline -0.676 <0.001

Costant 0.664

SBP: systolic blood pressure; HbA1c: glycated emoglobin, HT: hypertension; RAS: renin angiotensin system.
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baseline). Given the retrospective nature of the study, it is only possible to hypothesize an
association between the saxagliptin and improvement of renal damage, while a causal re-
lationship cannot be established. Randomized clinical trials are definitely needed to verify
the nephroprotective effect.

As suggested by some experimental evidences, use of DPP4i induces effects that go beyond
the better glycemic control; in particular, their effect on development and progression of
micro-albuminuria, that is recognized to be as main marker of renal damage and increased
cardiovascular risk [13], suggests a potential nephroprotective role of this class of drugs.

Tabella 3.Tabella 3. Anti-hypertensive, anti-diabetic and lipid-lowering drugs

DrugDrug % of patient% of patient

Metformin 100

Sulfonylureas 10

Glitazones 2

Ace-inhibitors 18

ARBs 46

Diuretics 22

Beta-blockers 22

CCB 19

Other anti-HT drugs 19

Statins 65

ARBs, angiotensin 2 receptor blockers; CCB: calcium channel blockers; HT: hypertension.

Figura 1.Figura 1.
Variations in the percentage of albuminuria classes after 1 year of treatment with saxagliptin.
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The main mechanism of the DPP4i is the enhancement of the action of incretins, mainly
native GLP-1, by lowering their degradation. In the kidneys, GLP-1 receptors are expressed
on glomerular endothelial cells, mesangial cells and also on podocytes and proximal tubular
cells. Of note, a lower expression of GLP-1 receptors has been demonstrated in the dia-
betic rat [14] (full text). More important, different studies have shown GLP-1 involvement
in determining a reduced production of advanced glycation end products (AGEs) through
the activation of the Protein Kinases A (PKA) and its anti-inflammatory properties with the
stimulation of nitric oxide production and inhibition of production of angiotensin 2, PAI-1,
ICAM-1 and VCAM-1 [15] [16]. Hence, DPP4i, through an increase of circulating levels of
GLP-1, may have a role in reducing inflammatory pathways (increased production of free
radicals of the oxygen, excessive production of AGEs) that represents the first step of the en-
dothelial damage and the consequent evolution toward fibrosis. It is important to underline
that the renal effects of the DPP4i are only in part related to their action on the circulating
levels of GLP-1. In fact, it has been shown an incretin-independent effect of the enzyme
dipeptidyl peptidase 4 on hormones, neuropeptidases, citokines and chemokines [17] [18].
DPP4 is bound on the surface of different cellular types, in particular proximal tubular and
endothelial cells [19] (full text). Hence, an up-regulation of the glomerular expression of
DPP4 has been shown in inflammatory states [18]. Finally, a greater urinary concentration
of DPP4 has been found in diabetic patients versus non-diabetics and it is positively corre-
lated with the degree of albuminuria [19] (full text). Recently, Shi and coll. have underlined
[20] that in diabetic rats the inhibition of the enzyme DPP4 is associated to a reduction of
the level of renal fibrosis dependent on the interaction between enzyme and integrin beta1
that stimulates the release of TGF-beta, a fibrotic factor. In an additional study in diabetic
rats, linagliptin reduced albuminuria when combined with angiotensin II receptor blockers
(ARBs); histologically,inhibition of DPP4 was associated to a reduced glomerulosclerosis and
a reduction of the levels of TNF-alpha suggesting an anti-inflammatory and antioxidant
effect [5]. Furthermore, some observational studies in patients have highlighted a potential
beneficial effect of DPP4i. In particular, a first study, including 36 patients with HbA1c >6,5%
under 50 mg/day of sitagliptin for six months [7] (full text), showed a significant reduction
of HbA1c, BP and urine protein-to-creatinine ratio. A second prospective study in 82 sub-
jects, treated for 52 weeks with saxagliptin as add-on therapy, had as primary endpoint the
variations of the HbA1c and as secondary endpoint the changes of BMI, BP and ACR [8]. A
reduction of all the three parameters was observed. Groop et al. performed a systematic
analysis of double blind randomized studies with a duration of 24-52 weeks on the effects of
linagliptin used in monotherapy or added to other hypoglycemic oral drugs [9]; the study
included diabetic patients with persistent albuminuria (30-3000 mg/g) in treatment with
an ACE-inhibitor or ARB; 168 patients assumed linagliptin while 59 placebo. Primary end-
point was the variation in the percentage of the geometric mean of ACR after 24 weeks of
treatment. Analyses show that linagliptin allowed ACR to decrease of 32%. The importance
of this reduction did not correlate with HbA1C change. Of note, the large SAVOR-TIMI 53
trial has evidenced a reduction in development and progression of the micro-albuminuria in
the group treated with saxagliptin in comparison to the placebo [21]. Finally, a recent meta-
analysis of thirteen trials (5466 patients) was aimed at evaluating the effect of linagliptin
on the combined renal endpoint of development of albuminuria A2, albuminuria A3, in-
crease of creatinine to 250 mcmol/L, reduction of the 50% of the GFR, incidence of acute
renal failure and death [22] (full text). Authors have calculated a hazard ratio (HR) for the
combined endpoint of 0.84 (95%CI 0.72-0.97) for the linagliptin in comparison to the group
treated with placebo; moreover, in subjects treated with linagliptin the risk was reduced
when the appearance or moderate increase of albuminuria was considered as single end-
point, with HR 0.82 (CI, 0.69-0.98). A new trial (MARLINA) is currently in progress; the aim
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is to define the renal effects of DPP4 inhibition [23]; it is expected an enrollment of 350 pa-
tients, with no controlled DM and evidence of renal disease, randomized to linagliptin 5 mg
or placebo; the change of HbA1c and ACR after 24 weeks of treatment will be examined.

Our study, for the first time, has evaluated as primary endpoint the two main indicators
of renal prognosis (albuminuria and eGFR) in a cohort of diabetic subjects treated with
saxagliptin for one year. Strength is that patients were enrolled if anti-hypertensive and
lipid-lowering therapy remained unmodified throughout the entire duration of the follow-
up; we have therefore limited the possible influence of therapeutic variations on the results
obtained. Several limitations must be, however, considered. Indeed, the retrospective
nature of the study prevents to draw any causal relationship between administration of
saxagliptin and improvement of renal parameters; furthermore, the absence of a control
group and the relatively small sample do not allow to exclude the influence of confounding
factors; finally, the measurement of the parameters of renal function was obtained in a
single visit.

Conclusions

This pilot study suggests that one-year therapy with saxagliptin reduces albuminuria in
type 2 diabetic patients. Randomized clinical trials are necessary to verify the nephropro-
tective potential of saxagliptin as other inhibitors of DPP4.
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