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Abstract Unlike GLP-1, liraglutide is not cleared by the

glomerulus and its pharmacokinetic is not altered in patients

with mild renal impairment. The aim of our study was to

analyze the effects of liraglutide on renal function in patients

with type 2 diabetes. A twelve-month longitudinal pro-

spective post-marketing study was performed. According to

eGFR (estimated glomerular filtration rate) calculated with

CKD-EPI equation, 84 consecutive patients were divided in

Group A (eGFR[ 90 ml/min) and Group B (eGFR\
90 ml/min). BMI, glucose, HbA1c, serum creatinine, mi-

croalbuminuria, and eGFR were evaluated at baseline and

after 12 months of treatment. A reduction in fasting plasma

glucose (p\ 0.01), HbA1c (p\ 0.003), BMI (p\ 0.01),

and systolic (p\ 0.01) and diastolic blood pressure

(p\ 0.006) was recorded irrespective of eGFR category.

Concerning renal function, creatinine levels had a trend to

decrease in both groups. eGFR did not change in Group A,

while it increased in GroupB (p\ 0.05) independently from

the concomitant changes of other parameters. Moreover,

seven out of 41 patients of Group B had increased eGFR

levels which reached the normal values ([90 ml/min). At

baseline, five patients had pathological microalbuminuria,

but at 12 months three of them returned to normal albu-

minuria (p\ 0.006). Total microalbuminuria levels

improved in both groups (p\ 0.02). According to pre-

liminary data in animals, our study shows that liraglutide is

effective in preserving eGFR in diabetic patients, increasing

it in those with reduced renal function. This was associated

with a decrease of frequency of patients positive to micro-

albuminuria. Further studies are needed to confirm these

data.
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Abbreviations

CKD-EPI Chronic kidney disease epidemiology

collaboration

eGFR Estimated glomerular filtration rate

GLP-1 Glucose-like peptide 1

MDRD Modification of diet in renal disease

NO Nitrogen monoxide

Introduction

Liraglutide is a human GLP-1 long-acting analog approved

for once daily treatment for patients with type 2 diabetes.

Liraglutide, which shares 97 % structural homology

with human GLP-1, has a longer half-life than the native

hormone and similar pharmacokinetics, with no single
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organ responsible for its major removal [1]. After a single

dose of liraglutide, no intact molecules of the GLP-1

analog were found in urine or feces, suggesting slow

degradation into small peptides, amino acids, and fatty acid

fragments eliminated through the liver or the kidney.

Pharmacokinetic studies failed to identify a specific

excretory organ, suggesting that liraglutide could be

metabolized in a way similar to that of large proteins [1].

Unlike GLP-1, liraglutide is not cleared by the glomerulus

and its pharmacokinetic is not altered in patients with mild

renal impairment [2]. Those properties may offer advan-

tages in using liraglutide in patients with impaired renal

function. In fact, dose adjustment is not required in these

patients, while the use of liraglutide in patients with

moderate or greater renal dysfunction is not recommended

because of lack of clinical experience [3].

Several studies demonstrated that liraglutide effectively

lowers glycosylated hemoglobin (HbA1c) as monotherapy

or in combination with oral anti-diabetic drugs [4]. A meta-

analysis showed that mild renal impairment did not sig-

nificantly affect the reduction of HbA1c or the percentage

of patients reaching glycemic targets. Moreover, liraglutide

was not associated with acute changes in renal function as

measured by serum creatinine supporting data on its safety

in patients with mild renal impairment [4].

However, there is a lack of data about the renal effects

of liraglutide, especially in the daily clinical practice,

despite evidence supporting a role of GLP-1 in modulation

of renal function [5]. Different studies showed that GLP-1

is able to induce diuresis and natriuresis, but the mecha-

nisms that regulate those effects are still unknown. GLP-1

receptor has been recently detected in porcine proximal

tubular cells, where it reduces sodium reabsorption [6].

Moreover, the infusion of GLP-1 activates an intracellular

pathway mediated by cAMP/PKA which causes an

increase in glomerular filtration rate (GFR), renal plasma

flow, and bicarbonate and fractional potassium excretion

[7] in addition to its diuretic and natriuretic effects. The

evidence that this peptide increases both GFR and renal

plasma flow suggests that GLP-1 might exert a direct effect

on renal vasculature, most likely by decreasing the resis-

tance of the pre-glomerular capillaries [8, 9].

Based on the above, the aim of our study was to analyze

the effects of 12-month therapy with liraglutide on renal

function in a group of patients with type 2 diabetes.

Research design and methods

We performed a longitudinal, prospective, observational

study. Study quality was assessed using the checklist

‘‘STROBE’’ (for ‘STrengthening the Reporting of OBser-

vational studies in Epidemiology’; additional file 1) (Sup-

plemental Table 1). We consecutively recruited patients

with type 2 diabetes, referred to the Diabetes and Endocrine

Unit of the ‘‘Maggiore della Carità’’ hospital in Novara

from August 2010 to April 2013, and all patients were

evaluated at baseline and after 12 months of treatment.

We considered all eligible patients with type 2 diabetes

not on target with common oral anti-diabetic drugs (HbA1c

[7 % or [53 mmol/mol), to which we added a daily

injection of liraglutide.

Patientswere excluded from the studywhether they (1) had

poor compliance to treatment with liraglutide (fear of daily

subcutaneous injection, elderly people unable to self-admin-

ister the drug, people suffering from senile dementia and/or

neurodegenerative diseases); (2) had renal failure requiring

dialysis; (3) had a history of a renal disease different from that

due to diabetes or hypertension (kidney stones, metabolic

diseases, glomerulonephritis, etc.); and (4) did not gave their

consent to undergo a regular and periodic follow-up, as

required by the Italian Agency of Drugs (AIFA).

We evaluated at baseline and after 12 months of therapy

BMI, glucose, HbA1c, serum creatinine, microalbuminu-

ria, and estimated glomerular filtrate rate (eGFR), calcu-

lated with the MDRD [10] and CKD-EPI equation [11]. All

the formulas are reported in Supplemental Table 2.

Patients were subdivided in Group A and Group B

according to eGFR estimated with CKD-EPI, because

MDRD equation has a low accuracy for an eGFR[ 90 ml/

min/1.73 m2 [10, 11]. Patients were included in Group A if

they had a normal renal function (eGFR[ 90 ml/min) and

in Group B if it was impaired (eGFR\ 90 ml/min).

However, nine patients were discordant for eGFR if eval-

uated with MDRD equation, eight in group A and 1 in

group B, respectively.

Height was measured by the Harpenden stadiometer to

the nearest mm with the subject head in Frankfurt plane

and weight using electronic scale both taken in triplicate.

Averaged BMI was calculated as body weight divided by

squared height (kg/m2).

Plasma glucose levels (mg/dl; 1 mg/dl: 0,05551 mmol/l)

were measured by the gluco-oxidase colorimetric method

(GLUCOFIX, by Menarini Diagnostici, Florence, Italy).

HbA1c levels were measured by the high-performance

liquid chromatography (HPLC), using a Variant machine

(Biorad, Hercules, CA); intra- and inter-assay coefficients

of variation are, respectively, lower than 0.6 and 1.6 %.

Linearity is excellent from 3.2 (11 mmol/mol) to 18.3 %

(177 mmol/mol). Serum creatinine levels were assessed

with the enzimatic method of creatinine deamidase/GLDH

(Adivia Chemistry -Bayer).

Statistical analysis

All data are expressed as mean ± standard deviation (SD),

absolute or delta values. A sample of 60 individuals has
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been estimated to be sufficient to demonstrate a difference

of 10.0 ml/min in eGFR with an SD of 16 with 90 %

power, a significance level of 95 % using the Student t test,

and a drop out of 10 %. Distributions of continuous vari-

ables were examined for skewness and were logarithmi-

cally transformed as appropriate. Analysis of covariance

was used to determine differences in subjects with and

without renal impairment. Analysis of repeated measures

was used to determine differences in subjects before and

after the treatment with liraglutide. Covariates were sex,

age, BMI, disease duration, number of drugs for hyper-

tension, use of ACE-inhibitors, angiotensin receptor

blockers (ARBs), or diuretics (yes/no). A stepwise regres-

sion was used to determine the association of changes

(expressed as delta values) among each variable and delta

of the others. The v2 test was used to determine difference

in distribution. Statistical significance was assumed at

p\ 0.05. The statistical analysis was performed with SPSS

for Windows V.17.0 (SPSS Inc., Chicago, IL, USA).

Results

A population of 243 patients was firstly selected, but 159

subjects failed to respect the inclusion criteria and were

excluded. In particular, (a) 58 subjects did not gave the

informed consent; (b) 41 did not performed the evaluation

of creatinine at baseline or after 12 months of therapy;

(c) 37 showed no compliance to therapy; (d) 20 had dis-

crepant data between our database and that of AIFA; and

(e) three drop out for gastrointestinal adverse events. Of the

84 patients (age 59.9 ± 11.1 years) who met inclusion

criteria and completed the 12-month follow-up and were

definitively studied, 73 of them were on therapy with

1.2 mg/day of liraglutide, ten with 1.8 mg/day, and only

one with 0.6 mg/day. Liraglutide treatment was associated

with metformin (42 patients), sulphonylurea (two patients),

metformin plus sulphonylurea (37 patients), or repaglinide

(three patients). Sixty-six patients had hypertension, of

which 18 took ACE-inhibitors, 30 ARBs, and 22 diuretics

(19 of them in co-administration with ACE-inhibitors or

ARBs).

Complete clinical characteristics of Group A and B are

listed in Table 1. Group A and B were composed by 43 and

41 patients, respectively. The liraglutide dose was 1.2 ± 0.1

and 1.2 ± 0.2 mg/day in Group A and B, respectively. In

Group B, 30 patients had a mild renal impairment (eGFR

60–89 ml/min), meanwhile 11 of them had a moderate renal

impairment (eGFR 31–59 ml/min).

In the whole population, 12-month therapy with liraglutide

induced a reduction in fasting plasma glucose (D -2.39 ±

4.08 mmol/l; p\0.01), HbA1c (D -1.05 ± 1.71 %; D
-11.20 ± 17.74 mmol/mol; p\0.003), BMI (D -2.13 ±

6.39 kg/m2; p\0.01), and systolic (D -13.51 ± 27.20

mmHg; p\0.01) and diastolic blood pressure (D -5.42 ±

13.91 mmHg; p\0.006). Similar results were recorded for

bothGroupA andGroupB (Table 1). The reduction of systolic

and diastolic blood pressure remained significant also when

weighted for changes in BMI, glucose levels, and HbA1c in the

whole population and in both subgroups. The number of

hypertensive patients did not change (31 and 35 patients in

Group A and B, respectively); however, five out of 66 patients

(all of Group B) reduced the number of drugs for the treatment

of hypertension. The liraglutide dose was 1.2 mg/day in all of

them.

Concerning renal function, creatinine levels had a trend to

decrease without reaching significance, without any differ-

ences between the two groups (Table 1). After 12 months of

treatment, eGFR irrespective of the formula used did not

change in Group A, while increased in Group B (p\ 0.05)

(Fig. 1). The variation of eGFR irrespective of the formula

used was found to be independent from the concomitant

changes of the other parameters (BMI, glucose, HbA1c, and

blood pressure values) and by the number of the type of drugs

for hypertension or renal impairment. Moreover, at the end

of the study period, three patients of Group A showed a

reduction in eGFR values below the normal range (\90 ml/

min), while seven patients of Group B had increased eGFR

levels which improved and reached the normal values

([90 ml/min). The liraglutide dose was 1.2 mg/day in all

of these seven patients. All the three patients ofGroupAwith

a worsening in eGFR had basal eGFR\ 100 ml/min

(respectively 94, 96, and 99 ml/min), a BMI[30 kg/m2,

dyslipidemia, and hypertension under specific treatment, but

not albuminuria. The liraglutide dose was 1.2 mg/day in two

of them and 1.8 mg/day in the last one. No complications or

worsening of comorbidities occurred during the 12 months

of observation in these three subjects.

At baseline, five patients had pathological microalbu-

minuria (three from Group A and two from Group B,

respectively). At 12 months, three of them presented

albuminuria in the normal range (p\ 0.006) and the other

two of them (both from group A) showed an improvement

in microalbuminuria levels. Total microalbuminuria levels

improved in both groups (D -2.54 ± 10.32 mg/24 h;

p\ 0.02) also when weighted for number of drugs for

hypertension, or use of potential interfering drugs.

Discussion

Liraglutide is not predominantly eliminated by renal

excretion. Some meta-analyses of Phase III studies showed

that liraglutide is safe and effective in patients with type 2

diabetes at different stages of renal function [4, 12–14].

Our study confirmed the efficacy of liraglutide in
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Table 1 Characteristics of the population as a whole and according to subgroups

Population (n = 84) Group A (n = 43) Group B (n = 41)

Baseline 12 months Baseline 12 months Baseline 12 months

Age (years) 59.9 ± 11.1 60.7 ± 10.9 52.9 ± 9.2 53.8 ± 9.1 66.3 ± 8.4 67.3 ± 8.5

Disease duration (years) 8.5 ± 7.6 9.5 ± 7.4 6.8 ± 4.6 7.8 ± 4.5 10.2 ± 9.6 11.1 ± 9.5

BMI (kg/m2) 33.8 ± 5.8 32.5 ± 5.4c 35.4 ± 6.7 33.7 ± 6.1c 32.2 ± 4.3 31.1 ± 4.4b

SBP (mmHg) 154.6 ± 24.3 142.8 ± 20.0c 148.9 ± 22.9c 139.8 ± 20.2c 160.6 ± 24.7 146.0 ± 19.6c

DBP (mmHg) 88.1 ± 12.2 83.7 ± 11.2c 88.4 ± 11.5 84.7 ± 10.1a 87.8 ± 13.1 82.6 ± 12.2b

FPG (mmol/l) 10.7 ± 3.4 8.4 ± 2.3c 10.9 ± 3.9 8.2 ± 2.1c 9.8 ± 2.7 8.6 ± 2.5a

HbA1c (mmol/mol and %) 70.0 ± 13.9 60.2 ± 11.6c 73.4 ± 17.3 58.9 ± 13.0c 68.5 ± 12.4 62.3 ± 9.9a

8.6 ± 1.4 7.7 ± 1.1c 8.9 ± 1.6 7.5 ± 1.2c 8.4 ± 1.1 7.8 ± 0.9a

Serum creatinine (lmol/l) 72.2 ± 20.2 70.4 ± 22.0 60.7 ± 12.3 59.8 ± 13.2 83.6 ± 21.1 81.8 ± 23.8

Microalbuminuria (mg/24 h) 5.8 ± 14.0 3.0 ± 7.2a 7.4 ± 18.0 4.1 ± 9.5a 3.9 ± 7.2 1.7 ± 2.3a

eGFR (MDRD; ml/min) 87.4 ± 27.1 91.9 ± 30.6 107.7 ± 20.6 110.3 ± 26.5 66.1 ± 13.7 72.5 ± 21.3a

eGFR (CKD-EPI; ml/min) 87.5 ± 20.8 89.4 ± 21.6 104.3 ± 8.5 103.8 ± 12.4 69.9 ± 14.1 74.4 ± 18.7a

Group A: patients with a normal renal function (eGFR[ 90 ml/min with CKD-EPI). Group B: patients with impaired renal function

(eGFR\ 90 ml/min with CKD-EPI). Data are expressed as mean ± SD

BMI body mass index, DBP diastolic blood pressure, eGFR estimated glomerular filtration rate, FPG fasting plasma glucose, HbA1c hemoglobin

A1c, SBP systolic blood pressure
a p\ 0.05; b p\ 0.005; c p\ 0.0005

Fig. 1 Variation of glomerular filtration rate over 12 months of therapy with liraglutide

Endocrine (2015) 50:620–626 623

123



improving glycemic control in patients with type 2 diabe-

tes, by reducing fasting plasma glucose and HbA1c levels,

irrespective of eGFR, but more strikingly showed that

liraglutide did not deteriorate serum creatinine levels and

eGFR in patients with normal renal function and improved

eGFR in those with a mild or moderate renal impairment.

First of all, we confirmed data of the registration studies

on the efficacy of liraglutide about the reduction of fasting

glucose, HbA1c, and BMI in a single-center daily clinical

practice, where the compliance to treatment is frequently

poor, number of visits each year is less, and patients’

characteristics are more heterogeneous with respect to

registration studies [13–15]. The reduction of parameters

was comparable to Phase III studies [2, 15, 16] and also

with the ABCD nationwide post-marketing study con-

ducted in UK which included patients also with mild or

moderate renal impairment [17]. Moreover, the degree of

clinical improvement is irrespective of renal function at

baseline. It has to note that ABCD study referred to first

6 months of treatment, meanwhile our data confirmed the

efficacy of liraglutide in renal impairment over 12 months

of therapy.

We also observed a reduction in both systolic and dia-

stolic blood pressure irrespective of the renal function.

Data derived by previous studies [18–21] showed positive

effects of liraglutide on the reduction of diastolic and, more

strongly, systolic blood pressure irrespective of the com-

bined therapy for the treatment of diabetes, as also an

improvement of the cardiac function [22]. The main

hypothesized mechanism for the reduction of blood pres-

sure was the weight decrease; however, we observed that

this was independent of the changes in glucose, HbA1c,

and BMI. It has to mention that GLP-1 has been demon-

strated to have natriuretic and vasodilatatory effects due to

inhibition of Na? reabsorption in the proximal tubule,

attenuation of angiotensin II-induced phosphorylation of

extracellular signal-regulated kinase-1/2 in renal cells, and

NO-dependent and independent mechanism in endothelium

[5, 7, 19, 23, 24]. The fact that the magnitude of changes in

blood pressure was identified also in mild or moderate

renal impairment and that five patients with this alteration

reduced the number of drugs for hypertension leads to

hypothesize that the treatment could have a further role in

this condition where lower blood pressure levels are rec-

ommended and, frequently, difficult to achieve.

Furthermore, we did not observe any significant changes

in serum creatinine levels, independently by daily dosing of

liraglutide, even if a trend to decrease was observed. These

data are in agreement with those pooled by meta-analysis

and systematic reviews of clinical trials on patients with

mild-to-severe renal impairment [2, 25, 26]. This is in line

with those reported in the ABCD study where significance,

maybe due to the higher sample size, was reached [17].

However, a direct effect on kidney with a following

improvement of nephropathy cannot be excluded, by con-

sidering that the activation of GLP-1 receptor was associ-

ated with the reversion of nephropathy in diabetic rats [27].

Accordingly, with this hypothesis and with data in animals,

our observation of a reduction of percentage of patients

with albuminuria is in agreement with other pilot studies

with exenatide [28] or DPP-4 inhibitors [29]. Finally, we

observed stable eGFR levels in those with normal renal

function, and, more strikingly, an improvement in those

patients with a mild or moderate renal impairment with a

tendency towards normal levels in a subgroup of them. To

evaluate this aspect, we used two formulas, the MDRD and

the CKD-EPI equations. This was done because the

Cockcroft-Gault formula for calculation of eGFR has some

limitations. The MDRD equation overtakes the limits due

to body weight or height in patients with chronic kidney

diseases. Although helpful, poorer performance of the

MDRD formula was reported at low plasma creatinine

concentrations (corresponding to higher levels of renal

function) and tends to underestimate renal function in those

with a normal eGFR[ 90 mL/min/1.73 m2 [10]. The

CKD-EPI equation was validated to match the accuracy of

the MDRD equation at GFR\ 60 mL/min/1.73 m2 and to

offer a greater accuracy at higher GFR, minimizing the

over-diagnosis of chronic kidney diseases with the MDRD

equation, being accurate as MDRD in the subgroup of

patients with an eGFR\ 60 ml/min/1.73 m2 and substan-

tially more accurate in the subgroup of them with an

eGFR[ 60 ml/min/1.73 m2 [11]. Our results on eGFR

were evaluated with both equations and were unrelated to

which formula was used to estimate the eGFR. Since the

increase in eGFR levels in patients with reduced renal

function is independent of the changes in other variables

considered, this could address a direct effect of liraglutide

on the kidney. As discussed above, this hypothesis is

supported by a few studies in animals, which showed that

GLP-1 is responsible for a natriuretic effect, by reducing

sodium reuptake in proximal tube and aldosterone levels in

mice [23]. Moreover, the infusion of native GLP-1 acti-

vates an intracellular pathway mediated by cAMP/PKA

which also causes an increase in eGFR, renal plasma flow,

and bicarbonate and fractional potassium excretion [7],

suggesting a direct effect on renal vasculature, most likely

by decreasing the resistance of the pre-glomerular capil-

laries [8, 9]. This is reinforced by a recent re-evaluation of

tissue GLP-1 receptor distribution which showed that in the

kidney GLP-1 receptor was exclusively expressed in

smooth muscle cells of arteries and arterioles [30]. Since

the presence of microalbuminuria in diabetes implies either

dysfunction of the glomerular filtration barrier and/or

dysfunction in tubular reabsorption [29, 31], the improve-

ment of eGFR could partially explain also the reduction in
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frequency and total amount of microalbuminuria we

showed.

The results on creatinine and eGFR should be inter-

preted with caution since the study is of relatively short

duration. However, the population is less homogenous of

that selected for Phase III studies and better mirror con-

ditions of unknown potential risks. However, the hetero-

geneity of patients included and the small number of those

who had a mild deterioration in Group A and, foremost, of

those who had a restoration of eGFR in Group B did not

allow to phenotype these two subgroups which need further

studies over the next few years in addition to the ongoing

LEADER study [32]. Since our study had relatively small

numbers of patients with moderate renal impairment or

under the maximal daily dosing of 1.8 mg of liraglutide,

there is a need for other investigations to evaluate the

safety in these specific conditions. Moreover, particular

attention has to be paid to extend our data to all the class of

drugs acting on the GLP-1 system, by considering that

other derived GLP-1 drugs are mainly eliminated through

the kidney, first of all exenatide. Another limitation of our

study is the unavoidable loss of data from patients being

lost to follow up or with incomplete data in real-life clin-

ical practice. This has the potential to introduce bias of

results for those patients attending visits more frequently.

Nevertheless, the high concordance of our data with the

results on glucose, BMI, and blood pressure of published

meta-analysis on registration studies [2, 20] is a reassuring

finding. It should also be considered that the sample size

was calculated for eGFR changes but not for microalbu-

minuria and that we weighted the analyses for the number

or the type of potential interfering drugs, but the specific

dose was not considered. Wider studies are warranted to

better investigate these aspects.

Our study firstly showed that liraglutide is effective in

preserving GFR in diabetic patients, increasing glomerular

filtration rate in those with reduced renal function, indepen-

dently by the changes in glucose levels or BMI. This effect

was associatedwith a trend to decrease serumcreatinine levels

and number of patients positive to microalbuminuria. Further

real-life studies are needed to confirm these data.
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