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Introduction. Previous studies have suggested that linagliptin may
represent renoprotective effects besides its anti-hyperglycemic
properties in patients with type 2 diabetes. However, there is a
lack of decisive evidence to support this assumption. This study
aimed to address the effect of linagliptin in type 2 diabetic patients
with severely increased albuminuria.

Methods. In this randomized double-blind, placebo-controlled
clinical trial, type 2 diabetic patients with severely increased
albuminuria (albuminuria = 300 mg/24 h) were enrolled. Patients
were randomized to linagliptin (5 mg/d) and placebo based on a
computer-generated list of random numbers. Biochemical (fasting
blood sugar (FBS) (mg/dL), hemoglobin A; . (HbAc) (%), proteinuria
(mg/24h), blood urea nitrogen (BUN) (mg/dL), serum creatinine
(mg/dL)) and clinical variables (weight (kg), systolic, and diastolic
blood pressure (mmHg)) were measured at baseline and 3 and 6
months post intervention.

Results. At baseline, no statistically significant difference was
detected in demographic characteristics between the two groups
(P > .05). A significant decrease was observed in proteinuria, FBS,
weight, SBP, and DBP in the intervention group after 6 months
(Pgime < -05), however; none of the clinical and biochemical variables
showed a significant difference between groups after 6 months
(Pgroup > -05).

Conclusion. Linagliptin may serve as a renoprotective therapeutic
option in diabetic patients with severely increased albuminuria
due to its role in proteinuria reduction. Results of this study can
be used for future large-scale, long-term studies investigating
the renoprotective effects of linagliptin in patients with diabetic
nephropathy.
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Diabetic nephropathy is a microvascular
complication of type 2 diabetes and a major cause
of end-stage renal disease (ESRD). Furthermore,
it is associated with increased mortality and
morbidity all around the world.!? Preventing the
progression of diabetic nephropathy to more severe
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stages reduces associated mortality and the high
economic burden of the disease.® Despite effective
therapies, many patients with diabetic nephropathy
progress to renal failure.* Therefore, there is an
urgent need to discover therapeutic options to slow
down the progression of renal injury in patients
with diabetic nephropathy.



Dipeptidyl peptidase-4 (DPP-4) inhibitors,
also known as gliptins, are among oral diabetic
medications that are introduced quite recently.
Linagliptin, as a competitive DPP-4, can be
administered without any dosage adjustment in
patients with renal dysfunction because of its
elimination by non-renal pathways. Therefore,
its use is suggested for the improvement of blood
glucose in diabetic patients with renal dysfunction.®
Additionally, renoprotective effects of linagliptin
alone or in combination with other drugs have been
previously described in diabetic animal models;
however, the underlying mechanisms are not fully
understood.®? It has been shown that linagliptin
alleviates the development of early diabetic
nephropathy possibly through inhibiting the
markers of renal tubular inflammation, fibrosis, and
oxidative stress in fructose-streptozotocin-induced
diabetic rats.® In a mouse model of type 2 diabetes
(db/db), linagliptin represented renoprotective
effects in a glucose and blood pressure-independent
manner due to amelioration of podocyte injury and
inhibition of myofibroblast transformation.” The
anti-fibrotic effects of linagliptin by suppressing
endothelial-to mesenchymal transition have been
also reported beneficial for diabetic kidney disease.’

Findings of a pooled analysis of 13 randomized,
double-blind, placebo-controlled clinical trials
of linagliptin showed that linagliptin was not
associated with increased risk of renal disease
in type 2 diabetic patients.!® Another pooled
analysis of 4 phase III clinical trials comprising 217
subjects with type 2 diabetes demonstrated that
co-administration of linagliptin with stable doses
of renin-angiotensin-aldosterone system (RAAS)
inhibitors significantly reduced albuminuria after 6
months of treatment. Although, none of the included
studies aimed to investigate renoprotective effects
of linagliptin primarily.!’ We planned the present
study to investigate the effect of DPP-4 inhibitor
linagliptin compared with placebo on various
parameters of renal function in type 2 diabetic
patients with severely increased albuminuria.

This randomized double-blind, placebo-controlled
clinical trial was performed on type 2 diabetic
patients with severely increased albuminuria who
referred to nephrology clinic, Alzahra Hospital,
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affiliated to Isfahan University of Medical Sciences,
Isfahan, Iran. The ethics committee approved the
study protocol (IRCT20090905002417N23). Eligible
study participants were adult (= 18 years) type
2 diabetic patients with a eGFR value of 30 to 60
mL/min/ 1.73m? or urinary albumin excretion of
more than 300 mg/24h. Exclusion criteria included:
unstable doses of anti-hypertensive medications,
poor compliance, impaired hepatic function,
pancreatitis, use of any other DPP-4 inhibitor,
using weight control, and immunosuppressive
medications during last 3 months. One hundred
and forty patients were screened and 136 patients
were randomized to receive linagliptin 5 mg (n = 68)
or placebo (n = 68). Five patients in the control
group excluded from the study after randomization
because of gastrointestinal complications (n = 2)
and poor compliance (n = 3). The remaining
patients in the intervention and control groups
completed 6 months of treatment (Figure). All
patients were completely informed about study
objectives and signed an informed consent form
before the enrollment.

Patients who met the inclusion criteria were
subjected to a treatment period of 6 months.
Randomization was conducted by a computer-
generated list of random numbers. Patients received
the study medication in containers labeled with
consecutive numbers. Patients received linagliptin
(5 mg/d) or matching placebo which both were
provided by Alhavi Pharmaceutical Company
(Tehran, Iran). Placebo tablets had a similar
appearance and taste compared with linagliptin
tablets. Both investigators and patients were blinded
to treatment assignments throughout the entire
study. Doses of other glucose-lowering medications
were reduced in patients who experienced
hypoglycemia during the study period.

Fasting blood samples were obtained from
all patients for laboratory analyses. Biochemical
indices including fasting blood sugar (FBS) (mg/
dL), hemoglobin A;. (HbAc) (%), proteinuria
(mg/24h), blood urea nitrogen (BUN) (mg/
dL), serum creatinine (mg/dL) and estimated
glomerular filtration tate (eGFR) via The Chronic
Kidney Disease-Epidemiology Collaboration
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compliance (n = 3)

[ Analysis (n = 62) ]

[ Analysis (n = 59) ]

The Flowchart of the Study

(CKD-EPI) equation. were examined based on
standard laboratory protocols at baseline, and
3 and 6 months post intervention. Weight (kg),
systolic (5BP), and diastolic (DBP) blood pressure
(mmHg) were measured on each visit.

Continuous and categorical variables were
reported as mean + Standard Deviation (SD) and
frequency (percentage). The normality of continuous
data has been evaluated by using the Kolmogorov-
Smirnov test and Q-Q plot. Basic continuous and
categorical data were compared between groups by
using independent samples t-test and chi-square test,
respectively. Muchly test was used for evaluating
the Sphericity assumption in the framework of
repeated measures ANOVA and when it was
violated, multivariate analysis was adopted. We also
compared main study outcomes on each follow-up
time point with independent samples t-test and the
p-values were reported after Bonferroni adjustment.
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Subgroup analysis was conducted based on Statin
and angiotensin II receptor blocker (ARB) use and
we compared intervention and control groups as
users and non-users. Also, an analysis of covariance
(ANCOVA) was used for adjusting the potential
confounders. All statistical analyses were done
using SPSS version 20.

The basic characteristics of patients are
summarized in Table 1. A statistically significant
difference was observed in the mean duration
of disease, the frequency of antidiabetic and
antihypertensive prescribed medications, serum
creatinine and BUN levels between the intervention
and control groups (P < .05). However, no significant
difference was found between the intervention and
control groups in terms of other basic characteristics
of study participants (P > .05).

The results of within-groups analysis showed
a significant decrease in proteinuria, no need



Table 1. Basic Characteristics of Study Participants
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Intervention Group Placebo Group

Variable (n = 62) (n = 59) P
Age, y 62.16 £ 12.82 58.06 £ 13.15 > .05
Sex
Male 58.8 47.7 > 05
Female 41.2 52.3
Body weight 75.77 £ 15.75 73.49 +11.97 > .05
Antidiabetic treatment
Insulin 20.9 18.8
Oral Hypoglycemic Agents 46.3 68.8 <.05
Both 32.8 124
Antihypertensive Treatment
ACEls 65 35 > .05
ARBs 78.2 21.8 <.001
Statins 64.6 35.4 <.001
Duration of Diagnosis 13.68 £9.13 10.87 £ 6.53 <.05
Biochemical Variables
Proteinuria 937.36 + 800.98 912.95 + 762.85 > .05
Serum Creatinine, mg/dL 1.49 +0.54 1.45 +0.36 <.01
BUN, mg/dL 23.60 £ 13.50 24.15+7.14 <.01
eGFR (%) 57.45 £ 18.35 54.47 £ 18.58 > .05
Hemoglobin A1C (%) 7.28 +1.63 7.35+1.41 > .05
FBS, mg/dL 140.59 + 56.58 131.71 £ 39.60 > .05

Values in table are mean + SD for continuous variables and percentage for categorical variables.
P-values were obtained from independent samples t-test for continuous variables and chi-square test for categorical ones.
Angiotensin converting enzyme (ACEI), Angiotensin Il receptor blocker (ARB), blood urea nitrogen (BUN), estimated glomerular filtration rate

(eGFR), fasting blood sugar (FBS)

to start with uppercase letter (937.36 + 800.98
vs. 691.90 = 645.94; P < .05), FBS (140.59 = 56.58
vs. 112.91 + 37.87; P < .05), SBP (130.47 + 14.79
vs. 124.77 + 14.94; P < .05), DBS (79.61 = 9.05 vs.
74.51 +9.41; P < .05), and weight (75.77 = 15.75 vs.
74.25 + 15.14; P < .05) in the intervention group
after 6 months (P, < .05). However, none of
the clinical and biochemical variables showed a
significant difference between intervention and
placebo groups after 6 months (P, > .05).
When we compared two study groups on each
follow-up time point, our findings indicated that
there was a statistically significant difference in
serum creatinine level between the intervention
and control groups (P < .05). We also observed a
significant difference in BUN level between groups
at baseline and after 3 months. While no significant
difference was observed in other variables between
groups on each study time point (P > .05) (data
not shown). After adjustment for changes in
blood pressure and HbA1C, comparisons between
investigated variables did not show any significant
differences between the two groups. In addition,
in subgroup analyses based on antihypertensive

medication history (statins and angiotensin II
receptor blockers (ARBs)), no significant difference
was found between intervention and control groups
in terms of all clinical and biochemical variables
(Table 2). Theses findings showed that patients
on ARBs and statins compared with those who
did not receive these drugs presented the same
response to the intervention.

A number of previous studies have reported
that linagliptin is a valuable therapeutic option in
patients with type 2 diabetes regarding its various
clinical benefits besides its anti-hyperglycemic
effects such as reduction of cardiovascular risks,
oxidative stress, and liver fat content.!*!” During
recent years, considerable attention has been
devoted to the renoprotective effects of linagliptin.
However, there is a lack of evidence to confirm the
association between linagliptin prescription with
remission or regression of diabetic nephropathy
in patients with type 2 diabetes. To the best
of our knowledge, this is the first randomized
double-blind, placebo-controlled clinical trial that
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investigates the effective role of linagliptin on renal
function in type 2 diabetic patients with severely
increased albuminuria.

Our results did not show any significant
difference in investigated variables amongst groups.
However, a statistically significant reduction in
proteinuria was observed after 6 months in the
intervention group. Almost, one-third of patients
with type 2 diabetes have proteinuria which is an
important predictor for end-stage renal disease
and cardiovascular disorders independent of renal
function and other associated risk factors.!320 Thus,
the reduction of proteinuria should be considered
as a very important target for the management of
patients with diabetic nephropathy. Considering
the beneficial role of linagliptin on proteinuria,
the treatment might be useful for preserving renal
function in patients with diabetic nephropathy.
One explanation is that it possibly takes a longer
time to observe a significant difference regarding
proteinuria improvement between the intervention
and control group. Findings from previous animal
studies have shown that the renoprotective effects
of linagliptin are independent of changes in blood
glucose level and blood pressure.®”? Our results also
confirmed these findings. Since the adjustment of
investigated variables, for changes in blood pressure
and HbA1lc showed no significant difference between
the intervention and control groups.

Previously certain studies have shown that
antihypertensive medications and statins contain
beneficial effects on kidney function in patients
with diabetic nephropathy.?!2® Additionally,
it has been demonstrated that linagliptin as an
adjuvant therapy with stable doses of RAAS
improves albuminuria in type 2 diabetic patients.
It appears that linagliptin improves the effect of
RAAS inhibitors on kidney function. However, the
correlated mechanisms remain to be elucidated.!!
In the present study, the comparison of clinical
and biochemical variables between two groups
according to the type of antihypertensive treatments
showed no significant difference. However, we
did not investigate the confounder role of the
antihypertensive treatment duration or the dosage
of administered drugs.

We found no significant changes from baseline
HbA cin patients treated with placebo or linagliptin.
It has been reported in a study by Hoogwerf et al.
that the anti-hyperglycemic effect of linagliptin is
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associated with baseline values of HbAlc which
means that higher baseline values of HbAlc are
associated with its greater reduction in patients
with type 2 diabetes treated with linagliptin.?* We
postulated that lower baseline values of HbAlc in
our study compared with previous studies, possibly
explain the non-significant effect of linagliptin
on its levels. Maybe the long-term treatment of
diabetic patients with medium levels of HbAlc
using linagliptin affects their glycemic status and
associated protein excretion.

This study has several limitations that should
be considered including it was a small project that
was undertaken over a relatively short duration
of time. Furthermore, we did not control the
confounding role of all relevant confounders
such as the dose of anti-hypertensives and anti-
diabetic medications. Therefore, this study could
not clarify the renoprotective effects of linagliptin
in patients with diabetic nephropathy accurately.
Further large, long-term randomized controlled
trials are required to confirm the effective role
of linagliptin on kidney function in patients with
diabetic nephropathy.

In conclusion, this was the first randomized
double-blind, placebo-controlled clinical trial
which investigated the renoprotective properties of
linagliptin in patients with diabetic nephropathy.
According to our results, linagliptin possibly can
be prescribed as a renoprotective therapeutic
option in patients with diabetic nephropathy due
to its role in proteinuria reduction. These data
are supportive of future studies to examine the
long-term effects of this anti-hyperglycemic drug
on kidney function in a large sample of patients
alone or in combination with other therapeutic
options accompanying by lifestyle modifications.

The authors would like to acknowledge Alhavi
pharma company for their cooperation in the
present study ( Melijent tablet).
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