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Abstract

Aim  This study aimed to investigate the effects of DPP-4 inhibitors on kidney function in type 2 diabetes mellitus patients with stages 3-5 chronic kidney disease, focusing on estimated
glomerular filtration rate and proteinuria.

Material and  'This is a retrospective case-control design, and data were collected from a single hospital's software and the Turkish Ministry of Health's National Data Tracking System. Diabetic
Method  patients with T2DM and CKD stages 3-5 were included, with dipeptidyl peptidase-4 inhibitor users (n=118) and non-users (n=48) forming the intervention and control groups,
respectively. Baseline demographics, clinical characteristics, and outcomes were compared between groups.

Results At baseline, both groups demonstrated similar age, gender distribution, body mass index, and eGFR. Over a 12-month follow-up, while slight improvements in eGFR were observed
in the intervention group and minor reductions in the control group, these changes did not reach statistical significance (p>0.05). Proteinuria showed a stable trend in the intervention
group, whereas a significant increase was noted in the control group (p=0.035). Age significantly correlated with eGFR (p<0.001) but not proteinuria (p=0.156). The study found that
DPP-4 inhibitor users experienced a statistically significant reduction in HbAlc levels (p=0.041) compared to minimal changes in the control group.

Conclusion  'The study suggests potential renoprotective effects of DPP-4 inhibitors in T2DM patients with advanced CKD, as evidenced by trends in eGFR and proteinuria stabilization.

Keywords  Chronic kidney disease, DPP-4 inhibitors, eGFR, proteinuria, type 2 DM.

Ozet

Amag  Bu calismada, tahmini glomeriiler filtrasyon hizi ve proteiniiriye odaklanarak, evre 3-5 kronik bobrek hastalig olan tip 2 diabetes mellitus hastalarinda Dipeptidil Peptidaz-4 inhibitérlerinin bobrek
fonksiyonu iizerindeki etkilerini aragtirmay: amagladik.

Geregve  Caligma retrospektif vaka kontrol olarak tasarlandi. Veriler tek bir hastanenin yazilimindan ve T.C. Saglik Bakanligi Ulusal Veri Takip Si inden topl stir. Hastalar, vildaglatin kullanan (Miidahel
Yontem  n=118) ve kullanmayanlar (kontrol; n=48) tip 2 diyabet ve ayni zamanda evre 3-5 kronik bobrek hstalarmnda olusturuldu. Temel demografik ozellikler, klinik ozellikler ve sonuglar gruplar arasinda
kargilagtirilds.

Bulgular  Bagslangicta, her iki grup da benzer yas, cinsiyet dagilim, viicut kitle indeksi ve tGFH gosterdi. 12 aylik takipte, miidahale grubunda tGFHda hafif iyilesmeler ve kontrol grubunda hafif azalmalar gozlenir-
ken, bu degisiklikler istatistiksel olarak anlamli bulunmadi (p>0,05). Proteiniiri miidahale grubunda istikrarl bir egilim gosterirken, kontrol grubunda anlamli bir artis kaydedildi (p=0,035). Yas, tGFH
ile anlamli korelasyon gosterirken (p<0.001) proteiniiri ile korelasyon gistermedi (p=0.156). Calisma da, vildagliptin kullamcilarmn, kontrol grubundaki minimum degisikliklerle karsilagtirildiginda
HbAlc diizeylerinde istatistiksel olarak anlaml: bir diisiis (p=0,041) yasadigin: saptand.

Sonug¢  Calisma, tGFH ve proteiniiri stabili daki egilimlerin kanitladig1 gibi, ilerlemis kronik bobrek yetmezligi olan T2DM hastalarmda DPP-4 inhibitorlerinin potansiyel renoprotektif etkilerini gos-
termektedir.
Anahtar P TR 5 N . ; :
Kelimel DPP-4 inhibitérleri, kronik bobrek hastalii, proteiniiri, tahmini glomeriiler filtasyon hizi, tip 2 DM.
elimeler
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INTRODUCTION
Dipeptidyl peptidase 4 (DPP-4) inhibitors comprise a class
of antihyperglycemic medications employed in the treat-
ment of type 2 diabetes mellitus (T2DM), which is a nota-
ble predisposing factor for coronary disease, heart failure,
stroke, and numerous cardiovascular events. Initially, it
was thought that the enhancement of endocrine actions
of glucagon-like peptide-1 (GLP-1) and gastric inhibitory
polypeptide (GIP) solely accounted for the improvement
in glycaemic control attributed to DPP-4 inhibitors. Nev-
ertheless, current evidence indicates that this is unlikely to
be the sole mechanism, as other pathways and mediators

likely play a role.

Previous studies reported DPP-4 inhibitors are located on
endothelial cells throughout the vascular system, including
local capillaries of organs such as the kidney and heart."?
The local blood concentrations of GIP and GLP-1 are
higher than their systemic concentration.’ The observed
direct cardiac and renal effects in preclinical studies, along
with findings from meta-analyses of clinical trials, indicate
they may also have effects on non-glucose targets beyond
their primary role of enhancing glycemic control.>** In a
narrative review, Daza-Arnedo et al.® discussed the reno-
protective implications of DPP-4 inhibitors, highlighting
their potential to mitigate inflammation, fibrosis, and ox-
idative damage.6 Fibrosis in diabetic kidney is thought to
be due to microRNA29s suppression.” This was shown to
be related to targeting both the TGF beta activation pro-
cess and DPP-4 protein.” This study endeavors to examine
the prospective advantages of DPP-4 inhibitors concern-
ing estimated glomerular filtration rate (eGFR) and pro-
teinuria among patients with CKD stage 3-5, irrespective

of their influence on glucose regulation.

MATERIALS and METHODS
This retrospective case-control study was conducted be-
tween 2019-2020 years at our hospital. The data were re-
cruited from our hospital’s software and The Turkish Min-

istry of Health National Data Tracking System (E-Nabiz).

All procedures were conducted in accordance with ethical

rules and the principles of the Declaration of Helsinki.

1. Case selection
Diabetic patients> 18 years with T2DM and CKD stage 3-5
were collected from the hospital software. The individuals
who had at least three hospital visits with data of 12-month
follow-up were enrolled. Hospitalization, death, prolonged
infections, individuals who had a cause of a rapid deteri-
oration in kidney functions other than T2DM, and the
discontinuation or intermittent use of vildagliptin were
considered for exclusion. We did not include patients on
other oral antidiabetic agents. We also excluded patients
with nephrotic syndrome (proteinuria over 3500 mg/day)
at baseline (Figure 1.) Patients in stage 3 used vildagliptin
50 mg twice a day, while the dose for sage 4 and 5 was 50

mg once a day.

Patients evaluated
n=330
Excluded:
* Stage 1-3 CKD (n=70)
* Nephrrotic syndrome (>3.5
grams/day) (n=34)

~— @ @ @

Patients eligible
n=226

Excluded:

* Incomplete follow-up (n=10)
* Missing data (n=32)

* History of AKI (n=18)

Patients analyzed
n=166

an
L[S

Control group
n=48

Vildagliptin group
n=148

[ ) e

Figure 1. Flowchart of the study population

2. The comparison groups
The individuals with a diagnosis of T2DM were divided
into vildagliptin users (intervention) and DPP-4 inhib-
itor-free (control) groups. In the intervention group, pa-
tients had received a DPP-4 inhibitor as an add-on to the
previous antiglycemic regimen, while in the control group,
the available treatment regimens were considered for ad-
justments. During the follow-up, antiglycemic regimens

were modified according to clinical demands
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3. Data collection
Duration of T2DM and DPP-4 inhibitor use, age, gender,
body mass index (BMI), anti glycemic drugs, CKD stage,
eGFR, proteinuria, and weight were noted at the onset of
a DPP-4 inhibitor use. Comorbidities that potentially can
damage the kidneys, such as heart disease, hypertension,
glomerulonephritis, and polycystic kidney disease, were
noted. The intervention and control groups were com-
pared for eGFR and proteinuria at the end of the 12-month

follow-up.

4. Measurements
BMI= weight (kg) / (height (m) X height (m), eGFR was
calculated by using an online calculation program ad-
dressing Chronic Kidney Disease Epidemiology Collabo-
ration 2009 Equation (CKD-EPI 2009), www.mdrd.com,
and proteinuria was assessed by using spot urine creati-

nine-to-protein ratio (UPCR).

The study was carried out with the permission of the
local Ethics Committee (Date: 13.12.2023, IRB no:

E71522473/050.01.04/287).

5. Statistical Analysis
The variables were analyzed using SPSS Version 15.0 for
Windows (IBM Corporation, Armonk, New York, Unit-
ed States). Continuous variables were presented as mean
+ standard deviation and median (minimum/maximum),
while categorical variables were expressed as n and (%).
The distribution of the variables was assessed using the
Kolmogorov-Smirnow test. The independent sample t-test
and the Mann-Whitney U test were employed in the com-
parison of the parametric and nonparametric variables.
Paired-sample t-Test was used to assess the variables before
and after treatment. Categorical variables were compared
using the Pearson Chi-Square test and the Fisher exact
test Monte Carlo Simulation technique. Linear regression
analysis was utilized to measure the effects of prognostic
variables on eGFR and proteinuria. The analysis was per-

formed at a 95% confidence level, and a p-value less than

0.05 was considered statistically significant.

RESULTS
A total of 166 participants were enrolled in the study (Fig-
ure 1, Table 1), with 118 participants in the intervention

group and 48 in the control group (Table 2).

Table 1. Demographic and basal laboratory features of all partic-
ipants

Characteristic Al;gztll zlgts
Age, years 61.89+12.84
Gender, male/female, n 90/76

BMI, kg/m2 28.81+4.09
T2DM duration, years 13.27+6.75
I}ilazseline eGFR, ml/min/1.73 32 614844
Proteinuria, mg/day (Basal) 213.12 (19-2854)
Baseline HgbAlc, % 8.03%1.15
Insulin users, yes/no, n, % 90(63.9) / 76(36.1)

Abbreviations: BMI: Body mass index, eGFR: estimated glomeru-
lar filtration rate, T2DM: type 2 diabetes mellitus
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Table 2. Comparison of Basal demographic and laboratory fea-
tures of all participants
Vildagliptin Control
Items Group Group p
(n=118) (n=48)
Age, years 61.89+12.23 62.96+14.38 0.862
Gender, male n, (%) 62/ (52.5) 28 (58.3) 0.497
DM duration, years 13.50+6.69 12.7246.94 | 0.507
Basal BMI, kg/m2 28.86+4.17 28.64+3.94 0.803
eGFR, ml/min/1.73 m2 31.27+8.96 35.92+5.88 0.001
216.35 199.05
L .
Proteinuria (mg/day) (16-3258) (19-2740) 0.245
HgbAlc, mean + SD 8.01+1.11 8.13x1.16 0.298
Basal Fasting glucose
(mg/dl), mean + SD 121.54+48.27 123+36.98 0.283
Uric acid (mg/dD), 6.7241.78 6.62£1.75 | 0.726
mean + SD
Albumin (g/dl) mean 3.6+0.42 384039 | 0.642
+SD
Sodium (mmol/L), 139.96+2.84 138+4.63 | 0.234
mean + SD
Potassium (mmol/L), 473048 4974056 | 0.192
mean + SD
Calcium (mgfdD), mean | g 15 53 9264048 | 0.577
+SD
Abbreviations: BMI: Body mass index, eGFR: estimated glomeru-
lar filtration rate, T2DM: type 2 diabetes mellitus
*Presented as median (minimum-maximum).

The participants had a mean age of 61.89+12.84. The mean
eGFR was 32.48+8.28 ml/min/1.73 m? Data regarding
comorbidities and antihypertensive medicines were sub-
stantially lacking; thus, they were not considered for the
assessment. The mean duration of T2DM and BMI were
13.2746.75 years and 28.81+4.09 kg/m?, respectively (Ta-
ble 2). Oral antidiabetic drugs had been modified several
times according to the clinical demands, so they were not

considered for the assessment.

The two groups were similar in terms of age, gender dis-
tribution, BMIO (at the onset of the study), BMI12 (at the
end of the 12-month follow-up), and eGFR (p>0.05) (Ta-
ble 3). eGFR showed a slight improvement in the inter-
vention group and a slight reduction in the control group

within the 12-month follow-up. However, the differences

were not statistically significant (p>0.05). The duration
of T2DM and BMI positively correlated with proteinuria
(p=0.023 and r=0.268, p=0.010 and r=0.199, respectively).
In the control group, proteinuria significantly increased
at the 12th month (p=0.035), while in the intervention
group, it remained stable. In the intervention group, Hg-
bAlc reduced by 5.3%, and the change was statistically
significant (p=0.041), while in the control group, HgbAlc
reduced only 0.1% (p=0.975).

Age had an impact on eGFR (p<0.001 and r2=0.355) but
not on proteinuria (p=0.156 and r2=0.09); however, BMI,
T2DM duration, and gender did not have an impact on
eGEFR (p>0.05).

Table 3. Comparison of patient’s outcomes before and after inter-
vention in terms of primary endpoints

Vildagliptin Control
Items Group Group p
(n=118) (n=48)
BMIO, kg/m2, 28.86+4.17 | 28.64+3.94 | 0.803
mean+SD
BMI12, kg/m2, 28.37+4.09 28.39+4.10 | 0.901
mean+SD
eGFRO, ml/min/1.73 31.27+8.96 35.9245.88 | 0.001
m2, mean+SD
eGFRL2, ml/min/L73 | 51 0311063 | 34594699 | 0.163
m2, mean+SD
216.35 199.05
- .
Proteinuria0, mg/day (16-3258) (19-2740) 0.245
222.15 246.66
i 3 %
Proteinurial2, mg/day (19-2854) (21-2647) 0.082
HgbA[1c0, %, mean+SD |  8.01+1.11 8.13+1.16 | 0.298
0,
HgbAlcl2, %, 7.58+1.66 7.9941.57 | 0.059
mean+SD

Abbreviations: BMIO: Body mass index at the start of the study,
BMI12: Body mass index after one year, DM: diabetes mellitus,
eGFRO: Basal estimated glomerular filtration rate, eGFR12: esti-
mated glomerular filtration rate after one year

*Presented as median (minimum-maximum)

DISCUSSION
The current study sought to investigate the potential effects
of Dipeptidyl Peptidase-4 (DPP-4) inhibitors on kidney
function in patients with Chronic Kidney Disease (CKD)

stages 3-5, focusing on estimated glomerular filtration rate
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(eGFR) and proteinuria, independent of their impact on
glucose regulation. The discussion will delve into the find-
ings of the study and their implications in the context of
existing literature, highlighting the potential renoprotec-
tive effects of DPP-4 inhibitors.

The initial premise of DPP-4 inhibitors primarily target-
ing glycemic control through the enhancement of GLP-1
and GIP actions has evolved over time.”® Emerging evi-
dence suggests that these inhibitors may exert effects be-
yond glucose regulation.”!® Notably, DPP-4 inhibitors are
found in various organs, including the kidneys and heart,
where local concentrations of GLP-1 and GIP are high-
er than systemic levels.” Preclinical studies have revealed
the direct cardiac and renal effects of DPP-4 inhibitors,
prompting investigations into their potential impact on
non-glucose targets. The inhibition of DPP-4 with sax-
agliptin was shown to have renoprotective in patients with
comorbid diseases such as diabetes, obesity, and hyperten-
sion, in which activation of the renin-angiotensin system
is expected." DPP-4 inhibitors also reduced renal fibrosis,

according to a preliminary investigation.'?

Podocin is an important structure of the podocyte and
plays a critical role in the integrity of the slit diaphragm."
Megalin is a multifunctional endocytic receptor protein
found in many tissues, including the kidney, especially
tubules, where it has an important role in renal-tubular
reabsorption.” In the Acaris et al. study, they found that
DPP-4 inhibition decreased proteinuria and prevented po-
docin and megalin reduction in CKD rats. This protection
of podocin and megalin sheds light on the role of podocin
and megalin in both glomerular and tubular protein fil-
tration."” This expanding scope of action underscores the
need for comprehensive evaluations of their effects on var-
ious organ systems, especially in patients with CKD.!"* In
animal models of kidney disease, linagliptin, a DPP-4 in-
hibitor, elicited multiple renoprotective effects, including
reducing albuminuria, glomerulosclerosis, periglomer-

ular fibrosis, podocyte loss, and renal oxidative stress.”'®

It is interesting to note that in patients with albuminuria
(Urine albumin/creatinine ratio: 30-3000 mg/g) who were
already receiving angiotensin-receptor blockers or angio-
tensin-converting enzyme inhibitors, linagliptin treatment
was associated with a significant 32% reduction in urinary
albumin-to-creatinine ratio.”” In our study, the interven-
tion group had stable proteinuria compared to the control
group. Our study could not demonstrate that such a dra-
matic reduction may be due to the sample size. Despite
our gold standard approach of giving either ACEI or ARB,
we did not have complete information about medications.
Another possible reason may be that our population in-
cludes late-stage CKD, in which the control of proteinuria

can be difficult compared to early-stage kidney disease.

The findings of this retrospective case-control study con-
tribute to this evolving understanding by examining the
effects of DPP-4 inhibitors on kidney function in a re-
al-world setting. The study population consisted of diabet-
ic patients with CKD stages 3-5, a high-risk group vulner-
able to kidney complications. The comparison of DPP-4
inhibitor users and non-users allowed for a comprehensive
assessment of their potential renoprotective benefits. No-
tably, the study revealed comparable baseline characteris-
tics between the intervention and control groups, includ-

ing age, gender distribution, BMI, and eGFR.

The study’s focus on eGFR and proteinuria as key indi-
cators of kidney function is noteworthy. While the slight
improvements in eGFR within the intervention group and
the minor reduction in the control group did not reach
statistical significance, they underscore the need for larg-
er and longer-term studies to establish a conclusive effect
on kidney function. The stabilization and improvement
of GFR may be related to the antifibrotic effects of DPP-4
inhibition, which supports our finding.? This antifibrotic
effect was studied in many medical situations.'”>'** Im-
portantly, proteinuria, a recognized marker of renal dam-
age, exhibited a favorable trend in the intervention group.

DPP-4 inhibitors seemed to contribute to the stabiliza-
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tion of proteinuria over the 12-month follow-up period,
contrasting with the significant increase observed in the
control group. These findings are consistent with the reno-
protective implications discussed in a narrative review by
Daza-Arnedo et al.%, which highlighted the potential of
DPP-4 inhibitors to mitigate inflammation, fibrosis, and

oxidative damage in the kidneys.5'>2"*

Age emerged as an influential factor on eGFR, aligning
with the existing understanding that age is a significant
determinant of kidney function decline.”*** The observed
lack of impact on proteinuria is an interesting avenue for
future research, suggesting that while age plays a role in
overall renal function, it might not be a significant driver

of proteinuria in this specific context.

It is worth acknowledging certain limitations of the study.
The relatively small sample size and the retrospective
design warrant a cautious interpretation of the results.
Further, the absence of data regarding comorbidities and
antihypertensive medications may limit a comprehensive
assessment of confounding factors. However, the study’s
commitment to ethical guidelines, adherence to the prin-
ciples of the Declaration of Helsinki, and the approval of
the institutional ethics committee lend credibility to its

findings.

CONCLUSION
This study contributes valuable insights into the poten-
tial renoprotective effects of DPP-4 inhibitors in patients
with CKD stages.>” The observed trends in eGFR and pro-
teinuria, while not statistically significant, underscore the
need for further investigation into the impact of DPP-4
inhibitors on kidney function in larger, well-designed pro-
spective trials. As the landscape of diabetes management
evolves, a comprehensive understanding of the multifac-
eted effects of antihyperglycemic agents on various organ
systems, particularly in high-risk populations, holds im-
mense clinical significance. This study serves as a stepping

stone toward unraveling the complex interplay between

DPP-4 inhibitors, kidney function, and long-term out-

comes in diabetic patients with CKD.

Limitations of the Study
Retrospective Design: The study utilized a retrospective
design, which inherently carries limitations in terms of
data collection, potential biases, and the ability to establish
causal relationships. Retrospective studies are more prone
to selection bias, confounding variables, and incomplete or

inaccurate data collection.

Small Sample Size
The study’s sample size, particularly the number of par-
ticipants in the control group (n=48), is relatively small.
A small sample size reduces the statistical power and gen-
eralizability of the results, making it challenging to detect
significant differences and limiting the ability to extrapo-

late findings to a broader population.

Data Availability and Completeness
The absence of comprehensive data regarding comorbidi-
ties, concomitant medications (including antihypertensive
drugs), and relevant clinical parameters may introduce
confounding variables that could influence the outcomes.
Missing or incomplete data may affect the accuracy and

reliability of the results.

Duration of Follow-up
The study’s 12-month follow-up period may not be suf-
ficient to capture long-term effects or changes in kidney
function and proteinuria that could potentially develop
over a more extended period. A longer follow-up is re-
quired to assess the durability of the observed effects and

potential changes over time.

Baseline Differences
While the study aimed to match key baseline characteris-
tics between the intervention and control groups, unmeas-
ured or unknown confounding variables may still exist.

These differences could impact the outcomes and poten-
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tially lead to biased conclusions.

Treatment Regimen Changes
The study acknowledges that antiglycemic regimens were
adjusted according to clinical demands during the fol-
low-up period. Changes in treatment regimens, including
the addition of other medications or modifications to insu-
lin therapy, could influence kidney function and proteinu-

ria independently of DPP-4 inhibitor use.

Lack of Randomization
The study did not utilize randomization to allocate par-
ticipants to the intervention and control groups. This may
introduce selection bias and limit the ability to establish a
cause-and-effect relationship between DPP-4 inhibitor use

and the observed outcomes.

Ethnic and Demographic Factors
The study’s sample population may not be representative
of diverse ethnic and demographic groups, limiting the
generalizability of the findings to broader populations

with different characteristics.

External Validity
The study was conducted at a single hospital, potential-
ly limiting the external validity of the findings to other
healthcare settings or regions with different healthcare

practices and patient populations.

Potential Confounders
Although the study attempted to control for various con-
founders, there could be other unmeasured factors that
contribute to the observed outcomes, such as diet, lifestyle,

and socioeconomic factors.
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