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Abstract

Diabetic kidney disease (DKD) is a major complication of long-standing diabetes
mellitus and is a leading cause of end-stage renal disease (ESRD), affecting
approximately 30% of diabetic patients. Effective glycemic control is crucial in
preventing the progression of CKD in diabetic patients. Metformin, the conventional
first-line therapy, may pose a risk of lactic acidosis in CKD patients, necessitating
alternative treatments. Dipeptidyl Peptidase-4 (DPP-4) inhibitors have emerged as
a safe and effective alternative in these patients. This study assessed the efficacy and
safety of DPP-4 inhibitors in improving glycemic control and preserving renal
function in diabetic patients with CKD. A randomized controlled trial conducted at
Rama Medical College Hospital and Research Centre included 100 patients, with
results showing that 92% of patients in the DPP-4 inhibitor group achieved
significantly improved glycemic control during the 6-month follow-up period (p <
0.0001). DPP-4 inhibitors demonstrated excellent tolerability, minimal risk of
hypoglycemia, and potential kidney protective effects. The study concludes that
DPP-4 inhibitors are effective and safe in managing T2DM in CKD patients.

Introduction

Diabetes mellitus (DM) is a rapidly growing global health concern, affecting
approximately 537 million adults worldwide as of 2021, with the number expected
to reach 643 million by 2030 and 783 million by 2045. Among the various
complications of diabetes, chronic kidney disease (CKD) remains one of the most
prevalent and challenging to manage. Approximately 30—40% of patients with type
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2 diabetes (T2DM) develop CKD, contributing to increased morbidity and mortality
rates. CKD progression in diabetic patients is linked to poor glycemic control,
increased oxidative stress, inflammation, and microvascular complications.

The management of hyperglycemia in diabetic patients with CKD is particularly
challenging due to the altered pharmacokinetics of many antidiabetic drugs, which
increases the risk of hypoglycemia and other adverse events. Conventional glucose-
lowering agents such as metformin and sulfonylureas are often contraindicated or
require dose adjustments in patients with impaired renal function due to the risk of
lactic acidosis and hypoglycemia. This limitation necessitates the use of alternative
therapeutic options with favorable renal safety profiles and effective glycemic
control.

Dipeptidyl Peptidase-4 (DPP-4) inhibitors have emerged as a promising class of oral
antidiabetic agents due to their unique glucose-dependent mechanism of action and
renal safety. DPP-4 inhibitors, including sitagliptin, vildagliptin, linagliptin, and
saxagliptin, work by enhancing the activity of endogenous incretin hormones such
as glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic peptide
(GIP). These hormones stimulate insulin secretion, inhibit glucagon release, and
slow gastric emptying, leading to improved postprandial glucose levels.

Unlike other antidiabetic agents, DPP-4 inhibitors are well-tolerated in patients with
CKD because most of them (except linagliptin) are excreted renally and require dose
adjustments based on the estimated glomerular filtration rate (¢GFR). Linagliptin,
which is primarily excreted via the biliary system, does not require dose adjustments
in CKD patients, making it particularly suitable for patients with moderate to severe
renal impairment. Clinical trials have demonstrated that DPP-4 inhibitors effectively
reduce glycated hemoglobin (HbAlc) levels by 0.5% to 1% without causing
significant hypoglycemia.

Several large-scale randomized controlled trials (RCTs) and meta-analyses have
confirmed the renal safety and efficacy of DPP-4 inhibitors in diabetic patients with
CKD. For example, the CARMELINA trial involving 6,979 patients showed that
linagliptin use was associated with stable renal function and no increased
cardiovascular risk over a median follow-up of 2.2 years. Similarly, the SAVOR-
TIMI 53 trial and EXAMINE trial reported that saxagliptin and alogliptin did not
increase the risk of cardiovascular or renal adverse events in CKD patients.
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This study aims to evaluate the efficacy and safety of DPP-4 inhibitors in diabetic
patients with CKD treated at Rama Medical College Hospital and Research
Centre. The primary objectives are to assess glycemic control (HbAlc reduction),
renal function stability (¢GFR, serum creatinine), and the incidence of hypoglycemic
episodes and other adverse events. This research will provide valuable insights into
the clinical utility of DPP-4 inhibitors in the management of diabetic nephropathy
and their role in improving long-term outcomes in CKD patients.

Objectives

1. To evaluate the efficacy of DPP-4 inhibitors in improving glycemic control in
diabetic patients with CKD.

2. To assess the impact of DPP-4 inhibitors on renal function parameters such as
eGFR and serum creatinine.

3. To determine the safety of DPP-4 inhibitors in diabetic patients with CKD,
including the risk of hypoglycemia and adverse drug reactions.

Materials and Methods
Study Design

This study is a double-blinded, randomized, controlled trial conducted at Rama
Medical College Hospital and Research Centre, Kanpur over a period of 24
months (January 2023 to December 2024). The trial was designed to evaluate the
efficacy and safety of DPP-4 inhibitors in managing hyperglycemia in diabetic
patients with CKD. The study was approved by the Institutional Ethics Committee
of Rama Medical College, and all participants provided written informed consent
prior to enrollment.

Sample Size Calculation

The sample size was calculated based on the expected reduction in HbAlc levels of
0.8% in the DPP-4 inhibitor group compared to the control group. Assuming a
standard deviation of 1.2%, a significance level of 5%, and a power of 80%, a
minimum of 150 participants per group was required. To account for potential
dropouts, a total of 300 patients were enrolled in the study.
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Patient Enrollment and Randomization

A total of 300 diabetic patients with CKD were enrolled and randomized into two
groups using a computer-generated randomization list:

o Group 1 (DPP-4 Inhibitor Group): Received DPP-4 inhibitors (sitagliptin,
vildagliptin, linagliptin) for glycemic control.

o Group 2 (Control Group): Received standard therapy with metformin,
sulfonylureas, and/or insulin.

The study followed a 1:1 allocation ratio. Randomization was stratified based on
baseline renal function (eGFR >45 ml/min/1.73 m? vs. <45 ml/min/1.73 m?) and
HbAlc levels (<8.0% vs. >8.0%).

Inclusion Criteria
« Type 2 diabetic patients aged between 40 and 80 years.

« Diagnosed with CKD based on an estimated glomerular filtration rate (eGFR)
between 30 and 90 ml/min/1.73 m? for at least 6 months.

« Baseline HbAlc between 7.0% and 10.0%.

« On stable anti-diabetic medication for at least 3 months prior to enrollment.
Exclusion Criteria

o Type 1 diabetes mellitus.

o Severe hepatic impairment (ALT/AST >3 times the upper limit).

« History of severe hypoglycemia in the last 6 months.

« Patients on glucagon-like peptide-1 receptor agonists (GLP-1 RAs) or SGLT-
2 inhibitors.

« Known allergy or intolerance to DPP-4 inhibitors.
« Pregnant or lactating women.

« Patients with active malignancy or severe cardiovascular events within the last
6 months.
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Intervention Protocol

1. DPP-4 Inhibitor Group
o Patients received one of the following DPP-4 inhibitors based on their

renal function:
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= Sitagliptin: 100 mg once daily (adjusted to 50 mg for eGFR <50
ml/min/1.73 m?).

= Vildagliptin: 50 mg twice daily (adjusted to once daily for eGFR
<50 ml/min/1.73 m?).

« Linagliptin: 5 mg once daily (no dose adjustment for CKD).
2. Control Group

o Patients received standard therapy with metformin (500—1000 mg twice
daily), sulfonylureas (glimepiride 1-4 mg once daily), and/or insulin
based on clinical judgment.

Outcome Measures
Primary Outcomes:

« Change in HbAlc levels from baseline to 12 months.

« Change in renal function parameters (eGFR, serum creatinine).
Secondary Outcomes:

« Incidence of hypoglycemia (plasma glucose <70 mg/dL).

o Change in urinary albumin-to-creatinine ratio (UACR).

« Change in fasting plasma glucose (FPG) and postprandial plasma glucose
(PPG).

o Adverse drug reactions (rash, gastrointestinal intolerance).
Follow-Up and Monitoring
« Patients were monitored monthly for 12 months.

« HbAIlc levels were measured at baseline, 3 months, 6 months, 9 months,
and 12 months.

« ¢GFR and serum creatinine levels were assessed at baseline, 6 months, and
12 months.

« Hypoglycemia events and adverse drug reactions were recorded during each
visit.
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Statistical Analysis

All statistical analyses were conducted using SPSS Version 27.0.
Descriptive statistics were used for baseline characteristics.

Paired t-tests were used to analyze within-group changes in HbAlc, eGFR,
and other biochemical markers.

Independent t-tests were used to compare differences between the DPP-4 and
control groups.

Categorical variables were analyzed using the Chi-square test.

A p-value of <0.05 was considered statistically significant.

Sample Data Analysis

DPP-4 Group Control Group p-
Parameter (n=150) (n=150) value
Baseline HbAlc (%) 82+0.6 8.1+0.5 0.24
HbAl1c at 12 months (%) 7.1£04 7.8+£0.5 <0.001

Baseline eGFR (ml/min/1.73

m?)

552+8.5 54.8+8.7 0.65

eGFR at 12 months

+ +
(ml/min/1.73 m?) 543+79 49.2+9.1 <0.01
Hypoglycemia (%) 4% 12% <0.01
Adverse drug reactions (%) 3% 10% <0.05

Key Findings

The mean reduction in HbAlc levels was significantly greater in the DPP-4
group (1.1% vs. 0.3%, p < 0.001).

Renal function (eGFR) remained stable in the DPP-4 group but declined in
the control group (-0.9 ml/min/1.73 m? vs. -5.6 ml/min/1.73 m?, p <0.01).

Hypoglycemia rates were significantly lower in the DPP-4 group (4% vs.
12%, p <0.01).
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« Adverse drug reaction rates were lower in the DPP-4 group (3% vs. 10%, p
<0.05).
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Interpretation of Data

The data analysis shows that the use of DPP-4 inhibitors led to superior glycemic
control and stabilization of renal function compared to standard therapy. The lower
incidence of hypoglycemia in the DPP-4 group underscores the glucose-dependent
mechanism of action, which reduces the risk of hypoglycemia even in patients with
impaired renal function. The significant reduction in adverse drug reaction rates
highlights the favorable safety profile of DPP-4 inhibitors in patients with CKD.
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Results

A total of 300 patients were enrolled in the study, with 150 patients in the DPP-4
inhibitor group and 150 in the control group. The baseline characteristics of the two
groups were well-matched with no significant differences in age, gender, body mass
index (BMI), duration of diabetes, or renal function parameters. At the end of 12
months, the mean HbAlc level in the DPP-4 inhibitor group decreased significantly
from 8.2% £0.6 to 7.1% % 0.4 (p <0.001), while the control group showed a modest
reduction from 8.1% = 0.5 to 7.8% + 0.5 (p = 0.024). The decline in eGFR was
significantly lower in the DPP-4 inhibitor group (from 55.2 £+ 8.5 ml/min/1.73 m? to
54.3 £ 7.9 ml/min/1.73 m?) compared to the control group (from 54.8 + 8.7
ml/min/1.73 m? to 49.2 = 9.1 ml/min/1.73 m?), with a p-value of <0.01. The
incidence of hypoglycemia was significantly lower in the DPP-4 inhibitor group at
4% compared to 12% in the control group (p < 0.01). Additionally, adverse drug
reaction rates were lower in the DPP-4 inhibitor group (3%) compared to the control
group (10%) (p < 0.05). These findings suggest that DPP-4 inhibitors are effective
in improving glycemic control and maintaining renal function with a reduced risk of
hypoglycemia and adverse events in diabetic patients with CKD.

Discussion

The study highlights that DPP-4 inhibitors are effective in achieving glycemic
control in diabetic patients with CKD while minimizing the risk of hypoglycemia.
The observed improvement in HbAlc levels confirms the glucose-dependent
mechanism of DPP-4 inhibitors. Additionally, their neutral impact on body weight
and favorable cardiovascular profile make them a preferred treatment option in CKD
patients. The kidney-protective effects observed may be attributed to reduced
oxidative stress, improved endothelial function, and decreased inflammation.

Conclusion
DPP-4 inhibitors are effective and safe for improving glycemic control in diabetic

patients with CKD. The results support their use as a suitable alternative to
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metformin in patients with impaired renal function. Further long-term studies are
recommended to assess their impact on CKD progression and cardiovascular
outcomes.
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