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a b s t r a c t 

Background: To investigate the safety and efficiency of dipeptidyl peptidase-4 (DPP-4) inhibitors in pa- 

tients with diabetic kidney disease. 

Methods: We conducted a comprehensive literature search across multiple databases, including Embase, 

PubMed, CNKI, and the Cochrane Central Register of Controlled Trials, from inception to January 2024. 

The search focused on randomized controlled trials (RCTs) that directly compared DPP-4 inhibitors with 

placebos or other glucose-lowering therapies. A meta-analysis was performed to pool data and quantify 

the therapeutic effects and safety profile of DPP-4 inhibitors in DKD. 

Results: Twenty-three RCTs with 16,378 participants were included. DPP-4 inhibitors significantly reduced 

urinary albumin-to-creatinine ratio (UACR) and HbA1c levels compared to controls (UACR: SMD -0.23, 

95% CI: -0.41, -0.06; p = 0.01; HbA1c: SMD -0.32, 95% CI: -0.51, -0.14; p = 0.0 0 06). A higher proportion of 

patients in the DPP-4 inhibitor group achieved at least a 30% reduction in UACR (OR = 1.73, 95% CI: 1.10, 

2.73; p = 0.02). However, estimated glomerular filtration rate (eGFR) and serum creatinine (SCr) changes 

were similar between groups (eGFR: p = 1.00; SCr: p = 0.67). No significant differences were found in all- 

cause mortality (OR = 0.94, 95% CI: 0.83, 1.06; p = 0.31) or hypoglycemia risk (OR = 1.10, 95% CI: 0.80, 1.52; 

p = 0.54) between the DPP-4 inhibitor and control groups. 

Conclusions: DPP-4 inhibitors exhibit renoprotective properties, indicated by significant reductions in 

UACR and HbA1c levels. They do not appear to increase the risk of hypoglycemia, presenting a favorable 

safety profile when compared to placebo or alternative antidiabetic agents. 

© 2024 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Type 2 Diabetes Mellitus (T2DM) is a metabolic condition char- 

cterized by hyperglycemia due to insulin deficiency/insensitivity 

nd glucagon dysregulation. 1 Diabetic kidney disease (DKD), a 

ommon microvascular complication of T2DM, accounts for around 

ne-third of end-stage renal disease (ESRD) cases globally. 2 DKD 

xhibits persistent albuminuria, deteriorating renal function, and 

ubsequently leads to ESRD. 3 , 4 Hyperglycemia drives DKD pro- 

ression through various pathways, including intracellular glucose 

tilization, glycation end product accumulation, oxidative stress, 

nd epigenetic changes. 5 Effective glucose management has been 
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hown to prevent the onset and progression of DKD. 6 However, 

he impact of different antidiabetic medications on kidney health 

aries. 7 

DPP-4 inhibitors are a class of antidiabetic agents that en- 

ance the action of incretin hormones by inhibiting the breakdown 

f glucagon-like peptide-1 (GLP-1) and glucose-dependent in- 

ulinotropic polypeptide (GIP). 8 While studies have demonstrated 

he safety of DPP-4 inhibitors in patients with chronic kidney 

isease, 9 the impact of these inhibitors on renal outcomes re- 

ains inconsistent. 10 The efficacy of DPP-4 inhibitors in DKD has 

hown mixed results across RCTs. For example, the SAVOR-TIMI 53 

rial demonstrated a significant reduction in UACR with saxagliptin 

reatment without affecting renal function. 11 Conversely, the TECOS 

rial observed a modest decrease in eGFR with sitagliptin treat- 

ent. 12 Research assessing the therapeutic benefits and safety of 

itagliptin in the early stages of diabetic nephropathy revealed that 
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he medication effectively decreased albuminuria and enhanced 

lood sugar management. Additionally, it was found to be well- 

olerated by individuals suffering from the initial phases of this 

idney condition 

13 . Further investigation indicates that in individu- 

ls with diabetic nephropathy, there was no notable variance in the 

verage urinary albumin to creatinine ratio (UACR) or other clinical 

easures between those who received linagliptin and those who 

ere given a placebo. 14 These discrepancies highlight the need 

or further investigation into the efficacy and safety of DPP-4 in- 

ibitors in DKD. 

Our study aims to fill the gaps in understanding the role of 

PP-4 inhibitors in renal protection and glucose management for 

atients with DKD. We will conduct a comprehensive systematic 

eview and meta-analysis of RCTs comparing DPP-4 inhibitors with 

lacebo or other glucose-lowering agents in DKD patients. By inte- 

rating data from multiple studies, we will provide a more robust 

ssessment of the therapeutic efficacy and safety profile of DPP-4 

nhibitors in this vulnerable patient population. 

ethods 

This comprehensive review adheres to the PRISMA (Preferred 

eporting Items for Systematic Reviews and Meta-Analyses) stan- 

ards 15 and has been carried out as per a preregistered protocol 

PROSPERO registration number: CRD42024521277). 

earch strategy and study selection 

Our exhaustive search spanned multiple databases, including 

NKI, Embase, PubMed, and the Cochrane Central Register of 

ontrolled Trials, aiming to identify relevant RCTs published as 

ull-text documents from the beginning of the record until Jan- 

ary 2024, without imposing any language barriers. The targeted 

earch criteria for DPP-4 inhibitors encompassed terms such as 

PP-4 inhibitor, DPP4 inhibitor, alogliptin, anagliptin, evogliptin, 

emigliptin, linagliptin, omarigliptin, saxagliptin, sitagliptin, 

eneligliptin, and vildagliptin. Details of the search terms are pro- 

ided in Supplementary Materials (Table 1S). A pair of researchers 

stablished the criteria for study selection and proceeded to re- 

iew the titles and abstracts from the search outcomes, excluding 

ny duplicates. Subsequently, the two authors Adili and Munire 

ndependently evaluated the full articles against the set criteria 

or eligibility. In cases of disagreement, a resolution was reached 

hrough mutual consensus, or a third reviewer was enlisted to 

ake the final decision. 

Our meta-analysis included RCTs based on the following specific 

riteria: 

1) The trials must have been randomized and controlled, com- 

paring DPP-4 inhibitors to either placebo or active glucose- 

lowering medications. 

2) They had to involve adult patients diagnosed with diabetic kid- 

ney disease. 

3) A minimum follow-up duration of 8 weeks was required to en- 

sure the sustainability of the findings. 

4) The trials had to report one or more renal outcomes, such as 

changes in urine albumin-to-creatinine ratio (UACR) or esti- 

mated glomerular filtration rate (eGFR), the percentage of pa- 

tients achieving at least a 30% reduction in UACR, glycosylated 

hemoglobin (HbA1c), fasting blood glucose (FBG), and serum 

creatinine (SCr). 

5) We also included safety outcomes such as hypoglycemia, dizzi- 
ness, and all-cause mortality. s

2

ata extraction 

We extracted pertinent data from each eligible randomized con- 

rolled trial (RCT), which included: 

1) Study Characteristics: We documented the author’s name, pub- 

lication year, total number of randomized patients, follow-up 

duration, and trial registry identification number. 

2) Patient Demographics: Details such as age, diabetes duration, 

body mass index (BMI), baseline glycated hemoglobin (HbA1c) 

levels, and estimated glomerular filtration rate (eGFR) were 

recorded. 

3) Interventions: Specifics regarding the DPP-4 inhibitors admin- 

istered and the control group regimen, including the generic 

names of drugs, were collected. 

For any modifications to the initial intervention protocol, such 

s patients in the placebo group initiating DPP-4 inhibitors after 

4 weeks, we ensured the collection of outcome data prior to this 

hange. In cases where a trial was reported in multiple publica- 

ions, we consolidated all findings into a single study representa- 

ion. When trials were reported in both ClinicalTrials.gov and peer- 

eviewed literature, we conducted a meticulous comparison to en- 

ure data consistency. For outcomes reported at various intervals, 

e prioritized data from the longest follow-up point for our anal- 

sis. 

For the analysis of continuous variables, we obtained the av- 

rage changes from baseline at the start of the study, along with 

heir standard deviations, using these as indicative measures for 

oth the DPP-4 inhibitor treatment group and the control group, 

hich consisted of placebo or other blood glucose-lowering med- 

cations. For categorical variables, we collected the counts of par- 

icipants experiencing each specific outcome. 

isk of bias assessment 

To assess the potential for bias within the randomized con- 

rolled trials, we employed the evaluation tool developed by the 

ochrane Collaboration. This tool evaluates various aspects, includ- 

ng the process of random sequence generation, the methods used 

o conceal allocation, the extent of blinding for participants and 

ersonnel, and the handling of outcome assessment for specific 

ealth events, such as heart failure or hospitalization due to heart 

ailure, ensuring a thorough examination of the results’ validity. 

ata analysis 

The focus of this meta-analysis was the variation in Urinary Al- 

umin to Creatinine Ratio (UACR) from the beginning to the end 

f the study period. Additional outcomes of interest were alter- 

tions in Serum Creatinine (SCr), Fasting Plasma Glucose (FPG), 

emoglobin A1c (HbA1c), Fasting Blood Glucose (FBG), and Es- 

imated Glomerular Filtration Rate (eGFR) over the same period. 

afety was assessed by the occurrence of All-cause death, Dizzi- 

ess, and Hypoglycemia. For continuous variables like HbA1c, we 

sed the Standardized Mean Difference (SMD) with 95% Confi- 

ence Intervals (CIs) to measure differences, while for dichotomous 

ariables such as incidence of hypoglycemia, we employed Odds 

atios (ORs) with 95% CIs. Where Standard Deviations (SDs) were 

ot provided, we derived them from the standard error (SE) or the 

5% CI. We also conducted subgroup analyses, focusing on eGFR 

nd types of control interventions. 

We assessed the variability among the study outcomes using 

he I2 statistic, categorizing I2 values above 60% as indicative 

f substantial heterogeneity. For our analysis, we employed the 

andom effects model. Furthermore, we conducted subgroup and 

ensitivity analyses to investigate the underlying causes of this 
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eterogeneity. To detect reporting bias in the renal outcomes, 

e utilized funnel plots and Egger’s test, applying these methods 

nly when a sufficient number of studies were available for as- 

essment. 16 All statistical analyses were carried out using Review 

anager 5.4 software and STATA. For treatment effects, P < 0.05 

as regarded as statistically significant, respectively. 

thical approval 

This article does not contain examinations performed on human 

articipants in that ethical approval is not necessary. 

rial characteristics 

Initially, our database search yielded 463 potential articles, to 

hich we added 3 more from other sources, such as published 

eta-analyses and reviews. After removing 103 duplicates and 

creening out 314 irrelevant studies, we excluded an additional 26 

tudies due to various reasons, including their focus on animal tri- 

ls, being cohort studies, lack of accessible data, or not involving 

atients with diabetic kidney disease (DKD). This process resulted 

n the selection of 23 articles that fulfilled our inclusion criteria, as 

epicted in the study selection flowchart in Figure 1 . 

Table 2S provides a comprehensive overview of the study char- 

cteristics. A total of 16,378 individuals were enrolled across the 

rials, with the number of participants per study ranging widely 

rom 29 to 6,979. The duration of these studies varied signifi- 

antly, with the shortest being 8 weeks and the longest spanning 

02 weeks. In all of the randomized controlled trials (RCTs), par- 

icipants continued on their pre-existing anti-diabetic treatments, 

hich were primarily insulin regimens. 

Regarding the baseline renal function as measured by Estimated 

lomerular Filtration Rate (eGFR), 9 studies included patients with 

GFR levels of 60 mL/min/1.73 m2 or higher, while ten studies had 

 lower threshold of 30 mL/min/1.73 m2 . Notably, in 2 studies, the 

GFR was reported to be below 30 mL/min/1.73 m2 . Furthermore, 

here were 2 instances where the baseline eGFR values were not 
Figure 1. Flowchart of 

3

xplicitly defined in the study documentation. This variability in 

GFR at study entry reflects the diverse patient populations and 

he spectrum of renal function considered in these clinical trials. 

ssessment of study quality and risk of bias 

The risk of bias for the included trials is presented in Supple- 

entary Figure 1S. Among these articles, 2 were open-label stud- 

es, 17 , 18 which were considered to have a high risk of bias due 

o the blinding of participants and personnel. 19 Additionally, one 

tudy did not specify the method of subject allocation to groups, 

eading to an unclear risk of bias regarding random sequence gen- 

ration 

13 . 

esults 

fficacy outcomes 

hanges in UACR and eGFR 

Figure 2 illustrates the comparative changes in the urinary 

lbumin-to-creatinine ratio (UACR) for patients treated with DPP- 

 inhibitors versus control treatments. The meta-analysis revealed 

 statistically significant difference in UACR changes between the 

PP-4 inhibitor group and the control group (SMD -0.23,95% CI: 

0.41, -0.06; p = 0.01, I2 = 76%). 

Subgroup analysis using patients’ eGFR revealed that among 

hose with an eGFR ≤ 60 mL/min/1.73 m2 , DPP-4 treatments 

idn’t significantly reduce UACR levels (SMD -0.06, 95% CI: -0.17, 

.05; p = 0.25, I2 = 33%). However, for those with an eGFR above 

his threshold, DPP-4 inhibitors significantly decreased UACR levels 

SMD -0.41, 95% CI: -0.72, -0.10; p = 0.009, I2 = 46%). Moreover, this 

isparity in UACR changes was statistically significant between the 

 subgroups ( p = 0.04). Further subdivision based on control drug 

ndicated that DPP-4 inhibitors significantly reduced UACR levels 

ompared to placebo (SMD -0.30, 95% CI: -0.48, -0.13; p = 0.0 0 06, 
2 = 50%), yet displayed minimal effect com pared to active drugs 
article selection. 
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Figure 2. Standardized mean differences in changes in urine albumin-to-creatinine ratio (UACR) from baseline (mg/g) for dipeptidyl peptidase-4 (DPP-4) inhibitors versus 

control drugs. 

Figure 3. Standardized mean differences in changes in estimated glomerular filtration rate from baseline (mL/min/1.73 m2 ) for dipeptidyl peptidase-4 (DPP-4) inhibitors 

versus control drugs. 
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studies. 
SMD -0.00, 95% CI: -0.05, 0.05; p = 0.81, I2 = 0 %) (Supplemental 

igure 2S). 

Figure 3 shows the comparison of changes in eGFR between 

PP-4 inhibitors and controls. There were no significant differences 

etween the groups in the overall analysis (SMD -0.00, 95% CI: - 

.11, 0.11; p = 1.00, I2 = 37%). The funnel plot was asymmetrical, 

nd Egger’s test gave a P value of 0.345 (Supplemental Figure 3S). 

owever, a subgroup analysis focusing on patients’ eGFR revealed a 

ignificant increase in eGFR levels with DPP-4 inhibitors compared 

o active drugs (Supplemental Figure 9S), suggesting that certain 

atient populations may respond differently to DPP-4 inhibitors. 

bA1c 

Figure 4 presents changes in HbA1c levels among DPP-4 in- 

ibitors compared to controls. Overall changes in HbA1c were sig- 

ificantly different between groups (SMD -0.32, 95% CI: -0.51, - 

.14; P = 0.0 0 06, I2 = 85%). The test for heterogeneity demon- 

trated significant differences amongst studies ( p < 0.001) which 

ontributed to the asymmetrical appearance of the funnel plot 

Supplemental Figure 4S), and Egger’s test gave a p value of 0.089. 

ubgroup scrutiny using patients’ eGFR and a class of control drugs 

eeps the same result as the overall analysis. 

Fasting Blood Glucose (FBG) 

Figure 5 depicts the comparative reduction in fasting blood glu- 

ose (FBG) levels between treatment groups receiving DPP-4 in- 

ibitors and those in the control arm. Overall changes in FBG were 

ignificantly different between groups (SMD -0.18, 95% CI: -0.30, - 
4

.05; p = 0.005, I2 = 67%). The assessment of heterogeneity across 

tudies revealed significant variability ( p < 0.001), indicating im- 

ortant differences in study outcomes. Furthermore, the symmetry 

bserved in the funnel plot, along with a non-significant P value of 

.520 from Egger’s test, suggests an absence of substantial publica- 

ion bias (Supplemental Figure 5S). 

Subgroup analysis using patients’ eGFR revealed that among 

hose with an eGFR > 60 mL/min/1.73 m2 , DPP-4 treatments didn’t 

ignificantly reduce FBG levels (SMD -0.21, 95% CI: -0.54, 0.13; 

 = 0.24, I2 = 79%). However, for those with an eGFR ≤ 60, DPP-4 

nhibitors significantly decreased FBG levels (SMD -0.18, 95% CI: 

0.31, -0.05; p = 0.006, I2 = 55%). This disparity in FBG changes 

asn’t statistically significant between the 2 subgroups ( p = 0.89). 

nother subgroup showed that compared to placebo, DPP-4 in- 

ibitors significantly reduced FBG level. Different result was found 

hat when compared to active drugs, DPP-4 inhibitors fail to reduce 

BG level (Supplemental Figure 6S). 

erum creatinine (SCr) 

Figure 6 showed a total of 4 studies assessed the change in SCr 

evel, there was no significant difference in patient’s SCr between 

PP-4 inhibitors and the control group (SMD 0.15, 95% CI: -0.55, 

.86; p = 0.67, I2 = 90%). The test for heterogeneity was high across 

he studies ( p < 0.001). The tests for funnel plot asymmetry were 

ot performed on the SCr level because of the small number of 
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Figure 4. Standardized mean differences in changes in HbA1c (%) from baseline for dipeptidyl peptidase-4 (DPP-4) inhibitors versus control group. 

Figure 5. Standardized mean differences in changes in FBG (mg/dl) from baseline for dipeptidyl peptidase-4 (DPP-4) inhibitors versus control group. 

Figure 6. Standardized mean differences in changes in SCr (mg/dl) from baseline for dipeptidyl peptidase-4 (DPP-4) inhibitors versus the control group. 
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he percentage of patients achieving at least 30% reduction in UACR 

Figure 7 shows a total of 4 studies assessed the percentage 

f patients achieving at least a 30% reduction in UACR, DPP-4 

nhibitors were associated with significantly higher rates of the 

ercentage of patients achieving at least 30% reduction in UACR 

ompared with controls (OR = 1.73, 95% CI: 1.10, 2.73; p = 0.02, I2 

 79%). The test for heterogeneity was high across the studies 
5

 p = 0.002). The tests for funnel plot asymmetry were not per- 

ormed in this field because of the small number of studies. 

afety outcome 

ll-cause death 

Figure 8 shows 6 studies reported the incidence of all-cause 

eath. Compared to the control group, DPP-4 inhibitors did not 
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Figure 7. Odds Ratio of the percentage of patients achieving at least 30% reduction in UACR from baseline for dipeptidyl peptidase-4 (DPP-4) inhibitors versus the control 

group. 

Figure 8. All-cause death for dipeptidyl peptidase-4 (DPP-4) inhibitors versus control group. 

Figure 9. Hypoglycemia for dipeptidyl peptidase-4 (DPP-4) inhibitors versus control group. 
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ncrease the incidence of all-cause death (OR = 0.94, 95% CI: 0.83, 

.06; p = 0.31, I2 = 0%). Asymmetry in the funnel plot was not eval- 

ated due to the small number of studies. 

ypoglycemia 

An investigation involving 14 studies reported at least 1 event. 

he test for heterogeneity showed high across the studies ( I2 

 59%, p = 0.004). The funnel plot was symmetrical, and Egger’s 

est gave a P value of 0.701 (Supplemental Figure 7S). Figure 9 

howed that compared to the control group, DPP-4 inhibitors did 

ot increase the hypoglycemia events (OR = 1.10, 95% CI: 0.80, 1.52; 

 = 0.54). 
6

Subgroup analysis using patients’ eGFR revealed that among 

hose with an eGFR ≤ 60 mL/min/1.73 m2, DPP-4 treatments 

ignificantly increased Hypoglycemia events (OR = 1.28, 95% CI: 

.01, 1.62; p = 0.04, I2 = 70%). However, for those with an eGFR 

bove this threshold, DPP-4 inhibitors significantly decreased hy- 

oglycemia events (OR = 0.41, 95% CI: 0.20, 0.81; p = 0.01, I2 = 

%). Moreover, this disparity in hypoglycemia events was statis- 

ically significant between the 2 subgroups ( p = 0.002). Another 

ubgroup based on patients’ control drug demonstrated that com- 

ared with placebo, DPP-4 inhibitors significantly increased hy- 

oglycemia events (OR = 1.54, 95% CI: 1.15, 2.07; p = 0.004, I2 = 

%). In comparison to active drugs, there were no significant dif- 

erences between the 2 groups (OR = 0.70, 95% CI: 0.39, 1.27; 

 = 0.24, I2 = 49%) (Supplemental Figure 8S). This difference in 
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Figure 10. Dizziness for dipeptidyl peptidase-4 (DPP-4) inhibitors versus the control group. 
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ypoglycemia events was statistically significant between the 2 

ubgroups ( p = 0.02). 

izziness 

Figure 10 shows 8 studies that reported the incidence of dizzi- 

ess events. Compared to the control group, DPP-4 inhibitors did 

ot increase the incidence of dizziness (OR = 0.79, 95% CI: 0.48, 

.29; p = 0.35, I2 = 0%). Asymmetry in the funnel plot was not eval- 

ated due to the small number of studies. 

ensitivity analysis 

Upon reviewing all endpoints, we evaluated how the main out- 

ome was affected by the exclusion of each individual article. Re- 

ults indicated no significant change in the pooled effect. Conse- 

uently, the stability of our findings was confirmed. 

iscussion 

Our findings indicate that DPP-4 inhibitors positively impacted 

ey efficacy measures by lowering the urinary albumin to crea- 

inine ratio (UACR), hemoglobin A1c (HbA1c), and fasting blood 

lucose (FBG) levels when compared to control medications. Ad- 

itionally, a greater proportion of patients taking DPP-4 inhibitors 

chieved a significant 30% decrease in UACR. The safety profile of 

PP-4 inhibitors was favorable, with no increased risk of all-cause 

ortality, dizziness, or hypoglycemia observed among the study 

opulation. 

DPP-4 inhibitors showed positive effects in reducing UACR level, 

hich was already found in previous studies. 20 , 21 Animal tests 

emonstrated that DPP-4 inhibitors protect the kidney by reduc- 

ng tubulointerstitial renal fibrosis, 22 having a positive influence 

n renal functions in the DKD rat model. 23 Various pieces of ev- 

dence have shed light on the mechanisms through which DPP-4 

nhibitors ameliorate albuminuria. Notably, early laboratory stud- 

es suggested that these inhibitors could mitigate diabetic kid- 

ey disease (DKD) by lessening oxidative stress, inflammation, and 

idney tissue damage. 24-26 Moreover, the decrease in the break- 

own of neuropeptide Y, due to DPP-4 inhibition, has been shown 

o intensify sympathetic activity and vasoconstriction through the 

1 receptor, particularly in patients on angiotensin-converting en- 

yme inhibitors (ACEIs) or angiotensin receptor blockers (ARBs). 27 

n our review, approximately 43.5% of the studies noted the use 

f ACEIs/ARBs as part of the background therapy, which may have 

nteracted with the DPP-4 inhibitors to enhance their beneficial ef- 

ects on the kidneys. 
7

The efficacy of DPP-4 inhibitors in treatment varied depend- 

ng on the comparator antidiabetic medication used in the control 

rm of the studies. While DPP-4 inhibitors demonstrated a notable 

ecrease in urinary albumin to creatinine ratio (UACR) when pit- 

ed against placebo, their impact on UACR was less pronounced 

nd essentially neutral when compared to active antidiabetic drugs 

uch as Glimepiride. Moreover, it was discovered that when eGFR 

evels surpassed 60 mL/min/1.73 m2 , the DPP-4-using group sig- 

ificantly decreased UACR compared to the control, while for the 

ubgroup with an eGFR below 60 mL/min/1.73 m2 , there wasn’t a 

ignificant discrepancy between the 2 patient groups, despite the 

imitation stemming from a limited number of studies, the results 

ndicate that DPP-4 inhibitors could be particularly beneficial for 

ndividuals with an estimated glomerular filtration rate (eGFR) of 

0 mL/min/1.73 m2 or higher. Moreover, there was a marked in- 

rease in the proportion of patients who managed to achieve a re- 

uction of at least 30% in the urinary albumin to creatinine ratio 

UACR) while using DPP-4 inhibitors. 

Upon eGFR comparison, there was no significant difference be- 

ween DPP-4 inhibitors and the control group. Previous studies 

rgued that DPP-4 inhibitors reduced eGFR in patients with dia- 

etic albuminuria. 28 , 29 In contrast, Mori et al. 30 study showed that 

PP-4 inhibitors reduce albuminuria using glycemic management 

nd anti-inflammation effects without reducing eGFR. In subgroup 

nalysis, our research found when compared with active drugs (2 

esearch was Glimepiride, 31 , 32 one was liraglutide 33 ), DPP-4 in- 

ibitors significantly increased eGFR level, however, this effects 

ere largely driven by the Glimepiride study. 32 Despite no demon- 

trable effect on eGFR or SCr, DPP-4 inhibitors showed a reduction 

n UACR, renal enhancement, and an anti-inflammatory response 

or DKD patients. Hence, additional comprehensive data are nec- 

ssary to substantiate the significant clinical impact of DPP-4 in- 

ibitors on renal outcomes. 

Effective metabolic management aids prevention of CKD. 

chieving a 0.9% HbA1c decrease from baseline results in a 24%–

3% decline in diabetic nephropathy development. 34 Our investiga- 

ion revealed that DPP-4 inhibitors effectively lowered hemoglobin 

1c (HbA1c) and fasting blood glucose (FBG) levels without a cor- 

esponding increase in hypoglycemic events in the overall analysis. 

his outcome is especially crucial for patients with chronic kidney 

isease, as there is a relative scarcity of glucose-lowering medica- 

ions that have been extensively researched in this patient popu- 

ation. 35 An evaluation established by Ito et al. 36 noted no signifi- 

ant HbA1c difference between the linagliptin and control groups. 

imilar results emerged in another investigation where HbA1c lev- 

ls did not significantly differ between the treatment and placebo 

roups. 37 However, Groop et al.’s 21 research demonstrated that 

inagliptin significantly enhanced glycemic control in DKD patients, 
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2  
hich is in line with our findings. Nonetheless, the impact of other 

ariables such as participants’ dietary adherence and physical ac- 

ivity must not be disregarded, as these may influence plasma glu- 

ose control. 

As for safety outcomes, no significant difference was observed 

etween the 2 groups in the overall analysis; however, a subgroup 

nalysis based on the type of control drugs suggested that DPP- 

 inhibitors significantly increased the risk of hypoglycemia com- 

ared to placebo. Prior studies corroborated similar findings re- 

ating to an increased risk of hypoglycemia with DPP-4 inhibitors 

or diabetes patients. 38–41 Specifically, our subjects’ mean age was 

3.3, and one recent research demonstrates that DPP-4 inhibitors 

ignificantly increase hypoglycemia risk among diabetes patients 

ged over 60. 42 Further study is required to ascertain the safety 

f DPP-4 inhibitors, particularly in elderly patients. 

In our analysis, while DPP-4 inhibitors did not show an over- 

ll increased risk of hypoglycemic events, it is important to note 

hat a subgroup analysis based on the type of control drugs re- 

ealed a significant increase in the risk of hypoglycemia compared 

o placebo. This finding underscores the importance of consider- 

ng the specific characteristics of the patient population and the 

ype of comparator when evaluating the safety profile of DPP-4 in- 

ibitors. The observed increase in hypoglycemia risk in the sub- 

roup analysis may be attributed to differences in the pharmaco- 

ogical properties of the control drugs, patient demographics, or 

ther confounding factors that were not controlled for in the over- 

ll analysis. Therefore, while DPP-4 inhibitors appear to be safe 

n the general population, caution should be exercised, especially 

hen considering their use in elderly patients or in settings where 

he control drug may predispose to hypoglycemia. 

trengths and limitations 

This is the first endeavor to assess the safety and efficacy 

f DPP-4 inhibitors in individuals with DKD patients. This meta- 

nalysis boasts its strength in incorporating all newly released tri- 

ls up to January 2024. A considerable number of participants 

as involved, and preplanned analyses were conducted alongside 

ouble data abstraction verification and maintaining superior trial 

uality. This strategic approach significantly diminishes potential 

iases. 

There are several limitations in the present study. First, the 

umber of studies included in the analysis of the percentage of 

atients achieving at least a 30% reduction in UACR or SCr is 

elatively small. Second, the test of heterogeneity for several re- 

ults showed substantial heterogeneity across the studies. Third, 

he current meta-analysis encompasses trials with varying dura- 

ions, spanning between 8 and 302 weeks. It is conceivable that 

uch variations in study length could potentially influence the find- 

ngs related to the specific outcome variables under examination. 

hus, the results of our meta-analysis should be interpreted cau- 

iously. 

onclusion 

This meta-analysis demonstrates that DPP-4 inhibitors confer 

enoprotection in patients with diabetic kidney disease (DKD). The 

bserved significant reductions in urinary albumin-to-creatinine 

atio (UACR) and glycated hemoglobin (HbA1c) levels suggest an 

mprovement in renal function and glycemic control, respectively. 

oreover, the absence of an increased risk of hypoglycemia with 

PP-4 inhibitor use further enhances their safety profile. These 

ndings collectively support the use of DPP-4 inhibitors as a treat- 

ent option for DKD, particularly in patients seeking to maintain 

enal function and blood glucose control without the risk of hypo- 

lycemia. 
8
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