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Background: To investigate the effects of dipeptidyl peptidase-4 (DPP-4) inhibitors on renal outcomes in patients with type 2 diabetes.
Methods: MEDLINE, Embase, and the Cochrane Central Register of Controlled Trials were searched to identify randomized con-
trolled trials (RCTs) of DPP-4 inhibitors from inception to September 2017. We selected eligible RCTs comparing DPP-4 inhibitors 
with placebo or other antidiabetic agents and reporting at least one renal outcome. A meta-analysis was conducted to calculate stan-
dardized mean differences, weighted mean differences (WMDs), relative risks (RRs), and 95% confidence intervals (CIs) for each 
renal outcome.
Results: We included 23 RCTs with 19 publications involving 41,359 patients. Overall changes in urine albumin-to-creatinine ratio 
were comparable between DPP-4 inhibitors and controls (P=0.150). However, DPP-4 inhibitors were associated with significantly 
lower risk of incident microalbuminuria (RR, 0.89; 95% CI, 0.80 to 0.98; P=0.022) and macroalbuminuria (RR, 0.77; 95% CI, 0.61 
to 0.97; P=0.027), as well as higher rates of regression of albuminuria (RR, 1.22; 95% CI, 1.10 to 1.35; P<0.001) compared with 
controls. Although DPP-4 inhibitors were associated with small but significantly lower estimated glomerular filtration rate (WMD, 
−1.11 mL/min/1.73 m2; 95% CI, −1.78 to −0.44; P=0.001), there was no difference in the risk of end-stage renal disease between 
two groups (RR, 0.93; 95% CI, 0.76 to 1.14; P=0.475).
Conclusion: DPP-4 inhibitors had beneficial renal effects mainly by reducing the risk of development or progression of albuminuria 
compared with placebo or other antidiabetic agents.
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INTRODUCTION

Diabetic kidney disease (DKD) is one of the major microvascu-
lar complications of type 2 diabetes and a leading cause of end-
stage renal disease (ESRD) accounting for one-third of all pa-
tients initiating renal replacement therapy (RRT) worldwide 
[1,2]. DKD is clinically characterized by persistent albuminuria, 
progressive decline in renal function, and the development of 
ESRD [3]. In the development or progression of DKD, pro-
longed hyperglycemia plays a crucial role through an increase 
in intracellular glucose metabolism, advanced glycation end 
products, oxidative stress, and epigenetic reprogramming [4]. In 
this regard, intensive glucose control has been proven to be ef-
fective in preventing or delaying the development and progres-
sion of DKD [5,6]. However, the effects of individual antidia-
betic drugs on the kidney have been reported to be different [7].

Dipeptidyl peptidase-4 (DPP-4) inhibitors are a class of anti-
diabetic agents that potentiate incretin action by reducing degra-
dation of glucagon-like peptide-1 and glucose-dependent insuli-
notropic polypeptide [8]. DPP-4 inhibitors have been used safe-
ly in patients with chronic kidney disease, but their effects on 
renal outcomes are uncertain. Preclinical studies suggested 
pleiotropic effects of DPP-4 inhibition which might be benefi-
cial to the kidney [8-10]. However, in clinical trials, the effects 
of DPP-4 inhibitors on DKD were inconsistent. In the Saxa-
gliptin Assessment of Vascular Outcomes Recorded in Patients 
with Diabetes Mellitus (SAVOR)-Thrombolysis in Myocardial 
Infarction (TIMI) 53 trial, saxagliptin significantly reduced 
urine albumin-to-creatinine ratio (UACR) without affecting re-
nal function [11]. On the other hand, in the Trial Evaluating 
Cardiovascular Outcomes with Sitagliptin (TECOS) trial, sita-
gliptin showed a small but early decline in estimated glomerular 
filtration rate (eGFR) which lasted for 48 months with no differ-
ence in changes of UACR [12]. It also should be noted that in 
those studies renal outcomes were neither primary nor second-
ary endpoints [13,14]. In a study to assess albuminuria-lowering 
effect as a key efficacy outcome, linagliptin did not have benefi-
cial effects on either albuminuria or renal function [15]. How-
ever, generalization of these results would be cautious in that 
the study comprised patients with relatively early stage of DKD. 
Indeed, in the SAVOR-TIMI 53 trial, the decrease in albumin-
uria was greater in patients with lower eGFR [11]. Therefore, to 
clarify the renal effects of DPP-4 inhibitors, additional method 
is needed to integrate the results and complement the limitations 
of individual randomized controlled trials (RCTs), even if they 
did not initially evaluate renal outcomes.

In the present study, we performed a systematic review and 
meta-analysis of RCTs to investigate the effects of DPP-4 inhib-
itors on individual renal outcomes including ESRD compared 
with placebo or other antidiabetic agents in patients with type 2 
diabetes.

METHODS

We conducted the systematic review and meta-analysis based 
on a prespecified protocol developed by authors (Appendix 1) 
and reported the results according to the Preferred Reporting 
Items for Systematic Review and Meta-Analysis (PRISMA) 
statement (Supplemental Table S1) [16].

Search strategy and study selection
We searched MEDLINE, Embase, and the Cochrane Central 
Register of Controlled Trials to identify relevant RCTs pub-
lished in full-text articles from inception to September 2017 
with no restriction of language. The search terms used for DPP-
4 inhibitors were DPP-4 inhibitor or DPP-4 inhibitor or alo-
gliptin or anagliptin or evogliptin or gemigliptin or linagliptin or 
omarigliptin or saxagliptin or sitagliptin or teneligliptin or trela-
gliptin or vildagliptin.

We included RCTs comparing DPP-4 inhibitors with placebo 
or other antidiabetic agents in patients with type 2 diabetes. The 
eligible studies were at least 12 weeks of study duration and re-
ported one or more renal outcomes including changes in UACR 
or eGFR, and the development of microalbuminuria, macroal-
buminuria, doubling of serum creatinine levels, renal failure, 
ESRD, RRT, dialysis, or kidney transplantation. Pooled analysis 
for multiple RCTs was also included when it provided addition-
al information on renal outcomes which had not been reported 
in the original publications. After removing duplicate publica-
tions, we screened titles and abstracts, and thoroughly reviewed 
full-text articles according to inclusion and exclusion criteria.

Data extraction
Two authors (S.K. and N.H.K.) independently extracted data 
from included studies according to the standardized protocol 
(Appendix 1). Prespecified outcomes of interests were changes 
in UACR and eGFR, the development of microalbuminuria 
(UACR >30 mg/g) and macroalbuminuria (UACR >300 mg/g), 
regression of albuminuria (defined as the development of nor-
moalbuminuria from microalbuminuria or macroalbuminuria; 
development of microalbuminuria from macroalbuminuria), 
and incident ESRD. Any discrepancies were resolved by con-



Bae JH, et al.

82 www.e-enm.org Copyright © 2019 Korean Endocrine Society

sensus among the authors (S.K., N.H.K., and S.H.). For contin-
uous variables, mean changes from baseline and their standard 
deviations were extracted from both intervention (DPP-4 inhibi-
tors) and control (placebo or other antidiabetic agents) groups 
as summary measures. In a study which reported changes in 
UACR according to eGFR categories [11], we extracted pooled 
mean differences between groups. When only mean difference 
between groups and its P value was reported, we derived the 
standard error of the mean difference from the test statistic [17]. 
For dichotomous variables, we extracted the number of patients 
reporting each renal outcome. In addition, we obtained informa-
tion about the first author, publication year, number and mean 
age of randomized participants, duration of follow-up, interven-
tion and comparison treatment, and background antidiabetic 
agents. For multiple-dose studies, we combined the different 
dose groups of the same drug into a single group. For three-arm 
studies, we split a common arm into two groups and considered 
each pairwise comparison separately. 

Assessment of study quality and risk of bias
The Cochrane Risk of Bias Tool was used to assess study quali-
ty and risk of bias. Two independent authors (S.K. and N.H.K.) 
reviewed included studies and judged the risk of bias as ade-
quate (low risk of bias), unclear (unclear risk of bias), or inade-
quate (high risk of bias) from each of six domains: sequence 
generation, allocation concealment, blinding, incomplete out-
come data, selective reporting, and other sources of bias [18]. 
Any discrepancies were resolved by the authors (S.K., N.H.K., 
and S.H.).

Statistical analysis
Standardized mean differences (SMDs) were used for changes 
in UACR since the results were reported in different scales for 
this outcome [19]. Hedges’ g was used for the estimate of SMDs 
to take the small number of studies into account [20]. Weighted 
mean differences (WMDs) and 95% confidence intervals (CIs) 
were calculated for changes in eGFR. The SMDs were addition-
ally considered for changes in eGFR. Relative risks (RRs) and 
95% CIs were calculated to assess effect size for the develop-
ment of microalbuminuria and macroalbuminuria, regression of 
albuminuria, and incident ESRD. In the meta-analysis, we cal-
culated a combined estimate and its 95% CI using a random-ef-
fects model. Cochran’s Q test was used for testing statistical 
heterogeneity and the I2 statistic was used to measure the degree 
of heterogeneity [19]. The I2 statistics of 0% to 40%, 30% to 
60%, 50% to 90%, and 75% to 100% was regarded as not im-

portant, moderate, substantial, and considerable heterogeneity, 
respectively [19]. We used the funnel plot and Egger’s test to 
address reporting bias for the renal outcome with sufficient 
number of studies for the exploration [21,22]. In prespecified 
subgroup analysis, we evaluated changes in UACR according to 
sodium-glucose cotransporter 2 (SGLT2) inhibitors versus non-
SGLT2 inhibitors in the control group. All statistical analyses 
were conducted using STATA version 12 (Stata Corp LLC, Col-
lege Station, TX, USA). For treatment effects and test for het-
erogeneity, P<0.05 and P<0.10 were regarded as statistically 
significant, respectively.

Ethical approval
This article does not contain examinations performed on human 
participants in that ethical approval is not necessary.

RESULTS

Characteristics of included studies
Fig. 1 shows study screening and selection process. Of 5,562 
records identified through electronic database search, we in-
cluded 23 eligible RCTs with 19 publications in the analysis. 
Two publications [12,14] reported different outcomes from the 

5,562 Records identified through database searching
   1,275 MEDLINE
   2,522 Embase
   1,765 Cochrane Central Register of Controlled Trials

2,148 Records screened 

277 Full-text articles assessed for eligibility

19 Publications included in meta-analysis

258 Excluded because of
   178 Study duration of <12 weeks
     72 No renal outcomes
       8 Duplicated with same samples

1,871 Records excluded after screening 
of title and abstract

3,414 Duplicates excluded

Fig. 1. Flow diagram of study screening and selection process.
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same study [12] and both were included in the analysis. One 
publication [23] was a pooled analysis of four RCTs [24-27], 
and another one study was an open-label, prospective RCT [28]. 
DPP-4 inhibitors were not confined to a specific agent in one 
study as they were used as a control [29]. Characteristics of the 
studies are presented in Table 1 [11,12,14,15,23,28-41]. A total 
of 41,359 participants were randomly assigned to either inter-
vention or control group. The number of participants in individ-
ual studies ranged from 36 to 16,492. The study duration of two 
studies lasted up to 4 years [12,14], and one study reported re-
sults with a median duration of 2.1 years [11]. The remaining 
studies had 12 to 160 weeks of study duration. Baseline eGFR 
of participants was ≥60 mL/min/1.73 m2 in five studies [30-34] 
and ≥30 mL/min/1.73 m2 in five studies [12,14,15,23,35]. Two 
studies did not describe inclusion or exclusion criteria for base-
line eGFR or serum creatinine levels [36,37].

Assessment of study quality and risk of bias
Supplemental Fig. S1 summarizes the risk of bias assessment. 
We evaluated 23 RCTs published in 19 publications (Supple-
mental Table S2). Fourteen studies reported adequate random 
sequence generation and adequate allocation concealment. Nine 
studies did not state sequence generation [23,24,26-29,37-39] 
and allocation concealment [23,24,26-28,36-39]. Twenty-two 
studies reported adequate blinding of participants and person-
nel. One study was an open-label RCT [28], but classified as re-
porting adequate blinding because only objective findings were 
included in our study. One study did not describe blinding 
method [38]. Thirteen studies were judged as adequate for com-
pleteness of outcome data. Two studies did not clarify the num-
ber of participants in the analysis [23,37], and eight studies re-
ported incomplete outcome data because of losses to follow-up 
[11,24,26,27,29,30,33,38]. Four studies [24-27] were integrated 
into one publication as a pooled analysis [23] and there was the 
possibility of selective reporting.

Changes in UACR and eGFR
Fig. 2 shows changes in UACR of SGLT2 inhibitors compared 
with those of control. Overall changes in UACR were not sig-
nificantly different between groups (P=0.150). The test for het-
erogeneity showed substantial heterogeneity across the studies 
(I2=67.9%, P=0.002), and this heterogeneity contributed to 
asymmetry in the funnel plot (Supplemental Fig. S2A). Howev-
er, in the subgroup analysis according to the antidiabetic agent 
in the control group, DPP-4 inhibitors significantly lowered 
UACR compared with non-SGLT2 inhibitors (P=0.019). 

Meanwhile, DPP-4 inhibitors insignificantly increased UACR 
compared with SGLT2 inhibitors (P=0.389). This difference in 
UACR changes was not statistically significant between the two 
subgroups (P=0.105). Fig. 3 shows the comparison of changes 
in eGFR between DPP-4 inhibitors and controls. DPP-4 inhibi-
tors showed a small but significant decline in eGFR compared 
with controls ([WMD, −1.11 mL/min/1.73 m2; 95% CI, −1.78 
to −0.44; P=0.001], [SMD, −0.07; 95% CI, −0.12 to −0.02; P=  
0.009]). The test for heterogeneity showed moderate heteroge-
neity across the studies (I2=40.5%, P=0.064 on the test of 
WMD; I2=43.2%, P=0.048 on the test of SMD). The funnel 
plot was symmetrical, and Egger’s test gave a P value of 0.191 
(Supplemental Fig. S2B).

Development, progression, and regression of albuminuria
DPP-4 inhibitors significantly reduced the risk of developing 
microalbuminuria (RR, 0.89; 95% CI, 0.80 to 0.98; P=0.022) 
and macroalbuminuria (RR, 0.77; 95% CI, 0.61 to 0.97; P=  
0.027) compared with controls. However, the effects of DPP-4 
inhibitors on incident albuminuria were mainly driven by one 
large trial (Supplemental Fig. S3) [11]. There was no heteroge-
neity across the studies on both microalbuminuria (I2=0.0%, 
P=0.471) and macroalbuminuria (I2=1.3%, P=0.363) (Fig. 
4A, B). In addition, DPP-4 inhibitors were associated with sig-
nificantly higher rates of regression of albuminuria compared 
with controls (RR, 1.22; 95% CI, 1.10 to 1.35; P<0.001) (Fig. 
4C). There was no heterogeneity across the studies (I2=0.0%, 
P=0.439). The tests for funnel plot asymmetry were not per-
formed on albuminuria because of the small number of studies 
[11,30,32].

Development of ESRD
DPP-4 inhibitors did not reduce the risk of developing ESRD in 
patients with type 2 diabetes compared with controls (RR, 0.93; 
95% CI, 0.76 to 1.14; P=0.475) (Fig. 4D). There was no hetero-
geneity across the studies (I2=0.0%, P=0.853). Asymmetry in 
the funnel plot was not evaluated due to the small number of 
studies [11,30,32].

DISCUSSION

In this systematic review and meta-analysis, we found that 
DPP-4 inhibitors had beneficial effects on renal outcomes main-
ly by reducing albuminuria compared to placebo or other antidi-
abetic agents in patients with type 2 diabetes. On the other hand, 
DPP-4 inhibitors treatment was associated with a small decline 
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in eGFR compared with controls. The risk of ESRD was not 
different between groups.

The beneficial effects of DPP-4 inhibitors on albuminuria 
were consistently demonstrated by reducing the risk of develop-
ment or progression of both microalbuminuria and macroalbu-
minuria. These favorable effects were largely driven by the SA-
VOR-TIMI 53 trial [11]. However, decreases in UACR ob-
served in other clinical trials [23,42] supported albuminuria-
lowering effects of DPP-4 inhibitors in our meta-analysis. There 
are several lines of evidence that may explain the mechanism by 
which DPP-4 inhibitors improve albuminuria. Preclinical stud-
ies showed that DPP-4 inhibitors were beneficial to DKD by re-
ducing oxidative stress, inflammation, and histopathologic 
changes in renal injury [43-46]. Interestingly, linagliptin ame-
liorated kidney fibrosis in streptozotocin-induced diabetic mice 
without altering blood glucose levels by inhibition of endotheli-

al-to-mesenchymal transition and restoration of microRNA 29s 
[47]. An increase in stromal cell-derived factor-1α also contrib-
uted to antioxidative and antifibrotic effects of DPP-4 inhibitors 
[48]. Additionally, DPP-4 inhibitors induced natriuresis in pa-
tients with type 2 diabetes [49]. However, they exerted natri-
uretic effects mainly on distal renal tubule, not on proximal tu-
bule as in SGLT2 inhibitors [49,50]. Moreover, natriuretic re-
sponse to DPP-4 inhibitor was blunted in diabetic mice [51]. 
Hence, DPP-4 inhibitors could reduce albuminuria through an-
tioxidant, anti-inflammatory, and anti-fibrotic effects without 
significant changes in renal hemodynamics.

Intriguingly, the direction of treatment effects of DPP-4 in-
hibitors was different according to the antidiabetic agent in the 
control group. DPP-4 inhibitors significantly reduced UACR 
compared with controls other than SGLT2 inhibitors, but they 
had a tendency to increase UACR when compared with SGLT2 

Fig. 2. Standardized mean differences in changes in urine albumin-to-creatinine ratio (UACR) from baseline (mg/g) for dipeptidyl pepti-
dase-4 (DPP-4) inhibitors versus placebo or other antidiabetic agents, according to non-sodium-glucose cotransporter 2 inhibitors and sodi-
um-glucose cotransporter 2 inhibitors in the control group. Trt, treatment group; Con, control group; SD, standard deviation; ES, effect size; 
CI, confidence interval; SGLT2, sodium-glucose cotransporter 2; OHA, oral hypoglycemic agent; NR, not reported.
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Fig. 3. Weighted mean differences in changes in estimated glomerular filtration rate from baseline (mL/min/1.73 m2) for dipeptidyl pepti-
dase-4 (DPP-4) inhibitors versus placebo or other antidiabetic agents. Trt, treatment group; Con, control group; SD, standard deviation; ES, 
effect size; CI, confidence interval; NR, not reported.

inhibitors. In the development of microalbuminuria and macro-
albuminuria, the direction of treatment effects was consistent 
with changes in UACR, although it was limited due to the small 
number of studies. These findings suggest that SGLT2 inhibi-
tors might be more effective than DPP-4 inhibitors in reducing 
albuminuria, which requires further investigation.

We also found that DPP-4 inhibitors marginally decreased 
eGFR compared with controls. A small decline in eGFR after 
DPP-4 inhibitor treatment has already been recognized in the 
TECOS trial [12]. However, it is uncertain that these small 
changes in eGFR have any clinical implications. Moreover, 
most of the studies in our meta-analysis had less than 52 weeks 
of follow-up, which was limited to observe their long-term ef-
fects. Different from changes in renal function, DPP-4 inhibitors 
tended to reduce the risk of ESRD compared with control in the 
pooled analysis of three large cardiovascular outcome trials, 
which might suggest favorable effects on the decline in renal 

function [11,14,39]. In terms of reduction in the risk of ESRD, 
it has been suggested that DPP-4 inhibitors exerted beneficial 
effects on multiple risk factors for DKD including albuminuria 
[11,23,28], inflammation [52-54], and endothelial dysfunction 
[38,55] besides glucose-lowering effects.

In line with our findings, the Cardiovascular Renal Microvas-
cular Outcomes with Linagliptin in Patients with Type 2 Diabe-
tes Mellitus (CARMELINA) study group recently announced 
that linagliptin significantly reduced the risk of albuminuria 
progression without affecting other renal outcomes including 
ESRD. The detailed results to be published soon are expected to 
help understand better the renal effects of DPP-4 inhibitors.

There are several limitations in the present study. First, renal 
outcomes were not evaluated as prespecified endpoints in most 
studies included in our meta-analysis. Second, about 40% of in-
cluded studies had the possibility of selection bias or attrition 
bias. Third, the number of studies included in the analysis of in-
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cident albuminuria or ESRD are relatively small. Thus, the re-
sults of our meta-analysis should be interpreted cautiously.

In conclusion, our systematic review and meta-analysis dem-
onstrated that DPP-4 inhibitors had renoprotective effects by re-
ducing the risk of development or progression of albuminuria 
without affecting the risk of ESRD in patients with type 2 dia-
betes compared with placebo or other antidiabetic agents.
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Appendix 1. Study protocol

1.  Title: Effects of DPP-4 inhibitors on renal outcomes in patients with type 2 diabetes: a systematic review and meta-analysis of 
randomized controlled trials.

2.  Objectives: This study is conducted to investigate the effects of dipeptidyl peptidase-4 (DPP-4) inhibitors on renal outcomes in 
patients with type 2 diabetes (T2D) compared with placebo or other antidiabetic agents.

3.  Protocol and registration: Methods of database search, study selection, data extraction, assessment of study quality and risk of 
bias, and statistical analysis are prespecified in the protocol at the beginning of the study.

4.  Reporting: This systematic review and meta-analysis was reported according to the Preferred Reporting Items for Systematic 
Review and Meta-Analysis (PRISMA) statement.

5. Eligible criteria
1) Study characteristics

(1) Population: patients with T2D
(2) Intervention: DPP-4 inhibitors
(3) Comparison: placebo or other antidiabetic agents
(4) Outcomes of interests
① Changes in urine albumin-to-creatinine ratio (UACR) from baseline
② Changes in estimated glomerular filtration rate (eGFR) from baseline
③ Development of microalbuminuria
④ Development of macroalbuminuria
⑤  Regression of albuminuria, defined as the development of normoalbuminuria from microalbuminuria or macroalbumin-

uria; development of microalbuminuria from macroalbuminuria
⑥  Development of end-stage renal disease (ESRD), defined as initiation of renal replacement therapy, renal transplantation, 

serum creatinine levels >6.0 mg/dL, or renal failure
(5) Study design: randomized controlled trials (RCTs)
(6) Length of follow-up: at least 12 weeks of study duration

2) Report characteristics
(1) Years considered: published from inception to September 2017
(2) Language: no limitation of language
(3) Publication status: full-text articles with no limitation of publication status

3) Inclusion and exclusion criteria
(1) The study population was men and women with T2D.
(2)  We only included RCTs comparing efficacy or safety of DPP-4 inhibitors with those of placebo or other antidiabetic agents 

in patients with T2D.
(3)  Any concurrent use of antidiabetic agents other than glucagon-like peptide-1 receptor agonists was allowed.
(4)  Only RCTs with a study duration of 12 weeks or more were included.
(5)   We only included RCTs reporting at least one renal outcome including UACR, eGFR, microalbuminuria, macroalbuminuria, 

doubling of serum creatinine levels, renal failure, ESRD, renal replacement therapy, dialysis, and kidney transplantation.
(6)  In case of duplicates or extensions, we only included a study with the longer duration or more information about renal out-

comes.
(7)   Pooled analysis or secondary analysis was included only when it provided more information about renal outcomes than 

original publications.
(8)  There is no restriction of language.
(9)  We included full-text articles with no restriction of publication status.

6.  Information sources: We searched electronic databases of MEDLINE, Embase, and the Cochrane Central Register of Controlled 
Trials.
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7. Search strategy: RCTs of DPP-4 inhibitors in patients T2D were searched using following search terms.
1)  MEDLINE: DPP-4 inhibitor OR DPP4 inhibitor OR alogliptin OR anagliptin OR evogliptin OR gemigliptin OR linagliptin OR 

omarigliptin OR saxagliptin OR sitagliptin OR teneligliptin OR trelagliptin OR vildagliptin
2)  Embase: DPP-4 inhibitor OR DPP4 inhibitor OR alogliptin OR anagliptin OR evogliptin OR gemigliptin OR linagliptin OR 

omarigliptin OR saxagliptin OR sitagliptin OR teneligliptin OR trelagliptin OR vildagliptin
3)  The Cochrane Central Register of Controlled Trials: DPP-4 inhibitor OR DPP4 inhibitor OR alogliptin OR anagliptin OR evo-

gliptin OR gemigliptin OR linagliptin OR omarigliptin OR saxagliptin OR sitagliptin OR teneligliptin OR trelagliptin OR 
vildagliptin

8.  Study selection: All identified records were screened and evaluated for eligibility by two reviewers independently. We reviewed 
titles, abstracts, and full texts of the studies thoroughly. Any disagreements were resolved by consensus among investigators of 
this study.

9.  Data extraction: Standardized data extraction was performed by two reviewers independently as follows. Any discrepancies 
were resolved by consensus among investigators of this study.
1)  First author
2)  Publication year
3)  Number of randomized participants
4)  Mean age of randomized participants, years
5)  Study duration, weeks
6)  Intervention including names and doses of DPP-4 inhibitors
7)  Comparison including placebo or names and doses of other antidiabetic agents
8)  Background antidiabetic agents
9)  Baseline eGFR, mL/min/1.73 m2

10)  Mean changes in UACR with their standard deviation, mg/g
11)  Mean changes in eGFR with their standard deviation, mL/min/1.73 m2

12)  Number of participants reporting the development of microalbuminuria
13)  Number of participants reporting the development of macroalbuminuria
14)  Number of participants reporting regression of albuminuria
15)  Number of participants reporting the development of ESRD

10.  Assessment of study quality and risk bias: We assessed quality and risk of bias of included studies using the Cochrane Risk of 
Bias Tool. Two reviewers independently evaluated each study based on following aspects of trials:
1)  Random sequence generation
2)  Allocation concealment
3)  Blinding
4)  Incomplete outcome data
5)  Selective reporting
6)  Other sources of bias

11. Data synthesis
1)  Statistical analysis: We calculated standard mean differences for UACR, weighted mean differences (WMDs) for eGFR with 

95% confidence intervals (CIs), and calculate relative risks (RRs) with 95% CI for dichotomous variables. In meta-analysis, 
we used a random-effects model to evaluate WMDs, RRs, and their 95% CIs.

2)  Subgroup analysis: We performed a subgroup analysis for evaluating changes in UACR according to sodium-glucose cotrans-
porter 2 (SGLT2) inhibitors versus non-SGLT2 inhibitors in the control group.

3)  Identifying and measuring statistical heterogeneity: We used Cochran’s Q test for testing statistical heterogeneity and the I2 
statistic for measuring the degree of heterogeneity.


