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Introduction

Chronic kidney disease (CKD) is a gradual and permanent 
loss of kidney function caused by diabetes mellitus (DM), 
hypertension or other conditions. Estimates of glomerular 
filtration rate (eGFR) and albuminuria enable diagnosis.1 
Patients with CKD stages 3–5 have either reduced eGFR 
(stage 3: 30–59 mL/min/1.73 m2; stage 4: 15–29 mL/min/ 
1.73 m2 or stage 5: <15 mL/min/1.73 m2) with or without 
albuminuria (>30 mg of albumin/gram urine creatinine), for 
greater than 3 months.1,2 Data from the National Health  
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and Nutrition Examination Survey (NHANES) 1999–2006 
showed that 39.6% of those diagnosed with DM, 41.7% of 
those with undiagnosed DM, 17.7% of those with pre-diabe-
tes and 10.6% of those without DM had CKD.3 In 2011, DM 
was listed as the primary cause of renal failure in 44% of 
new cases in the United States4 and Medicare Part D costs 
for patients with CKD and DM was US$24.6 billion.5

Combination drug therapy is often required to attain gly-
cemic goals to prevent diabetes-related complications; how-
ever, many anti-hyperglycemic agents (AHAs) are renally 
excreted and require dosage adjustment based on renal sta-
tus.6 Sitagliptin, a dipeptidyl peptidase-4 inhibitor (DPP-4I), 
received Food and Drug Administration (FDA) approval in 
2006 for treatment of type 2 DM (T2DM) and dose adjust-
ments prior to and during treatment are recommended to 
reduce adverse renal events.7 Other currently available 
DPP-4I, saxagliptin, alogliptin and vildagliptin, require sim-
ilar adjustments;8–10 however, linagliptin11 is exempt as it is 
mainly fecally eliminated. Patients receiving dialysis can 
receive sitagliptin,7 alogliptin8 or vildagliptin,12 regardless of 
timing of dialysis; however, with saxagliptin, it is recom-
mended that it should be administered 4 hours post-dialysis 
session as dialysis will remove ~23% of the dose.9

Recently, a number of studies examining the clinical 
effect of DPP-4I in the CKD population have been pub-
lished. Two meta-analyses have been performed on this 
topic; however, additional data are now available.13,14 This 
updated meta-analysis seeks to determine the effect of 
DPP-4I in patients with T2DM with CKD stages 3–5 or on 
dialysis. Where applicable, analyses will assess efficacy out-
comes at 3-month intervals, by renal impairment (RI) status 
and by comparators (placebo vs active).

Methods

Data sources and searches

Two independent reviewers (D.S.F and E.T.C) identified 
pertinent articles from the following databases: MEDLINE, 
EMBASE, PUBMED, Cochrane Central Register of 
Controlled Trials, Cochrane Methodology Register, 
Cochrane Database of Systematic Reviews, Database of 
Abstracts of Reviews of Effects, Biomedical Reference 
Collection, CINAHL, Nursing and Allied Health Collection, 
Ageline and Clinicaltrials.gov website. Search terms and 
limiters (adults ⩾ 18 years, humans, English language and 
any year) are found on Supplementary file 1. Relevant jour-
nals, bibliographies and personal files were hand-searched 
for additional articles. The last search was performed on 1 
May 2016 with all citations exported to EndNoteX7.4 (New 
York, NY, USA) where duplicates were eliminated.

Randomized, placebo- or active-controlled, clinical trials 
(parallel or cross-over), studying a DPP-4I in adult patients 
with T2DM and CKD, were included. Publications with 
pooled data were allowed if data were not duplicative. 

Studies with <10 patients/group, post-renal transplantation 
and non-original research articles were excluded.

Data extraction

Two independent reviewers (D.S.F and E.T.C) evaluated 
titles and abstracts of articles followed by full review to 
determine suitability for inclusion. Continuous data on 
hemoglobin A1c (HbA1c) and fasting plasma glucose 
(FPG) were independently extrapolated from figures by 
D.S.F. and E.T.C. Discrepancies were resolved by consen-
sus. Corresponding authors and manufacturers were con-
tacted for data not provided within studies or when outcome 
data were presented in unusable format for meta-analysis 
(e.g. graphs only or mean difference between the groups 
only). While we received clarification of published data, we 
did not receive any additional data or were told requested 
data were unavailable.

Data synthesis and analysis

Primary analysis assessed effect of DPP-4I on HbA1c, 
achievement of HbA1c ⩽7% or ⩾0.5% reduction. Study 
duration of 12 weeks was required to adequately assess 
change in HbA1c. Secondary analyses were performed on 
FPG, urine albumin-to-creatinine ratio (UACR), weight and 
tolerability.

Statistical analysis

Effect size for all continuous data (change from baseline to 
time-point) was pooled using inverse variance method to cal-
culate weighted mean difference (WMD). Tolerability results 
were given as count data (minimum of one event had to 
occur to include in analysis) and were presented as Mantel–
Haenszel risk ratios (RR). All comparisons were made to 
placebo and/or active comparator. A 95% confidence interval 
(CI) was calculated for both types of data. Random effects 
model was employed with assumption that effect size will 
vary somewhat between studies due to differences in studied 
populations.

All authors independently assessed each study for risk of 
bias using Cochrane risk of bias tool criteria.15 Disagreements 
were resolved by consensus. Heterogeneity assessed by cal-
culating Z score (Q test) and Chi-square statistic set at 
P < 0.10.16 I2 was calculated to quantify heterogeneity of 
results of studies and considered low, moderate or high if 
⩽25%, 26%–74% or ⩾75%, respectively. Where applicable 
and appropriate, possible sources of heterogeneity were 
evaluated by conducting subgroup analyses. Funnel plots 
assessed publication bias. Analyses were performed using 
Review Manager 5 software (Review Manager (RevMan) 
(Computer program), Version 5.3. Copenhagen: The Nordic 
Cochrane Centre, The Cochrane Collaboration, 2012). 
Preferred reporting items for systematic reviews and 
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meta-analyses (PRISMA) guidelines were followed for 
reporting results (Table S1).17

Results

Studies analyzed
In all, 14 citations met inclusion criteria: five 24- to 54-week 
studies with sitagliptin;18–22 five 24- to 52-week studies with 
linagliptin;23–27 two with saxagliptin (12-week study fol-
lowed by 40-week observational period)28,29 and three with 
vildagliptin (one 24-week study and another 24-week study 
followed by 28-week extension);12,30,31 no alogliptin studies 
met inclusion criteria (Figure 1). All studies were published 
from 2008 to 2015, conducted internationally at multiple 
sites, and manufacturer-sponsored with most authors 
employed by manufacturers of studied DPP-4I.

Studies included 2261 participants, 49–79 years of age, 
49% men,12,18–21,24–27,29,31 44% Caucasians,18–21,24,26,27,29,31 
20% Asians,12,18–21,24,26,27,31 and 12% Hispanics18–21,31 (Table 1). 
Randomized, double-blind, placebo- or active-controlled 
design was employed by most studies;12,18–23,25,26,29,31 one 
study was a pooled analysis24 of three previously published 
randomized studies,32–34 and another was a retrospective 
analysis27 of two previously published studies.26,35 Outcomes-
of-interest data from studies that included patients with renal 
clearance ⩾ 60 mL/min,22,23 and the pooled24 and retrospec-
tive27 analyses were included in meta-analyses if data were 
only of patients with CKD stage 3–5 and/or dialysis. Five 
studies included patients on dialysis;12,18,20,21,29 however, the 
majority of patients (57%) had moderate RI (clearance 30–
59 mL/min), followed by severe RI (32%, clearance < 30 mL/
min) and then dialysis (11%).

Figure 1. Literature search results.
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Table 1. Patient demographics of included studies.

Sitagliptin studies N Mean±SD age (y)
% Male
% W/A/O

Renal status (% Pts)
CL = 30–59 mL/min
CL < 30 mL/min
Pts on dialysis

Background
 Meds

Baseline
HbA1c (%)

Change in HbA1c at
 various time-points

Chan et al.20,a

PCB × 12W
Glipizide × 42W

 26 65.3±9.7
62
31/27/42

58
23
19

Insulin allowed;
oral agents discontinued

7.8 ± 0.9 W12: −0.1 ± 0.74 (n = 26)
W54: −0.8 ± 0.97 (n = 25)

Sitagliptin  65 68.9±9.8
48
34/31/35

57
25
18

7.6 ± 0.9 W12: −0.6 ± 0.79 (n = 62)
W54: −0.7 ± 1.07 (n = 51)

Ferreira et al. AJKD18,a

Glipizide

Sitagliptin 2.5 mg/day

 65 58.5±9.9
56.9
27.7/49.2/23.1

All patients on 
dialysis

Oral agents discontinued; 
patients on insulin within 
12 weeks of randomization 
excluded;
Insulin allowed for rescue only

7.8 ± 0.7 W54: −0.87 ± 0.95 (n = 62)

 64 60.5±9.1
62.5
25/43.8/31.2

7.9 ± 0.7 W54: −0.72 ± 0.9 (n = 59)

Ferreira et al.19 DCa

Glipizide
142 64.3±9.2

54.9
28.2/58.5/13.3

74.6
25.4
 –

7.8 ± 0.7 W12: −0.55 ± 0.69b

W24: −0.54 ± 0.8b

W54: −0.6 ± 0.91
Sitagliptin 135 64.8±10.6

59.3
29.6/53.3/17.1

72.6
27.4
–

7.8 ± 0.7 W12: −0.56 ± 0.71b

W24: −0.66 ± 0.9b

W54: −0.8 ± 0.89
Kothny et al.21DIA
Vildagliptin 50 mg/day

Sitagliptin 25 mg/day

 83 66.7±8.8
50.6
61.4/NR/38.6

–
93
7

Background oral and/or
 insulin allowed

7.5 ± 0.9 W24: −0.54 ± 1.06 (n = 78)

 65 66.9±9.6
44.6
61.5/NR/38.5

–
91
9

7.8 ± 1.1 W24: −0.56 ± 1.02 (n = 62)

Leiter et al.22,a

Albiglutide

Sitagliptin

249 63.2±8.37
54.6
45/34/21

41
7.6

–

Background oral agents
allowed

8.13 ± 1.04 Moderate RI
W26: −0.88 ± 1 (n = 98)
Severe RI
W26: −1.08 ± 0.91 (n = 19)

246 63.5±9.02
52.8
46/31/23

41.1
6.9

–

8.23 ± 0.94 Moderate RI
W26: −0.37 ± 1.33 (n = 99)
Severe RI
W26: −0.65 ± 1.24 (n = 15)

Linagliptin studies
McGill et al.26 DC
Placebo

Linagliptin 5 mg/day

 65 64.9±9.6
53.8
69.2/16.9/13.9

21.5
78.5
–

Stable doses ⩾ 12 weeks
allowed

8.2 ± 0.9 W12: 0.01 ± 1.26 (n = 62)
W24: 0.04 ± 1.10 (n = 62)
W52: 0.01 ± 1.26 (n = 62)

 68 64±10.9
66.2
77.9/11.8/10.3

7.4
92.6
–

8.2 ± 1.1 W12: −0.71 ± 1.22c (n = 66)
W24: −0.64 ± 1.06c (n = 66)
W52: −0.71 ± 1.22c (n = 66)

Barnett et al.23

Placebo

Linagliptin
5 mg/day

 79 74.9±4.2
62
96.2/2.5/1.3

26.6
1.3

–

Stable doses ⩾ 8 weeks
allowed

7.7 ± 0.7 Moderate RI
W24: −0.05 ± 0.63 (n = 20)

162 74.9±4.4
71.6
96.9/1.9/1.2

25.3
1.2

–

7.8 ± 0.8 Moderate RI
W24: −0.7 ± 0.64c (n = 41)

Groop et al.24

Placebo

Linagliptin
5 mg/day

 25 65.6±6.4
36
48/52/0

All patients with 
CL = 30–59 mL/min

Insulin not allowed 8.2 ± 0.9 W24: −0.03 ± 0.90 (n = 25)

 68 66.4±8
47.1
63.2/36.8/0

8.2 ± 1.0 W24: −0.56 ± 1.08 (n = 68)d

McGill et al.27 DVDR
Placebo

Linagliptin
5 mg/day

 68 68±9.1
48.5
94/3/3

All patients with 
CL = 30–59 mL/min

Stable treatment with basal 
insulin ± metformin ± pioglitazone

8.2 ± 0.8
(n = 66)

W12: −0.008 ± 0.69b (n = 59)
W24: 0.01 ± 0.87b (n = 45)
W52: −0.17 ± 0.96b (n = 32)

 59 65.8±7.4
55.9
88.1/10.2/1.7

8.3 ± 0.9
(n = 58)

W12: −0.5 ± 0.93b,e (n = 52)
W24: −0.66 ± 0.83b,e (n = 50)
W52: −0.46 ± 0.99b (n = 38)

Laakso et al.25

PCB × 12W 
Glimepiride 1–4 mg/
day × 40W

122 65.9±9.4
64.8
NR

63.1
36.9

–

Insulin allowed 8.03 ± 0.94 W12: −0.11 ± 1.2 (n = 120)
W24: −0.74 ± 1.42 (n = 120)
W52: −0.50 ± 1.42 (n = 120)



Singh-Franco et al. 5

Sitagliptin studies N Mean±SD age (y)
% Male
% W/A/O

Renal status (% Pts)
CL = 30–59 mL/min
CL < 30 mL/min
Pts on dialysis

Background
 Meds

Baseline
HbA1c (%)

Change in HbA1c at
 various time-points

Linagliptin
5 mg/day

113 67.3±9.2
61.9
NR

69
31

–

8.08 ± 0.89 W12: −0.53 ± 1.17c (n = 113)
W24: −0.73 ± 1.28 (n = 113)
W52: −0.64 ± 1.38 (n = 113)

Saxagliptin studies
Nowicki et al.28,29

Placebo

Saxagliptin
2.5 mg/day

 85 66.2±9.1
48.2
100/0/0

49.4
27.1
23.5

Stable doses > 4 weeks with oral 
or insulin agents allowed

8.09 ± 1.08
(n = 83)

Moderate RI
W12: −0.05 ± 0.90 (n = 42)
W52: 0.19 ± 1.17 (n = 42)
Severe RI
W12: −0.5 ± 0.96 (n = 23)
W52: −0.49 ± 1.20 (n = 23)
Dialysis
W12: −0.87 ± 1.03 (n = 18)
W52: −0.99 ± 1.15 (n = 17)

 85 66.8±8.3
37.6
100/0/0

56.5
21.2
22.3

8.45 ± 1.22
(n = 81)

Moderate RI
W12: −0.64 ± 0.90 (n = 45)
W52: −0.94 ± 1.19 (n = 44)
Severe RI
W12: −0.95 ± 0.97 (n = 18)
W52: −0.8 ± 1.20 (n = 17)
Dialysis
W12: −0.84 ± 1.03 (n = 18)
W52: −1.13 ± 1.15 (n = 17)

Vildagliptin studies
Lukashevich et al.31/
Kothny et al.30

Placebo
Moderate RI 129 69.7±7.3

62
72.9/11.6/15.5

100
–
–

Stable doses > 4 weeks with oral/
insulin agents allowed

7.8 ± 0.9
W24: −0.24 ± 1.13 (n = 128)
W52: −0.14 ± 1.87 (n = 76)

Severe RI  97 64.5±10.8
54.6
50.5/21.7/27.8

–
100
–

7.7 ± 1.0 W24: −0.34 ± 1.51 (n = 95)
W52: −0.077 ± 1.71 (n = 59)

Vildagliptin 50 mg/day
Moderate RI 165 67.7±8.8

58.2
70.3/14.5/15.2

100
–
–

7.8 ± 1.0 W24: −0.7 ± 1.25c (n = 157)
W52: −0.6 ± 1.05f (n = 111)

Severe RI 124 64.1±9.2
52.4
49.2/19.4/31.4

–
100
–

7.7 ± 1.0 W24: −0.9 ± 2.21c (n = 122)
W52: −0.8 ± 1.87c (n = 87)

Ito et al.12,a

Control
 21 68±9.17

67
0/100/0

All patients on 
dialysis

Continued current
oral agents

6.7 ± 0.55 W12: −0.02 ± 0.48b (n = 21)
W24: −0.06 ± 0.48b (n = 21)

Vildagliptin
50–100 mg/day

 30 67±10.95
70
0/100/0

6.7 ± 0.46 W12: −0.41 ± 0.67b,g (n = 30)
W24: −0.60 ± 0.61b,g (n = 30)

N: sample size; SD: standard deviation; Y: years; W/A/O: White/Asian/Other; Pts: patients; CL: renal clearance; Meds: medications; HbA1c: hemoglobin A1c; W: weeks; RI: 
renal impairment; NR: not reported.
aDosing regimens:
Chan: Sitagliptin dose for patients with CL = 30–50 mL/min was 50 mg/day; dose for patients with CL < 30 mL/min: 25 mg/day. Glipizide was initiated at 5 mg/day, but could be 
increased to 10 mg twice-daily at 2-week intervals.
Ferreira AJKD: Initial glipizide dose was 2.5 mg/day, but could be increased to 10 mg twice-daily at 2-week intervals.
Ferreira DC: Sitagliptin dose for patients with CL = 30–50 mL/min was 50 mg/day; dose for patients with CL < 30 mL/min: 25 mg/day. Initial glipizide dose was 2.5 mg/day, but could 
be increased to 10 mg twice-daily at 2-week intervals.
Leiter: Initial albiglutide dose was 30 mg subcutaneously weekly, but could be increased to 50 mg weekly. Sitagliptin dose for patients with CL = 30–50 mL/min was 50 mg/day; 
dose for patients with CL < 30 mL/min was 25 mg/day.
Ito: Initial vildagliptin dose 50 mg/day, but could be increased to 100 mg/day after 8 weeks if target HbA1c < 7% not reached. Pooled SD formula was used to calculate change in 
HbA1c at weeks 12 and 24.
bData extrapolated from figures.
cP ⩽ 0.0001 versus placebo.
dP < 0.01 versus placebo.
eP < 0.001 versus placebo.
fP = 0.005 versus placebo.
gP < 0.05 versus control.

Table 1. (Continued)
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Seven studies compared DPP-4I with placebo,12,23,24,26,27,29,31 
four compared DPP-4I with a sulfonylurea (glipizide or 
glimepiride)18–20,25 and two compared DPP-4I with other 
incretin-based therapies.21,22 For the incretin-comparator 
studies, sitagliptin was compared with vildagliptin or albi-
glutide.21,22 Two studies compared DPP-4I with placebo for 
initial 12 weeks and then switched to a sulfonylurea for an 
additional 40 or 42 weeks.20,25 Eight studies allowed patients 
to remain on insulin.20,21,23,25–27,29,31

Efficacy

Change in HbA1c

Change in HbA1c from baseline to various time-points was 
considered the primary outcome in nine studies,18,19,22–27,29 
while safety was the primary outcome in three studies;20,21,31 
all provided change in HbA1c values.

In placebo-comparator studies, reduction in HbA1c over 
12–24 weeks was 0.55%, in favor of DPP-4I (P < 0.00001), and 
the effect remained significant up to 52 weeks (Figure 2, Table 
2). In sulfonylurea-comparator studies, DPP-4I were no differ-
ent than sulfonylureas in lowering HbA1c at 24 and 52–
54 weeks. Both sitagliptin and vildagliptin caused a similar 

reduction in HbA1c by ~0.5%; in contrast, albiglutide was more 
effective than sitagliptin in reducing HbA1c in patients with 
moderate RI, but not more effective in patients with severe RI, 
with moderate but significant heterogeneity (I2 = 59%, P = 0.09).

Addition of DPP-4I in patients with moderate or severe RI 
caused a significant reduction in HbA1c, versus placebo, 
without heterogeneity (Table 2). Meta-analysis of data from 
two placebo-controlled dialysis studies at week 12 showed no 
difference in reduction of HbA1c with DPP-4I versus placebo. 
Over 24–52 weeks, DPP-4I significantly reduced HbA1c 
(−0.49%, P = 0.0006), without heterogeneity. However, this 
outcome was driven by Ito et al.,12 which reported a significant 
reduction in HbA1c by week 24 with vildagliptin (WMD: 
−0.54% (95% CI: −0.84 to −0.24)). In contrast, Nowicki 
et al.28 did not report a significant reduction with saxagliptin at 
52 weeks (WMD: -0.14 (95% CI: −0.91 to 0.63)). In one 
active-comparator dialysis study, both sitagliptin and glipizide 
similarly reduced HbA1c by week 54 (−0.72% and −0.87%, 
respectively; WMD: 0.15%) (Table 2).

Proportion of patients reaching goal HbA1c

A similar proportion of patients receiving DPP-4I versus 
comparator achieved goal HbA1c ⩽ 7% (33.7% vs 27.5%) 

Figure 2. Change in hemoglobin A1c at primary endpoint.
MRI: moderate renal impairment (estimated clearance = 30–50mL/min); SRI: severe renal impairment (estimated clearance <30mL/min).



Singh-Franco et al. 7

Table 2. Sub-group analyses on the effect of DPP-4 inhibitors on selected outcomes.

Comparator Time-points 
(weeks)

References DPP-4I (N) Comparator (N) MD (95% CI), P value I2Q-test

Change in hemoglobin A1c (%)

Placebo 12 20, 25–27, 29 356 332 −0.52 (−0.66 to −0.37), 
P < 0.00001

0%

 24 23, 24, 26, 27, 31 504 375 −0.58 (−0.73 to −0.44), 
P < 0.00001

0%

 52 26–28, 30 363 294 −0.62 (−0.88 to −0.36), 
P < 0.00001

33%, P = 0.19

Glipizide/glimepiride 24 19, 25 248 262 −0.09 (−0.26 to 0.09) 0%
 52–54 19, 20, 25 299 287 −0.15 (−0.32 to 0.02) 0%
MRI: placebo 12–24 23, 24, 27, 29, 31 361 260 −0.57 (−0.72 to −0.42), 

P < 0.00001
0%

SRI: placebo 12–24 29, 31 140 118 −0.51 (−0.9 to −0.13), 
P = 0.008

0%

Dialysis: placebo 12 12, 29 48 39 −0.29 (−0.64 to 0.06) 18%, P = 0.11
 24–52 12, 28 47 38 −0.49 (−0.77 to −0.21), 

P = 0.0006
0%

Dialysis: glipizide 54 18 59 62 0.15 (−0.18 to 0.48) NA

Comparator Time-points 
(weeks)

References DPP-4I
(n/N)

Comparator 
(n/N)

RR (95% CI), P value I2Q-test

Proportion of patients reaching goal HbA1c ⩽ 7%
Placebo 52 26 11/61 6/61 1.83 (0.72 to 4.64) NA
Glipizide/glimepiride 52–54 19, 25 87/239 72/252 1.35 (0.84 to 2.15) 53%, P = 0.15
Vildagliptin 24 21 22/56 27/69 1 (0.65 to 1.56) NA

Comparator Time-points 
(weeks)

References DPP-4I (N) Comparator(N) MD (95% CI), P value I2Q-test

Change in fasting plasma glucose (mg/dL)
Placebo 12 25, 26, 28 237 239 −7.35 (−20.53 to 5.83) 0%
 52 26, 28 125 120 −6.80 (−21 to 7.4) 0%
Glipizide/glimepiride 24 19, 25 247 261 3.73 (−5.09 to 12.56) 0%
 52–54 19, 25 247 261 7.76 (−1.31 to 16.83) 0%
Dialysis: placebo 52 28 15 18 49.2 (−12.49 to 110.89) NA
Dialysis: glipizide 54 18 59 60 4.6 (−11.12 to 20.32) NA
Change in weight (kg)
Glipizide 54 19, 20 199 173 −1.59 (−2.34 to −0.84), 

P < 0.0001
2%

Dialysis: glipizide 54 18 45 41 −1 (−2.75 to 0.75) NA

DPP-4I: dipeptidyl peptidase-4 inhibitors; MD: mean difference; CI: confidence interval; MRI: moderate renal impairment (estimated clearance = 30–50 mL/
min); SRI: severe renal impairment (estimated clearance < 30 mL/min); NA: not applicable; RR: Risk Ratio.

(Table 2). In three placebo-comparator studies, 61% versus 
38% of patients in DPP-4I versus placebo groups had an 
HbA1c reduction ⩾0.5% after 12 weeks of treatment (RR: 
1.59 (95% CI: 1.20 to 2.11), P = 0.001), but with significant 
heterogeneity, I2 = 58%, P = 0.09).25,26,29

Fasting plasma glucose

DPP-4I were not associated with a significant reduction in 
FPG at any time-point, regardless of comparator or RI status 
(Figure 3, Table 2).

Seven studies18–22,26,30,31 described rescue protocols based 
on elevated FPG values (>240 to 280 mg/dL) and usable data 
from five studies showed more patients receiving comparator 
(placebo or glipizide) versus DPP-4I, regardless of renal sta-
tus, required rescue for uncontrolled FPG (13% vs 8.5%, RR 
0.63 (95% CI: 0.46 to 0.86), P = 0.004) without heterogeneity.

Weight

Meta-analysis of two glipizide-comparator studies showed  
a modest but significant weight loss associated with 
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sitagliptin, without heterogeneity (Table 2), but this effect 
was not found in patients on dialysis. No other studies pro-
vided usable data for this outcome.

UACR

Meta-analysis for change in UACR could not be completed 
due to lack of data.

Tolerability

While proportion of patients experiencing adverse events 
(AEs) were reported by all studies, data were extracted for 
meta-analysis from studies that provided AEs only for 
patients with CKD stage 3–5 or dialysis. Majority of studies 
stated AEs were rated by study investigators for intensity and 
relationship to study drug.

Meta-analysis of seven studies showed a similar rate of 
completion between DPP-4I and comparator (Table 3). 
Regardless of comparator, dialysis or background insulin 
use, ~29% of patients did not complete their studies and 
AEs accounted for ~12% of discontinuations. Meta-
analysis of data from two dialysis studies of patients  
randomized to DPP-4I versus placebo showed high het-
erogeneity (I2 = 78%); in Ito et al.,12 all patients completed 
the study, whereas in Nowicki et al.,28 only 14/39 patients 

with end-stage kidney disease (ESRD) completed their 
study. Serious AEs (23%), drug-related AEs (22%), any 
AEs (82%) and deaths (3.6%) occurred similarly between 
the groups over 12–54 weeks (Figure 4, Table 3). Other 
AEs such as gastrointestinal events occurred similarly 
between the groups. Heterogeneity was high with two 
AEs (musculoskeletal and infections) and removal of the 
study by Chan et al.20 from both meta-analyses resulted in 
no heterogeneity. With musculoskeletal AEs, the number 
of events was low for Chan et al.,20 and in favor of DPP-4I 
(one event vs four events), but the three other studies21,25,26 
had a similar incidence with the control group (22% vs 17.4%). 
With infections, Chan et al.20 reported no events with 
DPP-4I group, whereas the other two studies18,21 had a 
similar incidence with the control group (22.5% vs 
20.3%).

eGFR

Meta-analysis for change in eGFR could not be completed 
due to lack of data.

Hypoglycemia

All studies provided incidence of hypoglycemia; how-
ever, two studies22,23 did not provide data specifically for 

Figure 3. Change in fasting plasma glucose.
MRI: moderate renal impairment (estimated clearance = 30–50 mL/min); SRI: severe renal impairment (estimated clearance < 30 mL/min).
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Table 3. Proportion of patients reporting any adverse events.

Comparators References DPP-4I
(#events/N)

Comparator 
(#events/N)

Risk ratio
(95% CI)

I2Q-test

Completers
Placebo 26, 28, 30 281/423 226/356 1.05 (0.94–1.16) 3%
Glipizide/vildagliptin 19–21, 25 358/454 343/443 1.03 (0.95–1.12) 24%, P = 0.26
Dialysis: placebo 12, 28 36/49 30/41 0.87 (0.37–2.04) 78%, P = 0.03
Dialysis: glipizide 18 47/64 45/65 1.06 (0.85–1.32) NA
DC due to adverse events
Placebo 26–28, 30 43/428 35/371 1.09 (0.72–1.67) 0%
Glipizide/glimepiride/vildagliptin 19–21, 25 57/453 62/443 0.87 (0.62–1.22) 0%
Dialysis: glipizide 18 14/64 16/65 0.89 (0.47–1.67) NA
Serious adverse events
Placebo 24, 26–28, 30 112/497 99/396 0.96 (0.76–1.22) 0%
Glipizide/glimepiride/vildagliptin 19–21, 25 97/453 103/443 0.88 (0.69–1.12) 0%
Drug-related adverse events
Placebo 24, 26, 27, 30 109/412 86/311 0.99 (0.78–1.26) 0%
Glipizide/vildagliptin 19–21 49/340 58/321 0.8 (0.56–1.14) 0%
Any adverse events
Placebo, W12 20, 25, 28 176/263 152/233 1.04 (0.92–1.17) 0%
Placebo, W24 24, 31 246/356 181/251 0.96 (0.87–1.07) 0%
Vildagliptin, W24 21 56/65 68/83 1.05 (0.91–1.21) NA
Deaths 18–21, 26–28, 30 24/710 26/668 0.81 (0.46–1.45) 0%
Gastrointestinal 18–21, 25, 26, 30 116/801 92/726 1.16 (0.90–1.48) 0%
Respiratory 18–21, 25, 26, 28, 30 137/886 132/811 0.96 (0.79–1.18) 0%
Central nervous system 18–21, 25, 26, 30 116/801 91/726 1.11 (0.84–1.47) 12%, P = 0.33
Musculoskeletal 20–21, 25–26 55/311 51/296 1.08 (0.63–1.86) 51%, P = 0.1
Vascular 18–21, 25–28, 30 179/954 147/870 1.04 (0.84–1.29) 14%, P = 0.31
Urinary tract infections 18–20, 25, 26, 28, 30 60/821 59/728 0.85 (0.6–1.22) 0%
Infections 18, 20, 21 29/194 34/174 0.84 (0.33–2.15) 62%, P = 0.07
Anemia 18, 20, 28 11/214 14/176 0.62 (0.24–1.65) 33%, P = 0.22

DPP-4I: dipeptidyl peptidase-4 inhibitors; #events/N: number of events per sample; CI: confidence interval; DC: discontinuations; NA: not applicable; MRI: 
moderate renal impairment (estimated clearance = 30–50 mL/min); SRI: severe renal impairment (estimated clearance < 30 mL/min); W: weeks.
Gastrointestinal (e.g. nausea, vomiting, abdominal pain, dyspepsia); respiratory (e.g. nasopharyngitis, respiratory tract infections, rhinitis); central nervous 
system (e.g. dizziness, headache, lethargy, fall); musculoskeletal (e.g. back pain, arthralgias, extremity pain, asthenia); vascular (e.g. hypertension, peripheral 
edema, major cardiovascular event).

those with RI. Study investigators reviewed patient-
reported hypoglycemic episodes with subsequent severity 
determination.

In placebo-comparator studies, ~30% of patients, 
regardless of treatment arm, reported hypoglycemia of any 
severity,  over 24–52 weeks (Figure 5). In sulfonylurea-
comparator studies, DPP-4I were associated with fewer 
hypoglycemic events (RR: 0.46), but with significant het-
erogeneity (I2 = 87%). Removal of the glimepiride-com-
parator study by Laakso et al.,25 reduced heterogeneity to 
zero as a similar proportion of patients in both groups 
reported hypogly-cemic events (63.7% vs 71.3%), com-
pared with the other sulfonylurea-comparator studies.19,20 
In sitagliptin versus vildagliptin study,21 90% of patients 
were on background insulin ± sulfonylureas, and 15% of 
patients in both groups experienced hypoglycemia of any 
severity.

Regardless of CKD stage, a similar proportion of patients 
experienced hypoglycemia of any severity (Table 4) and a 

small proportion (~2.5%) reported severe hypoglycemia, 
regardless of comparator.

Bias

All studies used in the meta-analysis were reviewed for bias 
(Figures 6 and 7).

Selection bias was low for seven studies that used auto-
mation to generate allocation sequences;18–23,28,29,36 bias 
was high for one open-labeled study as it stated an inde-
pendent investigator randomized subjects (but not how this 
randomization was performed) and there was purposeful 
group assignment to balance age, gender, dialysis dura-
tion.12 Allocation concealment bias was judged as unclear 
for most studies as only four studies described allocation 
concealment with use of an interactive voice-response sys-
tem.21–23,28,29 Performance bias was low as most studies 
used double-blind techniques; however, three studies did 
not explain method used to maintain blinding.12,26,30,31 
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Detection bias was low for primary outcome (HbA1c) for 
six studies as these described using central laboratories for 
analyses.18–21,23,26 Attrition rates were judged to be high if 
they exceeded 20% and rates for the included studies were 
21%–46%, with many ending up underpowered. However, 
incomplete outcome data were addressed by last-observation-
carried-forward method for eight studies18,20–23,25,26,30,31 and 
two studies19,28,29 analyzed data from per-protocol popula-
tions. Overall, reporting bias was low or unclear except for 
two studies.20,30,31 These studies were judged as high risk 
because the post-hoc analysis was the basis for HbA1c 
assessment,20 sample sizes for various time-points were not 
provided within figures and change in HbA1c was not pro-
vided numerically but had to be extracted from figure30,31. 
Publication bias exists because all studies were 
manufacturer-sponsored.

Data from three studies32–34 used in the pooled analysis24 
and one study35 used in the retrospective analysis27 were 
included in our meta-analysis. Bias for the three studies is 
described elsewhere.36 For the remaining study,35 selection, 
detection, attrition and reporting biases were judged as low 
and performance bias was unclear.

Sensitivity analysis removing high-risk studies had little 
impact on HbA1c effect size (lowered 0.01%). Funnel plot 
analysis for change in HbA1c shows both small and large 
studies were lacking. Among the placebo-controlled trials, 

there were no negative studies. This indicates the true effect 
size is probably smaller than our estimate.

Discussion

When compared with placebo, addition of renally adjusted 
doses of DPP-4I (or full-dose linagliptin) in patients with 
CKD stages 3–5 and not receiving dialysis, with a baseline 
HbA1c range of 7.5%–9%, reduced HbA1c modestly by 
0.55% without excess AEs, including hypoglycemia. 
However, DPP-4I were not more effective than albiglutide or 
sulfonylureas in reducing HbA1c after 6 months of treat-
ment. Additionally, patients receiving DPP-4I were not more 
likely to reach goal HbA1c ⩽ 7% and their FPG was not sig-
nificantly improved. In dialysis patients, addition of sitaglip-
tin (vs glipizide) or saxagliptin (vs placebo) was not 
associated with a significant change in HbA1c or FPG at any 
time-point. However, in one study, addition of vildagliptin 
(vs control) was associated with a significant reduction in 
HbA1c at weeks 12 and 24.

Two non-dialysis studies provided change in HbA1c 
stratified by baseline values. Arjona Ferreira et al.19 reported 
at 54 weeks a greater reduction in HbA1c in patients with 
higher baseline HbA1c (≥8%: −1.25% vs −1.10% in sitaglip-
tin vs glipizide groups) and McGill et al.26 reported these 
findings at 52 weeks (>8%: −0.87% vs −0.04% in linagliptin 

Figure 4. Proportion of patients with any adverse events over 52 weeks.
MRI: moderate renal impairment (estimated clearance = 30–50 mL/min); SRI: severe renal impairment (estimated clearance < 30 mL/min).
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Figure 5. Proportion of patients with hypoglycemia of any severity.
MRI: moderate renal impairment (estimated clearance 30–50 mL/min); SRI: severe renal impairment (estimated clearance < 30 mL/min).

Table 4. Proportion of patients reporting hypoglycemia.

Comparators References DPP-4I 
(#events/N)

Comparator 
(#events/N)

Risk ratio (95% 
CI)

I2Q-test

Any hypoglycemia
MRI: placebo (W24–52) 24, 27, 28, 30 78/298 61/224 1.04 (0.74–1.45) 20%, P = 0.29
SRI: placebo (W52) 28, 30 23/112 15/87 1.24 (0.69–2.23) 0%
Dialysis: placebo (W52) 28 4/19 5/20 0.84 (0.27–2.67) NA
Dialysis: glipizide (W54) 18 4/64 7/65 0.58 (0.18–1.89) NA
Severe hypoglycemia
Placebo: W12–24 24, 31 6/356 4/251 0.92 (0.26–3.19) 0%
Placebo: W52–54 26–28, 30 8/428 12/371 0.62 (0.25–1.55) 0%
Glipizide/glimepiride: W52–54 19, 20, 25 9/388 14/360 0.6 (0.21–1.74) 29%, P = 0.25
Vildagliptin: W24 21 2/65 1/83 2.55 (0.24–27.55) NA

DPP-4I: dipeptidyl peptidase-4 inhibitors; #events/N: number of events per sample; CI: confidence interval; NA: not applicable; MRI: moderate renal 
impairment (estimated clearance = 30–50 mL/min); SRI: severe renal impairment (estimated clearance < 30 mL/min); W: weeks.
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Figure 7. Overall evaluation of bias.

Figure 6. Risk of bias evaluation of each study.

Meta-analysis of studies with incretin-based comparators 
showed that efficacy of sitagliptin is similar to vildagliptin, 
although rationale for this study21 was that each agent slowed 
the inactivation of incretin hormones via different mecha-
nisms (sitagliptin competitively but reversibly inhibits 
DPP-4 enzyme, whereas vildagliptin binds to the active site 
of the DPP-4 enzyme for a prolonged period of time), pos-
sibly resulting in different outcomes; however, this was not 
the case. Albiglutide, a glucagon-like peptide-1 agonist 
administered subcutaneously once-weekly, is not inactivated 
by DPP-4 enzyme and dose adjustment is not suggested for 
moderate or severe RI. In patients without RI and receiving 
metformin, albiglutide was more effective at reducing 
HbA1c and FPG compared with sitagliptin or glimepiride at 
104 weeks, with a similar rate of any AEs, except hypoglyce-
mia (more common with glimepiride).37 Meta-analysis 
showed that albiglutide was significantly more effective than 
sitagliptin at reducing HbA1c and FPG in patients with mod-
erate RI, but not in those with severe RI; only 36 included 
patients had severe RI.

Initial post-marketing experience with sitagliptin reported 
worsening renal function (including acute renal failure 
sometimes requiring dialysis) and review of a subset of these 
cases showed patients received incorrect doses based on 
renal status.7 Therefore, monitoring of renal clearance at 
baseline and periodically with subsequent dosage reduction 
is recommended. Although meta-analysis could not be con-
ducted, most studies reported no clinically meaningful 
changes in clearance from baseline to endpoint in both 
DPP-4I and control groups.19,24–26,28–31 In the recently pub-
lished TECOS study evaluating cardiovascular (CV) out-
comes with dose-adjusted sitagliptin (N = 14,671), change 
in eGFR was a pre-specified outcome.38 At 48 months, the 
mean change from baseline was greater with sitagliptin 

vs placebo groups). Therefore, DPP-4I may lower HbA1c by 
up to one percentage point in patients with CKD stages 3–5 
with higher levels of HbA1c.
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versus placebo (−4.0 ± 18.4 vs −2.8 ± 18.3 mL/min/1.73 m2, 
respectively). The lower eGFR with sitagliptin remained 
consistent over all post-randomization visits, with an  
estimated least-squares mean difference of −1.34 mL/
min/1.73 m2 (95% CI: −1.76 to −0.91, P < 0.001).38 While 
those with eGFR < 30 mL/min/1.73 m2 were excluded, 9.3% 
of patients had eGFR < 50 mL/min/1.73 m2; however, change 
in eGFR was not provided specifically for this subgroup. In 
the EXAMINE trial evaluating the CV safety profile of dose-
adjusted alogliptin versus placebo in patients with recent 
acute coronary syndrome (N = 5380), ~29% had 
eGFR < 60 mL/min/1.73 m2.39 After a median follow-up of 
18 months, mean changes from baseline in eGFR in those 
with moderate (1.1 vs 2.1 mL/min/1.73 m2) and severe RI 
(0.2 vs 1.6 mL/min/1.73 m2) were low in both groups, respec-
tively. While patients on dialysis were excluded from both 
TECOS and EXAMINE, <1.5% of all patients (with or with-
out CKD) transitioned to renal failure/dialysis.

In addition to determining eGFR to stage CKD, it is also 
recommended that evidence of kidney damage (i.e. persis-
tent albuminuria) be assessed as albuminuria is a strong pre-
dictor of mortality and CV events independent of eGFR.1 
While meta-analysis could not be carried out for change in 
UACR, results from two sitagliptin versus glipizide studies 
showed conflicting results.19,20 A search of the literature 
found several studies with DPP-4I in patients with T2DM 
that suggests DPP-4I may be associated with a further 
reduction in albuminuria.40–44 However, these studies were 
of short duration (4–24 weeks) with small sample sizes and 
varying degrees of glycemic control and RI (majority of 
patients with eGFR ⩾ 60 mL/min/1.73 m2). In TECOS, the 
median baseline UACR was 10.6 mg/g and ~8% of patients 
in both treatment groups had micro-albuminuria at end-
point.38 In SAVOR-TIMI 53, which evaluated the CV effects 
of saxagliptin versus placebo (N = 16,496), ~37% of patients 
had a UACR ⩾ 3.4 mg/mmol.45 After a median duration of 
2 years, there was a significant relationship between changes 
in UACR levels and use of saxagliptin versus placebo in 
patients with eGFR > 50 mL/min/1.73 m2 or 30–50 mL/
min/1.73 m2.46 Patients receiving saxagliptin showed an 
improvement in UACR (and less worsening) versus pla-
cebo. No such relationships were found between the two 
groups in patients with eGFR < 30 mL/min/1.73 m2. Several 
prospective, randomized-controlled studies are underway to 
determine the effect of linagliptin on renal endpoints (i.e. 
albuminuria, renal death, ESRD, change in eGFR) in 
patients with varying degrees of renal function.47–49

Regardless of treatment arm, RI status, background AHA 
and dialysis use, a similar proportion of patients reported 
AEs, including vascular events. Recently, in a pre-specified 
secondary analysis of SAVOR-TIMI 53, median change in 
HbA1c at 1 year was significantly lower in saxagliptin ver-
sus placebo in patients with eGFR > 50, 30–50 and <30 mL/
min/1.73 m2, respectively.46 However, regardless of treat-
ment group, 2-year risk of CV death, myocardial infarction 

or ischemic stroke increased as renal function decreased 
(6.4%, 11.2% and 15.9%, respectively). Heart failure (HF) 
hospitalization was significantly elevated in patients with 
eGFR 30–50 mL/min/1.73 m2 and receiving saxagliptin (haz-
ard ratio (HR): 1.46 (95% CI: 1.07 to 2), P = 0.02 vs pla-
cebo).46 In EXAMINE, 3.9% versus 3.3% of patients (with 
or without a history of HF) treated with alogliptin versus 
placebo, respectively, were hospitalized for HF (HR: 1.19 
(95% CI: 0.9 to 1.58)).50 Hospital admission for those with a 
history of HF was similar between the groups (HR: 1 (95% 
CI: 0.71 to 1.42)), but higher for those without a history of 
HF in the alogliptin group (2.2% vs 1.3% (HR: 1.76 (95% 
CI: 1.07 to 2.90), P = 0.026).50 Labeling for both saxagliptin 
and alogliptin have been updated to include this safety con-
cern.51 Increased risk of HF hospitalizations has not been 
found with sitagliptin,38 vildagliptin52 or linagliptin;53 addi-
tional studies are ongoing for linagliptin.48,49

Patients with CKD stages 4–5 or receiving dialysis are at 
increased risk for hypoglycemia due to decreased clearance 
of insulin and impaired kidney gluconeogenesis.6 Therefore, 
patients may require insulin or sulfonylurea dose reduction 
within the first year of starting dialysis.54 The two sulfony-
lureas studied, glipizide and glimepiride, can be used in 
CKD patients; glipizide does not have active metabolites 
and its clearance and elimination half-life are not affected 
by renal function.55 With glimepiride, low doses are recom-
mended due to renal elimination following hepatic metabo-
lism.56 While meta-analysis of hypoglycemic events from 
three 52–54 week studies showed significantly more hypo-
glycemic episodes with sulfonylureas, there was significant 
heterogeneity. This was most likely due to data from Laakso 
et al.,25 where a high but similar proportion of patients in 
DPP-4I versus glimepiride group (63.7% vs 71.3%) reported 
hypoglycemia. When assessing effect of DPP-4I on change 
in HbA1c and incidence rates of hypoglycemia, regardless 
of background AHA (metformin, sulfonylureas, insulin) use 
and comparator (placebo or sulfonylureas), addition of a 
DPP-4I caused a modest reduction in HbA1c but similar 
hypoglycemia rates (27% vs 32%) as those in the compara-
tor group. In SAVOR-TIMI 53, 2-year Kaplan–Meier rate 
estimates showed a higher risk for major hypoglycemia 
(assistance of another person required) with saxagliptin in 
patients with eGFR 30–50 mL/min/1.73 m2 (HR: 1.91 (95% 
CI: 1.27 to 2.92)) versus placebo.46 Therefore, patients 
should be vigilant with blood glucose monitoring and symp-
tom detection if the decision is made to initiate DPP-4I in 
patients with CKD stages 3–5, with or without background 
sulfonylurea/insulin. DPP-4I would seem to be of most ben-
efit in fine-tuning rather than getting to the goal range 
because clearly those with HbA1c > 9% need insulin man-
agement and those between 7% and 9% need to balance 
benefits of further reducing micro- and macro-vascular 
damage and hypoglycemia.57–59

Our updated meta-analysis is different from those previ-
ously published for several reasons. First, additional studies 
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with usable data became available, thus increasing the sam-
ple by 350 participants compared with Cheng et al.13 and by 
800 participants compared with Li et al.14 Second, we per-
formed individual analyses of efficacy outcomes at 3-month 
intervals, by comparator (placebo vs sulfonylureas or other 
incretin-based therapies) and by dialysis-only versus non-
dialysis studies. Conflicting outcomes on the effect of 
DPP-4I versus placebo on FPG, where data from dialysis 
and non-dialysis studies were combined, were reported by 
the two meta-analyses. However, in our meta-analysis, 
effect of DPP-4I on FPG in non-dialysis patients in placebo-
only studies was not significantly different between the 
groups. Patients on dialysis differ from patients not on dial-
ysis as there is uncertainty regarding the accuracy of HbA1c, 
a marker of blood glucose control over the previous 
2–3 months. Shortened red blood cell survival, erythropoie-
tin deficiency, use of erythropoiesis-stimulating agents, 
blood transfusion, phlebotomy and blood loss in the dia-
lyzer circuit are factors that may lead to decreased time for 
glucose and erythrocytes to interact.60–63 Therefore, it may 
not be appropriate to combine data from dialysis and non-
dialysis studies, or placebo and active-comparator studies, 
although heterogeneity may be absent.

This meta-analysis had several limitations: (1) two 
reviewers independently extracted data and calculated an 
average so there is potential for incorrect estimation; (2) 
results not generalizable to other populations as majority of 
patients were Caucasian or Asian; (3) most studies had 
fewer than 250 participants; (4) only six active-comparator 
studies (sulfonylureas and albiglutide) were available; (5) 
high drop-out rate reported by most studies; (6) only three 
studies with dialysis-only patients were available and (7) 
publication bias found in meta-analyses of HbA1c change 
because small and large studies were lacking. Direction of 
bias for HbA1c change overestimates the impact of DPP-4I 
on this outcome.

In conclusion, renally adjusted doses of DPP-4I (except 
linagliptin) will lower HbA1c in patients with T2DM and 
CKD stages 3–5 and who are not on dialysis, but their role is 
limited due to modest efficacy; DPP-4I did not appear to 
benefit patients who were already on dialysis. Appropriate 
monitoring for hypoglycemia remains a counseling point. 
Labeling of both saxagliptin and alogliptin now includes a 
warning about increased risk of HF hospitalizations. There 
are multiple DPP-4I and comparators available, but the pre-
dominant comparator in our meta-analysis was placebo; 
additionally, the overall drop-out rate was high. To gain a 
better understanding of the role of individual DPP-4I in 
patients with CKD stages 3–5 and/or dialysis, large studies 
with active comparators are needed.
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