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Purpose: The effects of two types of dipeptidyl peptidase-4 (DPP-4) inhibitors on renal function remain unclear. Thus, we
investigated the effect of anagliptin (ANA) and sitagliptin (SITA) on renal function in patients with type 2 diabetes who participated
in the randomized evaluation of ANA versus SITA on low-density lipoprotein-cholesterol (LDL-C) in diabetes (REASON) trial.
Patients and methods: We measured the estimated glomerular filtration rate (eGFR) and urinary albumin–creatinine ratio (UACR)
before and after the REASON trial. ANA 200 mg/day was administered to 177 patients for 52 weeks, while SITA 50 mg/day was
given to 176 patients. We investigated the relationship between differences in renal function and differences in hemoglobin A1c
(HbA1c) levels, LDL-C levels, and blood pressure (BP).
Results: No significant differences were found in baseline eGFR and UACR between the two groups. The eGFR levels were
significantly decreased in both groups; however, the UACR level was unchanged in the ANA group but elevated in the SITA group,
although the difference did not reach significance between the two groups. The difference in eGFR was affected by the differences in
HbA1c level and BP, and the difference in the UACR was affected by the differences in LDL-C level and BP, which were reduced only
in the ANA group.
Conclusion: These findings imply that the effects of DPP-4 inhibitors on renal function, especially on UACR, may be different
between the types of DPP-4 inhibitors.
Keywords: glomerular filtration rate, dipeptidyl peptidase 4, dipeptidyl peptidase 4 inhibitors, albuminuria

Introduction
Diabetes mellitus (DM) is currently the leading cause of chronic kidney disease and end-stage kidney disease
worldwide.1 For this reason, there has been much interest in nephroprotective therapy, including lifestyle modifications
and types of drugs in patients with DM.1,2 Needless to say, sufficient glycemic control without hypoglycemia and strict
control of blood pressure (BP) using renin–angiotensin–aldosterone system (RAAS) blockers constitute the mainstream
nephroprotective therapy in patients with DM.1

In addition to the effects of glycemic control, some antidiabetic drugs such as glucagon-like peptide-1 (GLP-1) receptor
agonist (GLP-1-RA)3 and sodium-glucose co-transporter 2 (SGLT2) inhibitors4,5 have demonstrated a nephroprotective effect.
DPP-4 inhibitors increase the activity of GLP-1, the most physiologically significant incretin, and hence have various effects,
including glucose-dependent insulin secretion stimulation, glucagon secretion inhibition, stomach emptying inhibition, and
appetite modulation.6 Some researchers have focused on the nephroprotective effects of DPP-4 inhibitors7–13 as, although DPP-4
inhibitors have not been recommended as first-line medications in patients with DMwith atherosclerotic cardiovascular diseases
or very high risk of cardiovascular diseases,1 they have been widely used in the clinical setting because of their ability to improve
hemoglobin A1c (HbA1c) levels with fewer severe complications. We recently conducted a randomized evaluation of anagliptin
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(ANA) versus sitagliptin (SITA) on low-density lipoprotein-cholesterol (LDL-C) in diabetes (REASON) trial. This trial included
patients with type 2 DM, dyslipidemia, and existing atherosclerotic vascular lesions, demonstrating that the reduction in LDL-C
level in the ANA group was superior to that in the SITA group, with a significant estimated treatment difference at −4.5 mg/dL.14

As one of the subanalyzes of the REASON trial, we previously examined the effects of these two DPP-4 inhibitors on
inflammatory markers and reported that they did not affect inflammatory markers.15 Since the anti-inflammatory effect is
involved in the inhibition of atherosclerosis progression,16 it appears important to study the effect on inflammatory markers.
However, as mentioned above, considering that DM is the most common cause of the progression of chronic kidney disease
(CKD),1 the effect of antidiabetic drugs on renal function must be examined. Therefore, in this study, we investigated the effects
of two DPP-4 inhibitors, ANA and SITA, on renal function as another subanalysis of the REASON trial.

Methods
Trial Design and Participants
The design and participants of the REASON trial were previously detailed.17 The REASON trial investigated the efficacy of
ANA or SITA in patients with type 2 DM, dyslipidemia, and existing atherosclerotic vascular lesions in a multicenter,
randomized, open-label, active-controlled, parallel-group trial. Adults (aged 20 years) with type 2 DM who were treated with
diet and exercise alone or in combination with hypoglycemic agents, had existing atherosclerotic vascular lesions, were treated
with statins for dyslipidemia for 8 weeks, and documented with an LDL-C level (100 mg/dL in at least one measurement after
statin use) were eligible participants. The major exclusion criteria were as follows: type 1 diabetes with a triglyceride level of
400 mg/dL in a previous fasting blood sample, pregnancy, potential pregnancy, or lactation, severe infections, surgery, serious
trauma, serum creatinine level of 2.4 mg/dL for men or 2.0 mg/dL for women, and use of GLP-1-RA.

This study followed the Declaration of Helsinki and the Japanese Ethical Guidelines for Medical and Health Research
Involving Human Subjects. Before randomization, the institutional review boards of the University of the Ryukyus
(No. 731) and each participating center received written informed consent from all patients or their legally authorized
representatives. This study was registered in Clinicaltrials.gov (NCT02330406).

Randomization and Intervention
The randomization and intervention protocols were also discussed in the earlier work.17 In this study, we used the
standard dosage of the drug recommended in Japan. In a nutshell, the ANA group received 100 mg of ANA twice daily
orally for 52 weeks. The dose could be increased to 200 mg orally twice daily if the effects were insufficient. SITA 50 mg
orally once daily was given to the SITA group for 52 weeks. The dose could be increased to 100 mg/day if the effects
were insufficient. If the patients were using antidiabetic medicines at the start of the experiment, save DPP-4 inhibitors,
the study drug was given concurrently, and the antidiabetic treatments were not replaced. The participants’ and treating
physicians’ treatment assignments were not kept a secret.

No hypoglycemic agents or antidyslipidemic drugs were introduced or doses altered during the trial period; a change
in the insulin dose was not considered a change in the hypoglycemic agent. The need for additional therapy was
established by the lead physician; however, adjustments in other medications that could affect the outcome were not
allowed. Participants and their physicians were intensively supervised by clinical research coordinators at each visit to
ensure adherence to the study medication and dose. As per protocol, individuals were removed if there was a crossover.

Measurements
Blood tests were performed at the core laboratory (SRL Inc., Tokyo, Japan). The estimated glomerular filtration rate
(eGFR, mL/min/1.73 m2)18 and urinary albumin–creatinine ratio (UACR, mg/gCr) using spot urine collection were
checked at baseline and final follow-up. In the present subanalyzes, the differences in these renal markers were expressed
as markers at the final follow-up minus those at baseline. To evaluate the relationship between the differences in eGFR
and UACR and clinical parameters, the latter included factors with differences in HbA1c level, LDL-C level, and systolic
and diastolic BP; baseline eGFR and UACR; whether the patient was using a RAAS inhibitor; and whether the patient
did not previously use a DPP-4 inhibitor or SGLT2 inhibitor.
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Statistical Analysis
The intention-to-treat principle was applied to all analyses. Categorical variables were expressed as frequencies with
percentages, whereas continuous variables were expressed as means with standard deviations or medians with inter-
quartile ranges. In Figure 1 only, the graph bar was displayed using standard error because the range became large when
standard deviation was used. We estimated the changes in outcomes between baseline and 52-week follow-up and their
95% confidence intervals, and their differences were compared with the paired t-test. The differences in changes between
the ANA and SITA groups were compared with the two-sample t-test. We conducted the same analyses according to the
clinically selected subgroups, including the eGFR at baseline and use of a RAAS inhibitor, previous DPP-4 inhibitor, and
SGLT2 inhibitor for eGFR and UACR at baseline and use of a RAAS inhibitor, previous DPP-4 inhibitor, and SGLT2
inhibitor for UACR. Moreover, we assessed the correlations among changes in eGFR, UACR, HbA1c level, LCL-C
level, and systolic and diastolic BP. The study statisticians (Morimoto T) performed all statistical analyses at the data
center (Institute for Clinical Effectiveness) using JMP 13.1 (SAS Institute Inc., Cary, NC) and SAS 9.4 (SAS Institute
Inc.) based on the SAP. All P-values were two-sided, and a P-value of less than 0.05 was considered significant.

Results
Patient Characteristics
Of the 353 participants, 177 and 176 patients were assigned to the ANA group and SITA group, respectively. Table 1
presents the patient characteristics. No difference was found in the use of antihypertensive drugs, including RAAS
inhibitors, calcium channel blockers, diuretics, and beta-receptors; use of antidiabetic drugs, such as a previous DPP-4
inhibitor or SGLT2 inhibitor; body weight; body mass index; systolic and diastolic BP; eGFR; and UACR at baseline
between the two groups.

Figure 1 Changes in the estimated glomerular filtration rate (eGFR) and urinary albumin–creatinine ratio (UACR) in the anagliptin (ANA) and sitagliptin (SITA) groups. The
bars indicate the standard errors.
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Changes in eGFR and UACR
No change in systolic BP was noted in both groups at the final follow-up. Diastolic BP was significantly reduced in only
the ANA group (P = 0.02, Table 2), whereas no significant difference was found between the two arms (P = 0.09). In both
groups, the eGFRs at the final follow-up were lower than those at baseline, with the difference in the eGFR of −1.66 ±
9.83 mL/min/1.73 m2 (P = 0.03) in the ANA group and −1.39 ± 8.02 mL/min/1.73 m2 (P = 0.02) in the SITA group;

Table 1 Patient Characteristics

All Patients (n = 353) ANA (n = 177) SITA (n = 176)

Age 68 (10) 68 (10) 68 (9)

Men 214 (61) 110 (62) 104 (59)

Body mass index 26.0 (3.8) 26.5 (4.0) 25.9 (3.5)

Current smoker 54 (15) 30 (17) 24 (14)

Previous smoker 141 (40) 62 (35) 79 (45)

Hypertension 270 (76) 137 (77) 133 (76)

Systolic BP (mmHg) 133 (16) 134 (16) 132 (16)

Diastolic BP (mmHg) 72 (12) 74 (12) 71 (11)

Presence of CAD 159 (45) 80 (45) 79 (45)

Presence of PAD 46 (13) 24 (14) 22 (13)

Use of aspirin 153 (43) 84 (47) 69 (39)

Use of a RAAS inhibitor 206 (58) 107 (60) 99 (56)

ACEI 33 (9) 22 (12) 11 (6)

ARB 177 (50) 87 (49) 90 (51)

MRA 14 (4) 8 (5) 6 (3)

Use of a CCB 164 (46) 85 (48) 79 (45)

Use of a diuretic 52 (15) 30 (17) 22 (13)

Use of a β-receptor blocker 84 (24) 44 (21) 40 (23)

Use of a previous DPP-4 inhibitor 290 (82) 145 (82) 145 (82)

Use of a SGLT2 inhibitor 56 (16) 28 (16) 28 (16)

Fasting blood sugar (mg/dL) 142 (40) 142 (42) 139 (38)

HbA1c (%) 7.0 (0.8) 7.1 (0.8) 6.9 (0.8)

BUN (mg/dL) 16.9 (5.8) 16.7 (6.0) 17.2 (5.7)

CRE (mg/dL) 0.85 (0.28) 0.84 (0.27) 0.86 (0.29)

eGFR (mL/min/1.73 m2) 67.92 (19.53) 69.25 (20.21) 66.59 (18.80)

UACR (mg/gCr) 221.0 (756.8) 192.0 (677.5) 250.2 (829.9)

Note: The values present the mean (SD) or number (%).
Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ANA, anagliptin; ARB, angiotensin II receptor blocker; BP, blood pressure; BUN, blood urea nitrogen; CAD,
coronary artery disease; CCB, calcium channel blocker; CRE, creatinine; DPP-4, dipeptidyl peptidase-4; eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c;
MRA, mineral corticoid receptor antagonist; PAD, peripheral artery disease; RAAS, renin-angiotensin-aldosterone system; SGLT2, sodium-glucose co-transporter 2; SITA,
sitagliptin; UACR, urinary albumin–creatinine ratio.
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however, the values in both groups were comparable (P = 0.79, Figure 1, Table 2). The UACRs at the final follow-up
were not different in the two groups, but the differences in UACRs from baseline to the final follow-up were 7.7 ±
185.7 mg/gCr in the ANA group (P = 0.61) and 57.2 ± 345.3 mg/gCr in the SITA group (P = 0.04), although this
difference was not significant (P = 0.12, Figure 1, Table 2).

Table 2 Clinical Parameters at Baseline and Final Follow-Up and Difference

ANA SITA P value

Baseline Final
Follow-Up

Δ P value Baseline Final
Follow-Up

Δ P value (Δ in
ANA

(Final
follow-up

(Baseline vs. (Final
follow-up

(Baseline vs. vs
SITA)

- baseline) Final follow-
up)

- baseline) Final follow-
up)

Systolic BP

(mmHg)

134.0

(16.0)

132.2 (14.4) −1.6 (14.7) 0.16 132.0

(16.0)

133.2 (15.3) 1.4 (14.8) 0.24 0.07

No. 177 170 176 170

Diastolic BP

(mmHg)

73.6

(12.0)

71.7 (12.2) −1.8 (9.8) 0.02 71.0

(11.0)

71.3 (11.9) 0.1 (10.7) 0.88 0.09

No. 177 170 176 170

CRE (mg/dL) 0.84

(0.27)

0.86 (0.29) 0.02 (0.14) 0.02 0.86

(0.29)

0.88 (0.34) 0.02 (0.16) 0.06 0.90

No. 176 169 176 170

eGFR (mL/min/

1.73 m2)

69.25

(20.21)

67.36 (20.88) −1.66 (9.83) 0.03 66.59

(18.80)

65.66 (18.78) −1.39 (8.02) 0.02 0.79

No. 176 169 176 170

UACR (mg/gCr) 192.0

(677.5)

169.4 (506.2) 7.7 (185.7) 0.61 250.0

(829.9)

290.3 (983.8) 57.2 (345.3) 0.04 0.12

No. 176 151 176 159

Note: The values present the mean (SD).
Abbreviations: ANA, anagliptin; BP, blood pressure; CRE, creatinine; eGFR, estimated glomerular filtration rate; SITA, sitagliptin; UACR, urinary albumin–creatinine ratio;
Δ, difference.

Table 3 Relationship Between the Differences in Renal Function and Clinical Parameters

Factor Group ΔeGFR ΔUACR

r CI P-value r CI P-value

ΔHbA1c All 0.16 0.06–0.26 <0.01 0.01 −0.10–0.12 0.88
ANA 0.19 0.04–0.33 0.01 −0.01 −0.17–0.15 0.89

SITA 0.12 −0.03–0.27 0.12 0.01 −0.15–0.17 0.89

ΔLDL-C All 0.03 −0.08–0.13 0.63 0.22 0.11–0.32 <0.01

ANA 0.07 −0.09–0.21 0.40 −0.02 −0.18–0.14 0.77

SITA −0.03 −0.18–0.13 0.74 0.33 0.18–0.46 <0.01

ΔSystolic BP All 0.20 0.10–0.30 <0.01 0.13 0.02–0.24 0.02

ANA 0.27 0.12–0.40 <0.01 0.19 0.03–0.34 0.02
SITA 0.13 −0.02–0.27 0.09 0.10 −0.06–0.20 0.20

ΔDiastolic BP All 0.21 0.11–0.31 <0.01 0.12 0.01–0.23 0.03
ANA 0.21 0.07–0.35 0.01 0.09 −0.07–0.25 0.26

SITA 0.21 0.06–0.35 0.01 0.13 −0.03–0.28 0.11

Abbreviations: ANA, anagliptin; BP, blood pressure; eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c; LDL-C, low-density lipoprotein cholesterol; SITA,
sitagliptin; UACR, urinary albumin–creatinine ratio; Δ, difference.
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Relationship Between the Differences in eGFR and UACR and Clinical Parameters
First, differences in eGFR were positively related to the differences in A1c level and systolic and diastolic BP, and the
difference in UACR was positively related to the differences in LDL-C level and systolic and diastolic BP (Table 3). We
evaluated the relationship between the differences in eGFR and clinical factors, such as eGFR at baseline, use of a RAAS
inhibitor, and previous use of a DPP-4 inhibitor and SGLT2 inhibitor, and we found no significant factor responsible for the
difference in eGFR (Figure 2). We also examined the relationship between the difference in UACR and clinical factors, such
as UACR at baseline, use of a RAAS inhibitor, and previous use of a DPP-4 inhibitor or SGLT2 inhibitor, and found no
significant factors, except for the UACR at baseline, which was responsible for the difference in UACR (Figure 3).
Regarding the relationship between the difference in UACR and UACR at baseline, although no significant difference
was noted in each of the three subgroups (UACR < 30, 30 ≤ UACR < 300, and UACR ≥ 300), there was a tendency for
a wider difference in UACR in the ANA and SITA groups, when the baseline UACR was ≥ 300 mg/gCr (Figure 3).

Discussion
Herein, we investigated the effects of ANA versus SITA on renal function in patients with DM with a high cardiovascular
burden by subanalyzes of the REASON trial. In this study, eGFR was significantly reduced in both groups and the change
in UACR was somewhat different in the two groups: it did not change in the ANA group but increased in the SITA
group, although this difference did not reach significance. Furthermore, the difference in eGFR was affected by the
differences in HbA1c level and systolic and diastolic BP; however, differences in eGFR according to the use of various
DPP-4 inhibitors with ANA or SITA were not affected by either the baseline eGFR or use of a RAAS inhibitor or
previous use of a DPP-4 inhibitor or SGLT2 inhibitor. Conversely, the difference in UACR was affected by the difference
in LDL-C level and systolic and diastolic BPs. Furthermore, the difference in UACR was not affected by the use of
a RAAS inhibitor or previous use of a DPP-4 inhibitor or SGLT2 inhibitor. However, we found a different tendency
between the difference in UACR and baseline UACR.

According to several experimental studies, DPP-4 expression and enzymatic activity were discovered in the
glomerulus only in pathological renal circumstances, not in healthy kidneys.19–21 Furthermore, when compared with
nonalbuminuric diabetic patients or healthy individuals, patients with type 2 DM and albuminuria had considerably

Figure 2 Subgroup analyses of the difference in the estimated glomerular filtration rate (eGFR).
Abbreviations: ANA, anagliptin; CI, confidence interval; DPP-4, dipeptidyl peptidase-4; eGFR, estimated glomerular filtration rate; RAAS, renin–angiotensin–aldosterone
system; SGLT2, sodium-glucose co-transporter 2; SITA, sitagliptin.
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higher urine DPP-4 activity.21,22 Using these experimental observations, we hypothesized that DPP-4 plays a pathogenic
function in diabetic nephropathy, implying that DPP-4 inhibitors could have a nephroprotective effect on this patient
population.

Clinical studies that investigated the effects of DPP-4 inhibitors on eGFR have presented various results. Concerning
eGFR, some studies9,12,23 have reported that using a DPP-4 inhibitor reduced eGFR, whereas others have shown that
eGFR did not change after administration of DPP-4 inhibitor7,10,24,25 or that the influence of DPP-4 inhibitors on eGFR
varied according to the baseline eGFR.11 One important factor is that a decline in eGFR is sometimes followed by an
improvement in preceding glomerular hyperfiltration.26 In the present subanalyzes, changes in eGFR were positively
correlated with changes in HbA1c and BP. On the contrary, diastolic BP decreased significantly only in the ANA group.
A study also reported that HbA1c did not change significantly in both groups in the REASON trial.14 Nonetheless, the
present study revealed that eGFR was significantly lower in both groups. Considering all these findings, the decrease in
eGFR in this study group may be due to a class effect of DPP-4 inhibitors or natural history of eGFR within 52 weeks.
We believed that this difference in eGFR may not be clinically significant.

As regards the effects of DPP-4 inhibitors on UACR, clinical studies8–10,12,13,24,25,27 have reported similarly
beneficial results, namely, the lowering effect of UACR after DPP-4 inhibitor administration. These effects may be
dependent, to some extent, on the type of DPP-4 inhibitor, duration of administration, accompanying diseases, and
degree of baseline renal function. The present subanalyzes revealed that the difference in UACR was somewhat
different in the two groups and associated with the difference in LDL-C level and BP. The main finding of the
REASON trial indicated that the reduction in LDL-C level in the ANA group was superior to that in the SITA group,14

and the present study showed that the decline in diastolic BP was observed only in the ANA group. As studies have
reported that lipid-lowering or antihypertensive therapy can improve renal function or prevent worsening of renal
function,28,29 ANA-induced lowering effects on LDL-C level and diastolic BP might account for the unchanged
UACR, which was observed only in the ANA group. Moreover, the ANA-induced effect on UACR might be greater in
patients with albuminuria (UACR ≥300 mg/gCr); thus, future studies should be conducted to confirm the latter finding.

The present study has several limitations. First, as presented above, renal parameter data at follow-up, especially in
UACR, were not completely obtained from the studied patients; thus, insufficient data may contribute to the results of the
present subanalyzes. Second, the majority of the patients (82%) had previously used a DPP-4 inhibitor; thus, only a small

Figure 3 Subgroup analyses of the difference in the urinary albumin–creatinine ratio (UACR).
Abbreviations: ANA, anagliptin; CI, confidence interval; DPP-4, dipeptidyl peptidase-4; eGFR; RAAS, renin–angiotensin–aldosterone system; SGLT2, sodium-glucose co-
transporter 2; SITA, sitagliptin; UACR, urinary albumin–creatinine ratio.
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group of the patients had never used a DPP-4 inhibitor (ie, DPP-4 inhibitor naive) for whom it was expected that starting
a new DPP-4 inhibitor would have any effect on renal function. Third, the number of patients investigated in the
REASON trial was not initially assessed in these subanalyzes. Fourth, to evaluate the natural history of eGFR and
UACR, a control group without DPP-4 inhibitor should have been included during the study period. Thus, given the lack
of a control group in this study, evaluating the natural history of these indices was not possible. Fifth, the study included
patients with severe CKD (serum creatinine level ≥ 2.4 mg/dL for men or ≥ 2.0 mg/dL for women).17 The effects of
ANA and SITA on renal function in these patients with severe CKD were not evaluated. Sixth, no difference was noted in
the antihypertensive drugs at the time of entry between the two groups. However, since there was no information on
changes in antihypertensive drugs during the observation period, the possibility that changes in antihypertensive drugs in
each group affected BP trends could not be denied. Finally, in the REASON trial, spot urine collection was used to assess
the UACR. Timed urine collection would have provided a more accurate assessment of albuminuria. However, in many
clinical studies, spot urine collection is used for the assessment of UACR because of the complexity of timed urine
collection.

Conclusions
In the present subanalyzes of the REASON trial, we found that the two DPP-4 inhibitors, ANA and SITA, had a small but
significant reduction effect on eGFR in both groups, but the effect on UACR may be somewhat different. The former
finding may be due to the class effect of DPP-4 inhibitors or the natural history of patients with DM having a high
atherosclerotic burden. The latter finding should be re-evaluated in the future in patients with severe albuminuria.

Abbreviations
ANA, anagliptin; BP, blood pressure; CKD, chronic kidney disease; DM, diabetes mellitus; DPP-4, dipeptidyl peptidase-
4; eGFR, estimated glomerular filtration rate; GLP-1-RA, glucagon-like peptide-1 receptor agonist; HbA1c, hemoglobin
A1c; LDL-C, low-density lipoprotein cholesterol; RAAS, renin-angiotensin-aldosterone system; REASON trial,
Randomized Evaluation of Anagliptin and sitagliptin in reducing low-density lipoprotein cholesterol in diabetes trial;
SGLT2, sodium-glucose co-transporter 2; SITA, sitagliptin; UACR, urinary albumin-creatinine ratio.
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