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Abstract

Objective: To focus on the potential beneficial effects of the pleiotropic effects of dipeptidyl peptidase-4
inhibitors (DPP4is) on attenuating progression of diabetic kidney disease in reducing the long-term effect
of the acute kidney injury (AKI) to chronic kidney disease (CKD) transition.
Patients and Methods: Data from the National Health Insurance Research Database from January 1,
1999, to July 31, 2011, were analyzed, and patients with diabetes weaning from dialysis-requiring
AKI were identified. Cox proportional hazards models and inverse-weighted estimates of the
probability of treatment were used to adjust for treatment selection bias. The outcomes were incident
end-stage renal disease (ESRD) and mortality, major adverse cardiovascular events, and hospitalized
heart failure.
Results: Of a total of 6165 patients with diabetes weaning from dialysis-requiring AKI identified, 5635
(91.4%) patients were DPP4i nonusers and 530 (8.6%) patients were DPP4i users. Compared with DPP4i
nonusers, DPP4i users had a lower risk of ESRD (hazard ratio, 0.81; 95% CI, 0.70-0.94; P¼.04) and all-
cause mortality (hazard ratio, 0.28; 95% CI, 0.23-0.34; P<.001) after adjustments for CKD, advanced
CKD, and angiotensin-converting enzyme inhibitor or angiotensin II receptor blocker use. In contrast, the
risk of major adverse cardiovascular events and hospitalized heart failure did not differ significantly be-
tween groups.
Conclusion: Dipeptidyl peptidase-4 inhibitor users had a lower risk of ESRD and mortality than did
nonusers among patients with diabetes after weaning from dialysis-requiring AKI. Therefore, a pro-
spective study of AKI to CKD transitions after episodes of AKI is needed to optimally target DPP4i
interventions.

ª 2018 Mayo Foundation for Medical Education and Research n Mayo Clin Proc. 2018;93(12):1760-1774
D iabetes mellitus (DM) is known to
worsen outcomes of cardiovascular
and renal diseases. The DM milieu

potentially increases the risk of acute kidney
injury (AKI) in addition to long-term mortality
and morbidity by increasing the ischemia
sensitivity of the kidney.1 Acute kidney injury
is known to increase the risk of chronic kidney
disease (CKD) and end-stage renal disease
(ESRD),2 especially in diabetes, and is
becoming an increasing burden on health
care resources.3 Recently, the American
Mayo Clin Proc. n December 2018;9
www.mayoclinicproceedings.org n
Society of Nephrology’s Acute Kidney Injury
Advisory Group has highlighted the transition
of care as a potential opportunity to reduce the
long-term effect of AKI.4 However, there is
paucity of data on which interventions can
reduce morbidity and mortality in AKI and
acute kidney disease survivors.

Dipeptidyl peptidase-4 (DPP4) inhibition
is a new treatment approach for DM.5 Dipep-
tidyl peptidase-4 inhibitors (DPP4is) protect
the kidney via their anti-inflammatory activity
at an early stage of diabetic nephropathy.6
3(12):1760-1774 n https://doi.org/10.1016/j.mayocp.2018.06.023
ª 2018 Mayo Foundation for Medical Education and Research
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6165 With coding of diabetes mellitus at least 3 times in
outpatient or 1 time inpatient record within 1 y

before hospitalization

173,045 Hospitalized adult patients recorded AKI
received hemodialysis between

from 01/01/1999 to 07/31/2011 in the NHIRD

15,503 Weaned from dialysis requiring AKl at least 30 d
after hospital discharge

5635 DPP4i
nonusers

530 DPP4i users

84,338 Newly identified patients admitted with AKI 
requiring dialysis

• 20,813 Died during index hospitalization
• 4350 Died within 30 d after discharge
• 43,672 Kept on hemodialysis longer than 30 d
   after discharge

Exclusion
• 58,661 With AKl in outpatient or inpatient within
   previous 1 y
• 29,026 Kept on hemodialysis in outpatient or
   inpatient within previous 1 y
• 95 Underwent kidney transplantation
• 925 Had prolonged hospitalization >180 d

FIGURE 1. Flow diagram for selecting study patients. Patients hospitalized
between January 1, 1999, and July 31, 2011, were screened using inclusion
and exclusion criteria. A total of 6165 patients were identified for the final
analysis. AKI ¼ acute kidney injury; DPP4i ¼ dipeptidyl peptidase-4 inhibitor;
NHIRD ¼ National Health Insurance Research Database.

DIPEPTIDYL PEPTIDASE-4 INHIBITORS IN KIDNEY INJURY
Beyond lowering glucose levels, DPP4 inhibi-
tion ameliorates kidney fibrosis through its
antioxidant properties and protein-protein
interactions.7 Nonetheless, information is
limited on the clinical outcomes of patients
with diabetes who develop AKI after receiving
DPP4is. However, the outcome from an
episode of AKI cannot simply be regarded as
the binary administration for long term renal
replacement therapy or recovery. Thus, our
study aimed to examine the effect of DPP4is
on outcomes after weaning from dialysis-
requiring AKI (AKI-D), the most severe form
of AKI and focused on the risk of ESRD, mor-
tality, and cardiovascular outcomes.

PATIENTS AND METHODS

Data Source
The National Health Insurance (NHI) program
offers comprehensive medical care coverage to
more than 99% of the country’s population of
23 million inhabitants. Taiwan’s National
Health Research Institutes released the
National Health Insurance Research Database
(NHIRD) for research purposes, with data
encrypted to protect privacy. This database
contains all information on outpatient consul-
tations, hospitalizations, procedures, and pre-
scriptions recorded within the NHI system.
The NHI data are reliable because the NHI
Administration routinely audits claims data
to prevent fraud in the NHI program.8 Disease
diagnoses registered in the NHIRD are classi-
fied according to the International Classification
of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM). The baseline comorbidities were
compiled from at least 3 outpatient visits or
1 inpatient claim within the 1 year before
the index hospitalization for first dialysis.
This rule was constructed on the basis of a
relatively strict criterion and was well validated
with good predictive power.8-13

As all personal information is de-identified in
the NHIRD, informed consent was waived and
this study was exempt from a full ethical review
by the institutional review board of the National
Taiwan University Hospital (institutional review
board number 201212021RINC).

Study Cohort
We identified adult patients with DM accord-
ing to ICD-9-CM codes 580.x, 581.x, and
Mayo Clin Proc. n December 2018;93(12):1760-1774 n https://doi.o
www.mayoclinicproceedings.org
584.x at hospital discharge. Dialysis-
requiring AKI were identified using Interna-
tional Classification of Diseases, Ninth Revision
codes for AKI (584.3, 634.3, 635.3, 636.3,
637.3, 638.3, 639.3, 669.3, or 958.5) along
with procedure codes for short term dialysis,
and the procedure code was cofinanced by
the NHI with high accuracy.9 Furthermore,
we used a selection period of 90 days to define
ESRD because all patients receiving dialysis
for more than 90 days in Taiwan can apply
to the NHI for catastrophic illness registration
cards.14
rg/10.1016/j.mayocp.2018.06.023 1761
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Figure 1 depicts the algorithm used for
patient selection. The study participants were
selected from all citizens with AKI-D covered
by Taiwan’s NHI from January 1, 1999, to July
31, 2011. The definition of DM in this cohort
was based on the following criteria: having
visited at least 3 outpatient clinics or having at
least 1 admission with a diagnosis of DM
(ICD-9-CM code 250.x). The diagnostic accu-
racy of DM has previously been validated with
good predicting power.8,15 We used a 1-year
cutoff period immediately before the index hos-
pitalization to identify preadmission AKI and
dialysis. Patients with preadmission AKI or
ESRD and those who had undergone a kidney
transplant were excluded.

Exposure to Medication
Dipeptidyl peptidase-4 inhibitors have been
available in Taiwan since March 2009; thus,
we included all patients diagnosed with type 2
DM between March 1, 2009, and June 30,
2011. After inclusion, all patients were followed
up until December 31, 2011, allowing at least a
half-year follow-up to estimate the risk of
outcome events. Dipeptidyl peptidase-4 inhibi-
tor users were identified and enrolled after hos-
pital discharge after the first weaning from AKI-
D. The index datewas the date of the first DPP4i
prescription. Participants in the control cohort
(patients without DPP4i use) were assigned
the same index dates as the corresponding
patients in the DPP4i cohort. To investigate
patients’ medication adherence and its effect
onmortality, we calculated each patient’s medi-
cation possession ratio (MPR)16 for DPP4is and
selected the patient group with an MPR not less
than 70% as a target group to contrast with
DPP4i nonusers. Patients who used DPP4is at
1 year were enrolled, and the mean MPR of
DPP4is was 82.8%.

Inverse Probability of Treatment Weighting
To address confounding by observed covariates,
we used inverse probability of treatment weight-
ing (IPTW) methods, a form of propensity
scoreematching analysis. Weights were based
on the results from a treatment selection model,
which were estimated using logistic regression
with receipt of DPP4i therapy as the dependent
variable and baseline characteristics as indepen-
dent variables. Variables used in the propensity
scoreematching analysis are included in the
Mayo Clin Proc. n December 2018;9
analysis if the P value was less than .10. Then
each patient was weighted by the inverse proba-
bility of receiving the treatment that they actually
received; theweightwas calculated on the basis of
the propensity scoreematched value. Weights
forDPP4i userswere the inverse of the propensity
score, and weights for DPP4i nonusers were the
inverse of 1 e propensity score. The process of
IPTWgenerates 2 newpseudo-cohorts. This pro-
cess enabled us to preserve the sample size in the
pseudo-cohorts close to the original cohorts,
albeit not strictly equivalent.17,18

After weighting, we assessed the balance of
baseline characteristics among the treatment
groups by using the chi-square test for cate-
gorical variables and the Student t test for
continuous variables.19

Outcomes
The primary outcome in this study was all-cause
mortality and ESRD after hospital discharge. Sec-
ondary outcomesweremajor adverse cardiovascu-
lar events (MACEs), defined as the incidence of
coronary events that include nonfatal myocardial
infarction (MI), coronary artery bypass graft, and
coronary angiography. The International Classifi-
cation of Diseases, Ninth Revision code for MI at
hospitalization had high accuracy, as validated
by previous studies.20 The records regarding cor-
onary artery bypass graft and angiography were
reliable because they were constructed on the ba-
sis of NHI procedure codes that were coupled to
the NHI reimbursement system with routine
auditing. We further defined patients with
advanced CKD as those having a creatinine level
of more than 6 mg/dL (to convert to mmol/L,
multiply by 0.0259) with prescriptions for
concomitant erythropoiesis-stimulating agents
according to the reimbursement regulations of
the NHI.9 Follow-up started on the first day of
the use of DPP4is and ended on December 31,
2011, at the time of incident outcome of interest,
or on the date of death, or on the last reimburse-
ment record.

Statistical Analyses
The characteristics between nonusers and users
were compared using the Student t test for age
and the chi-square test for other variables. Inci-
dence rates of outcomes of interest were
compared between DPP4i users and nonusers
using Poisson distributions. The treatment
effects (hazard ratios [HRs] and 95% CIs) of
3(12):1760-1774 n https://doi.org/10.1016/j.mayocp.2018.06.023
www.mayoclinicproceedings.org
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TABLE 1. Baseline Characteristics of the Study Population Before and After the Inverse Probability of Treatment
Weighting Estimationa,b

Characteristic

Before matching After matching

DPP4i nonusers DPP4i users

P value

DPP4i nonusers DPP4i users

P value(n¼5635) (n¼530) (n¼5635) (n¼530)

Age (y) 68.93�11.38 65.74�11.5 <.001 68.65�11.51 68.19�11.21 .21

Sex: male 2678 (47.5) 274 (51.7) .07 2678 (47.9) 274 (48.3) .86

Monthly income (New Taiwan $)
<19,100 3366 (59.7) 306 (57.7) .006 3366 (59.7) 306 (57.2) .26
19,100-41,999 2088 (37.1) 193 (36.4) 2088 (37) 193 (38)
�42,000 181 (3.2) 31 (5.9) 181 (3.3) 31 (4.8)

Hospital level
Urban 2342 (41.6) 218 (41.1) .02 2342 (41.5) 218 (40.9) .28
Suburban 1288 (22.9) 148 (27.9) 1288 (23) 148 (26.3)
Rural 2005 (35.6) 164 (30.9) 2005 (35.5) 164 (32.8)

Outpatient visits
<5 2129 (37.8) 173 (32.6) .002 2129 (37.2) 173 (36.6) .37
5-10 2989 (53) 283 (53.4) 2989 (53.3) 283 (51.2)
11-15 494 (8.8) 70 (13.2) 494 (9.1) 70 (11.4)
>15 23 (0.4) 4 (0.8) 23 (0.5) 4 (0.8)

Baseline comorbidities
Congestive heart failure 1393 (24.7) 119 (22.5) .27 1393 (24.6) 119 (22.6) .33
CKD 1700 (30.2) 140 (26.4) .07 1700 (29.8) 140 (28.7) .65
ACKD 381 (6.8) 46 (8.7) .11 381 (6.8) 46 (8.7) .12
COPD 914 (16.2) 46 (8.7) <.001 914 (15.7) 46 (12.5) .06
Dementia 201 (3.6) 8 (1.5) .01 201 (3.5) 8 (2.4) .22
Liver disease 480 (8.5) 21 (4) <.001 480 (8.2) 21 (6.5) .20
Peptic ulcer 997 (17.7) 78 (14.7) .10 997 (17.4) 78 (16) .47
PAD 201 (3.6) 7 (1.3) .004 201 (3.4) 7 (2.2) .14
Rheumatoid arthritis 42 (0.8) 1 (0.2) .18 42 (0.7) 1 (0) .07
Solid tumor 267 (4.7) 16 (3) .08 267 (4.6) 16 (4.4) .81
SLE 9 (0.2) 0 (0) .99 9 (0.2) 0 (0) .36
Atrial fibrillation 513 (9.1) 28 (5.3) .002 513 (8.8) 28 (6.3) .06
Dyslipidemia 1300 (23.1) 205 (38.7) <.001 1300 (24.5) 205 (26.7) .26
Alzheimer disease 13 (0.2) 1 (0.2) .99 13 (0.2) 1 (0.2) .82
Parkinson disease 135 (2.4) 5 (0.9) .03 135 (2.3) 5 (1.2) .09

Hypertension medications
a-Blocker 943 (16.7) 74 (14) .11 943 (16.7) 74 (14.2) .15
b-Blocker 2885 (51.2) 306 (57.7) .004 2885 (51.8) 306 (51.9) .97
Calcium channel blocker 4337 (77) 404 (76.2) .71 4337 (77) 404 (77.4) .87
Diuretic 4189 (74.3) 375 (70.8) .08 4189 (74.3) 375 (71.1) .11
ACEi or ARB 3824 (67.9) 388 (73.2) .01 3824 (68.2) 388 (72.3) .06

Other medications
Aspirin 875 (15.5) 82 (15.5) >.99 875 (15.6) 82 (15.5) .89
Clopidogrel 551 (9.8) 89 (16.8) <.001 551 (10.6) 89 (12.3) .26
Ticlopidine 307 (5.5) 13 (2.5) .002 307 (5.3) 13 (3.6) .11
Warfarin 199 (3.5) 15 (2.8) .46 199 (3.5) 15 (4) .60
Proton-pump inhibitor 809 (14.4) 79 (14.9) .75 809 (14.5) 79 (15.6) .48
H2 blocker 1106 (19.6) 102 (19.3) .86 1106 (19.5) 102 (21) .41
Statin 1608 (28.5) 239 (45.1) <.001 1608 (30) 239 (33.2) .14
NSAID 3109 (55.2) 255 (48.1) .002 3109 (54.6) 255 (51.3) .15

Continued on next page
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TABLE 1. Continued

Characteristic

Before matching After matching

DPP4i nonusers DPP4i users

P value

DPP4i nonusers DPP4i users

P value(n¼5635) (n¼530) (n¼5635) (n¼530)

Other medications, continued
Corticosteroid 850 (15.1) 56 (10.6) .005 850 (14.9) 56 (11.3) .02
SSRI 159 (2.8) 15 (2.8) .99 159 (2.8) 15 (3.4) .39
Nitrate 96 (1.7) 9 (1.7) .99 96 (1.8) 9 (2) .82

Antidiabetic agents
Metformin 2552 (45.3) 264 (49.8) .05 2552 (45.3) 264 (49.1) .10
Sulfonylurea 3629 (64.4) 353 (66.6) .32 3629 (64.3) 353 (65.9) .44
Thiazolidinedione 508 (9) 94 (17.7) <.001 508 (9.2) 94 (17) <.001
Insulin 3219 (57.1) 267 (50.4) .003 3219 (57.1) 267 (50.3) .003
Meglitinide 870 (15.4) 120 (22.6) <.001 870 (15.6) 120 (22.3) <.001
a-Glucosidase inhibitor 647 (11.5) 112 (21.1) <.001 647 (11.7) 112 (21) <.001

aACEi ¼ angiotensin-converting enzyme inhibitor; ACKD ¼ advanced chronic kidney disease; ARB ¼ angiotensin II receptor blocker;
CKD ¼ chronic kidney disease; COPD ¼ chronic obstructive pulmonary disease; DPP4i ¼ dipeptidyl peptidase-4 inhibitor;
NSAID ¼ nonsteroidal anti-inflammatory drug; PAD ¼ peripheral artery disease; SLE ¼ systemic lupus erythematosus; SSRI ¼ selective
serotonin reuptake inhibitor.
bData are presented as mean � standardized difference or as No. (percentage).
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themain outcomes of interest weremodeled us-
ing Cox proportional hazards regression incor-
porated with the IPTW estimated using the
propensity scoreematching analysis. Impor-
tantly, the weighted Cox model, in addition to
controlling CKD or advanced CKD andmedical
therapies, was estimated 1 year after discharge;
angiotensin-converting enzyme inhibitor or
angiotensin II receptor blocker use was exam-
ined because thesemedicationswere prescribed
after treatment assignment.

Sensitivity analyses were performed by esti-
mating the overall HRs for users vs nonusers. To
assess the potential heterogeneity of DPP4i treat-
ment, the DPP4i effects on all-cause mortality,
ESRD, MACEs, and hospitalized heart failure
(hHF) were further analyzed using the post-
IPTW cohort. We formally tested the first-
order interactions using multivariable Cox
proportional hazards models by entering inter-
action terms between DPP4i use and subgroup
variables. Interactions between DPP4i use and
clinically relevant variables, including other
oral antidiabetic agents (ie, metformin, sulfonyl-
urea, thiazolidinedione, insulin, meglitinide,
and a-glucosidase inhibitors), were tested. Ana-
lyses were performed using SAS version 9.3
(SAS Institute Inc.). A P value less than .05
was considered statistically significant.
Mayo Clin Proc. n December 2018;9
RESULTS

Characteristics of the Study Population
A total of 173,045 participants with a diag-
nosis of AKI receiving hemodialysis between
January 1, 1999, and July 31, 2011, were
identified and recruited (Figure 1). Overall, a
total of 6165 patients with type 2 DM who
withdrew from dialysis were included in this
analysis; and of these, 5635 patients were
DPP4i nonusers and 530 patients were
DPP4i users. The demographic and clinical
characteristics of these cohorts before and after
the IPTW were estimated are summarized in
Table 1. Dipeptidyl peptidase-4 inhibitor users
were younger and had a lower proportion of
chronic obstructive pulmonary disease and
chronic liver disease. Furthermore, the user
group was more likely to have received clopi-
dogrel, statins, and other antidiabetic agents
including thiazolidinediones, meglitinides,
and a-glucosidase inhibitors.
Risk of ESRD, All-Cause Mortality, MACEs,
and hHF
Compared with DPP4i nonusers, DPP4i users
had a significantly lower risk of ESRD (HR,
0.81; 95% CI, 0.70-0.94; P¼.04) and all-
cause mortality (HR, 0.28; 95% CI, 0.23-0.34;
3(12):1760-1774 n https://doi.org/10.1016/j.mayocp.2018.06.023
www.mayoclinicproceedings.org
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DIPEPTIDYL PEPTIDASE-4 INHIBITORS IN KIDNEY INJURY
P<.001) but DPP4is did not significantly affect
the risk of an MACE (HR, 0.86; 95% CI,
0.71-1.04; P¼.11) or hHF (HR, 1.17; 95% CI,
1.01-1.36; P¼.13) (Table 2). The result was
the same in a Cox model adjusted for the pres-
ence of CKD, advanced CKD, and angiotensin-
converting enzyme inhibitor or angiotensin II
receptor blocker use.

Interaction of DPP4is With Concomitant Use
of Other Antidiabetic Agents
We further evaluated the effect of the interac-
tion between DPP4i use and the concomitant
use of other antidiabetic agents on outcomes.
The effect of DPP4is on the risk of ESRD
was consistent among patient subgroups
when stratified by combination with other
antidiabetic agents. However, DPP4is com-
bined with insulin increased the risk of mor-
tality (P¼.004) and hHF (P<.001). In
addition, DPP4is in combination with megliti-
nide increased the risk of mortality (P¼.01)
and a-glucosidase inhibitors increased the
risk of hHF (P¼.03) (Table 3).

Subgroup Analyses of Outcomes of Interest
The results of subgroup analyses of different
outcomes are presented in Figure 2. Dipep-
tidyl peptidase-4 inhibitor use was consis-
tently associated with a lower probability of
long-term ESRD (Figure 2, A) and mortality
risk (Figure 2, B) across various patient groups
with respect to baseline comorbidities. For
hHF, patients with previous cerebrovascular
disease and insulin use had a higher risk of
hHF (Figure 2, C).

DISCUSSION
Our research is the first attempt to examine
the effects of DPP4i use on renal outcomes
in patients with diabetes weaning from AKI-
D. Our results highlight that DPP4is decreased
the risk of mortality and ESRD by 72% and
19%, respectively, during a mean follow-up
of 3.3 years in the study cohort. Moreover,
the risk of MACE and hHF was not signifi-
cantly increased in DPP4i users.

Dipeptidyl Peptidase-4 Inhibitor Use
Decreases Subsequent ESRD
Acute kidney injury episodes are associated
with a cumulative risk of developing advanced
CKD in patients with DM.21 Many studies
Mayo Clin Proc. n December 2018;93(12):1760-1774 n https://doi.org/10.1016/j.mayocp.2018.06.023
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TABLE 3. Interaction of Medications of Interest With DPP4is to Predict Outcomes After Adding It to the Final
Modela

Medication

Interaction with DPP4is in the final model (adjustedb)

ESRD Mortality hHFc

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Metformin 0.77 (0.57-1.03) .08 0.74 (0.50-1.10) .14 0.81 (0.61-1.07) .13

Sulfonylurea 0.95 (0.71-1.27) .73 0.71 (0.47-1.07) .10 1.13 (0.83-1.53) .45

Thiazolidinedione 0.77 (0.51-1.17) .23 1.11 (0.65-1.91) .69 1.10 (0.76-1.59) .62

Insulin 1.14 (0.86-1.52) .36 1.80 (1.20-2.69) .004 1.82 (1.37-2.42) <.001

Meglitinide 1.14 (0.83-1.55) .43 1.77 (1.14-2.75) .01 1.28 (0.93-1.76) .14

a-Glucosidase inhibitor 0.79 (0.55-1.13) .20 1.33 (0.81-2.16) .26 1.44 (1.03-2.01) .03

aDPP4i ¼ dipeptidyl peptidase-4 inhibitor; ESRD ¼ end-stage renal disease; hHF ¼ hospitalized heart failure; HR ¼ hazard ratio.
bAfter adjustment for age, sex, chronic kidney disease, advanced chronic kidney disease, and angiotensin-converting enzyme inhibitor or
angiotensin II receptor blocker use.
cHospitalization for a primary diagnosis of heart failure.
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have reported an associated increased risk of
ESRD subsequent to AKI.22,23 Despite survival
and withdrawal from dialysis, AKI increases
the incidence of de novo CKD, long-term dial-
ysis, and death.24,25 Hypoxia serves as a key
player in AKI pathophysiology and is the final
common pathway from CKD to ESRD.26 Acute
kidney injury contributes to tubular atrophy,
interstitial fibrosis, and peritubular capillary
effacement, and thus maladaptive repair after
AKI leads to accelerated kidney aging and
CKD.27,28 The pathological processes initiated
during AKI (eg, hypoxia, cellular senescence,
maladaptive repair, and inflammation) have
been proposed to characterize AKI to CKD tran-
sitions, primarily via a self-perpetuating tubulo-
interstitial fibrosis pathway.29 Renal repair is
maladaptive because of tissue responses
including inflammation, fibrosis from activa-
tion of interstitial myofibroblasts, and vascular
rarefaction and often leads to persistent cell
and tissue malfunction and eventually chronic
fibrotic kidney disease.29,30

Several studies have illustrated the pleio-
tropic effects of DPP4is in delaying renal func-
tion deterioration. Dipeptidyl peptidase-4
inhibitors may prevent inflammation and
fibrosis of the heart and kidney by decreasing
the oxidative stress response of heart and kid-
ney tissues.31 Experimental studies using
various diabetic models suggest that incretins
protect the vascular endothelium from injury
by binding to glucagon-like peptide 1 recep-
tors, thereby ameliorating oxidative stress and
Mayo Clin Proc. n December 2018;9
the local inflammatory response, which reduces
albuminuria and inhibits glomerular scle-
rosis.32 The renal effects of DPP4is might be
explained indirectly by glucose-independent
mechanisms such as an improvement in blood
pressure control33 via down-regulation of the
sodium/hydrogen antiporter 3 in the proximal
tubule.34 Vildagliptin, a DPP4i, was reported
to decrease apoptosis, as evidenced by a 2-
fold decrease in B cell lymphoma-2eassociated
X protein/B cell lymphoma-2 messenger
RNA expression and significantly decreased
messenger RNA expression of the proinflam-
matory marker C-X-C motif chemokine 10 in
the ischemia-reperfusion injury animal
model.35 Macrophage phenotype switching
from M1 to M2 subtype facilitates renal repair
after AKI.36 In an animal study, sitagliptin-
mediated inhibition of early atherosclerosis
was due to M2 polarization during monocyte
differentiation via stromal cell-derived factor
1/C-X-C chemokine receptor type 4
signaling,37,38 which facilitated kidney repair.
Renal recovery in AKI is compromised by per-
turbations of the cell cycle with arrest in the
G2 phase and production of proinflammatory
and profibrotic signals.29 It has been suggested
that DPP4is may improve oxygen supply and
mitigate the inflammatory response after
ischemia-reperfusion injury by improving re-
covery of sublethally injured cells. Further-
more, in the immune system, DPP4 acts as a
marker of T-cell activation in which it functions
as a costimulatory molecule.39 Kidney injury
3(12):1760-1774 n https://doi.org/10.1016/j.mayocp.2018.06.023
www.mayoclinicproceedings.org
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FIGURE 2. Adjusted HRs for the long-term risk of (A) incident end-stage renal disease, (B) all-cause
mortality, and (C) hospitalized heart failure among DPP4i users and nonusers, and subgroup analysis
with respect to premorbid risk and concomitant medications that was further adjusted for age, sex,
chronic kidney disease, advanced chronic kidney disease, and ACEi or ARB use. ACEi ¼ angiotensin-
converting enzyme inhibitor; ARB ¼ angiotensin II receptor blocker; DPP4i ¼ dipeptidyl peptidase-4
inhibitor; HR ¼ hazard ratio; NT$ ¼ New Taiwan dollar.
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molecule-1 (KIM-1) is expressed in activated
CD4þ T cells as well as in injured renal tubular
epithelial cells; thus, chronic KIM-1 expression
may provide a mechanistic link between AKI
and subsequent renal fibrosis.40 It is possible
that DPP4is inactivate CD4þ T cells, which
have been identified as the primary pathogenic
T cell in experimental AKI,41 andmay attenuate
KIM-1 expression.

Although several small-scale clinical trials
have found that a DPP4is significantly
decreased the urine albumin-to-creatinine
Mayo Clin Proc. n December 2018;93(12):1760-1774 n https://doi.o
www.mayoclinicproceedings.org
ratio,42-44 3 large-scale, randomized, double-
blind studies have revealed that adding a
DPP4i to routine care did not appear to increase
the risk of renal failure.45-47 Clinical trials to
date have not provided a clear consensus on
the renal effect of these drugs in patients with
type 2 DM. Enhanced follow-up of renal func-
tion of patients who have recovered from tem-
porary dialysis may be warranted, and DPP4is
may be candidate agents for preventing renal
disease progression in patients with DM wean-
ing from AKI-D.
rg/10.1016/j.mayocp.2018.06.023 1767
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FIGURE 2. (continued).
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Dipeptidyl Peptidase-4 Inhibitors Decreased
Subsequent Mortality But Not MACE or hHF
After AKI
Acute kidney injury requiring temporary dial-
ysis increases the long-term risk of coronary
events and all-cause mortality.9 The reduction
in MI or cardiovascular events observed with
short-term DPP4i treatment did not persist
over the long term.48,49 Dipeptidyl peptidase-
4 inhibitors may have had a cardiovascular
benefit in the low-risk patients enrolled and a
neutral effect on those at high risk or with pre-
vious cardiovascular events participating in the
cardiovascular outcome trial.45,47,50 Dipeptidyl
peptidase-4 inhibitors were found to prevent
the development of aortic and endothelial stiff-
ness via decreased fibroblast growth factor 23,
Mayo Clin Proc. n December 2018;9
oxidative stress, and increased Klotho expres-
sion in mice.51 High levels of serum fibroblast
growth factor 23 and Klotho deficiency were
associated with an increased risk of coronary
heart disease, heart failure, and cardiovascular
mortality.52,53 Dipeptidyl peptidase-4 inhibi-
tors improved cardiac function and decreased
the infarct size after MI through stromal cell-
derived factor 1a/C-X-C chemokine receptor
type 4/signal transducer and activator of tran-
scription 3 signaling pathways in cardiomyo-
cytes.53 Accordingly, a preliminary report
establishes that both vildagliptin and sitagliptin
treatments reduce intima media thickness, a
surrogate marker for early atherosclerosis.54

In this study, we found that the use of
DPP4is in patients with diabetes after weaning
3(12):1760-1774 n https://doi.org/10.1016/j.mayocp.2018.06.023
www.mayoclinicproceedings.org
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from AKI-D resulted in a lower risk of all-
cause mortality. A recent meta-analysis
reported that DPP4is decreased the risk of
all-cause mortality in patients with CKD.55

Furthermore, Mogensen et al56 illustrated a
lower mortality rate in the Danish population
with diabetes taking incretin-based drugs.
Recent observational data also confirm that
DPP4is may improve cardiac and all-cause
mortality in patients with DM with hHF57

and even in patients with preexisting heart
failure.58

We further found thatDPP4ismaydecreased
the risk of MACE-related mortality and severe
sepsis (Supplemental Table 1, available online
at http://www.mayoclinicproceedings.org). The
use of DPP4is could explain the decreased risk
Mayo Clin Proc. n December 2018;93(12):1760-1774 n https://doi.o
www.mayoclinicproceedings.org
of mortality in our study. One study found that
the use of sitagliptin in patients with type 2 dia-
betes after recent acute MI was not associated
with an increased risk of adverse cardiovascular
events,59 and another study noted that DPP4is
improved long-term survival in patients with
diabetes after first acute MI.60

Diabetes and infectious causes of death are
linked to inflammation, and it has become
increasingly appreciated thatCKD is characterized
by a state of chronic inflammation.61 There is a
wealth of evidence indicating that disorders of
both innate and adaptive immune systems
contribute to an increased rate of infections in
the course of CKD and diabetes.62

Dipeptidyl peptidase-4 inhibition may have
pleiotropic effects, modulating the immune
rg/10.1016/j.mayocp.2018.06.023 1769
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response by binding DPP4 receptors of immune
cells63 or culprit pathogens, such as coronavi-
rus64 and hepatitis C virus.65 The DPP4i sita-
gliptin reduced the lipopolysaccharide-
induced inflammatory response, which was
mediated by the nuclear factor kB signaling
pathway. Although it is an animal study, it
may hint that DPP4is may have a function in
cardiac remodeling attributed to sepsis-
induced inflammation.66

Although no concomitant effect on incident
ESRD has been described, our study found that
DPP4is combined with insulin or meglitinide
therapy increased the risk of mortality in
patients with diabetes after AKI. The concept is
in line with the observation that meglitinide or
other antidiabetic agenteinduced hypoglycemia
eventually contributed to cardiovascular events
and all-cause mortality.67,68 A recent study also
reported that meglitinide combined with insulin
will increase hypoglycemia in patients with
advanced CKD.68 Accordingly, DPP4is will
augment the long-term effects of insulin on sub-
sequent heart failure in posteAKI-D care.

Strengths and Limitations
Our study has several strengths. First, this
study is the first to report an association of
DPP4i use with a lower risk of ESRD and all-
cause mortality in patients with diabetes wean-
ing from AKI-D. Our study population
included only patients with DM who were
hospitalized for AKI, and the result is consis-
tent in patients with comorbidities such as
congestive heart failure and cardiovascular dis-
ease and in those who had received
angiotensin-converting enzyme inhibitors or
angiotensin II receptor blockers. Second, our
data, derived from a current nationwide
population-based cohort, enabled tracing of
nearly all the AKI episodes associated with
DPP4i use. All claims records of outpatient
visits and hospital admissions were included,
and diagnoses were included from both
sources.

Our study has some limitations that should
be acknowledged. First, given the impossibility
of treatment randomization in this retrospective
and observational study, the influence of poten-
tial confounding factors not evaluated herein
may have biased the results. For example, labo-
ratory data (eg, hemoglobin A1c level) were not
available in the NHIRD claims data. However,
Mayo Clin Proc. n December 2018;9
we used surrogate indicators to adjust for pa-
tients’ baseline diabetes severity, such as the
number of outpatient visits. We further added
the frequency of hemoglobin A1c measure-
ments to the final model and found similar re-
sults (Supplemental Result 1, available online
at http://www.mayoclinicproceedings.org).
High blood pressure is a well-known key for
progression of kidney disease and death, but
there were no blood pressure data in the
NHIRD. We used joint modeling of multiple
diseases to capture the effect of hypertension
to investigate geographic variations in risk.69

Recent studies reported that congestive heart
failure,70,71 atrial fibrillation,72 and peripheral
artery disease73 are highly related to hyperten-
sion and could be used as proxies for hyperten-
sion. Although we do not have any variable
directly reflecting hypertension, we could as-
sume that we have controlled the effect of
hypertension because we have included the
above-mentioned 3 diseases as proxies for hy-
pertension and added them to the final model
(Supplemental Result 2, available online at
http://www.mayoclinicproceedings.org). To
further avoid potential residual confounding
due to inadequate adjustment for unevaluated
biases, we used the IPTW model to balance
every clinical characteristic between the 2
groups. In addition, we matched patients using
the propensity score analysis with propensity
score and reanalyzed mortality by using pro-
pensity scoreeadjusted logistic regression.
Consistent with our IPTW analysis, the propen-
sity scoreematching analysis revealed that the
use of DPP4is mitigates mortality in patients
with diabetes after weaning from AKI-D
(Supplemental Table 2, available online at
http://www.mayoclinicproceedings.org).

Second, the implicit association of insulin
use with more intensive glycemic control
may have potentially confounded our results,
although the results of the stratified analysis
according to insulin use were consistent with
those of the main analysis. Although there
are no estimated glomerular filtration rate
and CKD stage classification in the NHIRD,
we have devised a way to differentiate the
severity of CKD using the NHI data. We cate-
gorized patients with CKD with concomitant
erythropoiesis-stimulating agents prescription
as those with “advanced CKD.”9 More than
75% patients with advanced CKD are found
3(12):1760-1774 n https://doi.org/10.1016/j.mayocp.2018.06.023
www.mayoclinicproceedings.org
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to be anemic.74 Therefore, patients with such
prescription are highly likely to have advanced
CKD. We adjusted preadmission CKD,
advanced CKD, postdischarge CKD, and
advanced CKD, and found that in patients
with advanced CKD, the use of DPP4is after
discharge was independently associated with
decreased mortality. Most importantly, these
factors exhibited a severity-dependent risk to
mortality. Finally, a future study will clarify
the mechanisms underlying the differences in
incident ESRD for different DPP4is. However,
our results may only be generalizable to the
population with DM, with an AKI episode
covered by the universal health care insurance
program.
CONCLUSION
Our findings suggest that the use of DPP4is in
patients with diabetes weaning from AKI-D
was associated with a decreased risk of ESRD
and mortality. These findings extend those of
previous studies on the safety of DPP4i use
and may shed further light on the manage-
ment of AKI to CKD transitional care and
the potential renal effects, which may aid in
treatment decisions in routine clinical practice.
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