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Association of Renal and Cardiovascular
Safety With DPP-4 Inhibitors vs. Sulfonylureas
in Patients With Type 2 Diabetes and
Advanced Chronic Kidney Disease

Chun-Ting Yangl, Wei-Hung Lin*?, Lun-Jie Lil, Huang-Tz Ou"*5* and Shihchen Kuo®

This study assessed the effects of dipeptidyl peptidase-4 inhibitors (DPP4is) vs. sulfonylureas (SUs) on composite
renal, cardiovascular, and hospitalized hypoglycemia outcomes in type 2 diabetes (T2D) patients with advanced
chronic kidney disease (CKD) who were underrepresented in previous clinical studies. The National Health Insurance
Research Database was utilized. Patients with T2D and advanced CKD (stages 3b-5) with stable use of DPP4is

or SUs were identified during 2011-2015 and followed until death or December 31, 2016. The primary outcome
was the composite renal outcome. Secondary outcomes included hospitalized heart failure (HHF), major adverse
cardiovascular event (MACE), hospitalized hypoglycemia, and all-cause death. Subdistribution hazard models were
employed to assess treatment effects on clinical outcomes. A total of 1,204 matched pairs of DPP4i and SU

users were analyzed. Compared with SUs, DPP4is had no significant difference in the risks of the composite renal
outcome, HHF, and three-point and four-point MACE (hazard ratios (95% confidence intervals): 1.10 (0.93-1.31), 1.11
(0.95-1.30), 0.97 (0.79-1.19), and 1.08 (0.94-1.24), respectively), but reduced risks of hospitalized hypoglycemia
(0.53 (0.43-0.64)) and all-cause death (0.71 (0.53-0.96)). In conclusion, among patients with T2D and advanced
CKD, the use of DPP4is vs. SUs was associated with comparable safety profiles on renal and cardiovascular
outcomes, and reduced risks of hospitalized hypoglycemia and all-cause death. DPP4is may be preferred for patients
with T2D and advanced CKD, and the regular monitoring on cardiac function remains crucial among this population

who are at a higher risk of HHF.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE
TOPIC?

M The first-line therapeutic options for real-world patients with
type 2 diabetes (T2D) and advanced chronickidney disease (CKD)
may be limited to dipeptidyl peptidase-4 inhibitors (DPP4is) and
sulfonylureas (SUs) because of the lower tolerability to adverse ef
fects of other glucose-lowering agents in this population.

WHAT QUESTION DID THIS STUDY ADDRESS?

M What is the comparative renal and cardiovascular safety of
DPP4is vs. SUs in patients with T2D and advanced CKD?
WHAT DOES THIS STUDY ADD TO OUR
KNOWLEDGE?

M Compared with SUs, DPP4is had no significant difference

in the risks of the composite renal outcome, hospitalized heart

failure (HHF), or major adverse cardiovascular event, but re-
duced risks of hospitalized hypoglycemia and all-cause death
among patients with T2D and advanced CKD.

HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY ORTRANSLATIONAL SCIENCE?

4] Considering comparable safety profiles on renal and cardio-
vascular outcomes as well as benefits of reducing hospitalized
hypoglycemia risk and all-cause mortality between DPP4is and
SUs, DPP4is may be preferred for patients with T2D and ad-
vanced CKD. In clinical practice, the regular monitor on car-
diac function remains crucial among this population who are at
a higher risk of HHF.
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Chronic kidney disease (CKD) is a prevalent comorbidity
among patients with type 2 diabetes (T2D) across countries
(25—40%),1_4 creating immense health and economic burdens
on individuals, healthcare systems, and societies. The selection
of an appropriate glucose-lowering therapy for patients with
T2D and CKD, especially those with advanced CKD (stages
3b-5, estimated glomerular filtration rate (eGFR) of <45 mL/
min/l.73m2), has been challenging because such patients are
more vulnerable to adverse effects of glucose-lowering agents
(GLAs) such as hypoglycemia, lactic acidosis, and cardiovascu-
lar diseases (CVDs).

Additional barriers have cautioned or limited the use of GLAs
in this population. Amongconventional GLAs, metformin is con-
traindicated for patients with an ¢GFR of <30 mL/min/1.73m>
due to an increased risk of lactic acidosis. Thiazolidinediones
increase the risk of heart failure, and are thus not recommended
for CKD populationss’6 who are susceptible to heart failure.”
Alpha-glucosidase inhibitors are generally not considered as
a first-line agent for CKD patients because of limited data re-
garding their long-term safety and efficacy. Insulins are not pre-
ferred in a front-line setting for CKD patients because the close
monitoring of blood glucose levels and frequent adjustment of
insulin doses are needed. Among novel GLAs, sodium-glucose
cotransporter 2-inhibitors are not approved for patients with an
eGFR of <30 mL/min/1.73m”. The safety profile of glucagon-
like peptide-1 receptor agonists in patients with CKD is uncer-
tain,’ and patients may hesitate to use them because of their high
costs and injectable formulation. The therapeutic options for
glucose-lowering treatment for patients with T2D and advanced
CKD may thus be limited to sulfonylureas (SUs), meglitinides,
and dipeptidyl peptidase-4 inhibitors (DPP4is). DPP4is and
SUs are the two most commonly prescribed GLAs for patients
with CKD (Figure S1). In this population, DPP4is are generally
preferable because of their relatively low risk of hypoglycemia
and neutral cardiovascular effects.>® SUs are low-cost alterna-
tives but require the close blood glucose monitoring due to an
increased risk ofhypoglyccmia.9

Patients with T2D and advanced CKD have been underrepre-
sented in previous studies on the assessment of safety outcomes
associated with DPP4is, including both clinical trials of patients
with established CVDs or at high risk for CVDs'*"" and real-
world studies on general T2D populations.lg_21 To date, no studies
have evaluated the association between DPP4is and major renal
and cardiovascular outcomes in patients with T2D and advanced
CKD.? Against this background, we assessed the association of
DPP4is vs. SUs with renal, cardiovascular, and hospitalized hypo-
glycemic outcomes among patients with T2D and advanced CKD
to inform clinical decision making of glucose-lowering treatment
for this population.

METHODS

Data source

This retrospective cohort study utilized Taiwan’s National Health
Insurance Research Database (NHIRD) 2007-2016. The NHIRD
is a nationwide population-based database in which all reimbursed
medical services of enrollees in the National Health Insurance
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(NHI) program were documented.”? This study was approved by
the Institutional Review Board of National Cheng Kung University
(A-EX-106013).

Cohort identification

People with T2D in the NHIRD 2008-2015 were included and then
those with advanced CKD (stages 3b-5) were identified by confirming
the enrollment status in the national pre—end stage renal disease (pre-
ESRD) pay-for-performance program, which was officially launched by
the NHI program to improve the healthcare quality for patients with ad-
vanced CKD and alleviate their disease progression to ESRD and chronic
dialysis.”> Among these selected patients with T2D and advanced CKD,
the stable users of DPP4is or SUs (i.c., having at least three sequential
refills of DPP4is or SUs with refilling gaps less than 30 days) in 2011~
2015 were further identified. The date for the stable use of a study drug
being confirmed (i.c., the third refill of the study drug) was defined as
the index date. The operational definitions of abovementioned cohort
identification criteria are detailed in Table S1.

Patients with histories of chronic dialysis, kidney transplant, or
erythropoiesis-stimulating agent (ESA) use in the year before or at the
index date were further excluded. According to the NHI reimbursement
policy, ESA is reimbursed for CKD patients with a serum creatinine level
of >6.0 mg/dL (approximately equivalent to CKD stage 5) and hemato-
crit of <289%.% ESA use was applied as an exclusion criterion to minimize
the heterogeneity of the study cohort. A flowchart of the study cohort se-
lection is illustrated in Figure 1.

The study cohort of patients with T2D and advanced CKD may have
been exposed to multiple GLAs before using DPP4is or SUs. The inci-
dent new-user cohort design, which considers only incident new users
(treatment-naive patients to DPP4is or SUs), would include a relatively
small fraction of real-world patients and thus limit the study generalizabil-
ity to routine clinical diabetes care. Therefore, we adopted the prevalent-
user cohort design® to include not only incident users but also prevalent
users of DPP4is or SUs, which would reflect a representative of real-life
patients in clinical settings.

Furthermore, a two-step matching algorithm was implemented to
enhance the comparability between study groups of DPP4i and SU
users.” First, the previous utilization patterns of GLAs were considered
as an important proxy for patients’ underlying status of diabetes man-
agement and therefore utilized as the matching criterion. Specifically,
patients exposed to the same number of GLA classes were matched
first, with a maximum 90-day drug supply difference (+45 days) of
prior use of DPP4is or SUs allowed for the matched pairs. Second, 1:1
nearest neighbor propensity score matching was used to adjust for the
imbalanced baseline patient characteristics between study groups. The
propensity score was estimated using a logistic regression model where
treatment status (DPP4is vs. SUs) was fitted with a variety of demo-
graphic and clinical characteristics (Table 1) relevant to cither treat-
ment selection or study outcomes.

Definitions of treatment exposure and study outcomes

Exposure to GLAs was measured using the World Health Organization
Anatomical Therapeutic Chemical Classification system. The primary
outcome was the composite renal outcome of chronic dialysis (defined as
dialysis therapy for >90 days) or kidney transplant, which was ascertained
from the Registry for Catastrophic Illness Patients file in the NHIRD.
Secondary outcomes included (i) hospitalized heart failure (HHF), (ii) a
three-point major adverse cardiovascular event (3P-M ACE), namely non-
fatal myocardial infarction or stroke or fatal CVD, (iii) a four-point major
adverse cardiovascular event (4P-MACE), namely HHF or 3P-MACE,
(iv) hospitalized hypoglycemia, and (v) all-cause death. Cardiovascular
outcomes and hypoglycemia were measured from inpatient and emer-
gency department records of NHIRD using International Classification
of Disease, Ninth Revision, and Clinical Modification and International
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NHIRD 2007-2016

Inclusion (N = 14,865):

NHIRD

(1) Patients diagnosed with T2D during 2008-2015 and confirmed advanced CKD
(based on the enrollment records of pre-ESRD P4P program in 2011-2015) in

(2) Previous exposure to any GLAs after pre-ESRD program enrollment

Stable users of DPP4is or SUs in 2011-2015
(N =10,166)

Exclusion (N = 2,796):

(1) History of chronic dialysis or kidney
transplant (N = 349)

(2) Previous exposure to ESA in the year prior
to or at the index date® (N = 569)

(3) Exposure to both DPP4is and SUs in the

identification period of study drug users®
(N =1,878)

DPP4i group SU group

(N =3,988) (N =3,382)

Figure 1 Patient selection flowchart. CKD, chronic kidney disease; DPP4is, dipeptidyl peptidase-4 inhibitors; ESA, erythropoiesis-stimulating
agent; ESRD, end-stage renal disease; GLAs, glucose-lowering agents; NHIRD, National Health Insurance Research Database; P4P: pay-for-
performance; SUs, sulfonylureas; T2D, type 2 diabetes. Notes: ?Index date refers to the date of the confirmation of stable use of a study
drug (i.e., the third refill of a study drug) after pre-ESRD program enroliment. PPatients who were exposed to both DPP4is and SUs in the
identification period of study drug users (e.g., the period for the stable use of a study drug being confirmed) were excluded to reduce the

misclassification bias.

Classification of Disease, Tenth Revision, Clinical Modification disease
codes (Table S1). Mortality status and death causes were confirmed
from the Causc of Death Data in the NHIRD. Each patient was followed
from the index date until the occurrence of study outcomes, death, loss
of follow-up, or December 31, 2016, whichever came first (intention-to-
treat scenario).

Statistical analyses

Bascline patient characteristics were measured in the year before
or at the initiation of study drugs. Differences in baseline charac-
teristics between study groups were tested using the standardized
difference, where an absolute value of <0.1 implies well-balanced
characteristics.”?’

Considering the relatively high mortality in patients with advanced
CKD, subdistribution hazard models, which account for the competing
risk of death were employed to estimate the relative risk of study outcomes
with using DPP4is vs. SUs.”** Subgroup analyses for the primary com-
posite renal outcome were performed by examining interaction terms of
treatment status (DPP4is vs. SUs) and clinical characteristics (Figure S2)
as covariates in the models. Further, comparisons of individual DPP4is
(sitagliptin, vildagliptin, saxagliptin, and linagliptin) vs. SUs were con-
ducted to explore the variation of treatment effects on study outcomes
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by DPP4i. Finally, five additional sensitivity analyses were performed to
corroborate the robustness of our findings, including (i) use of (a) the
classic Cox models and (b) cause-specific hazard models to estimate the
relative hazards of DPP4is vs. SUs on study outcomes, and (ii) reiteration
of primary analyses based on (a) as-treated scenario, (b) incident new-user
cohort design, and (c) redefining the index date as the date of the first
prescription of a study drug to better reflect the real-world situation where
the assessment of treatment-related outcomes generally starts at the treat-
ment initiation (Table $2). A two-tailed P value of <0.05 was considered
astatistically significant difference. All analyses were performed using SAS
software version 9.4 (Cary, NC).

RESULTS
A total of 1,204 matched pairs of DPP4i and SU users were in-
cluded in primary analyses. After matching, study groups were
well balanced (standardized mean difference <0.1), except for
a slightly higher proportion of dyslipidemia among SU users
(Table 1). The average follow-up length was 2.75 and 2.82 years
for DPP4i and SU users, respectively.

Given adjustment for the competing risk of death using sub-
distribution hazard models (Table 2), there were nonsignificant
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Table 1 Baseline patient characteristics of study cohort before and after matching

Before matching

After matching

Standardized

Standardized

Characteristics DPP4is SUs difference® DPP4is SUs difference?®
Number of subjects 3,988 3,382 1,204 1,204
GLA utilization pattern in the year prior to the initiation of study drugs
Number of GLAs prescribed 2.21+1.31 1.94 £1.09 0.22° 2.11+£1.48 2.04 £1.39 0.05
(mean + SD)
Medication possession ratio (mean £ SD)b
Metformin 0.53+0.33 0.60 £ 0.33 -0.23% 0.56 + 0.34 0.49£0.33 0.08
Sulfonylureas 0.45 +0.32 0.74 £ 0.30 -1.54° 0.52 £0.34 0.49 £0.35 -0.03
Meglitinides 0.58 £ 0.35 0.42 £0.35 0.65% 0.45+0.34 0.45 £ 0.35 0.05
Thiazolidinediones 0.50 £ 0.35 0.57 £0.34 -0.03 0.45 £ 0.33 0.42 £ 0.33 0.02
Acarbose 0.54 +0.34 0.61 £ 0.35 -0.04 0.53+0.36 0.50 £ 0.35 -0.02
DPP4is 0.57 £0.34 0.39+0.31 1.06% 0.32+0.32 0.43 +0.33 0.04
GLP-1RAs 0.36 £ 0.36 0.29 £ 0.27 -0.02 0.15 + NA® 0.32 £0.30 -0.08
Insulins 0.56 + 0.40 0.37 £0.39 0.35% 0.40 £0.39 0.36 £ 0.38 0.03
Characteristics in propensity score matching
Age at the initiation of study drugs 66.42 £13.02 66.47 + 12.50 -0.00 66.38 £ 12.78 65.65+12.89 0.06
(years, mean £ SD)
Male (%) 61.33 63.99 -0.05 62.51 63.09 -0.01
Year of the initiation of study drugs (%)
2012 24.16 41.78 -0.38° 24.62 27.69 -0.07
2013 19.63 20.80 -0.03 23.56 24.62 -0.02
2014 28.77 20.33 0.20° 27.37 24.62 0.06
2015 27.44 17.08 0.25° 24.45 23.08 0.03
Duration of diabetes (years, 3.40+£1.90 3.13+1.78 0.15° 3.30£1.92 3.18+1.91 0.06
mean = SD)
Metformin exposure within 90 days 17.08 28.09 -0.27% 26.77 27.43 -0.01
prior to the initiation of study drugs (%)
Diabetes-related complications (%)d
Cardiovascular diseases 34.30 29.89 0.09 33.58 32.09 0.03
Myocardial infarction 3.84 2.66 0.07 3.82 3.66 0.01
Ischemic heart diseases 25.18 22.50 0.06 23.52 23.61 -0.00
Heart failure 15.15 11.32 0.11° 14.63 13.63 0.03
Stroke 20.51 19.25 0.03 20.62 20.28 0.01
Retinopathy 26.03 22.21 0.09 23.11 23.61 -0.01
Neuropathy 20.31 19.63 0.02 20.70 20.86 -0.00
Peripheral vascular diseases 9.68 7.92 0.06 9.64 10.06 -0.01
Hypoglycemia 8.45 6.03 0.09 8.40 8.06 0.01
DKA or HHS 2.13 2.13 0.00 2.24 3.33 -0.07
Comorbidities (%)°
Hypertension 84.75 84.48 0.01 85.20 84.95 0.01
Dyslipidemia 49.12 51.01 -0.04 48.46 54.20 -0.11°
Cancers 11.13 10.97 0.01 11.55 10.39 0.04
Gastrointestinal diseases 30.24 30.31 -0.00 32.75 31.67 0.02
Musculoskeletal diseases 48.14 50.18 -0.04 49.30 52.04 -0.07
Pulmonary diseases 13.79 11.41 0.07 14.38 12.39 0.06
Mental illnesses 10.53 8.72 0.06 9.73 8.23 0.05
(Continued)
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Table 1 (Continued)

Before matching

After matching

Standardized

Standardized

Characteristics DPP4is SUs difference® DPP4is SUs difference®
CVD-related medication history (%)
Lipid-modifying agents 39.47 46.57 -0.14° 39.24 43.23 -0.08
Alpha blockers 10.31 12.83 -0.08 10.14 11.55 -0.05
Beta blockers 30.09 36.22 -0.13°% 32.75 32.34 0.01
RAAS agents 49.12 62.18 -0.27° 52.45 55.86 -0.07
Diuretics 30.99 38.47 -0.16° 35.25 37.32 -0.04
Calcium channel blockers 37.86 47.75 -0.20° 41.73 44.06 -0.05
Antiarrhythmics 2.51 2.63 -0.01 2.41 2.58 -0.01
Cardiac glycosides 2.53 2.28 0.02 2.00 2.00 0.00
Vasodilators 13.11 14.64 -0.04 12.22 13.97 -0.05
Antithrombotics 32.97 41.45 -0.18° 35.08 37.66 -0.05
Anticoagulants 1.63 1.89 -0.02 1.66 1.74 -0.01

DPP4is, dipeptidyl peptidase-4 inhibitors; SUs, sulfonylureas; SMD, standardized mean difference; GLA, glucose-lowering agent; SD, standard deviation; GLP-
1RAs, glucagon-like peptide-1 receptor agonists; NA, not available; DKA, diabetic ketoacidosis; HHS, hyperosmolar hyperglycemic state; CVD, cardiovascular

disease; RAAS, renin-angiotensin-aldosterone system.

#An absolute value of standardized difference of higher than or equal to 0.10 indicates a clinical difference between study groups. ®The medication possession
ratio was calculated as the total day supply of each class of glucose-lowering agents in the year prior to the initiation of study drugs divided by 365 days. “The
standard deviation was not available due to limited sample size. 9The characteristics were measured in the year prior to or at the initiation of a study drug which
refers to the first date of prescription of the study drug after pre-end-stage renal disease (ESRD) pay-for-performance (P4P) enroliment in 2011-2015.

differences in renal and cardiovascular outcomes between the
groups. The subdistribution hazard ratios (SDHRs) and 95% con-
fidence intervals (CIs) of DPP4is vs. SUs were 1.10 (0.93-1.31)
for the primary renal outcome, 1.11 (0.95-1.30) for HHEF, 0.97
(0.79-1.19) for 3P-MACE, and 1.08 (0.94—1.24) for 4>-MACE.
There were significantly lower risks of hospitalized hypoglycemia
(SDHR: 0.53 (0.43-0.64)) and all-cause death (0.71 (0.53-0.96))
associated with DPP4is vs. SUs. In subgroup analyses for the pri-
mary renal outcome (Figure $2), no significant interactions were
observed, except for the absence vs. presence of prior retinopathy
history. Results of sensitivity analyses (Table $2) were generally
consistent with those of primary analyses, except for no significant
difference in all-cause mortality between DPP4i and SU use under
the as-treated scenario analysis, incident new-user design analysis,
and scenario analysis where the index date was redefined as the
date of initiation of a study drug (sensitivity analyses 3, 4, and 5, re-
spectively), and a significantly increased HHF risk associated with
DPP4is vs. SUs when the index date was redefined as the date of
initiation of a study drug (sensitivity analysis 5).

Results of the treatment effects of individual DPP4is vs. SUs on
study outcomes were similar to those in primary analyses (Figure 2
and Table S$3), except for a significantly higher HHF risk associ-
ated with vildagliptin vs. SU use (SDHR: 1.64 (1.02-2.64)) and
no significant difference in hospitalized hypoglycemia risk be-
tween saxagliptin and SU use (SDHR: 0.62 (0.34-1.12)).

DISCUSSION

This is the first population-based study to assess the compara-
tive safety of the two most commonly prescribed GLAs, namely
DPP4is and SUs, in real-world patients with T2D and advanced
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CKD, who are susceptible to GLA-related adverse effects (c.g.,
HHEF, hypoglycemia) but underrepresented in the majority of
existing clinical trials and real-world studies. Our study revealed
that compared with SUs, the use of DPP4is among patients with
T2D and advanced CKD had comparable safety profiles on renal
and cardiovascular outcomes, and was associated with a consid-
erably lower risk of hospitalized hypoglycemia and possibly a re-
duced all-cause mortality. Heterogeneity of HHF risks may exist
among different DPP4is; that is, a significantly increased HHF
risk associated with the use of vildagliptin vs. SUs was found, but
not in sitagliptin, saxagliptin, or linagliptin.

Renal safety of DPP4is in patients with T2D and advanced
CKD

The renal safety of DPP4is vs. SUs among patients with T2D and
advanced CKD has not been fully evaluated in the literature. Two
cardiovascular outcome trials (CVOT5) consisting of patients with
high CVD and/or renal risks assessed the effect of DPP4is on renal
outcome as the secondary exploratory end point.lmo The SAVOR-
TIMI 53 (Does Saxagliptin Reduce the Risk of Cardiovascular
Events When Used Alone or Added to Other Diabetes Medications)
trial reported a nonsignificant difference in the composite renal
outcome of the doubling of creatinine level, initiation of dialysis,
kidney transplant, or creatinine >6.0 mg/dL for saxagliptin vs. pla-
cebo.” The post hoc analysis of the CARMELINA (Cardiovascular
and Renal Microvascular Outcome Study With Linagliptin in
Patients With Type 2 Diabetes Mellitus) trial showed that across
eGFR levels, the use of linagliptin vs. placebo yielded a compara-
ble composite renal outcome of ESRD, sustained 240% decrease
in eGFR from baseline, or renal death.”” However, these analyses
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Table 2 Primary analyses

DPP4is (n = 1,204)

SUs (n = 1,204)

Event rate Event rate

Study outcomes Number of events (/100 PYs) Number of events (/100 PYs) SDHR (95% CI)d

Composite renal outcome® 278 9.64 245 8.21 1.10 (0.93-1.31)
HHF 225 7.61 205 6.68 1.11 (0.95-1.30)
3P-MACE® 144 4.62 148 4.61 0.97 (0.79-1.19)
4P-MACE® 298 10.48 295 10.03 1.08 (0.94-1.24)
Hospitalized hypoglycemia 108 3.45 193 6.33 0.53 (0.43-0.64)
All-cause death 108 3.27 153 4.51 0.71 (0.53-0.96)

Primary analyses for the event rate (/100 person-years) and hazard ratio (95% Cl) of study outcomes under the intention-to-treat scenario.
3P-MACE, three-point major adverse cardiac event; 4P-MACE, four-point major adverse cardiac event; Cl, confidence interval; CSHR, cause-specific hazard ratio;
DPP4is, dipeptidyl peptidase-4 inhibitors; HHF, hospitalized heart failure; HR, hazard ratio; NA, not applicable; PYs, person-years; SDHR, subdistribution hazard

ratio; SUs, sulfonylureas.

@Composite renal outcome included chronic dialysis or kidney transplant. ®3P-MACE included nonfatal myocardial infarction, nonfatal stroke, or death due to
cardiovascular diseases. °4P-MACE included nonfatal myocardial infarction, nonfatal stroke, hospitalized heart failure, or death due to cardiovascular diseases.
9The variables adjusted in the hazard models included the history of SU exposure, DPP4i exposure, and dyslipidemia (measured in the year before the initiation of
a study drug). °The relative hazard of all-cause death of DPP4is compared with SUs was estimated using Cox models instead of subdistributional hazard models.

included a limited fraction of patients with advanced CKD, and
used a placebo as the comparator. Two real-world studies examined
the comparative effectiveness of DPP4is and SUs on the risk of
renal outcomes among patients with T2D.2"3! Kim et al. reported
a nonsignificantly different risk of ESRD for DPP4is vs. SUs. M
However, a small number of events (17 ESRD events) and a short
follow-up period (around 1.6 years) may affect the study validity,
and less than 2% of study patients had CKD, which would greatly
limit the study generalizability to the CKD population. Xie e a/.
reported that in subgroup analyses, there was a nonsignificantly
different risk of the composite outcome of ESRD, ¢GFR decline
>50%, or all-cause mortality for DPP4is vs. SUs among patients
with T2D and advanced CKD.*? To our best knowledge, our study
is the first of its kind to specifically target patients with T2D and
advanced CKD for assessing renal outcomes of DPP4is. We thus
extended current evidence to demonstrate that the use of DPP4is
vs. SUs was associated with a comparable renal safety profile among
patients with T2D and advanced CKD.

HHF risks of DPP4is in patients with T2D and advanced CKD
Current evidence on the HHF risk of DPP4is in patients with
T2D and advanced CKD remains limited and yields inconclu-
sive results. In large CVOTs, an increased HHF risk associated
with DPP4is has been noticed, including a statistically higher
HHEF risk of saxagliptin vs. placebo in SAVOR-TIMI 53,19 and
a nonsignificantly increased HHF risk of alogliptin vs. placebo
in EXAMINE (Cardiovascular Outcomes Study of Alogliptin in
Patients With Type 2 Diabetes and Acute Coronary Syndromc:)12
and of linagliptin vs. glimepiride in CAROLINA (Cardiovascular
Outcome Study of Linagliptin versus Glimepiride in Patients
Type 2 Diabetes);lé however, few patients with advanced CKD
were included in these trials. In contrast, the secondary analysis
of the CARMELINA trial reported that there was a nonsignifi-
cantly lower HHF risk of linagliptin vs. placebo among patients
with T2D and advanced CKD."”

Among real-world studies of patients with T2D and renal im-
pairment, two studies reported a significantly higher HHF risk

CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 110 NUMBER 2 | August 2021

associated with DPP4is vs. other GLAs>> or nonusers,”> while
three other studies reported a nonsignificant difference in HHF
risk between DPP4i users and nonusers.>* ¢ However, the in-
terpretation of these study findings should be cautious. First,
utilizing a comparison group of non-DPP4i users who were ex-
posed to other types of GLAs would introduce the heterogene-
ity of medication effects. Second, although the competing risk of
death is an important methodological concern in CKD patients
who are at high mortality risk, it was not adjusted in analyses
of previous studies. Third, the relatively short follow-up period,
ranging from 1 to 1.6 years, in previous studies may limit the
applicability of study findings to advanced CKD patients who
generally require long-term management. Fourth, these studies
were all conducted using study cohorts identified in 2009-2012
when not all DPP4is (e.g., linagliptin) were available on the mar-
ket and when little was known about the effectiveness and safety
of individual DPP4is vs. other GLAs. Given the evolution of
treatment strategies, studies from earlier periods are of limited
value for supporting modern practice. To overcome these limita-
tions, we utilized a cohort identified in a recent period (2011-
2015), applied the active-comparator design, and adjusted for
the competing risk of death to enhance the validity and general-
izability of study findings to current practice.

Our primary analysis and several sensitivity analyses showed no
significant difference in HHF risks between DPP4i and SU use.
However, the sensitivity analysis which redefined the index date as
the initiation of a study drug (sensitivity analysis 5) revealed an in-
consistent finding; that is, the use of DPP4is vs. SUs had a signifi-
cantly higher HHF risk (Table S2). Also, the analyses of individual
DPP4is vs. SUs showed that a higher risk of HHF was associated
with the use of vildagliptin. Although no CVOTs evaluated the ef-
fect of vildagliptin on HHF, an unfavorable effect on ventricular
function associated with vildagliptin has been reported in a ran-
domized placebo-controlled trial.”” Nevertheless, given the limited
evidence on HHEF risks associated with DPP4is among patients
with T2D and advanced CKD today, the clinical use of DPP4is
should be cautious, and the regular monitoring on cardiac function
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Figure 2 Association of individual DPP4is vs. SUs with study outcomes under the intention-to-treat scenario. 3P-MACE, three-point major
adverse cardiac event; 4P-MACE, four-point major adverse cardiac event; DPP4is, dipeptidyl peptidase-4 inhibitors; HHF, hospitalized heart
failure; SUs, sulfonylureas. Notes: Composite renal outcome included chronic dialysis or kidney transplant. 3P-MACE included nonfatal
myocardial infarction, nonfatal stroke, or death due to cardiovascular diseases. 4P-MACE included nonfatal myocardial infarction, nonfatal
stroke, hospitalized heart failure, or death due to cardiovascular diseases.

remains essential in clinical practice. Future research is warranted
to explore heterogeneous treatment effects of different DPP4is on
clinical outcomes in this population.

Hypoglycemia and all-cause death risks of DPP4is in
patients with T2D and advanced CKD

In addition to comparable safety profiles on renal and cardiovas-
cular outcomes between DPP4is and SUs, both a lower hospital-
ized hypoglycemia risk in our study and a lower hypoglycemia risk
consistently across all ¢<GFR subgroups in the CAROLINA trial'®
associated with DPP4is vs. SUs are supporting evidence for the
rational use of DPP4is in patients with T2D and advanced CKD,
who are more vulnerable to hypoglycemic events compared with
the general T2D population.”® The potential benefit of reducing
all-cause mortality associated with DPP4is vs. SUs was revealed
in the primary analysis but not fully confirmed in all sensitivity
analyses, which suggests a pivotal topic for further research among
this population with a higher mortality risk.

Study strengths and limitations
This study focused on patients with T2D and advanced CKD,
who have been underrepresented in previous clinical trials and
real-world studies, to provide additional evidence for support-
ing rational glucose-lowering treatment in clinical practice.
Methodologically, we employed a rigorous study design and an-
alytic procedures to ensure the generalizability and validity of
the study results, including (i) the prevalent-user cohort design
to include a broader representative of the real-world population
treated with DPP4is or SUs for the comprehensive assessment of
treatment safety, while using the incident-user cohort design as
an additional sensitivity analysis to ensure the internal validity
of study results, (ii) two-step matching procedures to achieve a
greater level of comparability between study groups, (iii) com-
peting risk of death modeling approaches to more accurately es-
timate the risk of disease and event outcomes, and (iv) subgroup
and sensitivity analyses to examine the robustness of the primary
analysis results.

Study limitations should also be acknowledged. First, like other
observational studies using administrative claims data, unmeasurable
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confounding effects (e.g., physicians preferences, laboratory data)
might exist. However, efforts to minimize these effects were made
through the rigorous matching algorithm to achieve a greater level of
between-group comparability on various baseline patient characteris-
tics (e.g., prior GLA exposure history, comorbidities, and complica-
tions). Further, due to not having information on eGFR level or exact
CKD stages available in our database, the between-group compara-
bility in baseline renal function would be of concern and confound-
ing by indication from imbalanced renal functions cannot be ruled
out. However, we have implemented several procedures to minimize
these concerns, including the use of rigorous enrollment criteria for
the national pre-ESRD P4P program to include patients with con-
firmed CKD stages 3b-5, the exclusion of patients with chronic di-
alysis or prior ESA use before the index date, and the adjustment for
prior metformin exposure in the analyses. Second, medication nonad-
herence is a challenging issue in real-world studies and may bias study
findings. We thus restricted the study cohort to only stable users of
DPP4is or SUs to climinate the potential confounding effect from
the short-term use or nonadherence of study drugs. Further, we per-
formed sensitivity analyses based on the as-treated scenario in which
patients who discontinued or switched to another drug were censored
to corroborate the primary findings under the intention-to-treat
scenario. Third, our analyses did not adjust for multiple statistical
testing, and therefore, future research that corroborate our findings
should consider applying appropriate adjustments for multiple testing
correction. Fourth, the analyses were stratified by individual DPP4is
as the study drugs of interest, but we did not further analyze individ-
ual SUs as the comparator drugs for DPP4is, which deserves future
research. Finally, the generalizability of our findings may be limited to
healthcare systems with universal health insurance coverage.

In summary, among real-world patients with T2D and advanced
CKD, the use of DPP4is vs. SUs was associated with similar safety
profiles on renal and cardiovascular outcomes, and reduced risks
of hospitalized hypoglycemia and all-cause death. However, the
HHEF risk may vary across different DPP4is. Future research is en-
couraged to explore heterogeneous treatment effects of individual
DPP4is in a real-world diverse T2D population with various levels
of underlying renal and cardiovascular functions to corroborate
our study findings.
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SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical
Pharmacology & Therapeutics website (www.cpt-journal.com).
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