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Several oral hypoglycemic agents (OHA)
are not recommended for patients with
advanced chronic kidney disease (CKD).
Early use of supplemental insulin, which
can potentially increase the risk of hy-
poglycemia and cardiovascular events,
was noted among patients with limited
choices. Pioglitazone is a thiazolidinedione,
which can be safely used in patients
with CKD and patients with end-stage
renal disease (ESRD) without dose ad-
justment. Previous research has indi-
cated that pioglitazone can improve
peripheral insulin sensitivity and poten-
tially reduce cardiovascular risks (1).
However, the benefit of pioglitazone in
patients with type 2 diabetes (T2D) with
advanced CKD has been overlooked. Using
Taiwan’s National Health Insurance Re-
search Database (NHIRD), which covers
;99.8% of Taiwan’s population (nearly
23.37 million) and provides comprehen-
sive health care information, we com-
pared the incidence of major cardiac and
cerebrovascular events (MACCE) and new-
onsetESRDrequiringdialysis and the rateof
mortality in T2D patients with advanced
CKD treated with pioglitazone and the
most popular OHA, dipeptidyl peptidase
4 (DPP-4) inhibitors, in this population.

DPP-4 inhibitorswere known for their low
risk of hypoglycemia and near-neutral
effect on cardiovascular outcomes (2).

In this study, a total of 90,193 T2D
patients older than the age of 20 years
with advanced CKD were identified from
the NHIRD between 2006 and 2016. The
patients were divided into two groups,
pioglitazone (n5 2,121) or DPP-4 inhib-
itors (reference group [n 5 15,325]),
according to the treatments they received
within the 3-month period after the di-
agnosis of advanced CKD, defined as
the date of initiation of erythropoietin-
stimulating agents for the treatment of
CKD. Defining the 91st date after ad-
vanced CKD diagnosis as the index date,
we used the propensity score stabilized
weights to simulate a randomized clin-
ical trial by balancing the baseline charac-
teristics between the two study groups
(3). Baseline characteristics including
age, sex, income level, urbanization level
of residence, comorbidities (hyperten-
sion, dyslipidemia, connective tissue dis-
eases, liver cirrhosis, peripheral artery
disease, and atrial fibrillation), history of
hospitalizations (related to infection,myo-
cardial infarction, stroke, or heart failure),
and medications (all kinds of OHA,

antihypertension, antiplatelet agents, non-
steroidanti-inflammatorydrugs,ketosteril,
and diuretics) were included in the study.
The values of absolute standardizedmean
difference of all characteristics in this
study are#0.1, indicating an insignificant
difference in potential confounders be-
tween the twostudygroups. Thensurvival
analysis (Kaplan-Meier method and log-
rank test for univariate analysis and Cox
proportional hazards model for multivar-
iate analysis) was performed for compar-
ison of the study outcomes between the
pioglitazone group and the DPP-4 group.

As shown in Table 1, after propensity
score stabilized weights, the pioglitazone
group exhibited a lower rate (per person-
years) of all-cause mortality (12.4% vs.
13.4%, HR 0.87, 95% CI 0.81–0.94),
MACCE-related mortality (4.6% vs. 4.7%,
HR 0.87, 95% CI 0.77–0.98), new-onset
heart failure (1.67% vs. 2.64%, HR 0.75,
95% CI 0.62–0.91), and infection-related
mortality (7.5% vs. 8.1%, HR 0.87, 95% CI
0.77–0.98) and a marginally lower risk of
MACCE (10.9% vs. 12.4%, HR 0.92, 95% CI
0.85–1.00) compared with the reference
group. The risk of new-onset ESRD re-
quiring permanent dialysis did not differ
between two.
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A significant body of evidence, such as
that from the PROspective pioglitAzone
Clinical Trial In macroVascular Events
(PROactive) and Pioglitazone Effect on
Regression of Intravascular Sonographic
Coronary Obstruction Prospective Eval-
uation (PERISCOPE) trial (4), has shown
that the use of pioglitazone can reduce
atherosclerosis and related cardiovascu-
lar risk. Our study further indicated that
the protective effects of pioglitazone on
cardiovascular events persisted even in
patients with advance CKDwho required
dialysis. Moreover, our data also dem-
onstrated that pioglitazone can reduce
the probability of infection-related mor-
tality, which was less evaluated in pre-
vious research. We surmised that the
benefits of pioglitazone may be via the
reduction of protein energy wasting,
which is a common complication among
patients with CKD and ESRD, causing fra-
gility, infection, and death (5). The insulin-
sensitizing and appetite-stimulating
effects of pioglitazone potentially atten-
uate the protein energy wasting effect
and further reduce the infection-related
death. Finally, regarding drug safety,
fluid retention is of concern when pio-
glitazone is prescribed. In fear of early

dialysis or heart failure, clinicians may
avoid using it. In the current study, our
results show that pioglitazone does not
increase the risk of new-onset ESRD
requiring dialysis or new-onset heart
failure.

Lack of laboratory data, including sugar
control and albumin level, in the NHIRD
and the observational study design were
inevitably the two inherent limitations
in this study. However, extensive and
comprehensive comparison of the out-
comes of interest between pioglitazone
and DPP-4 inhibitor treatment provided
novel insights into the benefits of pio-
glitazone in a targeted population.

In conclusion, this study revealed that
pioglitazone can safely reduce several
adverse outcomes in T2D patients with
advanced CKD.
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Table 1—Mortality, MACCE, and ESRD among patients with T2D and advanced CKD, after propensity score stabilized weighting

Outcome

Events (incidence, per 100 person-years)

PPioglitazone (n 5 1,909.5) DPP-4 inhibitors (n 5 15,281.8) HR (95% CI)

All-cause mortality 1,003.08 (12.44) 5,361.82 (13.44) 0.87 (0.81–0.94) ,0.001

MACCEa 700.3 (10.90) 4,102.53 (12.42) 0.92 (0.85–1.00) 0.053
Cardiogenic shock 14.54 (0.18) 47.02 (0.12) 1.55 (0.84–2.84) 0.159
New-onset heart failure 129.38 (1.67) 1,005.65 (2.64) 0.75 (0.62–0.91) 0.002
Malignant arrhythmia 49.59(0.58) 214.81 (0.48) 1.11 (0.81–1.54) 0.514
Myocardial infarction 177.6 (2.29) 1,006.98 (2.62) 0.89 (0.75–1.05) 0.157
Stroke 219.30 (2.88) 1,071.10 (2.80) 0.98 (0.84–1.14) 0.753
Revascularization with PCI 361.60 (5.07) 2,172.87 (6.02) 0.88 (0.79–0.99) 0.037
Revascularization with TT 0 (0) 0 (0)
Revascularization with CABG 52.90 (0.67) 291.26 (0.74) 0.86 (0.63–1.17) 0.328

MACCE-related death 375.40(4.65) 1,908.79 (4.78) 0.87 (0.77–0.98) 0.022

Infection-related death 606.97 (7.53) 3,235.45 (8.11) 0.88 (0.81–0.97) 0.008

New-onset ESRD 1,046.98 (27.92) 8,021.76 (38.82) 0.97 (0.91–1.04) 0.423

For hazard ratios (HRs), pioglitazone vs. DPP-4 inhibitors and DPP-4 inhibitors was a reference group. CABG, coronary artery bypass graft; PCI,
percutaneous coronary intervention; TT, thrombolytic therapy. aAny of myocardial infarction, cardiogenic shock, new-onset heart failure, coronary
revascularization, malignant arrhythmia, and cerebrovascular events.
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