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Abstract

While pioglitazone reduces insulin resistance and hepatic gluconeogenesis
effectively in patients with T2DM, these benefits remained controversial in patients with
ESRD. We compared MACCEs and mortality (overall, infection-related, and MACCE-
related) of pioglitazone to that of DPP4-inhibitors in patients with T2DM and ESRD.
From Taiwan’s national health insurance database, 647 pioglitazone users and 6080
DPP4-inhibitors users between April 1%, 2006 and December 31", 2016 were followed
from the 91th date after the ESRD certification till study outcomes, independently;
withdraw from the NHI program, death, or Dec. 31", 2017. After weighting, risks of
MACCE:s (10.48% vs 12.62% per person-years, [HR]: 0.85, 95% [CI]: 0.729-0.985) and
all-cause mortality (12.86% vs 13.22% per person-years, [HR]: 0.88, 95% [CI]: 0.771—
0.995) are significantly lower in pioglitazone group. Subgroup analysis found lower
MACCEs risk in the pioglitazone users without insulin therapy (6.44% vs 10.04% [HR]:
0.59, 95% [CI]: 0.42—-0.82) and lower MACCE:s related death (2.76% vs 3.84% [HR]:
0.61, 95% [CI]: 0.40-0.95) in the pioglitazone group with dyslipidemia, when comparing
with DPP4-inhibitors users. Pioglitazone is associated with lower all-cause mortality and
MACCEs in diabetic patients with ESRD, compared to DPP4-inhibitors. These benefits
were further significant in the non-insulin users and patients with dyslipidemia.
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Introduction

Patients with end stage renal disease (ESRD) had poor prognosis, which was caused
by the high mortality rate associated to atherosclerosis and infection [1-4]. Type 2
diabetes mellitus (T2DM) accounts for the great majority of cause to end stage renal
disease (ESRD) throughout the world, especially in Taiwan [5, 6]. Moreover, the co-
existing of T2DM among patients undergoing maintenance dialysis strongly increased the
risk of cardiovascular events, including myocardial infarction and cerebrovascular events
in comparison to ESRD patients without DM [1-3]. In other words, well control of T2DM
may prevent patients with ESRD from these fatal events [2, 3].

In the population of ESRD, several glucose-lowering agents were of concern. For
instance, metformin is contraindicated in patients with advanced chronic kidney disease
due to the risk of lactic acidosis [7, 8] . Glipizide is the only sulfonylurea that could be
prescribed in patients with ESRD, yet it may increase the risk of hypoglycemia and
cardiovascular mortality [8, 9]. Sodium-glucose transport protein 2 inhibitors (SGLT2
inhibitors) act as a glucose lowering agent via inhibition of glucose reabsorption and it is
not suggested for patients with eGFR less than 45 mg/dL [8, 9].

In contrast, dipeptidyl peptidase 4 inhibitors (DPP-4 inhibitors) have been
demonstrated its safety and capability as a hypoglycemic agent for patients with ESRD [7,
10-12]. DPP4-inhibitors can treat hyperglycemia by protecting activation of incretin to
induce glucose metabolism, without the side effect of hypoglycemia[13]. DPP4-inhibitors
have become the oral hypoglycemic agent (OHA) with least adverse effect and were
frequently prescribed in T2DM patients with ESRD [14, 15].

On the other hand, the benefit of pioglitazone remained controversial when it comes
to patients with ESRD. Pioglitazone is a thiazolidinedione (TZD), which targeting the
peroxisome proliferator-activated receptor gamma (PPAR-y), that can reduce insulin
resistance and hepatic gluconeogenesis [16-20]. This agent kept its ability in the setting
of renal failure [16, 17, 21]. Moreover, numerous studies among PPAR-y showed its


https://doi.org/10.20944/preprints202010.0021.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 October 2020 d0i:10.20944/preprints202010.0021.v1

potential role in the treatment of cardiovascular disease [16, 22-24]. These were
compatible with the outcome trial and observation study of pioglitazone [21, 25-31].
However, it is of some concerns in the population with advanced renal impairment due to
the side effect of fluid overload and the risk of bone loss and congestive heart failure [9,
18, 21, 31-33].

To the best of our knowledge, there was no direct evidence for the benefit of
pioglitazone to reduce adverse effects and mortality rate in the category of T2DM with
ESRD in comparison to DPP4-inhibitors. Hence, we aimed to estimate the rates of major
adverse cardiac and cerebrovascular events (MACCEs) and mortality (overall, infection-
related, and MACCE-related) in the diabetic patients with ESRD receiving pioglitazone
in Taiwan. The control group was the diabetic patients with ESRD receiving DPP4-
inhibitors rather than pioglitazone.

Materials and Methods
Data source

The primary data source was from the Taiwan national health insurance research
database (NHIRD) and Taiwan Death Registry (TDR). The Taiwan National Health
Insurance program was founded in 1995 and covered more than 99.6% of individuals
since 1997 [34]. Registration data (year of birth, sex, income, place of residence,
occupation, date in and out of the NHI program), original claims for reimbursement
(dates of clinical visits, medical diagnoses, medical expenditure, details of prescriptions,
examinations, and procedures) are stored in NHIRD. The disease diagnoses were coded
using the /CD-9-CM and were switched to /CD-10-CM after 2016. The TDR had the
information about the date of death, cause of death (underlying and immediate) for
deceased Taiwanese residents. The cause of death was also coded using the /CD-9-CM
and were switched to ICD-10-CM after 2008.

Noted that both the NHIRD and the TDR are available for research purpose after the
identification information were encrypted. The link between these two datasets is feasible
because of using the same encryption algorithm. To further protect privacy of the
beneficiaries, the use of NHIRD is restricted at Health and Welfare Data Science Center,
Ministry of Health and Welfare ( HWDC-MHW), Taiwan and its sub-centers, and only
summary results are allowed to carry out from the center.

This study had obtained an approval from the Institutional Review Board of
Chang Gung Medical Foundation (approval number: 201900840B0) and the National
Health Insurance Administration, Department of Health and Welfare, the holder of the
NHIRD.

Study Design
Using the NHIRD and TDR, we designed a nationwide retrospective cohort study

with patients having T2DM and ESRD, and divided in two study groups: pioglitazone
and DPP4-inhibitors. The active control group of DPP4-inhibitors, including sitagliptin,
saxagliptin, and linagliptin, allow us to reduce the channeling bias (also called
cofounding by indication)[35]. The cohort was followed from the index date till primary
outcomes, secondary outcomes, independently, withdraw from the NHI program, death,
or Dec. 31", 2017, whichever came first.
Patient Selection

The algorithm of patient selection in this study is shown in Figure 1. Patients older
than 20-year-old with first catastrophic certification of ESRD between April 1% 2006 and
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December 31" in 2016 and having T2DM were identified as new onset ESRD cohort.
The 91™ date after the certification was defined as the index date. Patients with newly
diagnosed T2DM after index date, patients with malignancy before index date and
patients with incomplete demographic data were excluded. Patients who died or had
MACCEs within 90 days before the index date were excluded because the events were
less likely due to the exposure of pioglitazone or DPP4-inhibitors.

New diagnosis of ESRD: First
Catastrophic certificate > or = 3
M with type2 DM Duration: April
1, 2006 to December 31, 2016
(n=28497) (Index date: = X+90
days )

I.  First diagnosis of DM after index
date(n=800)
Il. Age < 20 years old (n=1)

Exclude

Ill. Incomplete demographic data(n=46)
. Malighancy before index date(n=874)

<

Patient with type 2 DM and new-
onset ESRD (n=26776)

I Patients who died(n=0) or have
MACCEs(n=4553) within 90 days

Exclude before the index date

1. Combination of Pioglitazone and

DPP4-inhibitors within 90 days
before the index date(n=652)
1. Non-exposure to pioglitazone or
DPP4-inhibitors within 90 days
User: Exposure to pioglitazone before index date (n=14844)

or DPP4-inhibitors within 90

days before index date

(n=6727)

i l

DPP4 inhibittors-users
(Exposure to Sitagliptin or Saxagliptin or
Linagliptin) (n=6080)

Pioglitazone users ( Exposure to
pioglitazone) (n=647)

L PSSWs

1

| Follow-up for outcome after index date or until death, Dec 31, 2017 |

/

Figure 1. Flow chart of study patient enrollment.
DM, diabetes mellitus; DPP4-inhibitor, Dipeptidyl peptidase 4 inhibitor; ESRD, end
stage renal disease; MACCEs, major adverse cardiac cerebrovascular events.

Exposure

All participants in this cohort study were exposed to at least one OHA between
ESRD date and index date, either pioglitazone or DPP4-inhibitors. Patients who did not
receive either one of these two drugs and who took both drugs were not enrolled.
Covariates and Outcomes

We considered the following covariates: (1) demographic characteristics (age,
gender, income level, place of residence), (2) comorbidities within one year before index
date (hypertension, dyslipidemia, liver cirrhosis, connective tissue disease, atrial
fibrillation, peripheral arterial disease), (3) hospitalization history (heart failure,
myocardial infarction, stroke, infection) within 3 years before index date, and (4)
medication within 90 days before index date (ACEi or ARB, other anti-HTN, diuretics,
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aspirin or plavix, NSAIDs, insulin, sulfonylurea, acarbose, meglitinides, GLP-1, anti-
cholesterol). To reduce misclassification, all comorbidities had to be at least two visits at
outpatient or one hospitalization. Charlson's score, which weighted based on 14 diseases,
was also presented[36].

All-cause mortality as well as MACCE:s, including myocardial infarction,
cardiogenic shock, new-onset heart failure, coronary revascularization, fulminant
arrhythmia, and cerebrovascular events) were the two primary outcomes of this study.
The secondary outcomes were infection-related death and MACCEs related death, which
were the two most leading cause of mortality in this population. Death due to MACCEs
or infection were recognized by surveillance of final diagnosis appertained to
hospitalization or emergency room visits, or the underlying cause of death in TDR.

Please see the Supplemental Table 1 for the ICD-9-CM and ICD-10-CM for the
study outcomes and covariates for this study.

Table 1. Baseline characteristics of diabetic patients with end-stage renal disease

Before PSSW After PSSW
Pioglitazone DPP4i Pioglitazone DPP4i
(n=647) (n = 6080) ASMD (n=647) (n = 6080) ASMD
n (%) n (%) n (%) n (%)
Age (year)
Mean+SD 64.64 £11.75 65.07 £12.50  0.0352 64.98 £11.00 65.05 £12.43 0.0054
<65 308 (47.60) 2916 (47.96) 0.1119 264.1 (48.19) 2906.5 (47.96) 0.0278
265 339 (52.39) 3164 (52.04) 283.9 (51.81) 3153.7 (52.04)
Gender
Male 299 (46.21) 3171 (52.15) 0.1191 282.3 (51.51) 3130.7 (51.66) 0.0029
Female 348 (53.79) 2909 (47.85) 265.7 (48.49) 2929.5 (48.34)
Income level
> 25,000 58  (8.96) 558  (9.18) 0.0776 454  (8.28) 5539 (9.14) 0.0886
15,000-25,000 167 (25.81) 1464 (24.08) 137.9 (25.16) 1466.8 (24.20)
< 15,000 or dependent 422 (65.22) 4058 (66.75) 364.8 (66.56) 4039.5 (66.66)
Place of residence
Urban 141 (21.79) 1626 (26.74) 0.1497 149.4 (27.27) 1596.7 (26.35) 0.0498
Suburban 163 (25.19) 1590 (26.15) 142.0 (25.91) 1579.8 (26.07)
Rural 343 (53.02) 2864 (47.10) 205.4 (37.48) 2363.2 (39.00)
Missing 74 (11.44) 506  (8.32) 51.2 (9.34) 5202  (8.59)
Charlson comorbidity index
0 357 (55.18) 3015 (49.59) 0.0945 305.5 (55.74) 3019.2 (49.82) 0.1106
1 191 (29.52) 2018 (33.19) 163.1 (29.76) 2006.6 (33.11)
2 69 (10.66) 741 (12.19) 542 (9.90) 734.0 (12.11)
3 25  (3.86) 243 (4.00) 22.0 (4.01) 2383  (3.93)
4+ 5 (0.78) 63  (1.03) 3.3 (0.59) 62.2  (1.03)

Comorbidities (within 1 year before index date)
Hypertension 617 (95.40) 5835 (96.00) 0.0298 5259 (96.00) 5815.5 (96.00) 0.0000
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Before PSSW After PSSW
Pioglitazone DPP4i Pioglitazone DPP4i
(n=647) (n = 6080) ASMD (n=647) (n =6080) ASMD
n (%) n (%) n (%) n (%)
Dyslipidemia 284 (43.90) 2691 (44.30) 0.0073 245.7 (44.80) 2678.7 (44.20) 0.0134
Liver cirrhosis 20 (3.09) 233 (3.83) 0.0405 15.7  (2.87) 2285  (3.77) 0.0519
Connective tissue disease 28 (4.33) 276  (4.54) 0.0103 21.0 (3.82) 273.8  (4.52) 0.0361
Atrial fibrillation 16 (2.47) 245  (4.03) 0.0878 16.5 (3.01) 2355  (3.89) 0.0496
Peripheral artery disease 33 (5.10) 345  (5.67) 0.0254 20.7  (3.77) 338.8  (5.59) 0.0890
Hospitalization history (within 3 years before index date)

Heart failure 43 (6.65) 653 (10.70) 0.1457 43.6  (7.95) 628.0 (10.40) 0.0867
Myocardial infarction 18 (2.78) 205  (3.37) 0.0341 18.4 (3.36) 202.0  (3.33) 0.0016
Stroke 51  (7.88) 443 (7.29) 0.0225 323 (5.89) 443.1  (7.31) 0.059%4
Infection 195 (30.10) 2002 (32.90) 0.0600 184.31 (33.60) 1982.13 (32.70) 0.0205

Medication (within 90 days before index date)

ACEi or ARB 452 (69.90) 3712 (61.10) 0.1860 3435 (62.70) 37460 (61.80) 0.0185
Other anti-HTN 598 (92.40) 5701 (93.80) 0.0528 518.6 (94.60) 56782 (93.70) 0.0414
Diuretics 590 (91.20) 5514 (90.70) 0.0174 499.9 (91.20)  5502.0 (90.80) 0.0154
Aspirin or Plavix 252 (38.90) 2453 (40.30) 0.0285 209.8 (38.30) 24393 (40.30) 0.0421
NSAIDs 166 (25.70) 1229 (20.20) 0.1297 1143 (20.80)  1252.0 (20.70) 0.0048
Insulin 442 (6830) 3299 (54.30) 0.2915 3313 (60.50) 33663 (55.50) 0.1036
Sulfonylurea 264 (40.80) 1014 (16.70) 0.5528 109.5 (20.00) 11413 (18.80) 0.0305
Acarbose 10 (1.55) 52 (0.86) 0.0634 57 (1.04) 551 (0.91) 0.0140
Meglitinides 274 (4230) 1445 (23.80) 0.4028 1463 (26.70) 15439 (25.50) 0.0291
GLP-1 0 (0.00) 1 (0.01) 0.0181 0.0  (0.00) 09 (0.02) 0.0176
Anti-cholesterol 281 (43.40) 2721 (44.80) 0.0266 2484 (4530)  2707.7 (44.70) 0.0133

ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; ASMD, absolute
standardized mean difference; DPP41, dipeptidyl-peptidase 4 inhibitors; GLP-1, Glucagon-like peptide-1;
HTN, hypertension; NSAIDs, non-steroidal anti-inflammatory drugs; PSSW, propensity score method with
stabilized weights.

Statistical Analysis

We used the propensity score method with stabilized weights (PSSWs) to balance
the covariates at index date between the two drug groups [37]. The PSSWs provide an
appropriate estimate of the main effect variance without compressing or magnifying the
sample size of the original data, hence, the designated type I error was maintained. We
included the covariates (except Charlson’s score) at baseline (Table 1) in the generalized
boosted model (GBM) to obtain PSSWs, because Charlson’s score included some
comorbidities and hospitalization history used in this study. The GBM is less affected by
large weights and can achieve the optimal balance between the two drug groups, by
automatically including interactions or polynomial terms of the covariates [38]. We used
the absolute standardized mean difference (ASMD) to examine the balance of covariates
at index date between the two drug groups, because balance is a property of the sample
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and not of an underlying population. The value of ASMD < 0.1 indicated a negligible
difference in covariates between the two study groups [39]. We computed the incidence
rates as the total number of study outcomes during the follow-up period divided by
person-years at risk. We assessed the hazard ratio (HR) of study outcomes for
pioglitazone versus DPP4-inhibitors (reference) using survival analysis (Kaplan-Meier
method and log-rank test for univariate analysis and Cox proportional hazards model for
multivariate analysis). We also performed subgroup analysis and used forest plot to show
whether the pioglitazone group had a consistent HR for pioglitazone when compared with
the DPP4-inhibitors group in specific subgroups. To maintain a balance of varied
covariates between the two drug groups, we re-conducted PSSWs for each subgroup
analysis. The significant level of this study was 0.05. All statistical analyses were
performed using SAS ver. 9.4 (SAS Institute, Cary, NC, USA).

Results

Patient characteristics

There were 28497 patients with type 2 DM and newly diagnosed ESRD during April
1, 2006 to December 31, 2016 in Taiwan. After excluding those had first diagnosis of
T2DM before index date (n=800), age under 20 years old (n=1), incomplete demographic
data (n=46), malignancy before index date (n=874), patients who died(n=0) or have
MACCEs (n=4553) within 90 days before the index date, took both pioglitazone and
DPP4-inhibitors within 90 days before the index date (n=652), did not take either
pioglitazone or DPP4-inhibitors within 90 days before index date (n=14844), there were
647 patients in the pioglitazone group and 6080 patients in the DPP4-inhibitor group
(Figure 1). Table 1 illustrated the demographic characteristics, comorbidities,
hospitalization history, and use of medication between the two drug groups. Before
PSSWs, there were more female, rural resident, hospitalization history of heart failure,
use of angiotensin-converting enzyme inhibitors (ACEi1) or angiotensin II receptor
blockers (ARBs), and use of other oral hypoglycemic agent (OHA) in the pioglitazone
group than the DPP4-inhibitor group. After PSSWs, all covariates were balanced between
the two drug groups as ASMDs were less than 0.1, except the use of insulin. This may
indicate pioglitazone was prescribed in combination with insulin more frequently and less
OHA in comparison with DPP4-inhibitors in our study cohort.

Table 2. Incidence rate (per 100 person-year) and hazard ratio (HR) of primary and secondary
outcomes for diabetic patients with end-stage renal disease

Pioglitazone DPP4i Cox results
(n=647) (n =6080)
Events Rate (95% CI) Events Rate (95% CI) HR (95% CI) P value
Before PSSW
MACCEs 234 10.18 (8.87-11.48) 1754  12.64 (12.05-13.24) 0.82(0.71-0.95)  0.0063
All-cause mortality 377 13.07 (11.75-14.39) 2224 13.23 (12.68-13.78) 0.88(0.78-0.98)  0.0262
Infection related death 226 7.84 (6.81-8.86) 1343 7.99 (7.56-8.42) 0.89(0.77-1.03)  0.1214
MACCEs related death 117 4.06 (3.32-4.79) 680 4.05 (3.74-4.35) 0.83(0.67-1.02)  0.0785
After PSSW
MACCEs 190.3 10.48 (8.99-11.97) 17669 12.62 (12.03-13.21) 0.85(0.73-0.99)  0.0365
All-cause mortality 291.7  12.86 (11.39-14.34) 22474  13.22 (12.67-13.77) 0.88(0.77-0.99)  0.0417
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Infection related death 1683  7.42(6.30-8.54) 13573 7.98(7.56-8.41) 0.85(0.72-1.01)  0.0599
MACCEs related death ~ 95.2 4.20 (3.35-5.04) 687.6  4.04 (3.74-4.35) 0.88 (0.70-1.1)  0.2574

CI, confidence interval; DPP4i, dipeptidyl-peptidase 4 inhibitors; HR, hazard ratio; MACCEs, major
adverse cardiac cerebrovascular events; PSSW, propensity score method with stabilized weights.

Outcomes

The incidence rate of study outcomes between the two drug groups are shown in Table 2
and the cumulative incidence vs follow-up time are plotted in Figure 2 (after PSSWs) and
Supplemental Figure 1 (before PSSWs), respectively. Before PSSWs, pioglitazone group
had the lower risk of both all-cause mortality (13.07% vs 13.23% per person-years, [HR]:
0.88, 95% [CI]: 0.78-0.98) and major adverse cardiovascular events (10.18% vs 12.64%
per person-years, [HR]: 0.82, 95% [CI]: 0.71-0.95) than the DPPi group. After PSSWs,
the risk of MACCEs (10.48% vs 12.62% per person-years, [HR]: 0.85, 95% [CI]: 0.73—
0.99) and all-cause mortality (12.86% vs 13.22% per person-years, [HR]: 0.88, 95% [CI]:
0.771-0.995) remained lower in the pioglitazone group than the DPP4-inhibitor group.
Death related to infection or MACCEs were further investigated, which implied an
insignificant lower risk in pioglitazone group than the DPP4-inhibitor group after PSSWs
(7.42% vs 7.98% per person-years, [HR]: 0.85, 95% [CI]: 0.721-1.006 for infection
related death; 4.20% vs 4.04% per person-years, [HR]: 0.88, 95% [CI]: 0.70-1.10 for
MACCEs related death).
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R 80 o £ 80
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Percentage at risk (%): Percentage at risk (%):
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Figure 2. Kaplan-Meier curve of cumulative incidence for primary and secondary

outcomes after propensity score stabilize weighting (PSSW).

(a) Major adverse cardiac cerebrovascular events; (b) All-cause mortality; (c¢) Infection
related death; (d) MACCEs related death.

(a) MACCEs (b) All-cause mortality (c) Infection related death (d) MACCEs related death
HR(35%CI)  Pvalue Prieraction HR(96%CH  Pvalue Plussraction HR(95%CY)  Pvalue Poascion HR(95%CH) P value Pucraction
Overall [ 0.85(073-0.88)  0.0365 [ 088 (0.77-1.00) 00417 [ 0.85(0.72-1.01)  0.0599 [ 0.88(0.70-1.10) 02574
Age
<65 [ 075(060-084) 00126 [ [ 080 (084-100) 00546 [ =y 084 (081-1.15) 02683 o i 0.90(062-130) 08692 o
65 i 0.82(065-1.02)  0.0780 [ 092(078-107) 02841 [ 087 (0.71-1.08)  0.1539 —— 087 (065-1.17) 03600
WMale
No [ 0S5OTT-118) 08805 l 092(078-109) 03520 [0 i 092(075-1.14) 04548 i 083081112 02239 [
Yos - 0.71(057-0.80)  0.0043 ] 081(067-0.99) 00432 = 0.76(088-1.00)  0.0486 - 087 (062-123) 04359
ccl
<2 [ 085(073-1.00) 0.0441 e 088 (077-101) 00615 et 0.84(070-1.00)  0.0485 [ 092(073-1.16) 04901
23 e e | 073(030-1.77) gasos OTo% —— 095 051-1.77) 06766 CP5%5 — 100045209 ogegs PO ——e 1 na308 g DT
Hypertension
No. —————————— | 030(0.03-3.48) 03155 ———a————— | 112(033-379) 08521 —-—— 100(020-492) 08072 —— = 129(018-920) 0.8003
Yes i os7(0r5-102) oosis 019 e 086(076-0981 oozag 0% [ 0s3(70-08%) ooarz OO0 [ 067(069-108) oa2zes OO0
Dyslipidemia
No ey 080(064-0.88) 00378 .. [l 085(072-1000 00457 (oo = 087 (OT1-107) 04862 oo —— 099(076-132) 09838 (oo
Yes i 0.90(071-1.44)  D.4041 [E— 084 (067-1.05) 01283 —— 0.78(057-106) 01147 O [ — 061(0.40-0.95) 00278
Liver cirthosis
No [ 0.84(072-0.88)  0.0225 [ 088 (0.77-1.00) 00420 [} 084(071-099) 00433 [ 0.87(070-109) 02317
Yes —_— e 134(015-1214) g7o3g 0O —_——— 121(034-432) o787 C380€ ————a——— 151(040-645 osoos 038 —— e 245(021-2008) 04787 ¢
co
N E = _ -
o [} 084(071-098) 00282 ... [ 0880771000 00889 [, ey 088(075-105) 01514 o i 0.86(058-108) 02000 [
Yes —_— 0.73(029-187) 05134 —_— 065 (030-141) 02745 _— 036(010-130) 01193 — =} 1.04(033327) 09515
AF
No e 084(072-0.88)  0.0364 [ 087 (0.77-1.00) 00471 [ 085(071-1.01)  0.0588 [ 0.84(066-106) 01454
Yes 091(010-821) ogasg 0% 122(025-593) ogors 070 1231016-863) osaeg 020 24103-1917) a0z 4%
PAD
No [ 085(073-1.00) 00508 ] 088077101 00638 [ oo [ 087(073-108)  0.4136 o i 091072115 04516 (oo
— 044(0.18-1.07)  0.0688 p——— 077 (0.44-137) 03755 —_— 070{032-154) 03798 —_— 077 (031-1.91) 05758
Heart failure
No [ 0.80(068-0.88) 0.0113 [ 089 (0.78-1.02) 01013 [ 0.88(0.74-108) 01530 [E—_— 087 (068-1.11) 02602
Yes ———— 095(052-1.73)  0.8573 06088 —_— 077 (043-1.40)  0.3964 06284 —_— 0.59(0.24-143) 02419 0.3880 —_— 0.94(039-226) 08857 poantd
M
No [ 082(070-0.98) 00122 23] 089 (078-101) 00740 [ 087 (073-102)  0.0816 [ 090(072-113) 03825
Yes ——ee 1.39(0.28-6.87)  0.6853 05178: 090 (0.18-4.41)  0.8997 D.5483 087 (0.11-711)  0.8951 D.baga 0.73(0.05-11.41) (.8245 0.88d7
Stroke
No [ 081(069-095) 00083 .o ) 088(DTT-101) 00674 o, oy 0B7(073-108) 01079 oo e 087(068-1.10) 02504 .0
ves ——y 119(0.73-153) 04887 p—— 078 (051-120) 02588 —— 0.81{048-1.36) 04263 —— 1.08(055-213)  0.8138
Infection
No [ 083(069-D98) 00362 . - 087 (OT410N 00742 oo [ 033 (075-1.14) 04881 o i 079 (0B0-105) 01085 oo
Yes — 082(060-1.11)  0.1894 = 088 (071-1.10) Q2721 —— 081{061-107)  0.4347 —— 0.98{066-145) 09303
diuretics
No —— 065(031-1.38)  0.2686 —a 081(047-137) 04271 —— 069(0.33-143) 03170 ——— 039(0.08-191) 02477
Yes - 087(075-1.02) nossr O4%6° e 086075008 ooz E1%® () 086072-102) oosor OF0 - 089 070-112) omzy P
Insulin
No —_— 059(042-0.82) 00020 o —-—] 0760581000 00486 .. —e— OTA@SI-10T) 01096 oo f——— 077 (048122 02639 (o
Yes ] 0.94(079-1.12)  0.5074 e 094 (081-1.08 03638 e 092(077-1.11) 03810 i 0.91(070-1.18) 04837
Sulforylurea
No [ 080(065-098) 00284 . [ 08807101 00718 | o 085(066-108) 01272 [ i 089(067-118) 04190 o
Yes i 0.85(067-1.08) 04772 [ 089 (0.73-1.09) 02608 ——t 0.90(0.70-1.17)  0.4408 —— 091(063-1.29) 05868
T
1 2 4 05 1 2 4 05 1 2 4 05 1 2 4
favors piogitazane <~ > favors DPPA favars piogitazene <~ -~ favars DPPAI favors pigitazone <— > favors DPPA favors pioghtazane <— = favors DPP4i

Figure 3. Forest plot of subgroup analysis for primary and secondary outcomes

(a) Major adverse cardiac cerebrovascular events; (b) All-cause mortality; (c) Infection
related death; (d) MACCEs related death.

AF, atrial fibrillation; CCI, Charlson’s cormobidity index; CI, confidence interval; CTD,
connective tissue disease; HR, hazard ratio; M1, myocardial infarction; PAD, peripheral
artery disease.

Subgroup analysis

Figure 3 presents the result of subgroup analysis. For MACCEs, the lower HRs
were consistently seen in the pioglitazone than in the DPP4-inhibitors group in most
subgroups. Noted that patient without insulin therapy had lower risk of MACCEs in the
group of pioglitazone than in the DPP4-inhibitors group (6.44% vs 10.04% per person-
years; [HR]: 0.59, 95% [CI]: 0.42—0.82). This effect was not seen in subjects receiving
insulin therapy (interaction p = 0.0085). For all-cause mortality and infection related
death, the pioglitazone group had a consistent lower HR when compared with the DPP4-
inhibitors group in specific subgroups. For MACCE:s related death, pioglitazone group
had lower risk (2.76% vs 3.84% per person-years; [HR]: 0.61, 95% [CI]: 0.40-0.95) than
the DPP4-ihibitor group among patients with underlying dyslipidemia, but such reduced
risk was not observed in patients without dyslipidemia (interaction p = 0.0330).
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Discussion

In this nationwide cohort study with patients coexisting both DM and ESRD and
after PSSWs, the pioglitazone group was associated with reduced MACCEs and all-cause
mortality when compared to the DPP4-inhibitor group. These significant findings were
not shown clearly in previous real word study. Another difference in the subgroup
analysis of insulin therapy was that DM patients who were insulin-free were more likely
to benefit from pioglitazone with lower MACCEs. Furthermore, patients with underlying
dyslipidemia were associated with lower MACCE:s related death in pioglitazone users
group.

TZD is a full PPAR-y agonist, which affecting multi-system with the potential to
promote health or reduce lethal consequences in patients with DM [16-18, 25, 27, 29, 40].
The advantages and mechanism of PPAR-y agonist includes inhibition of cytokine
production by macrophages, reduction of oxidative stress, improving insulin resistance,
control dyslipidemia due to the regulation of adipogenesis, and lowering blood pressure
via vasodilation [22, 24, 41]. The aforementioned profit were then result in protecting
effects, mostly against ischemic stroke and cardiovascular events. Considering the high
risk of cerebrovascular accident and cardiovascular events and related mortality, it is not
surprising that pioglitazone could eventually decrease the risk of mortality rate among
patients with diabetes and ESRD [16, 17].

There were plenty of clinical studies which were designed to investigate the
effectiveness and safety of pioglitazone, such as PROactive trial, CHICAGO trial, and
PERISCOPE trial, whether compared to placebo or other oral glucose lowering agents.
The PROactive trial investigated in DM patients with prior macrovascular events and
revealed a reduction of all-cause mortality, non-fatal myocardial infarction, and stroke in
the intervention group [25, 40]. The CHICAGO trial displayed the role of pioglitazone to
slow progression of carotid artery intima-media thickness [42] while the PERISCOPE
trial proved the effect of pioglitazone to lower coronary atherosclerosis in DM patients
with history of coronary artery disease [43]. None of these clinical trials discussed the
effect and safety outcome in the setting of end stage renal disease. In contrast, some
clinicians compared pioglitazone to placebo or other OHA in the population with ESRD
[21]. However, these trials were either too short (most had mean follow up less than 1
year) or too small (participants were less than 100 in most studies) to provide solid
evidence. One large retrospective study conducted by Brunelli et al. used the data
extracted from the ArMORR cohort had been published in 2009 [44]. This study,
compared pioglitazone with placebo among patients receiving incident hemodialysis,
consistently disclosed the effect of reduction in all-cause mortality in the group of non-
insulin participants. This effect was contributed to non-CV mechanisms, as authors’
opinion. Unlike the former research, the current study pointed out a significant reduction
of both all-cause mortality and MACCESs. Though with similar design, our study offered
more robust evidence through the setup of control group and a long follow-up duration.

One of the obstacles among diabetes control in the ESRD population is the few
reliable OHA in this population. As mentioned above, DPP4-inhibitors maintained its
capacity in diabetic patients with renal impairment and even ESRD [7, 10, 45]. Some
studies indicated that specific DPP4-inhibitors may lead to adverse cardiovascular events
such as recurrent myocardial infarction and hospitalization due to heart failure in selected
populations [46-48], while the others take a positive attitude among cardiovascular
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outcome in patients with ESRD [14, 49]. Overall, DPP4-inhibitors is thought to be safe
with regard to the cardiovascular events in DM population [12, 50]. Based on this feature,
patients received DPP4-inhibitors were enrolled as control group in our study. The results
of present study demonstrated reduction of all-cause mortality and MACCEs in the
pioglitazone group. This finding implied the safety of pioglitazone in patients with ESRD
and may further point out the possible benefit of pioglitazone in the treatment of DM-
ESRD patients beyond glycemic control.

Unfortunately, pioglitazone had been reported to be associated with several
adverse events. Upon these side effects, edema, weight gain and heart failure were
concerned by most clinicians with little controversy [9, 31, 33]. In fact, these side effects
were mostly reported by the researches in population with normal renal function to mild
renal impairment. For patients under maintenance dialysis, the edema and weight gain
may probably be resolved by alteration of dialysis modality. Yet the possibility to
increase burden of ultrafiltration, particularly in peritoneal dialysis population, may need
further investigation. The true incidence and influence of these adverse events, especially
edema, weight gain and heart failure, in the ESRD cohort with pioglitazone therapy
remained unclear and thus further randomized control trials are required in future.

There were several limitations in our study. First of all, this cohort study is not
assembled to compare the efficacy of glucose lowering of these two different OHA. In
other words, the present study did not examine the glucose control ability of these two
agents. Second, the NHIRD contains most information which was required for the
purpose of reimbursement. However, the absent of laboratory results (i.e.,
glycohemoglobin), examination finding (i.e., left ventricular ejection fraction) and life
style characteristics (i.e., body mass index and cigarette smoking) embarrass the
investigation of these specific risk factors. Third, this research is conducted
retrospectively in an observational perspective, which means the indication, the dosage,
and the compliance in each groups were not standardized. To mitigate this shortcoming,
PSSW was applied with as much covariates as we can reach in this administrative
database, including socioeconomic status, comorbidities and medication use. Fourth, the
side effects as discussed previously and minor events including hypoglycemia were hard
to obtain in both groups. Therefore, the findings of this study should be employed with
caution and further prospective randomized trial is warranted.

In summary, the current study provided robust evidence to support that pioglitazone is
associated with lower all-cause mortality and MACCEs in comparison to DPP4-inhibitors
in diabetic patients with ESRD, especially in those non-insulin enrollees. Besides,
patients with dyslipidemia are more likely to benefit from pioglitazone among MACCEs
related death.
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