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. We conducted a systematic review and meta-analysis to evaluate the efficacy and safety of TZDs in

. treatment of diabetes mellitus patients with renal impairment. We searched PubMed, EMBASE and

. Cochrane Central Register of Controlled Trials. Randomized controlled trials (RCTs), cohort studies,
and case-control studies that investigated the effects of TZDs in patients with diabetes and renal
impairment were eligible. Outcomes included glycosylated hemoglobin, fasting plasma glucose, serum
lipids, and patient-important outcomes (i.e. hypoglycemia, weight, edema, cardiovascular events and

: mortality). 19 RCTs and 3 cohort studies involving 21,803 patients with diabetes and renal impairment

. were included. Meta-analysis of RCTs showed that TZDs could significantly reduce HbAlc (MD —0.64,

© 95%Cl —0.93 to —0.35), FPG (MD —26.27, 95%Cl —44.90 to —7.64) and increase HDL levels (MD 3.70,
95%Cl 1.10, 6.29). TZDs could increase weight (MD 3.23, 95% Cl 2.29 to 4.16) and risk of edema (RR

: 2.96,95% Cl1.22 to 7.20). Their effects on risk of hypoglycemia (RR 1.46, 95% C1 0.65 to 3.29), heart

. failure (RR 0.64, 95% Cl 0.15 to 2.66), angina (RR 1.45, 95% Cl 0.23 to 8.95) and all-cause mortality (RR

: 0.40, 95% CI1 0.08 to 2.01) are uncertain. Results from cohort studies were similar to RCTs.

The prevalence of diabetes mellitus continues to rise worldwide!. Chronic kidney disease, a common compli-
cation in diabetes patients, has recently become the leading cause of end-stage renal disease (ESRD) requiring
dialysis in most countries?.

Treatment options for diabetic patients with chronic kidney disease is limited, especially in patients with
ESRD. With their deteriorated renal function, many oral hypoglycemic drugs (e.g. metformin) are not recom-
mended for patients with severe chronic kidney disease’. The thiazolidinediones (TZDs) (rosiglitazone and pio-
glitazone) are activated receptor gamma (PPAR-~) antidiabetic agents, and are mainly metabolized by liver. They
do not require dose adjustment in patients with renal impairment® >, and may have renal protective effects. A
meta-analysis indicated that treatment with TZDs significantly decreased urinary albumin and protein excretion
in patients with diabetes®. In addition to renal benefits, pioglitazone has been shown to improve a number of
intermediate markers of cardiovascular diseases, such as blood pressure and serum lipids’.

However, cardiovascular safety of TZDs in patients with diabetes mellitus patients has become a matter
of major controversy, especially for rosiglitazone. Several meta-analyses showed that the risk of myocardial

. infarction (MI) and heart failure was significantly increased by rosiglitazone®°. In 2007, US Food and Drug
 Administration (FDA) restricted treatment of rosiglitazone only in new patients who are unable to achieve glu-
cose control with other drugs or unable to take pioglitazone, and current users who are benefiting from this
drug and choose to continue using it'. The Rosiglitazone Evaluated for Cardiac Outcomes and Regulation of
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Figure 1. Flow chart of article selection.

glycaemia in Diabetes (RECORD) study, however, did not rule out an elevated risk of myocardial infarction
amongst participants treated with rosiglitazone'’. The Veterans Affairs Diabetes Trial (VADT) even found that
use of rosiglitazone was associated with decreased risk of cardiovascular composite outcome and cardiovascular
death!. Recently FDA repealed restriction of rosiglitazone. Though accumulating studies focused on cardio-
vascular safety of TZDs treatment, most of these studies excluded patients with obvious renal impairment. The
safety of TZDs in treatment of diabetes patients with renal impairment has still been uncertain. Considering high
prevalence of cardiovascular events in patients with renal impairment, whether TZDs increase the risk of heart
failure, myocardial infraction and mortality has been a major concern of clinician.

Most of reported studies of TZDs treating in diabetes patient with renal impairment were small sample sizes
(especially in randomized control trials) and had conflicting findings on cardiovascular outcomes'*~'7. A cohort
study found that TZDs use was associated with better survival in hemodialysis patients with type 2 diabetes', but
another cohort study found that diabetes patients prescribed rosiglitazone had significantly higher all-cause mor-
tality and cardiovascular mortality's. Except for mortality, whether treatment of TZDs in diabetes patients with
renal impairment increase the risk of heart failure was inconsistent'®”. Though guideline approved treatment
of TZDs in patients with chronic renal failure® ¥, but these recommends mainly based on pharmacokinetics not
clinical researches.

Consequently, we conducted this systematic review and meta-analysis to investigate the efficacy and safety of
TZDs in treatment of patients with diabetes mellitus and renal impairment.

Results
We identified a total 1,936 potentially relevant reports in the initial retrieval. Finally, 22 studies were included in
data analysis, including 19 RCTs (n=1,818) and 3 cohort studies (n=19,985) (Fig. 1).

Study characteristics. Table 1 summarized the characteristics of the 22 included studies. The 19 RCTs
involved a total of 1,818 participants, with mean age ranging from 43.4 to 71.1 years, mean baseline HbAlc 6.9
to 9.2%, mean fasting plasma glucose 135.7 to 205.2 mg/dl, and mean duration of diabetes 5.5 to 17.5 years. Of
the 19 RCTs, one (5.3%) enrolled patients undergo renal transplantation, five (26.3%) enrolled dialysis patients,
and thirteen (68.4%) trials included patients with mild to moderate renal impairment. Fourteen (73.7%) tri-
als used pioglitazone as intervention, four (21.1%) used rosiglitazone, one (5.3%) used both pioglitazone and
rosiglitazone.

Of the three cohort studies, one was prospective and two were retrospective studies. These cohort studies
included a total of 19,985 participants; mean age ranged from 63.5 to 66.1 years and mean follow-up 24 week to
270 days. All these cohort studies enrolled ESRD patients.

Risk of bias assessment. All the 19 RCTs were at moderate to high risk of bias!® 1715 (Supplementary
Table 1). Of the three cohort studies, one!® was at low risk of bias, one moderate risk!* and another®® high risk.
(Supplementary Table 2).
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Publication bias assessment. Publication bias was investigated using the funnel plot and Egger’s tests.
No evidence of publication bias was found for the outcomes of FPG, HbAlc, TC, TG, and HDL. Owing to the
limited numbers of the included studies or low events rate, publication bias investigation was not performed for
other outcomes.

Efficacy of TZDs. HbAlc. Fifteen RCTs reported change of HbAlc from baseline. Compared with all con-
trols, HbAlc in TZDs group significantly decreased, with substantial statistical heterogeneity (MD —0.64, 95%
CI —0.93 to —0.35, 1>=69%) (Fig. 2). Subgroup analysis showed that, compared with placebo or no additional
drugs, levels of HbA1lc in TZDs groups were significantly lower (MD —0.90, 95% CI —1.24 to —0.56, I*=73%),
while no significance between groups was observed when compared with active drugs (MD —0.16, 95% CI —0.50
to 0.18, I> = 0%; test for subgroup differences: P=0.003) (Supplementary Table 3).

Fasting plasma glucose. Changes in FPG from baseline were reported in 10 RCTs. Compared with controls,
treatment of TZDs was associated with a significant decrease in FPG levels, with considerable statistical heteroge-
neity (MD —26.27, 95% CI —44.90 to —7.64, I* =89%) (Fig. 3). Subgroup analysis showed that, when compared
with placebo or no additional drugs, TZDs significantly decreased FPG levels (MD —32.26, 95% CI —53.13 to
—11.39, I*=90%); comparison with active drugs as controls illustrated a lack of significant effect (MD 3.94,
95%CI —12.96 to 20.84, 1> = 0%; test for subgroup differences: P =0.008) (Supplementary Table 3).

Serum lipids and lipoproteins. A total of 11 trials reported changes in triacylglycerol (TG). Compared with con-
trols, TG in TZDs group had no significant decrease (MD —17.18, 95% CI —37.25 to 2.90, I>=61%) (Fig. 4A).
Subgroup analysis showed that, compared with controls, levels of TG in pioglitazone group were significantly
lower (MD —26.38, 95% CI —40.56 to —12.19, I>=25%); no significance was observed between rosiglitazone
group and controls. (MD 31.81, 95% CI —24.73 to 88.35, I> = 61%; test for subgroup differences: P=0.05)
(Supplementary Table 3).

Twelve trials reported changes in total cholesterol (TC), no significant differences between groups were
observed in the analysis of TC (MD —0.02, 95% CI —8.04 to 8.00, I>=31%) (Fig. 4B). Subgroup analysis showed
that, compared with controls, treatment of pioglitazone significantly decreased TC levels (MD —7.00, 95% CI
—13.77 to —0.23, I>=0%), but treatment rosiglitazone significantly increased TC levels (MD 13.51, 95% CI 0.48
to 26.54, 12 = 0%; test for subgroup differences: P =0.006) (Supplementary Table 3).

Five trials reported changes in low-density lipoprotein (LDL). There were no significant changes in LDL lev-
els between TZDs group and controls (MD 4.49, 95% CI —6.44 to 15.43, I?=53%) (Fig. 4C). Subgroup analysis
showed that, compared with controls, LDL levels had no significant decrease both in pioglitazone group (MD
8.30, 95% CI —12.82 to 29.41, I*="73%) and rosiglitazone group (MD 4.66, 95% CI —6.61 to 15.94, I* = 0%; test
for subgroup differences: P =0.77) (Supplementary Table 3).

Ten trials reported changes in high-density lipoprotein (HDL). HDL in TZDs group was significant increase,
and the heterogeneity was moderate (MD 3.70, 95% CI 1.10 to 6.29, I?=42%) (Fig. 4D). Subgroup analysis by
type of TZDs showed that treatment of pioglitazone (MD 4.84, 95% CI 2.50 to 7.18, 12=22%), but not rosiglita-
zone (MD —1.92, 95% CI —6.66 to 2.82, I* = 0%; test for subgroup differences: P =0.01), significantly elevated
HDL levels (Supplementary Table 3).

Safety of TZDs. Hypoglycemia. Six trials involving 1,178 participants reported hypoglycemia, of which
two trials'”?* compared TZDs versus active drugs (sufonylureas, DPP-4), and four trials'®"2>2” compared TZDs
versus placebo/no additional drugs. One trial®® used both rosiglitazone and pioglitazone as intervention, four
trials'® 72> 27 used pioglitazone and one trial?! used rosiglitazone as intervention. Meta-analysis suggested that,
compared with controls, there was no significant differences between groups in the risk of hypoglycemia and the
heterogeneity was low (RR 1.46, 95% CI 0.65 to 3.29, I>=0%) (Supplementary Fig. 1).

One cohort study™ involving 12,350 participants reported hypoglycemia. There was no significant difference
in the risk of hypoglycemia between TZDs and control (RR 0.99, 95% CI 0.65 to 1.52).

Weight change.  Five trials (n =241) reported changes in weight, of which four trials enrolled patients with ESRD
and treated patients with pioglitazone. All trials used placebo/no additional drugs as controls. Compared with
control group, treatment of TZDs significantly increased body weight (MD 3.23, 95% CI 2.29 to 4.16, I*=0%)
(Fig. 5). Of these five trails, two trials reported changes in dry weight. Considering there may be some differences
between dry weight and total weight, we also did meta-analysis respectively. The results showed that total weight
(MD 2.82,95% CI 1.17 to 4.47, I*=38%), but not dry weight (MD 0.95, 95% CI —11.57 to 13.46, I> = 0%) signif-
icantly increased in TZDs group. No cohort study reported weight changes.

Edema. Seven trials reported edema or worsening edema, of which three trials'”?* 28 compared TZDs ver-

sus active drugs, five trials!” 2> 2>24 28 enrolled patients with non-ESRD, and the other two trials'® % included
patients with ESRD. One trial*® compared TZDs (both rosiglitazone and pioglitazone) versus control, four tri-
als!®17:20.28 compared pioglitazone versus control and the other two trials*""?* compared rosiglitazone versus
control. Meta-analysis of seven RCTs showed that the risk of edema significantly increased in TZDs group com-
pared with control (RR 2.96, 95% CI 1.22 to 7.20, I*=0%) (Fig. 6). We also did subgroup analyses by type of
renal impairment, type of TZDs and type of control, but the subgroup differences had no statistical significance
(Supplementary Table 3). No cohort study reported edema.
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Randomized controlled trials
I: pioglitazone 16 9 (56.3) 70.1(20.4) | NR 193 (91.2) | 7.05(0.6)

Abe" X i voglibose ESRD (hemodialysis) | 12 100%
dcr‘li‘g"s"‘dd‘“"nal & 15 9 (60) 65.6(10.8) | NR 178.1(49.2) |7.29(1.2) v ’
I: pioglitazone 20 12 (60) 71.1(31.8) |NR 189.2 (100.2) | 6.94(0.7)

Plog oral antidiabetic

Abe? ) i ESRD (hemodialysis) | 24 100%
gr';‘g"s"‘dd‘“‘mal agents 20 12 (60) 68.8(259) | NR 180.1 (74.7) | 7.11(1.4) 24 ’
I: pioglitazone o 31 21(67.7) |652(12.1) |16.6(5.5) |139(45) 7.4(0.5)

Abels C- o additional | CraLantidiabetic ESRD (hemodialysis) | 96 96.80%
drugs agents 32 22(68.8) | 67.2(9.4) 163 (5.5) | 138 (40) 7.4(0.5)

Agarwal” I: pioglitazone | other oral antidiabetic | 22 22 (100) 67 (8.5) 15.9(8.0) | 147 (58) 7.7 (2.2) non-ESRD (urine 16 90.10%
Cuglipizide agents or insulin 22 22(100) | 64.1(8.4) 143 (9.8) | 155(79) 7.7(2.5) | protein/creatinine ’
I: rosiglitazone 145 75(51.7) | 65.8(7.0) 10.2(7.0) |201.6(48.6) |9.2(1.3) . ;

Agrawal®! 8 sulfonylureas nondESRDR(Imﬂd o 14 96.00%
C:placebo 156 85(54.5) | 67.0(7.0) 11.6(8.0) |205.2(48.6) |9.0(1.4) | moderateRI)

T pioglitazone msulin 29 20 (69.0%) | 44.4(14.2) | NR 137.4(28.8) | NR ESRD (renal 6 L00%
C:placebo 29 18 (62.1%) | 43.4(13.7) | NR 141.7(67.6) | NR transplantation)
I: TZDs 231 119 (51.5) | 61.1(8.3) 58(4.8) |162.1(342) |7.8(0.7)

Banerji® metformin no-ESRD (mild RI) 12 91.40%
C:vildagliptin 464 241(51.9) | 61.3(8.5) 55(54) | 163.8(39.6) |7.8(0.8)

Chan?* I: rosiglitazone previous antidiabetic 35 24 (68.6) 62 (10) NR 97.2(21.6) NR non-ESRD (CKD s 98.60%
C:placebo medication 35 26(74.3) | 62(10) NR 99 (21.6) NR Stages 3-4) '
I: pioglitazone 20 14 (70) 68.9 (6.8) 13.8(9.8) | 152.5(45.0) |7.4(0.9)

Galle?® insulin ESRD (hemodialysis) | 24 66.70%
C:placebo 19 13(684) |69.6(9.4) 124(82) |156.6(43.6) |7.7(0.9)
I: pioglitazone 30 16 (53.3) 52.8(12.3) NR NR NR

Jin® C: 1o additional | insulin pon ESRD(CKD 1 5 100%
dr.ugs 30 16(53.3) |51.1(11.2) |NR NR NR tages 3-4)
I pioglitazone 21 6(25) 614(103) | 136(69) | 12347 g6(2) hon-ESRD

Katavetin?’ :;tii;;:h?ggﬂi?ﬁﬁ:c 4 (Proteinuria 12 NR
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Morkanas |E pioglitazone | other oral antidiabetic | 36 27(75.0) | 62.5(102) |9.5(1) NR 79(1.2) non-ESRD (UACR | ) 00%
C:metformin agents or insulin 32 22(67.7) | 62.4(8.4) 11.6(13) |NR 8(1.1) 30-300mg/g Cr)

Nekamura® I: pioglitazone one 15 7 (46.7) 60 (13) 16 (4) NR NR non-ESRD (UAE . NR
C:glbenclamide 15 8(53.3) 61 (10) 14 (4) NR NR 20-200 ug/ml)

Nakamura’! I: pioglitazone diet and/or 14 18+ 52.5(10.2)* | NR 186 (24) 84(13) | pnon-ESRD (UAE ’ NR
C:placebo glibenclamide 14 NR 176 (22) 8.0 (1.0) 20-200 ug/ml)

Nakamura® I: pioglitazone one 15 9 (60) 56.5(12.0) |17.5(45) |NR 79(13) | non-ESRD (UAE 5 100%
C:glibenclamide 15 8(53.3) 55.0(11.5) |17.0(4.8) |NR 7.8(1.4) 20-200 ug/ml)

Nokamara® I: pioglitazone one 17 9(52.9) 56.0(13.0) |16.0(5.0) |NR 80(14) | pon-ESRD (UAE 5 L0
C:glibenclamide 18 10(55.6) |53.5(12.0) |16.5(5.5) |NR 7.8(1.3) 20-200 ug/ml)

Pistrosch®® I: rosiglitazone previous antidiabetic 14 12 (85.7) 65.4(9.6) NR 169.2 (57.6) | 7.0(3) non-ESRD 5 NR
Ciplacebo medication 14 12(857) |665(85) | NR 1422(522) |7.3(3) (GFR < 60ml/min)
I: rosiglitazone 26 NR 62.9(7.3) NR NR 7.3(1.3) ESRD (peri i

Wong?* y ” insulin SRD (peritonea 24 98.10%

8 g;;‘;saddmo“al 26 NR 616(97)  |NR NR 72(1.3) | dialysis) ’

Yanagawa® I: pioglitazone one 19 13 (68.4) 54.0(10.3) 6.7 (5.2) 186.0(30.0) |8.3(0.7) non-ESRD (UACR . 100%
C:gliclazide 21 15(71.4) | 540(11.1) |6.0(48) |167.0(31.0) |83(0.9) |30-300mg/g)

Cohort studies
I: TZDs Cabets 353 187 (53.0) | 64.4(11.8) |NR NR NR

Brunelli™* y ” antidiabetic ESRD (hemodialysis) | 39 NR
gﬁ‘l‘;add“lonal medication 2832 1499 (52.9 | 64.0(13.3) | NR NR NR Y
I: TZDs 1224 596 (48.7) |65.1(10.5) |64(25 |NR NR

36 oral antidiabetic ESRD (GFR < 15mL/

Chen C: no additional insuli i 24 NR
drugs agents or insulin 11126 | 5527 (49.7) | 66.1(11.6) |6.0(32) |NR NR min)
I: rosiglitazone -diabeti 177 82(463) |63.7(11.7) |NR 187.3(99.3) | NR

Ramirez's 8 oral antidiabetic 46.3) (L7 ( ESRD (hemodialysis) | 24 96.00%
C:placebo agents 2050 1046 (51.0) | 63.5(12.3) | NR 171.4(82.7) | NR

Table 1. Characteristics of included studies. Abbreviation: FPG = fasting plasma glucose, HbAlc=hemoglobin
Alc, GFR = glomerular filtration rate, UACR = urinary albumin to creatinine ratio, UAE = urinary albumin
excretion, ESRD = end-stage renal disease, NR =not reported. Continuous variables are presented as mean

(standard deviation) or median (interquartile range). *Characteristics of total patients.
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Nakamura 2001 -22 1135 14 01 1179 14 6.0% -2.30[3.16,-1.44] -
Nakamura 2004 1.7 1179 15 -15 12767 15 58% -0.20[1.08, 068] -
Nakamura 2006 16 13115 17 16 1253 18  6.0% 0.00 [-0.85, 0.85] I
Pistrosch 2012 -0.640498 29735 14 0 31198 14 15% -0.64[2.90,1.62] -1
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Yanagawa 2004 1.1 07 19 153 106 21 B86% -043[098 012 -
Total (95% Cl) 425 420 100.0% -0.64 [-0.93, -0.35] ‘
Heterogeneity: Tau®= 0.18; Chi*= 45.39, df= 14 (P < 0.0001); P = 69% —t

Test for overall effect Z= 4.31 (P < 0.0001) Favou'r: F'ZZ’DS]” Fafour:[mmm”
Figure 2. Change in HbAlc among patients with diabetes mellitus and renal impairment receiving TZDs
versus control from RCTs.

TZDs Control Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ahe 2007 -46.8 82.2066 16 -12 455286 15 7.3% -34.80[-81.20,11.60) I
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Abe 2010 -15 465725 31 -6 433128 32 11.1%  -9.00[31.23,13.23] -1
Agarwal 2005 14 614 21 222 103 19 6.4%  -8.20[-61.44,45.04]
Agrawal 2003 -37.8 459 142 9 46.62 147 126% -46.80[-57.47,-36.13) o
Arashnia 2015 -34.56 15.97 29 -23.83 37.65 29 12.2% -10.73[-25.61,4.15] T
Chan 2011 -5.4 196448 35 -3.6 205634 35 12.8% -1.80 [-11.22,7.62) -T
Galle 2012 -36.96 7053 19 1551 68.61 17 7.4% -52.47[-97.96,-6.98)
Nakamura 2001 -64 21166 14 4 255343 14 11.8% -68.00[-85.37,-50.63) —
Yanagawa 2004 373 2912 19 32 2825 21 11.8% 5.30[-12.52,2312] T
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Figure 3. Change in FPG among patients with diabetes mellitus and renal impairment receiving TZDs versus
control from RCTs.

Cardiovascular events. ~ Of the five trials (n = 233) reporting heart failure, one'” compared TZD versus active
drugs (sulfonylureas), and the remaining four'® 2% 2”3 compared TZDs versus placebo/no additional drugs.
One trial® used rosiglitazone as intervention and the other three trials used pioglitazone as intervention.
Meta-analysis showed that TZDs-treatment did not increase the risk of heart failure (RR 0.64, 95% CI 0.15 to
2.66,12=0%) (Table 2).

Three trials reported three angina events occurring in 168 patients. All these trials used pioglitazone as inter-
vention. The pooling of those trials showed no statistically significant difference in the risk of angina between
pioglitazone treatment and control (RR 1.45, 95% CI 0.23 to 8.95; I>*=0%) (Table 2). Two trials'®3* reported
myocardial infarction, but no event occurred in each group. No study reported the data of stroke.

One trial** (RR 0.33, 95% CI 0.01 to 7.82) and one cohort study® (RR 1.23, 95% CI 0.87 to 1.75) reported

cardiovascular mortality, both results showed that TZDs treatment may not increase the risk of cardiovascular
mortality (Table 2).
All-Cause Mortality.  Five trials involving 878 participants reported all-cause mortality, of which three trials!”2*28
compared TZDs versus active drugs (sufonylureas, DPP-4, metformin), two trials*»** compared TZDs versus
placebo/no additional drugs. Meta-analysis showed that TZDs were not associated with increased risk of all-cause
mortality (RR 0.40, 95% CI 0.08 to 2.01; I*=0%) (Table 2).

Meta-analysis of two cohort studies (n=3,133) also showed that compared with control, TZDs did not
increase the risk of all-cause mortality (RR 0.78, 95% CI 0.38 to 1.59; I*=85%) (Table 2).

We did sensitivity analyses using pooling methods and statistical models regarding heterogeneity, and the
results (hypoglycemia, weight, risk of edema, HE, angina and all-cause mortality) were similar.

Discussion

In this study, we found that TZDs may achieve improved glucose control relative to placebo in patients with dia-
betes and impaired renal functions. We did not observe difference in the glucose control effects between TZDs
and other anti-diabetes medications. However, the effects of the two individual agents of TZDs on serum lipids
may differ - subgroup analyses suggested that pioglitazone could elevate HDL and reduce TG and TC, but not
with rosiglitazone. Our study also found that TZDs did not increase the risk of hypoglycemia. Compared with
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TZDs Control Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV. Random, 95% CI IV, Random, 95% CI
Abe 2007 -442 975779 16 113 735653 15  7.0% -55.50 [-116.10,5.10] r
Abe 2008 -44 119.8107 20 7.2 1011445 20 59% -51.20[(119.92,17.52) ¥
Abe 2010 -29 422256 31 -9 458258 32 15.9% -20.00 [-41.75,1.75] I
Agarwal 2005 211.7 8518 21 226 603 19 0.3% 189.10[-176.22,554.42] * >
Arashnia 2015 -48.59 4462 29 -33.52 3157 29 16.4% -15.07 [-34.96, 4.82] T
Chan 2011 4427715 96.6447 35 26571 711378 35 11.1% 17.71 [-22.05, 57.46) T
Galle 2012 -107.75  140.21 13 4538 11095 7 28% -153.13[265.22,-41.04) ¥
Katavetin 2006 -259 4299 24 -3.4 4092 16 14.6% -22.50[-48.92, 3.92) ]
Nakamura 2006 -30 37.0405 17 2 38 18 151% -32.00[-56.86,-7.14] —_—
Pistrosch 2012 -3542172 138.3498 14 -8.857 1101587 14  3.6% -26.56[-122.21,69.08] ¢
Wong 2005 67 125 26 -19 91 26 7.2% 86.00 [26.57, 145.43] —_—
Total (95% Cl) 246 231 100.0% -17.18 [-37.25, 2.90] -
Heterogeneity: Tau®= 535.22; Chi*= 25.52, df= 10 (P = 0.004); F=61% o0 20 0 50 100

Test for overall effect: Z=1.68 (P = 0.09) Favours [TZDs] Favours [control]

B
TZDs Control Mean Difference Mean Difference
or Subarou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Ahe 2007 10.8 52.2257 16 -9.9 48.0515 15 4.4% 20.70[-14.60,56.00] ]

Ahe 2008 12 576871 20 36 508783 20 48% 8.40[-2531,4211) —

Abe 2010 -9 23516 A -1 21.2838 32 188% -8.00(19.09,3.09) -
Agarwal 2005 -1 75.3 21 -35 26 19 46% 2.50[-31.76,36.76) I
Arashnia 2015 -34 27.78 29  -18.07 2559 29 158% -15.93[-29.68,-218] —

Chan 2011 11.601 38.0855 35 0 36.8888 35 122% 11.60[596,2917] T
Galle 2012 -14.86 479 13 -40.61 71.87 7 1.7% 2575[-33.52,85.02) —
Katavetin 2006 -5.6 53.39888 24 -18.2 52.4 16 48% 12.60[-20.80,46.00] N
Nakamura 2006 -2 39.0384 17 6 38.1576 18 7.4% -8.00[-33.60,17.60] I
Pistrosch 2012 -7.734 291952 14 -15468 455913 14 6.3% 7.73[-2062, 36.09) -1
Wong 2005 14 50 26 -9 48 26 6.9% 23.00 [[3.64,4964)] T
Yanagawa 2004 10.5 26.71 19 219 3069 21 121% -11.40[-29.19,6.39] T

Total (95% Cl) 265 252 100.0% -0.02[-8.04, 8.00] ?

Heterogeneity: Tau® = 56.44; Chi*=16.04, df=11 (P=0.14);1*=31%
Testfor overall effect: Z=0.01 (P = 1.00)

o

00 -50 50 100
Favours [TZDs] Favours [control]

C
TZDs Control Mean Difference Mean Difference

Study or Subgrou Mean SD_Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Agarwal 2005 8.7 325 21 -3.3 215 19 206% 12.00[-4.93,28.93] T
Arashnia 2015 -2541 20.37 29 -18.34 18.18 29 304% -7.07[17.0°,2.87] -

Chan 2311 3.866976 29.195 35 -3.866976 30.9358 35 243%  7.73[-6.36,21.83] ™

Galle 2012 421 3832 13 -35.14 46.68 7 6.2% 39.35[-1.02,79.72] —
Wong 2005 -2.3 37 26 -1.5 32 26 185% -0.80[-19.60,18.00] —_

Total (95% CI) 124 116 100.0% 4.49[-6.44,15.43] ?
Heterogeneity: Tau®= 76.54; Chi*= 8.52, df =4 (P = 0.07); F= 53% YT 3 & 100
Testfor overall effect Z=0.81 (P = 0.42) Favours[TZDs] Favours [control]
D

TZDs Control Mean Difference Mean Difference

Study or Subarou Mean SD_Total Mean SD Total Weight IV, Random, 95% Cl IV.Random, 95% CI

Abe 2007 2 19.2499 16 -2.9 282429 15 20% 4.90[12.65, 22.45] |

Abe 2018 1 19.995 20 -4.2 30.568 20 24% 5.20[1081,21.21) —

Abe 2010 43 6.2793 31 1.9 3.9686 32 21.8% 2.40 [-0.20,5.00] el

Aganwel 2005 3.7 96 21 2.7 101 19 109% 1.00[5.12,7.12] -

Arashnia 2015 1231 784 29 589 €26 29 180% 7.42[3.77,11.07] =

Chan 2011 0 153466 35 0 15.3466 35 89% 0.00[-7.19,7.19] I

Galle 2012 1.47 6.07 13 -7.81 £.58 7 89% 9.28 [2.12,15.44)] I
Katavelin 2006 -1.7 19.59592 24 -58 776 16 67% 390[-4.81,12.61] N —
Nakamura 2006 8 11.1355 17 0 9.1652 18 96% 8.00 [1.22,14.78] I
Wong 2005 -3 13 26 0.4 10 26 106% -3.400 [-9.70, 2.90] -1

Total (95% Cly 232 217 100.0% 3.70 [1.10, 6.29] >

Heterogeneity: Tau®= 6.27, Chi*= 15.51, df= 9 (P = 0.08); IF= 42%

Testfor overall effect. 2= 2.79 (P = 0.005)

220 -10
Favours [cantrol]

10 20
Favours [TZDs]

Figure 4. Changes in serum lipids and lipoproteins among patients with diabetes mellitus and renal
impairment receiving TZDs versus control from RCTs. (A) Change in triacylglycerol (TG), (B) Change in total
cholesterol (TC), (C) Change in low-density lipoprotein (LDL), (D) Change in high-density lipoprotein (HDL).

controls, TZDs significantly increased the risk of weight gain and edema, but their effects on heart failure, angina,
myocardial infraction, cardiovascular mortality and all-cause mortality were uncertain.

Several previous studies supported our findings. A meta-analysis® found that metformin, TZDs and sul-
fonylureas had similar hypoglycemic effect, which explained our findings that the changes of HbAlc and FPG
had no statistical significance when compared with active drugs. The PROspective pioglitazone Clinical Trial in
Macrovascular Events (PROactive) found that compared with placebo, pioglitazone reduced HbAlc, TG levels
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No. of Events/Total
Outcomes Study TZDs | Control RR (95%CI) P Value | I?
Heart failure 5RCTs 2/120 | 4/113 0.64(0.15,2.66) | 0.54 0%
Angina 3RCTs 2/84 1/84 1.45(0.23,8.95) | 0.69 0%
MI 2RCTs 0/45 0/46 — — —

1RCT 0/26 1/26 0.33(0.01,7.82) | 050 —
Cardiovascular Mortality :tfl‘(’fy‘ort 29/177 |273/2050 | 1.23(0.87,1.75) | 025 | —

5RCTs 1/323 | 4/555 0.40(0.08,2.01) | 027 0%
All-cause Mortality ftﬁz?&rt 74/407 | 714/2716 | 0.78(0.38,1.59) | 0.62 | 85%

Table 2. Risk of cardiovascular events and mortality in patients with diabetes mellitus and renal impairment for
the TZDs versus control groups.

and increased HDL levels®. A meta-analysis including 23 RCTs, which compared pioglitazone or rosiglitazone
against placebo in patients with type 2 diabetes, found that pioglitazone elevated HDL levels and reduced TG
levels, but rosiglitazone increased LDL and TC levels®. Although TZDs exerted effects in reducing glucose, our
meta-analysis indicated that TZDs played no role in the risk of hypoglycemia. Possible explanation behind this
mechanism is the fact that TZDs are mainly metabolized by the liver. Indeed, current clinical practice guidelines
recommendations state that TZDs can be used in patients with renal failure as TZDs do not increase the risk of
hypoglycemia® '8,

Although the adverse effects of weight gain and edema in TZDs-treated patients were established'"*-*!, the
effects of TZDs on cardiovascular events and mortality remain to be further explored. On one hand, our findings
were consistent with a few published meta-analyses that found treatment with TZDs did not increase the risk
of MI*»*, cardiovascular mortality, or all-cause mortality****. The PROactive trial even showed that treatment
with pioglitazone significantly reduced the risk of all-cause mortality, non-fatal MI and stroke®. These benefits
may also exist in patients without diabetes*®. The mechanism for the observed phenomenon is unclear. Since
endothelial dysfunction is a strong predictor for future cardiovascular events in patients with coronary artery
disease?” *%, one possible explanation is that TZDs may have benefit on endothelial function. TZDs, PPAR ~
agonists, could exhibit anti-inflammatory properties*-* and increase NO release from endothlial cells®!, which
may produce vasodilatation and attenuate vascular damage. Moreover, pioglitazone treatment could increase the
number and function of endothelial progenitor cells (EPCs). Increased levels of EPCs, which enhance angiogen-
esis, promote vascular repair, and improve endothelial function®, could reduce the risk of cardiovascular mor-
tality in patients with coronary artery disease®®. In patients with type 2 diabetes, pioglitazone showed an effect on
ameliorating endothelial dysfunction, which was independent of its metabolic action®**. Indeed, a randomized,
placebo-controlled, double-blind trial found that, after six months treatment, pioglitazone group had a signifi-
cantly better coronary endothelial function compare to control®, further supporting the hypothesis.

However, a couple of other meta-analyses suggested that treatment with TZDs might increase risk of MI® #°.
The reasons of these seemingly conflicts may be due to the inclusion of different TZDs in those studies. Previous
studies showed that pioglitazone may reduce ischemic disease and all-cause mortality in patients with type 2 dia-
betes, while rosiglitazone may increase cardiovascular events especially MI®* %, The underlying mechanisms
for the apparent differences in cardiovascular risk and mortality have not been clearly understood, but one pos-
sible explanation is that the two class of TZDs may have different effect on lipids, as mentioned above. And lipid
abnormalities may cause endothelial cell toxicity and subsequently induce endothelial dysfunction. Moreover,
pioglitazone has shown some potential benefit in preventing progression of atherosclerosis*, but rosiglitazone
failed to show any potential benefit in this regard>®.

Our study has several strengths. Firstly, to the best of our knowledge, this is the first systematic review and
meta-analysis on the topic of efficacy and safety of TZDs treatment in patients with different degree of renal
impairment. A published meta-analysis illustrated that TZDs significantly decreased urinary albumin and protein
excretion in patients with diabetes, but they enrolled patients with normoalbuminuria or proteinuria®. Secondly,
we systematically identified and included both randomized and non-randomized studies. Compared to previ-
ous reviews, we assessed both efficacy and safety outcomes of TZD-treated patients using quantitative methods.
However, our findings should be interpreted cautiously due to some limitations. First of all, the risk of bias of
most eligible studies were moderate to high. Secondly, due to limited number of the included studies, some sub-
group analyses were not carried out. We could not analysis whether different type of TZDs have different effects
on hypoglycemia, CV events and mortality. Thirdly, lack of universal standard to definite outcomes may add
heterogeneity to this analyses.

In summary, this meta-analysis suggests TZDs treatment in diabetes patients with renal impairment may
improve glucose control and serum lipid, but may increase the risk of weight gain and edema. However, the effects
of TZDs on cardiovascular events and all-cause mortality were uncertain, mainly because of the limited sample
sizes and inadequate power. More carefully designed, conducted, adequately powered studies (both RCTs and
observational studies) are warranted to examine the effect on the long-term patient important outcomes.
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TZDs Control Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Abe 2007 0.5 34.2859 16 -0.3 97057 15 0.3% 0.80[-16.70,18.30]
Abe 2008 0.1 38629 20 -1 132439 20 0.3% 1.10[-16.80,19.00]
Arashnia 2015 2.09 1.8 29 -1.45 2.21 29 81.7% 3.54[2.50, 4.58)
Jin 2007 047 84111 30 049 66128 30 6.0% -0.02[-3.85 3.81]
Wong 2005 2 5.6 26 -08 44 26 11.7% 2.80[0.06, 5.54]
Total (95% ClI) 121 120 100.0% 3.23[2.29, 4.16]

Heterogeneity: Tau®= 0.00; Chi*= 3.33, df= 4 (P = 0.50); F= 0% o v
Testfor overall effect Z= 6.74 (P < 0.00001) Favours [TZDs] Favours [control]

Figure 5. Change in weight among patients with diabetes mellitus and renal impairment receiving TZDs versus

control from RCTs.
TZDs Control Risk Ratio Risk Ratio

Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Abe 2008 1 20 0 20 8.0% 3.00[0.13,69.52]
Abe 2010 1 N 0 32 7.9% 3.09[013,73.17)
Agarwal 2006 0 21 2 21 8.9% 0.20[0.01, 3.93]
Agrawal 2003 4 145 1 156 16.7% 4.30[0.49, 38.05) =1
Banerji 2010 6 230 3 463 41.8% 4.03[1.02,15.95] — -
Chan 2011 1 35 0 35 7.9% 3.00[0.13,71.22)
Morikawa 2011 2 32 0 N 8.8% 4.85(0.24,97.11]
Total (95% ClI) 514 758 100.0% 2.96 [1.22,7.20] -
Total events 15 6

Heterogeneity: Tau®= 0.00; Chi*= 3.62,df=6 (P=0.73), F=0%

Test for overall effect: Z=2.39 (P =0.02) oy B4 1 10 1o

Favours [TZDs] Favours [control]

Figure 6. Risk of edema in patients with diabetes mellitus and renal impairment for the TZDs versus control
groups from RCTs.

Methods

We followed the standards set by Preferred Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA)® and the Meta-analysis Of Observational Studies in Epidemiology (MOOSE)® in this systematic
review.

Eligibility criteria. We included randomized controlled trials (RCTs) that compared TZDs against pla-
cebo/no additional drugs or other hypoglycemic agents in patients with diabetes mellitus and renal impairment.
Eligible studies should report at least one of the following outcomes: (1) glucose level: glycosylated hemoglobin
(HbA1c), fasting plasma glucose (FPG), (2) serum lipids and lipoproteins: triacylglycerol (TG), total cholesterol
(TC), low-density lipoprotein (LDL) and high-density lipoprotein (HDL), and (3) patient-important outcomes:
hypoglycemia, weight, edema, cardiovascular events (heart failure (HF), angina pectoris, myocardial infarction
(MI), stroke, cardiovascular mortality) and all-cause mortality. For patient-important outcomes, we also included
cohort studies and case-control studies. Renal impairment was defined according to the presence or absence of
kidney damage (abnormalities in pathological, urine, blood, or imaging test) and levels of kidney function. The
degree of renal impairment was classified as non-ESRD (presence of kidney damage and/or decreased kidney
function, not on dialysis), and ESRD (receiving dialysis or kidney transplantation).

Literature search. A systematic literature search of PubMed, EMBASE, and Cochrane Central Register of
Controlled Trials (CENTRAL) was performed from inception to 15 March 2016. We combined both MeSH and
free words terms about “diabetes mellitus”, “chronic kidney disease” and “thiazolidinediones” for identifying rele-
vant articles (Supplementary Text 1). We also screened Clinical Trials.gov and reference lists of published reviews

to identify additional relevant studies. Only studies published in English were included.

Study screening and data collection.  Two authors (WW and XZ) independently screened titles/abstracts
and full-text articles to identify eligibility, assessed risk of bias, and collected data from each eligible study. We
used standardized, pilot-tested forms, together with detailed instructions. For the included studies, we extracted
data regarding study characteristics (study design, total number of patients, length of follow up and number
of patients lost to follow up), baseline characteristics (gender, age, duration of diabetes, type of renal impair-
ment, FPG, HbA1c¢), intervention and outcomes of interest. Disagreement was resolved through discussion or, if
required, adjudication by a third author (JSWK).

Risk of bias assessment. We assessed risk of bias of RCTs using a modified version of the Cochrane
Collaboration’s tool for assessing risk of bias®! %2 The items included random sequence generation, allocation
concealment, blinding of participants, caregivers, and assessors of outcomes, selective reporting, adequate follow
up, and comparability.
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We used the modified Newcastle-Ottawa Scale (NOS) for assessing the quality of cohort studies. We removed
“representativeness of the exposed cohort” and “was follow-up long enough for outcomes to occur” as these items
relate to applicability of results, and added “assessment of prognostic factors” and “similar co-interventions” to
assess comparability between groups® ¢4,

Data synthesis and analysis. We analyzed RCTs and observational studies separately using risk ratios
(RRs) for dichotomous outcomes and mean differences (MDs) for continuous outcomes with corresponding 95%
confidence intervals (Cls) to compare difference between TZDs and control groups. We pooled RRs using the
Mantel-Haenszel method, and MD using the inverse variance method. Statistical heterogeneity among studies
was examined by the Chi-square test and quantified by the I? statistic®. We explored sources of heterogeneity
using the following subgroup analyses: type of renal impairment (non-ESRD vs. ESRD); type of TZDs (pioglita-
zone vs. rosiglitazone) and type of control (placebo/no additional drugs vs. active treatment). We carried out sen-
sitivity analyses by using alternative pooling methods (Peto vs. Mantel-Haenszel method), and statistical models
regarding heterogeneity (random-effects vs. fixed-effect). We also detected publication bias by visually examining
symmetry of funnel plots and Egger’s tests.
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