CLINICAL RESEARCH

www.jasn.org

Effect of Pioglitazone on Cardiovascular Outcome in
Diabetes and Chronic Kidney Disease
Christian A. Schneider,* Ele Ferrannini,† Ralph DeFronzo,‡ Guntram Schernthaner,§
John Yates,储 and Erland Erdmann*
*Klinik III für Innere Medizin, University of Cologne, Cologne, Germany; †Department of Internal Medicine and CNR
Institute of Clinical Physiology, University of Pisa, Pisa, Italy; ‡Diabetes Division, University of Texas Health Science
Center, San Antonio, Texas; §Department of Medicine I, Rudolfstiftung Hospital, Vienna, Austria; and 储Takeda
Global Research and Development Center, Inc., Deerfield, Illinois

ABSTRACT
Patients with diabetes and chronic kidney disease (CKD) are at particularly high risk for cardiovascular
disease (CVD). This post hoc analysis from the PROspective pioglitAzone Clinical Trial In macroVascular
Events (PROactive) investigated the relationship between CKD and incident CVD in a population of
patients with diabetes and documented macrovascular disease, as well as the effects of pioglitazone
treatment on recurrent CVD. CKD, defined as an estimated GFR ⬍60 ml/min per 1.73m2, was present
in 597 (11.6%) of 5154 patients. More patients with CKD reached the primary composite end point
(all-cause mortality, myocardial infarction (MI), stroke, acute coronary syndrome, coronary/carotid arterial intervention, leg revascularization, or amputation above the ankle) than patients without CKD (27.5
versus 19.6%; P ⬍ 0.0001). Patients with CKD were also more likely to reach a secondary composite end
point (all-cause mortality, MI, and stroke). Patients who had CKD and were treated with pioglitazone
were less likely to reach the secondary end point (hazard ratio 0.66; 95% confidence interval 0.45 to
0.98), but this association was not observed among those with better renal function. In addition, there
was a greater decline in estimated GFR with pioglitazone (between-group difference 0.8 ml/min per 1.73
m2/yr) than with placebo. In conclusion, CKD is an independent risk factor for cardiovascular events and
death among patients with diabetes and preexisting macrovascular disease. Patients who had CKD and
were treated with pioglitazone were less likely to reach a composite end point of all-cause death, MI, and
stroke, independent of the severity of renal impairment.
J Am Soc Nephrol 19: 182–187, 2008. doi: 10.1681/ASN.2007060678

Chronic kidney disease (CKD), commonly defined as
GFR of ⬍60 ml/min per 1.73 m2,1 is associated with
substantially increased risk for cardiovascular disease
(CVD) morbidity and mortality, independent of traditional cardiovascular risk factors.2,3 Using pooled
data from population-based studies, the adjusted relative risk for cardiovascular outcomes and all-cause
mortality increased by approximately 30% in patients
with CKD compared with individuals with preserved
renal function4; however, the impact of CKD on recurrent cardiovascular events among patients with diabetes and established macrovascular disease has not
been studied previously, and there is a paucity of data
on the impact of medical treatments on major out182
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comes.5–7 Because CKD, diabetes, and previous cardiovascular events all are independent cardiovascular
risk factors, this population may be at especially high
risk for subsequent cardiovascular events.
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Table 1. Baseline characteristicsa
GFR
2

Characteristic

Patient
male (n 关%兴)b
white (n 关%兴)
age (yr; mean ⫾ SD)b
time since diagnosis of diabetes
(yr; mean ⫾ SD)b
BMI (kg/m2; mean ⫾ SD)
BP: mean systolic/diastolic (mmHg)
history of hypertension (n 关%兴)b
current smoker (n 关%兴)b
Blood glucose–lowering treatment (n 关%兴)
metformin only
sulfonylureas only
metformin ⫹ sulfonylurea
insulin ⫹ metformin
insulin ⫹ sulfonylurea
Laboratory data (mean ⫾ SD)
HbA1c (%)
LDL cholesterol (mmol/L)
HDL cholesterol (mmol/L)
triglycerides (mmol/L)
creatinine (mol/L)b
GFR (ml/min per 1.73 m²)b
Micral test result
negativeb
20 mg/L
50 mg/L
100 mg/L
a

<60 ml/min per 1.73 m
(n ⴝ 597)
Pioglitazone
(n ⴝ 274)

Placebo
(n ⴝ 323)

Pioglitazone
(n ⴝ 2292)

Placebo
(n ⴝ 2265)

163 (59.5)
272 (99.3)
65.9 ⫾ 6.0
11.2 ⫾ 7.5

181 (56.0)
314 (97.2)
65.2 ⫾ 7.0
11.6 ⫾ 8.2

1546 (67.5)
2255 (98.4)
61.5 ⫾ 7.6
9.2 ⫾ 6.8

1516 (66.9)
2242 (99.0)
61.1 ⫾ 7.7
9.3 ⫾ 6.9

31.0 ⫾ 4.8
144.0/82.2
225 (82.1)
15 (5.8)

31.2 ⫾ 4.8
145.8/82.4
275 (85.1)
32 (9.9)

30.7 ⫾ 4.7
143.5/82.9
1692 (73.8)
314 (13.7)

31.0 ⫾ 4.8
143.0/17.4
1695 (74.8)
341 (15.1)

24 (8.8)
46 (16.8)
65 (23.7)
53 (19.3)
31 (11.3)

23 (7.1)
60 (18.6)
80 (24.8)
60 (18.6)
42 (13.0)

226 (9.9)
456 (19.9)
557 (25.2)
398 (17.4)
175 (7.6)

234 (10.3)
427 (18.9)
571 (25.2)
406 (17.9)
175 (7.7)

8.2 ⫾ 1.5
3.0 ⫾ 1.0
1.1 ⫾ 0.3
2.3 ⫾ 1.6
122.6 ⫾ 25.8
50.1 ⫾ 7.7

8.3 ⫾ 1.5
3.0 ⫾ 1.1
1.2 ⫾ 0.3
2.5 ⫾ 1.8
123.4 ⫾ 38.8
50.3 ⫾ 8.8

8.0 ⫾ 1.4
3.0 ⫾ 0.9
1.2 ⫾ 0.3
2.2 ⫾ 1.9
77.4 ⫾ 15.0
89.3 ⫾ 20.3

8.1 ⫾ 1.4
3.0 ⫾ 1.0
1.2 ⫾ 0.3
2.2 ⫾ 1.8
77.2 ⫾ 14.8
89.4 ⫾ 19.1

120 (43.8)
48 (17.5)
54 (19.7)
45 (16.4)

157 (48.6)
58 (18.0)
53 (16.4)
45 (13.9)

1266 (55.2)
487 (21.2)
298 (13.0)
185 (8.1)

1250 (55.2)
484 (21.4)
313 (13.8)
170 (7.5)

BMI, body mass index; HbA1c, glycosylated hemoglobin.
P ⬍ 0.0001 for GFR ⬍60 versus ⱖ60 ml/min per 1.73 m² (using a 

b

2

test).

macroVascular Events (PROactive) was designed to compare
the effects of the thiazolidinedione pioglitazone with placebo
on cardiovascular outcomes in a large cohort of patients with
diabetes and a history of macrovascular disease.8 In this highrisk population with diabetes, pioglitazone treatment reduced
the combined main secondary end point of all-cause mortality,
myocardial infarction (MI; excluding silent MI), and stroke by
16% (P ⫽ 0.027) and the primary composite end point (which
also included procedural end points, e.g., leg revascularization)
by 10% (P ⫽ 0.095).9 In this report, we analyzed the influence
of CKD on the rates of the primary and the principal secondary
end points from PROactive. We also compared the effect of
pioglitazone versus placebo on recurrent cardiovascular events
in this population of PROactive patients with CKD at baseline.

RESULTS

GFR data were available for 5154 (98.4%) patients. At baseline,
evidence of CKD (GFR ⬍60 ml/min per 1.73 m2) was present
J Am Soc Nephrol 19: 182–187, 2008

>60 ml/min per 1.73 m2
(n ⴝ 4557)

in 597 (11.6%) of the 5154 patients. Baseline characteristics of
the PROactive population stratified by GFR ⱖ60 versus GFR
⬍60 ml/min per 1.73 m2 are shown in Table 1. Patients with
CKD were older, had longer duration of diabetes, and had a
higher prevalence of hypertension. There were no differences
between treatment groups in baseline characteristics in patients
with GFR either ⱖ60 or ⬍60 ml/min per 1.73 m2 (Table 1).
The incidence of the primary composite end point was
27.5% in patients with CKD compared with 19.6% in patients
with GFR ⱖ60 ml/min per 1.73 m2 (hazard ratio [HR] 1.51;
95% confidence interval [CI] 1.28 to 1.78; P ⬍ 0.0001). The
incidence of the principal secondary end point was 18.3% in
patients with CKD compared with 11.5% in patients with GFR
ⱖ60 ml/min per 1.73 m2 (HR 1.65; 95% CI 1.35 to 2.03; P ⬍
0.0001). Similarly, a higher proportion of patients with a GFR
⬍60 ml/min per 1.73 m2 died from any cause (n ⫽ 65; 10.9%)
than those with a GFR ⱖ60 ml/min per 1.73 m2 (n ⫽ 267;
5.9%; HR 1.86; 95% CI 1.42 to 2.43). Multivariate analysis
showed that the presence of CKD was an independent risk
factor for the primary composite end point (Table 2). Both
CKD in Patients with Diabetes and CVD
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Table 2. Multivariate analysis for the primary composite end point (including GFR; n ⫽ 4975)
Parameter
Duration 5 to 10 yr (versus ⬍5 yr)
BMI (kg/m2)
Triglycerides 1.7 to 2.2 mmol/l (versus ⬍1.7 mmol/L)
Age (yr)
Triglycerides ⬎2.2 mmol/l (versus ⬍1.7 mmol/l)
Positive Micral test
Duration ⱖ10 yr (versus ⬍5 yr)
LDL cholesterol 3 to 4 mmol/L (versus ⬍3 mmol/L)
Diuretic use
Past smoker (versus never)
CKD (GFR⬍60 ml/min per 1.73 m²)
Previous stroke
LDL cholesterol ⬎4 mmol/L (versus ⬍3 mmol/L)
HbA1c ⱖ7.5%
Previous MI
Current smoker (versus never)
Peripheral arterial obstructive disease

serum creatinine and GFR were significant in the absence of
the other.
In patients with CKD, the incidence of the primary end
point was 23.7% in the pioglitazone-treated group and 30.7%
in the placebo group (HR 0.75; 95% CI 0.55 to 1.03; Figure 1).
Similarly, the incidence of the principal secondary end point
was lower in the pioglitazone-treated group (14.6%) compared with the placebo group (21.4%; HR 0.66; 95% CI 0.45,
0.98; Figure 1). All-cause mortality rates were 7.7% (n ⫽ 21) in
the pioglitazone group and 13.6% (n ⫽ 44) in the placebo
group (HR 0.75; 95% CI 0.55 to 1.03).
In patients with a GFR ⱖ60 ml/min per 1.73 m2, the incidence of the primary end point was 19.0% with pioglitazone
and 20.2% with placebo (HR 0.94; 95% CI 0.83 to 1.07). Similar results were seen for the principal secondary end point
(10.9% with pioglitazone and 12.2% with placebo; HR 0.89;
95% CI 0.75 to 1.05). The proportion of patients who had a
GFR ⱖ60 ml/min per 1.73 m2 and subsequently died from any
cause was also similar between groups (n ⫽ 137 [6.0%] with
pioglitazone versus n ⫽ 130 [5.7%] with placebo; HR 1.09; 95%
CI 0.87 to 1.38). The interaction between baseline renal function and effect of pioglitazone did not reach statistical significance (P ⫽ 0.1923 for the primary end point and P ⫽ 0.1781
for the principal secondary end point), indicating that the effect of pioglitazone relative to placebo was similar regardless of
GFR.
The proportion of patients with a negative Micral test was
higher in patients without than with CKD and was slightly
lower at final visit than at baseline in both patients with (47.8%
at baseline; 42.8% at final visit) and patients without CKD
(56.5% at baseline; 54.9% at final visit) at baseline. Multivariate analysis showed that a positive Micral test at baseline was an
independent risk factor for the primary composite end point
and remained significant when GFR was included in the model
(Table 2).
During the mean treatment period of 3 yr, GFR declined by
184
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HR (95% CI)
0.92
0.98
1.00
1.03
1.16
1.16
1.20
1.22
1.24
1.25
1.25
1.26
1.27
1.32
1.40
1.49
1.49

(0.769
(0.968
(0.844
(1.017
(1.004
(1.024
(1.031
(1.060
(1.083
(1.089
(1.048
(1.074
(1.060
(1.157
(1.222
(1.230
(1.275

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

1.094)
0.996)
1.183)
1.036)
1.332)
1.312)
1.404)
1.397)
1.416)
1.435)
1.490)
1.486)
1.517)
1.515)
1.606)
1.804)
1.737)

P
0.3382
0.0127
0.9907
⬍0.0001
0.0438
0.0191
0.0188
0.0053
0.0018
0.0015
0.0130
0.0048
0.0096
⬍0.0001
⬍0.0001
⬍0.0001
⬍0.0001

5.4 and 2.7 ml/min per 1.73 m2 in the pioglitazone and placebo
groups, respectively (P ⬍ 0.0001). In the patients who had a
GFR ⱖ60 ml/min per 1.73 m2 at baseline, 467 (20.4%) in the
pioglitazone group and 370 (16.3%) in the placebo group developed CKD during the study (P ⫽ 0.0004). The decreases in
BP in the patients with GFR ⱖ60 ml/min per 1.73 m2 at baseline (⫺4.3 mmHg in systolic and ⫺3.5 mmHg in diastolic BP
with pioglitazone versus ⫺2.5 mmHg and ⫺2.9 mmHg, respectively, in the placebo group) were similar to those observed
in the total PROactive population. In the group of patients
with CKD at baseline, BP decreased to a similar extent in both
treatment groups (⫺3.0 mmHg in systolic and ⫺3.2 mmHg in
diastolic BP with pioglitazone versus ⫺3.4 mmHg and ⫺2.9
mmHg, respectively, in the placebo group). There were no significant differences in the changes of concomitant treatment
between the GFR groups (data not shown).

DISCUSSION

Several recent publications have documented that patients
with diminished GFR are at high risk for cardiovascular morbidity and mortality.2,3 In this study, we examined the role of
baseline renal function in patients with type 2 diabetes and
existing macrovascular disease and recurrent cardiovascular
events. Our results demonstrate that CKD, as defined by a GFR
of ⬍60 ml/min per 1.73 m2, is an independent risk factor for
major adverse cardiovascular events and death in this high-risk
population.
Several potential mechanisms may explain this increased
cardiovascular risk in patients with CKD and diabetes. First,
CKD often coexists with other cardiovascular risk factors, including dyslipidemia, hypertension, and smoking.10 –13 Second, impaired kidney function is associated with elevated
markers of inflammation and other putative risk factors for
cardiovascular events,14 –18 which contribute to adverse cardioJ Am Soc Nephrol 19: 182–187, 2008
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Figure 1. HR (95% CI) for the effect of pioglitazone versus
placebo treatment on the primary and the principal secondary
end points in patients with and without CKD.

vascular outcomes. Last, patients with renal disease are less
likely to receive proven efficacious therapies to prevent
CVD.19 –22
In the recently published post hoc analysis of Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack
Trial (ALLHAT), a GFR ⬍60 ml/min per 1.73 m2 was associated with an increased incidence for CVD (HR 1.41) in the
subgroup of patients with type 2 diabetes.23 Our analysis supports the concept that patients with type 2 diabetes and CKD
are at increased risk for recurrent cardiovascular events (HR
1.51 for the primary end point and 1.65 for the principal secondary end point) and highlights the need for intensive therapy in these patients.24
Pioglitazone was more effective than placebo in reducing
the rate of both the primary and secondary composite end
points in the patients with CKD. There was a nonsignificant
25% risk reduction for pioglitazone relative to placebo for the
primary end point (95% CI 0.55 to 1.03) and a significant 34%
relative risk reduction for the secondary end point (95% CI
0.45 to 0.98). Likewise, event rates were lowered to a greater
degree by pioglitazone relative to placebo among the patients
without CKD at baseline, but the difference between treatment
groups was not statistically significant. Thus, the effect of pioglitazone relative to placebo seems to be the same regardless of
GFR.
The yearly declines in GFR (0.9 ml/min per 1.73 m2 with
placebo and 1.8 ml/min per 1.73 m2 with pioglitazone) in our
study is considerably lower than the decline of 3 to 4 ml/min
per 1.73 m2 observed in patients with diabetes in previous
studies25,26 and is more in the range of the GFR decrease found
in an aging healthy population (1 ml/min per 1.73 m2/yr).27
This smaller decrease might be explained by the strict treatment algorithm for hyperglycemia and hypertension used in
PROactive. The clinical significance of the small difference in
J Am Soc Nephrol 19: 182–187, 2008
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GFR decline of 0.8 ml/min per 1.73 m2/yr between placebo and
pioglitazone is uncertain considering the suboptimal precision
in monitoring the GFR changes using the Modification of Diet
in Renal Disease (MDRD) method.28,29 Despite this small
change in GFR, our data indicate that treatment with pioglitazone will be of considerable benefit to patients with diabetes
and CKD.
A detailed analysis of reported adverse events was not conducted; however, the most critical events, such as cardiovascular events and death, were included in the efficacy parameters.
This gives reassurance on the safety profile of pioglitazone in
patients with reduced kidney function.
This analysis of PROactive has several limitations. Although the data for this analysis were collected prospectively, the analysis for the presence of CKD was defined and
performed retrospectively and treatment randomization
was not stratified by CKD. Because this could affect the
reliability of the prognostic data, the conclusions about the
beneficial effects of pioglitazone in patients with CKD must
be viewed with caution until confirmatory data of our findings are provided. It should be emphasized that the participants in PROactive were selected because of their high cardiovascular risk; therefore, caution also should be exercised
when extrapolating the estimates of cardiovascular event
rates in patients with CKD to those who are at lower cardiovascular risk. Nevertheless, our data suggest strongly that
patients with diabetes and high risk identified by CKD can
be treated effectively with pioglitazone.
In this retrospective analysis of patients with type 2 diabetes
and preexisting macrovascular disease in PROactive, we have
shown that CKD identifies a subpopulation of patients who are
at even higher risk for CVD and that pioglitazone reduces major cardiovascular end points in these patients.
CONCISE METHODS
Patients
The PROactive protocol has been described in detail elsewhere.8,9
Briefly, 5238 patients who had type 2 diabetes, were aged 35 to 75 yr,
and had documented evidence of macrovascular disease and a glycosylated hemoglobin concentration higher than the local laboratory
equivalent of 6.5% for a Diabetes Control and Complications Trial
(DCCT)-traceable assay, despite existing treatment with diet alone or
with oral glucose-lowering agents with or without insulin, were recruited. Patients were excluded when they had type 1 diabetes; were
taking only insulin; had planned coronary or peripheral revascularization; had New York Heart Association class II or greater heart
failure, ischemic ulcers, gangrene, or leg rest pain; were on hemodialysis on recruitment; or had an alanine aminotransferase ⬎2.5 times
the upper limit of normal.
All patients provided written informed consent. The study protocol was approved by local and national ethics committees and regulatory agencies and was conducted in accordance with the Declaration
of Helsinki and Good Clinical Practice guidelines.
CKD in Patients with Diabetes and CVD
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Procedures
Patients were randomly assigned to receive pioglitazone (n ⫽ 2605) or
matching placebo (n ⫽ 2633) in addition to their existing guidelinedirected glucose-lowering and cardiovascular medications. Pioglitazone was administered as 15 mg/d for the first month, 30 mg/d for the
second month, and 45 mg/d thereafter to achieve the maximum tolerated dosage. All patients were followed until the end of the study
even when they permanently ceased study medication before the
study end. Before the start of therapy, serum creatinine was determined in a central laboratory using the automated Hitachi (Tokyo,
Japan) with Roche reagents (Roche Diagnostics, Mannheim, Germany) and standards and controls as recommended by the manufacturer. The central laboratory was certified by a national quality-control program. Urinary albumin concentration was measured locally at
the beginning and at the end of the study using the Micral Test strip
(Roche Diagnostics, Mannheim, Germany). Blood samples were
taken for creatinine determination to examine the natural history of
renal disease. GFR was estimated using the simplified MDRD formula: 186.2 ⫻ serum creatinine in mg/dl⫺1.154⫻ age in yr⫺0.203⫻
1.212 if black ⫻ 0.742 if female.1 Patients with a GFR ⬍60 ml/min per
1.73 m2 were defined as having renal dysfunction (CKD; National
Kidney Foundation definition) at baseline. Treatment randomization
was not stratified by CKD.
The primary end point in PROactive was time from randomization to
the composite end point of all-cause mortality, nonfatal MI (including
silent MI), stroke, acute coronary syndrome, coronary/carotid arterial
intervention, leg revascularization, or amputation above the ankle. The
prespecified principal secondary end point in PROactive was time to the
first event of all-cause mortality, MI (excluding silent MI), and stroke,
because these represent “hard” end points of greatest concern to patients.
Nottingham Clinical Research Group (Nottingham, UK) acted as the
coordinating center, providing project management, data management,
central randomization services, and statistical analysis. ICON Clinical
Research (Southampton, UK) managed and monitored the sites and carried out central laboratory measurements.

Statistical Analyses
Statistical methods used for the sample size calculation and end point
analysis for PROactive have been reported previously.9 The data presented here are from the intention-to-treat population. Group comparison was carried out by Mann-Whitney or 2 testing, for continuous
variables and proportion, respectively. Time-to-event analyses were performed by fitting a Cox proportional hazards survival model with either
treatment or baseline CKD as a covariate. The interaction between CKD
and treatment on event rates was tested in a similar model containing
both covariates. Multivariate Cox models were used to identify baseline
factors prognostic of outcome; variable selection was carried out using a
stepwise selection algorithm at a significance level of 0.05.
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Erratum
CORRECTION

Schneider CA, Ferrannini E, DeFronzo R, Schernthaner G,
Yates J, and Erdmann E: Effect of Pioglitazone on Cardiovascular Outcome in Diabetes and Chronic Kidney Disease. J Am
Soc Nephrol 19: 182–187, 2008.
Please note the following corrections in the above article
published in the January 2008 issue of the Journal of the American
Society of Nephrology. In this article, the data errors were caused
by (1) description of events at average follow-up rather than
overall and (2) a transcription error. Also, the correct version
of the Modiﬁcation of Diet in Renal Disease (MDRD) formula
is now described in Concise Methods. These errors do not alter
the data interpretation or affect the study conclusions.
The following are corrections to the manuscript.
In the third paragraph of Results (p 184), the sentence “Allcause mortality rates were 7.7% (n 5 21) in the pioglitazone
group and 13.6% (n 5 44) in the placebo group (HR, 0.75;
95% CI, 0.55 to 1.03)” should have read “All-cause mortality rates were 8.0% (n 5 22) in the pioglitazone group
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and 13.9% (n 5 45) in the placebo group (HR, 0.55; 95%
CI, 0.33 to 0.92).”
In the fourth paragraph of Results (p 184), the sentence “The
proportion of patients who had a GFR$60 ml/min per
1.73 m2 and subsequently died from any cause was also
similar between groups (n 5 137 [6.0%] with pioglitazone
versus n 5 130 [5.7%] with placebo; HR, 1.09; 95% CI, 0.87
to 1.38)” should have read “The proportion of patients who
had a GFR$60 ml/min per 1.73 m2 and subsequently died
from any cause was also similar between groups (n 5 148
[6.5%] with pioglitazone versus n 5 134 [5.9%] with placebo;
HR, 1.09; 95% CI, 0.87 to 1.38).”
In the ﬁrst paragraph of Procedures in Concise Methods
(p 186), the sentence “GFR was estimated using the simpliﬁed
MDRD formula: 186.2 3 serum creatinine in mg/dl21.154 3
age in yr20.203 3 1.212 if black 3 0.742 if female” should
have read “GFR was estimated using the simpliﬁed MDRD formula: 186 3 serum creatinine in milligrams per deciliter21.154 3
age in years20.203 3 0.742 for women.”
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