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Objective: In this post hoc analysis, we examined insulin requirements and regimens, glycemic
control, cardiovascular outcomes, and safety in the patients treated with insulin at baseline in the
Prospective Pioglitazone Clinical Trial in Macrovascular Events study.

Design: The Prospective Pioglitazone Clinical Trial in Macrovascular Events study was a double-
blind, placebo-controlled outcome study (mean follow-up 34.5 months) in 5238 high-risk patients
with type 2 diabetes randomized to pioglitazone (force titrated to 45 mg) or placebo. One third
of the total population (pioglitazone 864; placebo 896) were receiving insulin at baseline.

Results: A rapid and sustained decrease in insulin dose was observed with pioglitazone vs. a
progressive increase with placebo. By study end, the mean insulin dose was lower with pioglitazone
(42 vs. 55 U/d with placebo; P < 0.0001). The insulin regimen (number on insulin, need for multiple
injections, and reduction in oral agents) had been simplified vs. placebo; nevertheless, a greater
glycosylated hemoglobin reduction was observed with pioglitazone (—0.93%) vs. placebo
(—0.45%; P<0.0001). At the final visit, insulin had been discontinued in 9% of pioglitazone vs. 2%
of placebo patients (P < 0.0001). More insulin-resistant patients (defined as poorly controlled type
2 diabetes despite high doses of insulin) in the pioglitazone plus insulin group showed the greatest
glycosylated hemoglobin decline. There were nonsignificant reductions with pioglitazone relative
to placebo in the cardiovascular primary (hazard ratio 0.86; 95% confidence interval 0.71, 1.04; P =
0.1198) and main secondary (hazard ratio 0.85; 95% confidence interval 0.67, 1.08; P=0.1831) end
pointsininsulin-treated patients. The rates of overall heart failure, edema, and hypoglycemia were
higher with pioglitazone [13.5vs 10.5% (P = 0.0489); 30.8 vs. 18.2% (P < 0.0001); and 42.1 vs 29.0%
(P < 0.0001), respectively], but there were no significant differences in serious events.

Conclusions: Pioglitazone use in combination with insulin resulted in a sustained improved
glycemic control and allowed the treatment regimens to be simplified and the insulin doses
reduced. (J Clin Endocrinol Metab 95: 0000-0000, 2010)
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ype 2 diabetes is a progressive disease characterized by
insulin resistance and diminished insulin secretion
(1). Neither sulfonylureas nor metformin has a long-term
effect to preserve §8-cell function, and many patients with
type 2 diabetes fail to reach target [glycosylated hemoglo-
bin (HbA,.) <7.0%], despite combined metformin/sulfo-
nylurea therapy (2-5). Hence, many patients with type 2
diabetes will eventually require insulin therapy.

Insulin therapy is commonly initiated as a once-daily
basal insulin injection, with the addition of rapid-acting
insulin with dose and number of injections based on the
height of postprandial glucose excursions (6). A step-wise
insulin optimization strategy frequently includes appro-
priate combination with oral agents to improve glycemic
control and reduce the dose of insulin (7). Thiazo-
lidinediones are oral glucose-lowering agents that reduce
insulin resistance in liver and muscle (8). A number of
studies have shown the benefits of a thiazolidinedione and
insulin in combination (9-16).

Prospective Pioglitazone Clinical Trial in Macrovascular
Events (PROactive) evaluated the effects of long-term treat-
ment with pioglitazone on cardiovascular events in a popu-
lation of 5238 patients with type 2 diabetes at high risk for
macrovascular events (17). The primary measure of efficacy
was time to analysis for a composite end point comprising
seven cardiovascular-related events. Patients entered the
study on their existing glucose-lowering therapies, which
were continued. This paper reports an exploratory analysis
evaluating long-term insulin requirements, insulin regimens,
glycemic control, cardiovascular outcomes, and safety in the
1760 patients who entered PROactive on insulin therapy.

Subjects and Methods

Study design

PR Oactive was a randomized, double-blind, multicenter, pla-
cebo-controlled, parallel-group study in 5238 patients with type
2 diabetes and a history of macrovascular disease. Details of
enrollment and trial conduct have been published (17). All par-
ticipants provided written informed consent. A brief summary of
the inclusion and exclusion criteria will be presented in the fol-
lowing paragraphs.

To be eligible for randomization, patients had to be adults
(aged 35-75 yr, inclusive) with type 2 diabetes (defined as an
HDbA, . level above the upper limit of normal, i.e. the local equiv-
alent of 6.5% for a diabetes control and complications trial trace-
able assay) and an established history of macrovascular disease
(17). Current use of pioglitazone or other thiazolidinediones,
and insulin monotherapy for 2 wk or longer at any time in the
previous 3 months excluded subjects from entry into the study.
However, insulin-treated patients were eligible if insulin was
combined with oral agents.

Patients were randomized to 45 mg pioglitazone or placebo in
addition to the existing background glucose-lowering therapies
(including diet and exercise). The dose of pioglitazone could be
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increased or decreased within the range of 15-45 mg throughout
the study: more than 90% of patients who remained on study
medication received 45 mg pioglitazone. Treatment random-
ization was not stratified by existing glucose-lowering treat-
ment, and all investigators were encouraged to adjust and/or add
glucose-lowering agents to achieve and maintain 1999 Inter-
national Diabetes Federation (IDF) targets (HbA,. <7.0%).
Therefore, it was anticipated that background treatment
would change over the course of the study. Patients also con-
tinued with existing therapy for hypertension, dyslipidemia,
and thrombotic conditions to reduce cardiovascular risk (ad-
justed again using the 1999 IDF guidelines).

Efficacy end points

In the main PROactive study, the primary end point was the
time to the first occurrence of cardiovascular events or death;
these data have been published (17).

This manuscript reports post hoc data from the patients who
were receiving insulin at baseline. The analyses performed were
changes in the percentages of patients remaining on insulin ther-
apy vs. switching to oral agents/discontinuing insulin; changes in
the insulin regimens (i.e. in number of injections); changes in
mean daily insulin dosage; glycemic control (HbA, . over time),
cardiovascular end points; and safety data in patients receiving
insulin therapy at baseline. We also conducted an analysis of the
glycemic control and insulin dose changes in patients categorized
as more insulin-resistant (defined as baseline insulin dose and
HDbA, . both median or greater) compared with less insulin-re-
sistant patients (defined as baseline insulin dose and HbA . both
less than median) as a potential index of insulin sensitivity. The
median insulin dose at baseline was 42 U/d and the median
HDbA, . was 8.3%.

Statistical methods

The main statistical and analytical methods have been de-
scribed previously (17). The data presented here are from the
intention-to-treat population of patients (defined as all random-
ized patients who subsequently took at least one dose of study
medication) who were receiving insulin at the time of entry into
the study.

Concomitant glucose-lowering medication was recorded at
baseline and at each subsequent visit by class (insulin, met-
formin, sulfonylureas, others) and dose. Statistical methods for
summarizing concomitant glucose-lowering medication consid-
ered the percentage of patients (in the pioglitazone and placebo
treatment groups) receiving each type of medication. Mean dose
by visit, change from baseline in percentage of patients with a
medication dose increase or decrease, and percentage of patients
newly starting, continuing, stopping, or decreasing medication
were considered.

Changes from baseline to final visit in HbA . were calculated
for each of two cohorts (patients receiving and patients not re-
ceiving insulin) and compared by treatment group. For HbA,,
the differences between treatment groups and changes from
baseline were examined by visit and compared using ANOVA.
An area under the curve measure (linear interpolation and ad-
justment for duration of exposure) was used as an aggregate
measure of HbA;. The comparative effect of the study treat-
ments on time to permanent insulin use was estimated by cal-
culating the hazard ratio and corresponding 95% confidence
interval (CI) from a Cox proportional hazards survival model,
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with treatment as the only covariate. The standard threshold of
P < 0.05 was used to define a significant result.

Results

Baseline demographics and characteristics

At baseline, one third of the total study population [n =
1760 patients; 864 (33.2%) in the pioglitazone group and
896 (34.0%) in the placebo group] was receiving insulin.
There were some differences in baseline data between
those receiving and those not receiving insulin (Table 1).

Although there were differences in baseline character-
istics between the patients with vs. without insulin, there
were no important differences between patient character-
istics and baseline laboratory data between the insulin-
treated patients in the pioglitazone group and those in the
placebo group. Similarly, there were no relevant differ-
ences between non-insulin-treated patients in the piogli-
tazone group vs. the placebo group (Table 1).

At baseline, the mean daily insulin dose was 46.6 U and
the mean number of insulin injections per day was 2.3
(23.4% were receiving one injection; 47.6 %, two injec-
tions; and 29.0%, three or more injections). There were no
important differences in insulin doses or regimens between
the pioglitazone and placebo groups (data not shown).

At baseline, concomitant medications in the insulin-
treated groups were: metformin, 52.9%; sulfonylurea,
24.3%; metformin plus sulfonylurea, 12.0%; other oral
agents as monotherapy or combination, 10.8%. These
percentages were similar in the pioglitazone and placebo
groups.

Glycemic control

Both treatment groups showed an improvement in gly-
cemic control. Mean HbA,_ levels decreased from 8.4 to
7.4% in the pioglitazone group and from 8.5 to 8.1% in
the placebo group (P < 0.001 vs. baseline for both groups;
P < 0.0001 between groups at all time points; Fig. 1A).
The improvement in HbA, . with pioglitazone was inde-
pendent of the baseline insulin regimen (i.e. the number of
injections or daily dose of insulin). The HbA, . decreases
from baseline to the final visit with pioglitazone vs. pla-
cebo were 0.84 vs. 0.22% for patients receiving one; 1.02
vs. 0.44% for patients receiving two; and 0.82 vs. 0.56%
for patients receiving three insulin injections at baseline.
At end point, the proportion of patients achieving good
glycemic control (mean HbA,. =7.0%) was 41.7% (n =
308) with pioglitazone vs. 24.3% with placebo (n = 188).

Changes in doses of insulin
In the patients who were on insulin at baseline, the
mean daily dose of insulin decreased in the pioglitazone
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group, beginning at the first study visit and continued
throughout the study (Fig. 1B). The mean daily insulin
dose initially remained stable in the placebo group, but by
month 6, the daily insulin dose steadily increased through-
out the study. By final visit, the mean insulin dose had
decreased from 46.5 U at baseline to 42.1 U/d in the pio-
glitazone group compared with an increase from 46.7 U to
54.9 U/d in the placebo group (P < 0.0001 between group
difference). These differences in insulin dose between pio-
glitazone and placebo were shown for any insulin regimen.

Changes in treatment regimens

Background treatments for diabetes were not con-
trolled for and investigators were encouraged to treat to
1999 European IDF glycemic goals. As expected, the back-
ground glucose-lowering treatments shifted throughout
the course of the study. There were no major differences
between groups for the use of oral agents combined with
insulin over time (Table 2). Nevertheless, significantly
more insulin-treated patients receiving pioglitazone dis-
continued concomitant oral agents (such as metformin or
a sulfonylurea) than those receiving placebo. The percent-
age of patients who discontinued insulin therapy from
baseline to the end of the study was greater in the piogli-
tazone group than the placebo group [8.6% (n = 74) vs.
1.7% (n = 15) P < 0.0001]. Moreover, the number of
insulin injections per day increased significantly on pla-
cebo compared with pioglitazone. The number of insulin
injections per day increased significantly in placebo pa-
tients treated with one, two, or three or more injections per
day compared with the pioglitazone group (Table 3). Of
note, the percentage of patients receiving two or three or
more injections per day at final visit decreased signifi-
cantly in the pioglitazone group (P < 0.01).

Changes in doses or regimen of insulin according
to insulin sensitivity

In the patients categorized as less insulin resistant at
baseline (according to their insulin doses and HbA, . both
less than median), the mean baseline HbA, . was 7.3% and
insulin dose was 24 U/d vs. 9.6% and 69 U/d in the more
insulin-resistant patients (according to their insulin doses
and HbA,_ both median or greater). These two groups
appear to have different insulin needs and behave differ-
ently on pioglitazone.

In the less insulin-resistant patients, the insulin dose
increased from 24 to 34 U in the placebo group, with no
increase of insulin dose in the pioglitazone group. HbA,
was more or less stable, with a slight 0.3% decline in the
pioglitazone group, whereas it increased slightly in the
placebo group by 0.2% (P < 0.0001). In the more insulin-
resistant patients, HbA, . decreased by 1.3% from 9.6 to
8.3% at final visit.



‘Ayredoinau pue ‘Ayredoiydau ‘Ayredounas pasoubelp-i01e6nsanu| ,
‘ugo4dodi| Aususp-mo| ‘1@ ‘uterosdodi| Alsusp-ybiH “IQH “Pal4dads aSIMIBUIO SS9jUN dS F UeaW oy} Juasaidal sanjeA

J Clin Endocrinol Metab, May 2010, 95(5):0000—0000

0l ¥69¢ 60F89¢C L'l *£9C l'l 89C ol1eJ |0J31S3j0Yd TdH 01 |0J31S8|0Yd 1d1

(0l 667098 Gl (6'0F560LVEFPLL 01 *F¥60 98 Ll (0L 96098 Ll [(49M/1oww) |p/Bui] [0193S910Yd 1T
(E0F9L'L)9LL ¥8¥ (E0FSLLILL F¥Pr (E0F9L'L)ILL 8P (E0FLLL9LL FTSY [(43u]/]0ww) |p/Bui] [0183S8]0YD TAH
(8L ¥ 620 6SL F 661 (9L F8L0 vl ¥ €6l (8l F¥C0) 65l * 861 W'ZFvE0 LT F L0T [(4aM)/10ww) |p/Bwi] sapLadA|bL L
€6 F 8 00l ¥ €8 L'6FC8 86 F (8 (BH ww) ainssaid poojq dijoiseiq

6Ll FEVL 8Ll F EVL 9Ll F vyl 9Ll F vyl (bH wiw) ainssaid poojq 21j03sAs
viF6L v9IF6L ¥l *98 v'lFP8 (%) *'vaH

sanjea Aiojeloge

(%0°1€) 6ES (%£°2€) 695 (%6°65) LES (%0°€9) 1S (%) U '95eas|p JejndseroudI|

(% ¥Y) L9L (%0°LY) 818 (%8'€Y) 76€ (%L '¥P) L8E (%) U ‘1584
(%091) 8¢ (%Cvl) L1 (%S°LL) €01 (%801) €6 (%) U "1ua1in)d
Buows
(%¥'GL)0LEL (%0'772) 6821 (%9°LL) 569 (%T'9/) 859 (%) u "uoisusniadAy jo AioisiH
8% ¥ 9°0€ LV ¥ €0¢€ LY F6LE LY F9LE (;W/B>)) xapui ssew Apog
v9F 8L 79781 L'L 7 LEL L' F87L (1A) sa12qeIp Jo uoleing
6LF819 9, %079 SLF LI SLF L9 (1K) 9bv
(%9'86) €1L1 (%7'86)0LLL (%0°66) £88 (%8'86) 798 (%) U ‘ueisedne)
(%0'89) L8LL (%8'04) Z€TL (%0°19) LS (%T'8S) €06 (%) u 'sleiN

SDI3SHaIDRIRYD 1UBIIEY

(LELL = u) ogddeld

(11 = u) auozeyjboid

(968 = u) oqade|d

(¥98 = u) auozeyijboid

ulnsui BuiAlddal JoN uljnsul jo uoneuiqwod Aue BuinlIBY

Apnis aAdEOYd 9Y1 Ul suljeseq
12 UINSuUl BUIAIDaI 10U 3SOY} "SA UIjNSUl BUIAI®ISS 9SeaSIP JejndseAolpled pue sa1agelp Z 9dA1 y1im asoyy ul Juswieal) Ag soisuaideleyd 1usined | 319vL

Insulin Subgroup from PROactive

Charbonnel et al.

4




J Clin Endocrinol Metab, May 2010, 95(5):0000-0000

74

6.5

6 ~
5.5

5 T . T . T 1
Baseline 6 12 18 24 30 Final visit

Months

Tp<0.0001 versus placebo

B

Insulin Dose (U)
604

304

Baseline 6 12 18 24 30 Final visit
Months
Tp<0.0001 versus placebo; 5p<0.0371 versus placebo

FIG. 1. Changes in glycemic control (A) and insulin dose (B) over time
with pioglitazone or placebo in patients receiving insulin at baseline
(open squares, pioglitazone; closed squares, placebo).

The decrease in HbA,, in these patients was largely
accounted for by an improvement in the pioglitazone-
treated patients, with a mean decrease from 9.5 to 7.9 %,
despite a mean decrease in insulin units of 11 U/d from 68
to 57 U/d. In the placebo group, the decrease in HbA, . was
significantly less (from 9.6 to 8.6%), despite a mean in-
crease in insulin dose of 7 U from 69 to 76 U/d (both P <
0.001 between treatment group difference), associated
with the intensification of the insulin regimen.

Cardiovascular primary and main secondary end
points

Asin the total PROactive patient population (17), there
was a consistent trend of benefit with pioglitazone in the
insulin-treated patients with respect to the primary end
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point (event rate of 20.7% with pioglitazone vs. 24.3%
with placebo; hazard ratio 0.86; 95% CI10.71, 1.04; P =
0.1198; Fig. 2A). There was a similar nonsignificant 15%
risk reduction with pioglitazone in the main secondary end
point, a composite of death, nonfatal myocardial infarc-
tion, and stroke (event rate of 13.5% with pioglitazone vs.
15.8% with placebo; hazard ratio 0.85; 95% CI 0.67,
1.08; P = 0.1831; Fig. 2B).

Safety and tolerability

There were more serious adverse events (both end point
and non-end point events) in patients treated with insulin
(52.2%) vs. those not receiving insulin (44.9%; P <
0.0001). Heart failure rates were significantly higher in
insulin-treated (12.0%) than non-insulin-treated patients
(7.7%; P < 0.0001). There were no significant differences
in rates of serious heart failure (defined as requiring hos-
pitalization or prolongation of a hospitalization stay, fatal
or life threatening, or resulted in persistent significant dis-
ability or incapacity; 5.7 % in the insulin group and 4.5%
in the no insulin group) or of fatal heart failure (1.3% in
the insulin group and 0.7% in the no insulin group). As
expected, there were higher rates of all hypoglycemia
(35.5 vs. 18.4%; P < 0.0001), serious hypoglycemia (1.3
vs. 0.3%; P < 0.001), and edema (24.4 vs. 20.2%; P =
0.005) in the insulin group than the no-insulin group.

The relative occurrence of adverse events in the piogli-
tazone group compared with the placebo group was sim-
ilar in these insulin-treated patients as in the total PRO-
active population (17). Serious adverse events occurred in
434 patients (50.2%) in the pioglitazone group and 484
(54.0%) in the placebo group (P = NS). There were no
differences in the safety profiles in the pioglitazone and
placebo groups (with or without other treatments) in those
receiving insulin at baseline, with the exception of edema
and hypoglycemia (Table 4). The rates of hypoglycemia
were the same, irrespective of baseline sulfonylurea use
(Table 4).

There were no significant differences in the incidence of
serious (i.e. requiring hospitalization) or fatal heart failure
between the pioglitazone and placebo groups in the pa-

TABLE 2. Glucose-lowering regimens by treatment at baseline and final visit in those receiving insulin at baseline

Pioglitazone

Placebo

Baseline (n = 864) Final visit (n = 783) Baseline (n = 896) Final visit (n = 811)

5(0.6%)
456 (52.8%)
209 (24.2%)

5(6.4%)
105 (12.2%)

4 (3.9%)

Insulin only

Insulin + metformin

Insulin + sulfonylurea

Insulin + other oral therapy

Insulin + metformin + sulfonylurea
Insulin + other oral combinations

104 (13.3%) 8(0.9%) 127 (15.7%)

357 (45.6%) 475 (53.0%) 405 (49.9%)

119(15.2%) 219(24 4%) 125(15.4%)
9 (5.0%) 48 (5.4%) (3 7%)
2(9.2%) 107 (11.9%) 1(10.0%)
8(2.3%) 39 (4.4%) 8 (3.5%)
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TABLE 3. Change in dose of insulin from baseline to final visit according to the number of injections per day at

baseline
Pioglitazone Placebo
Baseline Final visit Baseline Final visit Between-group
(n = 864) (n = 783) (n = 896) (n = 811) difference
One injection, daily dose (U) 20.4 26.3 19.6 34.1 P =0.002
Tywo injections, daily dose (U) 48.2 41.6 47 .4 53.2 P < 0.0001
Three or more injections, daily dose (U) 64.9 54.4 66.9 72.6 P < 0.0001
tients who were receiving any insulin combination atbase-  Discussion

line (Table 4).

There was a 4.2-kg increase in body weight from base-
line to final visit in insulin-treated patients in the piogli-
tazone group, whereas there was a decrease of 0.1 kg from
baseline to final visit in the placebo group (P < 0.0001
between group difference). Most of the weight gain with
pioglitazone occurred in the first year and weight pla-
teaued by the end of the second year. The increase in body
weight in insulin-treated patients receiving pioglitazone
were correlated (r = —0.12, P = 0.0012) with the decline
in HbA, ..

A Kaplan Meier Estimate _
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FIG. 2. Kaplan-Meier curve of time to the primary end point (A) and
the main secondary end point (B) in the subgroup of patients treated
with insulin at baseline.

Insulin optimization strategy in type 2 diabetes includes
insulin intensification with multiinjections, titration of in-
sulin doses, and combination with oral drugs (6). Insulin
sensitizers, such as thiazolidinediones, are a good option
from the mechanistic point of view and have been proved
to work in many short-term studies of insulin-requiring
patients with type 2 diabetes, for troglitazone (9-12), ros-
iglitazone (13), and pioglitazone (14-16). However, large
long-term studies are needed both for long-term efficacy
and safety issues. This is why this exploratory analysis of
the large cohort of 1760 patients entering PROactive on
insulin therapy may be of interest.

This analysis showed an improved glycemic control in
pioglitazone-treated compared with placebo-treated pa-

TABLE 4. Adverse events occurring in insulin-treated
patients

Receiving any
combination of insulin

Pioglitazone Placebo
n (%) n (%)

Serious adverse events 434 (50.2%) 484 (54.0%)
End point event 141 (16.3%) 172 (19.2%)
Non-end point event 395 (45.7%) 439 (49.0%)
Any report of heart failure 117 (13.5%)? 94 (10.5%)

Serious heart failure® 4 (6.3%) 47 (5.2%)

Fatal heart failure 2 (1.4%) 10 (1.1%)
Any report of hypoglycemia 364 (42.1%)° 260 (29.0%)

(all groups)

Serious? 16 (1.9%) 7 (0.8%)

Nonserious 358 (41.4%)° 253 (28.2%)

Any report of hypoglycemia
(baseline sulfonylurea

134 (40.6%)°

96 (27.7%)

group)
Serious? 5(1.5%) 3(0.9%)
Nonserious 129 (39.1%) 93 (26.9%)
Edema 266 (30.8%)° 163 (18.2%)
Serious? 4 (0.5%) 2 (0.2%)
Nonserious 265 (30.7%)° 163 (18.2%)
Serious pneumonia® 25 (2.9%) 21(2.3%)

? P < 0.05 vs. placebo.

b Defined as requiring hospitalization or prolongation of a
hospitalization stay, fatal or life-threatening, or resulted in persistent

significant disability or incapacity.

€ P < 0.001 vs. placebo.
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tients. Both treatment groups (pioglitazone and placebo)
improved glycemic control in this subgroup of patients
receiving insulin at baseline. However, pioglitazone pro-
vided sustained and significantly better glycemic control
than placebo at all time points, irrespective of baseline
insulin regimen. This benefit was sustained for the dura-
tion of the study (mean 34.5 months). Thus, the statisti-
cally significant and sustained benefit of pioglitazone vs.
placebo on glycemic control that was observed in the total
PROactive patient population persisted in this group of
insulin-treated patients. A higher percentage of pioglita-
zone-treated patients discontinued insulin therapy, 8.6 vs.
1.7%. Whereas the insulin regimen intensified and the
mean daily insulin dose increased in the placebo group,
there was a decrease in mean daily insulin dose and a
simplification of the glucose-lowering regimen in the pio-
glitazone group. There were minor changes in the number
of insulin injections in the pioglitazone group along with
a shift to a less intensified regimen with respect to the use
of concomitant oral drugs in both groups, but this was
more marked in the pioglitazone group. This suggests that
there was no need for insulin intensification, whereas there
was a major intensification of the insulin regimen in the
placebo group, more patients on multiple injections, and
higher doses of insulin (in line with protocol guidelines to
achieve glycemic targets). This improvement in glycemic
control for simpler insulin regimens and lower doses of
insulin was shown with pioglitazone, despite an increase
in body weight. Moreover, this increase in body weight in
insulin-treated patients receiving pioglitazone was corre-
lated with the decline in HbA, ..

To achieve an HbA,_ less than 7.0%, most patients
require high-dose (>60 U/d) insulin therapy (18, 19).
However, many insulin-resistant patients remain poorly
controlled, even when receiving high doses of insulin (19,
20). Of note, the improvement in glycemic control (HbA,
<7.0%) with pioglitazone was observed despite a reduc-
tion in insulin dose. This supports the use of an insulin-
sensitizing agent to optimize insulin action (8, 21) and
reduce the daily insulin dose. It is interesting to note that
patients with baseline insulin dose and HbA ;. both greater
than median responded better to pioglitazone. In these
patients with a high baseline HbA, ., 9.6 % or greater, de-
spite relatively high insulin doses, 69 U/d or greater, the
HbA . decrease shown in the placebo group was logically
related to the intensification of insulin treatment, whereas
the greater HbA,_ decrease (—1.65 vs. —0.92%) on pio-
glitazone was obtained without any change in the insulin
regimen and with lower doses of insulin, which suggests
that this improvement is related to the insulin-sensitizing
action of the drug. Thus, poorly controlled, insulin-treated
patients appear to respond well to the addition of piogli-

jcem.endojournals.org 7

tazone. It could be argued that insulin doses mainly reflect
the physician’s approach more than insulin needs; thus, we
used a combined way using both insulin doses and HbA
greater than the median to define these patients in whom
adding pioglitazone to insulin was the most effective. The
mechanism by which thiazolidinediones are effective in-
volves reduced liver fat and enhanced hepatic insulin sen-
sitivity, as recently shown in a small group of patients with
a high HbA,_, despite very high mean doses of insulin
greater than 200 U/d (20).

However, aggressive insulin therapy in type 2 diabetes
prompts safety concerns regarding the effects of supra-
physiological doses of insulin, including hypoglycemia,
weight gain, edema, and heart failure (22-24), as recently
evidenced in the ACCORD study (25). We also found that
there were more events of heart failure, all hypoglycemia,
serious hypoglycemia, and edema in patients treated with
insulin vs. those not receiving insulin, but there were no
significant differences in rates of serious or of fatal heart
failure. There were higher rates of edema and hypoglyce-
mia and more weight gain in pioglitazone plus insulin
group vs. the placebo plus insulin group. The rates of hy-
poglycemia were not affected by baseline sulfonylurea use.
A key result of this exploratory analysis of PROactive is to
show that the cardiovascular trend to benefit conferred by
pioglitazone in the total PROactive population (17) per-
sisted in the insulin-treated patients.

The lipid profile and the blood pressure profile im-
provements on pioglitazone compared with placebo were
similar in these insulin-treated patients to those published
for the whole PROactive study population (data not
shown).

It should be noted that this analysis is limited by its post
hoc nature.

The patients included in PROactive were at high risk of
macrovascular disease. The patients included in this anal-
ysis appeared to be at even greater risk, including greater
risk of heart failure, as evidenced by the number of end
point events and as reflected by the baseline characteris-
tics: patients who were on insulin at baseline had a higher
HbA,. and a longer duration of diabetes, and a greater
percentage of patients had microvascular complications
than those not receiving insulin. To the contrary, there was
a tendency toward a reduction in recurrent cardiovascular
events and deaths in patients in the insulin and pioglita-
zone group.

As expected, the rates of hypoglycemia, edema, and
heart failure were higher in diabetic patients receiving in-
sulin than in those not receiving insulin in our analysis of
PROactive data. Serious heart failure occurred more fre-
quently in patients who were insulin treated compared
with non-insulin-treated patients, irrespective of pioglita-
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zone or placebo. This reflects the well-known observation
that insulin-treated patients are at higher risk due to the
longer duration of diabetes and more severe underlying
cardiovascular disease. Importantly, the addition of pio-
glitazone in these insulin-treated patients did not show any
difference compared with what was published for the
whole PROactive study population (17): the rate of seri-
ous heart failure was numerically, but nonsignificantly,
higher compared with the placebo group, whereas the rel-
ative increase of serious heart failure with pioglitazone
compared with placebo was not significantly greater in
these patients who were receiving any insulin combination
at baseline (6.3% in the pioglitazone group and 5.2% in
the placebo group) than in the total PROactive population
(5.7% in the pioglitazone group and 4.1% in the placebo
group). As with the total PROactive population, the rates
of fatal heart failure were similar between groups.

In conclusion, in the insulin-treated patients in PRO-
active, pioglitazone use resulted in simplified insulin reg-
imens, lower doses of insulin and better glycemic control
over time, with a similar cardiovascular and safety profile
as in the whole study population.
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