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Aims To assess the effect of rosiglitazone on cardiovascular performance and cardiac function.

Methods
and results

One hundred and fifty type 2 diabetes patients with cardiovascular disease (CVD) or ≥1 other CVD risk factor were
randomized to receive rosiglitazone vs. placebo for 6 months. The primary outcome was peak oxygen uptake
indexed to fat-free mass (VO2peak–FFM) during maximum exercise. A subset of 102 subjects underwent cardiac mag-
netic resonance imaging (cMRI). On hundred and eight subjects completed the study, including 75 completing the
cMRI substudy. No significant differences were observed in mean VO2peak–FFM between rosiglitazone and
placebo (26.1+7.0 vs. 27.6+ 6.6 mL/kg-FFM/min; P ¼ 0.26). Compared with placebo, the rosiglitazone group had
lower hematocrit (38 vs. 41%; P , 0.001) and more peripheral oedema (53.7 vs. 33.3%; P ¼ 0.03). In the cMRI sub-
study, compared with placebo, the rosiglitazone group had larger end-diastolic volume (128.1 vs. 112.0 mL; P ¼ 0.01)
and stroke volume (83.7 vs. 72.9 mL; P ¼ 0.01), and a trend toward increased peak ventricular filling rate (79.4 vs.
60.5; P ¼ 0.07).

Conclusion Rosiglitazone increased peripheral oedema but had no pernicious effects on cardiovascular performance or cardiac
function, with modest improvement in selected cMRI measures. Changes in indirect markers of plasma volume
suggest expansion with rosiglitazone.
Trial registration: clinicaltrials.gov identifier: NCT00424762.
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Introduction
The thiazolidinedione (TZD) drugs rosiglitazone and pioglitazone
for type 2 diabetes mellitus (T2DM) cause peripheral oedema,
and less commonly, incident or worsening heart failure (HF),1– 3

leading to product cautions against their use in the setting of

HF.4– 5 The mechanistic underpinning and clinical consequences
of TZD-associated peripheral oedema and HF remain poorly
understood.

Few studies have evaluated the cardiac effects of the TZDs, and
these are limited by several factors including: (i) echocardiographic
assessment,6– 8 a method relatively insensitive to small cardiac
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changes;9 (ii) open-label designs;6,8 (iii) high attrition;6– 8 (iv) the
study of patients with low cardiovascular disease (CVD) risk;6,8,10

and (v) cardiac assessments only at rest.6 –8,10 Given these limit-
ations, we conducted a randomized, double-blind, placebo-
controlled trial to assess the effect of rosiglitazone treatment on
peak integrated cardiovascular performance during maximal exer-
cise, and on magnetic resonance imaging (MRI) measures of cardiac
structure and function in patients at high CVD risk.

Methods

Study design
The trial was a randomized, single-centre, double-blind, placebo-
controlled trial, with the design previously published.11 In brief, partici-
pants had T2DM and either CVD (coronary artery disease, stroke or
transient ischaemic attack, or carotid or peripheral atherosclerosis) or
≥1 other CVD risk factor, including smoking, hypertension, hyperch-
olesterolaemia, albuminuria, family history of coronary artery disease,
or high-sensitivity C-reactive protein .3 mg/L. Exclusions included
TZD treatment within the prior 6 months; prior TZD intolerance;
prior HF; AST or ALT.3X upper limit of normal; or inability to
perform treadmill exercise.

Participants were recruited from outpatient clinics, prior research
participants, and public advertisement, with planned recruitment of
approximately one-third each of White, Black, and Hispanic patients.
The study complies with the Declaration of Helsinki, was approved
by the University of Texas Southwestern Medical Center at Dallas
Institutional Review Board, and all participants provided informed
consent.

Study treatments
Participants were randomized 1:1 stratified by race (White, Black, His-
panic, or Other) to receive rosiglitazone 4 mg daily or placebo added
to existing T2DM treatment, increased after 1 month to 8 mg daily for
an additional 5 months. Investigators and subjects were blinded to
assignment, and both groups were treated with open-label non-TZD
drugs throughout the study with target A1C ,7.0%.

Outcome measures
The primary outcome measure was peak oxygen uptake indexed to
fat-free mass (VO2peak–FFM) during maximal treadmill exercise.11

Scaling of VO2 to FFM was used as the primary outcome parameter
given the (i) prevalent adiposity of the T2DM population; (ii) broad
age range studied; (iii) inclusion of men and women; and (iv) increased
adiposity expected with TZD treatment, all of which confound the
more standard indexation of VO2 to total body mass.12 –13

Key secondary measures included new peripheral oedema; new HF
defined as symptoms coupled with exam or imaging evidence of
volume overload; changes in circulating brain natriuretic peptide
(BNP); changes in weight, and MRI parameters of cardiac structure
and function.

Study assessments
Clinical history, exam, and blood testing including glycosylated haemo-
globin (HbA1c) were performed at baseline and at Months 1, 2, 3, and
6 and with compliance assessed by pill count. At baseline and at
end-of-study, plasma samples were collected and frozen at 2808C
for BNP batch assay at the end of the study (Biosite, Inc., San Diego,
CA, USA).

Cardiopulmonary exercise testing
At baseline and after 6 months of study treatment, each subject per-
formed a graded exercise treadmill test to exhaustion with integrated
cardiovascular performance assessed by measuring oxygen consump-
tion (VO2peak) using a MedGraphicsTM Cardiopulmonary Exercise
System (CPX/D; Medical Graphics Corporation, St. Paul, MN, USA)
for breath-by-breath measurement.11,13

Skin-fold thickness was measured with calipers prior to each exer-
cise test from four locations in duplicate and averaged, and percent
body fat was calculated by the method of Durnin and Womersley.14

Cardiac magnetic resonance imaging
The first 102 subjects enrolled who volunteered to participate in the
imaging substudy underwent cardiac MRI (cMRI) at baseline and after
6 months of study treatment using methods previously described,11

with all images analysed by a single-investigator (J.M.) blinded to
study treatment. Dynamic cine images were used to manually quantify
left ventricular (LV) diastolic and systolic volumes using short-axis
slices. Left ventricular mass was computed as the product of end-
diastolic LV volume and myocardial density (1.05 g/mL), indexed to
body surface area. Systolic function was estimated by ejection fraction
and diastolic function estimated by early diastolic peak filling rate.15

Statistical methods
Between group differences of the observed values at each visit were
compared using Student’s t-test or Wilcoxon rank-sum for continuous
and x2 or Fisher’s Exact for categorical variables. Within-group com-
parisons were performed using paired t-tests. The original analysis
plan comprised an intention-to-treat strategy;11 however, due to
high attrition and incompleteness of ascertainment of the primary
outcome parameter precluding intention-to-treat methods, the
primary analysis strategy was modified to analyse data from those com-
pleting the study. For sensitivity analyses, we also performed
mixed-effects model analyses as well as last-observation-carried-
forward analyses of primary and key secondary measures, which
yielded qualitatively similar results for all analyses except where
noted (data not shown). All testing was two-tailed at a significance
level of 0.05, with analyses performed using SAS Version 9.1.3 (Cary,
NC, USA). The study was powered according to the primary endpoint
of VO2peak–FFM, with 150 patients providing ≥80% power to detect a
≥10% difference in VO2peak–FFM.11

Results
The study cohort comprised 150 subjects, including 74 random-
ized to rosiglitazone and 76 to placebo, recruited between Febru-
ary 2005 and October 2006. The disposition of patients in the trial
is shown in Figure 1. Evaluable baseline and end-of-study assess-
ments of the primary outcome, VO2peak–FFM, were available for
108 subjects (72%), 54 in each group. Of those completing the
final study assessment, 103 completed all 6 months of therapy,
with five participants undergoing early final assessments due to
oedema and/or HF (four rosiglitazone; one placebo) at a mean
treatment duration of 61 days. Baseline characteristics are pre-
sented in Table 1. Individuals not completing the study were
younger (51.1 vs. 56.3 years; P ¼ 0.001); more commonly Hispanic
(33.3 vs. 16.7%; P ¼ 0.03); and were less commonly treated with
beta-blockers (19.1 vs. 38.9%; P ¼ 0.02) and ACE inhibitors/angio-
tensin II receptor blockers (47.6 vs. 64.8%; P ¼ 0.05). Among the
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subjects completing the trial comprising the primary analysis popu-
lation, baseline characteristics were well-matched between the
groups. Those completing the study had a mean age of 56 years,
and included 41% women, 44% black, and 17% Hispanic subjects.
On average, body mass index (BMI) was 34.1 kg/m2, with a mean
duration of T2DM .9 years including .40% treated with
insulin. The prevalence of hypertension and hyperlipidaemia
were each about 75%, 35% had prior CVD, and 17% were
smokers.

Clinical and laboratory results
Table 2 summarizes clinical and laboratory values at baseline and
study end for the 108 subjects who completed the study, with no
statistically significant differences at baseline between the groups.
At study entry, HbA1c was 7.6% in both treatment groups, declining
during the study in both groups to 7.2% in the placebo vs. 6.9% in the
rosiglitazone-treated group (P ¼ 0.06; Figure 2).

Cardiopulmonary testing results
The exercise test results are presented in Table 3 and Figure 3.
After 6 months of study therapy, no significant differences were
observed in the primary endpoint of mean VO2peak–FFM
between rosiglitazone and placebo (26.1 vs. 27.6 mL/kg-FFM/min;
P ¼ 0.26); similarly, absolute VO2 (mL/min) or VO2 indexed to
total body weight (mL/kg/min) were not statistically different
between the groups.

Within groups, VO2 indexed to total body weight (mL/kg/min)
significantly decreased in the rosiglitazone group, with the magni-
tude of decline of 1.1 mL/kg/min, or 6% relative decline (P ¼
0.003); there were no significant changes in any of the other
VO2 parameters within either group. In sensitivity analyses using
baseline-observations-carried-forward for those not completing

the study (n ¼ 20; 27%), similar to analyses of those completing
the study, there was no significant difference between rosiglitazone
and placebo groups at study end in the primary outcome measure
of VO2peak scaled to fat-free mass (26.35 vs. 27.49 mL/kg-ffm/min;
P ¼ 0.26). However, within the rosiglitazone group, the decline
from baseline to study end was statistically significant (26.95 vs.
26.35 mL/kg-ffm/min; P ¼ 0.026), though representing a relative
change of only 2%.

Cardiac magnetic resonance imaging
results
Of the 102 participants volunteering to undergo cMRI, 75 (74%)
had complete baseline and end-of-study data, with results pre-
sented in Table 4. No significant differences were observed
between the groups in LV mass index (83.2 vs. 75.2 g/m2; P ¼
0.06), end-systolic volume (44.4 vs. 39.1 mL; P ¼ 0.28), or ejection
fraction (66.1 vs. 65.9%; P ¼ 0.9). Rosiglitazone vs. placebo was
associated with significantly higher end-diastolic volume (128.1
vs. 112.0 mL; P ¼ 0.01), stroke volume (83.7 vs. 72.9 mL; P ¼
0.01), and a trend toward improved peak filling rate (79.4 vs.
60.5; P ¼ 0.07). Within groups, no significant changes were
observed from baseline to end-of-study in cMRI parameters in
the placebo group, whereas rosiglitazone was associated with stat-
istically significant increases in end-diastolic volume (117.9 vs.
128.1 mL; P ¼ 0.001); stroke volume (74.9 vs. 83.7 mL; P ¼
0004); and ejection fraction (63.8 vs. 66.1%; P ¼ 0.03).

Evidence of volume expansion in subjects
treated with rosiglitazone
Within the rosiglitazone group, significant increases in weight, BNP,
and LV end-diastolic volume, and a significant decrease in

Figure 1 Flow of patients through the trial (MRI, magnetic resonance imaging; CPX, cardiopulmonary exercise test).

D.K. McGuire et al.2264



hematocrit occurred over time, with no significant changes in these
parameters in the placebo group (Figure 4A–D). Likewise, new or
worse peripheral oedema was more common with rosiglitazone
vs. placebo (53.7 vs. 33.3%; P ¼ 0.03; Table 2).

Safety and tolerability
Premature study drug discontinuation occurred in 20 subjects in
the rosiglitazone group and 22 in the placebo group, most com-
monly for reasons unrelated to study therapy, excepting three
patients in the rosiglitazone group and one in the placebo group
stopping due to new or worsening peripheral oedema, and one
in the rosiglitazone group for incident HF. Among those complet-
ing the study, compliance with study drug prescription was high
and similar between the groups (89.9%). Three patients treated
with rosiglitazone developed incident HF, two of whom had com-
plete end-of-study assessments; no patients treated with placebo
developed HF. Two patients had acute coronary syndrome
events, both in the placebo group.

Discussion
The principal observations from the present study include (i) no
discernable adverse effects on cardiac structure, function, or

peak cardiovascular performance associated with rosiglitazone
use; and (ii) changes in a number of markers (i.e. hematocrit;
BNP; end-diastolic volume; weight) that in aggregate indirectly
suggest plasma volume expansion among rosiglitazone-treated
patients.

The concern for HF persists for the TZD medications,3,16 with
product label warnings against use in patients with HF.4 –5 Despite
these warnings, the use of TZDs remains high, even in HF popu-
lations.17 Moreover, the mechanistic underpinning for increased
HF remains poorly understood. Whereas consistently observed
with both available drugs, the net increase in HF risk is modest
in absolute terms, with an estimated incidence over placebo of
�0.25–0.45%/year,18–19 contrasted with up to 15% increased per-
ipheral oedema risk with TZDs, suggesting possible non-cardiac
aetiologies for these observations.2,20

Cardiac structure and function
Several animal studies using ex vivo preparations21– 22 and intact
models22– 25 suggest favourable cardiac effects of the TZDs, and
human echocardiographic studies have demonstrated no adverse
cardiac effects with TZD therapy,6 –8,26 with noted limitations of
echocardiography to discriminate small but potentially important
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Table 1 Baseline demographic and clinical characteristics at the time of randomization for those not completing the
study, and among participants completing the trial, by treatment group

Non-Completers Non-completers vs.
Completers P-value

Completers

Placebo
(n 5 54)

Rosiglitazone
(n 5 54)

Rosiglitazone vs.
Placebo P-value

Age, mean (SD), yr 51.1 (9.4) 0.001 55.7 (8.3) 57.0 (8.7) 0.44

Women, No (%) 18 (42.9) 0.81 21 (38.9) 23 (42.6) 0.70

Race/ethnicity, No (%) 1.00

White 12 (28.6) 0.51 18 (33.3) 19 (35.2)

Black 13 (31.0) 0.16 24 (44.4) 23 (42.6)

Hispanic 14 (33.3) 0.03 9 (16.7) 9 (16.7)

Other 3 (7.1) 0.71 3 (5.6) 3 (5.6)

Weight, mean (SD), kg 104.6 (25.6) 0.24 97.2 (19.4) 97.9 (20.1) 0.87

BMI, mean (SD), kg/m2 35.6 (8) 0.43 34.1 (7.3) 34.1 (6.4) 0.88

% Body fat, mean (SD) 31.8 (7.4) 0.80 31.1 (8.1) 31.8 (7) 0.67

Current smoking, No (%) 7 (16.7) 1.0 7 (13.0) 11 (20.4) 0.30

Duration of diabetes, mean (SD), yr 7.4 (5.4) 0.29 8.7 (8.4) 9.5 (6.5) 0.17

Hypertension, No (%) 26 (61.9) 0.09 40 (74.1) 42 (77.8) 0.65

Hyperlipidaemia, No (%) 30 (71.4) 0.74 41 (75.9) 39 (72.2) 0.66

Prior CVD, No (%) 13 (31.0) 0.55 20 (37.0) 19 (35.2) 0.84

Medication use, No (%)

Aspirin 14 (33.3) 0.15 25 (46.3) 25 (46.3) 1.00

Beta-blocker 8 (19.1) 0.02 20 (37.0) 22 (40.7) 0.69

ACE inhibitor or ARB 20 (47.6) 0.05 33 (61.1) 37 (68.5) 0.42

Statin 20 (47.6) 0.24 30 (55.6) 33 (61.1) 0.56

Insulin 17 (40.5) 0.89 21 (38.9) 24 (44.4) 0.56

Metformin 24 (57.1) 0.15 42 (77.8) 33 (61.1) 0.06

Sulfonylurea 13 (31.0) 0.87 14 (25.9) 18 (33.3) 0.40

CVD, cardiovascular disease; ACE, angiotensin converting enzyme; ARB, angiotensin II receptor blocker; BMI, body mass index; SD, standard deviation; yr, year; No, number.
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cardiac changes.9,27 In addition, with assessments only at rest, no
information is available on cardiovascular performance during
activity. Therefore, the present study evaluated the effect of rosi-
glitazone on integrated cardiovascular performance during peak
exercise to assess TZD effects on performance, complemented
by cMRI as a measure more sensitive than echocardiography to
assess effects on cardiac structure and function.9,27

Peak VO2 is the gold standard for assessment of cardiovascular
performance, an integrated measure of cardiac and peripheral
components.28 A decline of integrated cardiovascular performance
resulting in symptomatic HF occurs from compromise of one or
more of these parameters and therefore should be reflected as a
decline in peak VO2, as used clinically in estimating severity of
HF and candidacy for heart transplantation.29 In contrast, improve-
ments in any of these parameters should be reflected in improved
peak VO2.

Only one prior study has evaluated the effects of a TZD on
exercise performance, demonstrating improved peak VO2 with
rosiglitazone.30 However, that study was limited by a small
sample size (n ¼ 20), a relatively low-risk cohort, only 4 weeks
of study treatment, and the use of correlated data analyses with
each subject serving as their own control. The present study was
designed to perform independent sample comparisons with a
longer duration of therapy, and although we did not observe
improved peak VO2, we were able to demonstrate no statistical
differences between subjects treated with rosiglitazone vs. placebo.

These observations are complemented by the cMRI data. Com-
pared with placebo, rosiglitazone was not associated with adverse
effects on cardiac structure or function, with increased end-
diastolic volume reflecting volume expansion, and matched by a
commensurate increase in stroke volume. In addition, among
patients treated with rosiglitazone, compared with baseline
measures, ejection fraction improved modestly but significantly.
The validity of the observed absence of adverse effects on
cardiac performance is strengthened by the fact these observations
were made in the context of high rates of new or worsening per-
ipheral oedema observed in the rosiglitazone-treated group.

Plasma volume expansion
Both animal and human data suggest that the TZDs may cause
plasma volume expansion via effects on renal sodium hand-
ling.31– 33 The PPAR-g is expressed in the renal collecting duct epi-
thelium, where its activation up-regulates epithelial sodium channel
(ENaC)-g expression and increases distal sodium reclamation.31 In
mouse models, knockout of renal PPAR-g eliminates plasma
volume expansion with TZDs.31– 32 and amiloride (an ENaC-g
antagonist) prevents plasma volume expansion with pioglitazone
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Table 2 Baseline and end-of-study clinical parameters and laboratory values for those participants completing the trial

Placebo (n 5 54) Rosiglitazone (n 5 54)

Baseline End-of-study P-value
within
group

Baseline End-of-study P-value
within
group

P-value between
groups at
end-of-study

Blood pressure, mean (SD), mmHg

Systolic 148.4 (22.5) 144.6 (23.1) 0.25 151.3 (25.8) 143 (20.0) 0.07 0.87

Diastolic 82.9 (11.7) 79.8 (11.6) 0.08 83.6 (13.1) 78.2 (9.7) 0.004 0.49

Weight, mean (SD), kg 97.2 (19.4) 97.3 (19.0) 0.89 97.9 (20.1) 100.8 (20.5) ,0.0001 0.36

BMI, mean (SD), kg/m2 34.1 (7.3) 34.2 (7.4) 0.75 34.1 (6.4) 35.1 (6.6) ,0.0001 0.48

% Body fat, mean (SD) 31.1 (8.1) 31.4 (7.7) 0.58 31.8 (7.0) 33.6 (7.1) ,0.0001 0.12

New/worse peripheral oedema,
No (%)

— 18 (33.3%) — — 29 (53.7%) — 0.03

Laboratory values

HbA1c, mean (SD), % 7.6 (1.8) 7.2 (1.3) 0.03 7.6 (1.8) 6.9 (1.6) 0.001 0.06

LDL, mean (SD), mg/dl 104.2 (36.6) 93.2 (45.8) 0.01 108.3 (52.9) 117.5 (56.7) 0.10 0.02

HDL, mean (SD), mg/dL 46.4 (11.5) 46.3 (10.2) 0.64 44.0 (8.6) 46.6 (10.1) 0.01 0.86

Triglycerides, mean (SD), mg/dl 149.8 (85.2) 154.7 (142.0) 0.30 189.2 (141.3) 198.3 (147.6) 0.78 0.05

Hematocrit, mean (SD), % 42.1 (3.9) 41.1 (3.5) 0.01 40.7 (3.8) 38.0 (4.9) ,0.0001 0.0003

BNP, median (IQR), pg/mL 6.4 (0, 28.4) 6.2 (3.1, 23.5) 0.57 6.1 (3, 34.1) 13.7 (3.2, 73) 0.04 0.14

kg, kilogram; kg/m2, kilogram per square meter; HbA1c, haemoglobin A1c; LDL, low-density lipoprotein; HDL, high-density lipoprotein; BNP, brain natriuretic peptide.

Figure 2 Changes in mean haemoglobin A1c during the trial.
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in wild-type mice.31 In a randomized clinical trial, aldactone, an
indirect antagonist of ENaC-g, reversed plasma volume expansion
in patients treated with rosiglitazone.33

In the present study, changes in a number of markers related to
plasma volume (increased weight, BNP, and end-diastolic volume
with decreased hematocrit) with rosiglitazone treatment, in the
absence of negative cardiac effects, provide additional indirect

support for plasma volume expansion as the primary mechanism
of TZD-associated peripheral oedema and HF.

Limitations
The trial has a number of limitations. First, only 72% of enrolled
subjects completed the study. However, this rate of attrition is
comparable to or lower than the reported echocardiographic

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Results of cardiopulmonary exercise testing among participants who completed the trial

Placebo (n 5 54) Rosiglitazone (n 5 54) P-value between
groups at
end-of-studyBaseline End-of-study P-value

within group
Baseline End-of-study P-value

within group

Primary outcome

VO2 (mL/kg-FFM/min) 28.0 (7) 27.6 (6.6) 0.49 26.9 (6.3) 26.1 (7) 0.06 0.26

At rest

Heart rate 75 (11.1) 75 (13.8) 0.84 73 (12.6) 76 (14.2) 0.08 0.92

Blood pressure

Systolic, mmHg 148 (22.5) 145 (23.1) 0.25 151 (25.8) 143 (20.0) 0.07 0.87

Diastolic, mmHg 83 (11.7) 80 (11.3) 0.08 84 (13.1) 78 (9.6) 0.004 0.49

Peak exercise

Heart rate 152 (21.2) 150 (23.3) 0.36 144 (24.5) 142 (23.9) 0.29 0.09

Blood pressure

Systolic, mmHg 191 (28.7) 190 (24.8) 0.92 195 (29.2) 194 (25.6) 0.75 0.41

Diastolic, mmHg 91 (19.8) 95 (25.1) 0.76 93 (17.9) 91 (19.4) 0.41 0.52

VO2 (mL/min) 1835 (490) 1815 (503) 0.55 1788 (567) 1736 (592) 0.07 0.46

VO2 (mL/kg/min) 19.3 (5.5) 19 (5.2) 0.29 18.4 (4.6) 17.3 (5.0) 0.0003 0.06

All values reported as mean (standard deviation); VO2, oxygen consumption; mL, millilitre; kg, kilogram; FFM, fat-free mass.

Figure 3 Mean peak oxygen consumption during maximal treadmill exercise (VO2peak) by treatment group at baseline and at study end (A)
indexed to fat-free mass (primary endpoint); (B) indexed to total body weight; and (C) absolute measure without indexation.
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studies of the TZDs,6–8 and similar to other studies employing
similarly intensive evaluations that have no direct benefit to the
study participants.34–35 Furthermore, drop-out was relatively
balanced between the groups and was uncommonly related to
study drug, with those completing vs. not completing the study on
average at higher risk based on comparison of baseline characteristics.
Owing to large numbers without primary outcome assessment at
study end, we were unable to perform the planned intention to
treat analyses, and are therefore unable to account for biases intro-
duced by the study drop-out. However, the stability of the results
of sensitivity analyses using both mixed-effects modelling and last-
observation-carried-forward imputation increases the probable val-
idity of our primary observations. Second, only about two-third of
subjects underwent the cMRI portion of the study, with complete
MRI data on 74% of those imaged, limiting both the statistical

power to detect differences in the measures of interest and the gen-
eralizability of the observations. Third, the interpretation of the
results is limited to rosiglitazone, with inability to determine drug
vs. class effects. Fourth, the 6-month study duration precludes the
ability to ascertain the longer term effects weight gain and volume
expansion on integrated cardiopulmonary performance and cardiac
structure. Finally, although there is ongoing uncertainty with regard
to the association between rosiglitazone and atherosclerotic vascular
disease risk,2 the present study was not designed or powered to
provide incremental information in that regard.

Conclusions
In conclusion, using extensive cardiovascular interrogation in a
high-risk cardiovascular cohort of patients with T2DM and
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Table 4 Results from cardiac magnetic resonance imaging

Placebo (n 5 32) Rosiglitazone (n 5 43) P-value between
groups at
end-of-studyBaseline End-of-study P-value

within group
Baseline End-of-study P-value

within group

End systolic volume, mL 39.9 (12) 39.1 (13.5) 0.63 43.0 (18.3) 44.4 (18.7) 0.47 0.28

End diastolic volume, mL 114.8 (18.9) 112 (24.4) 0.34 117.9 (26.9) 128.1 (25.6) 0.001 0.01

Ejection fraction, % 65.4 (7.6) 65.9 (6.8) 0.70 63.8 (10.7) 66.1 (9.8) 0.03 0.90

LV mass index, g/m2 76.9 (18.0) 75.2 (14.3) 0.28 85.9 (21.5) 83.2 (22.7) 0.14 0.06

Stroke volume, mL 74.8 (13.8) 72.9 (15.4) 0.36 74.9 (21.2) 83.7 (20) 0.0004 0.01

Peak filling rate, mL/s 68.1 (42.5) 60.5 (24.9) 0.37 70.8 (32.6) 79.4 (41.9) 0.38 0.07

All values reported as means (SD).

Figure 4 Changes in selected parameters during the trial suggesting plasma volume expansion, including (A) weight; (B) hematocrit; (C) cir-
culating brain natriuretic peptide; and (D) left ventricular end-diastolic volume.
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despite the high incidence of new or worsening peripheral oedema
observed with rosiglitazone, we were unable to demonstrate any
adverse cardiac effects of rosiglitazone, with a number of indirect
measures in aggregate suggesting significant plasma volume expan-
sion in this setting.
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Multislice computed tomography after stent implantation for aortic
coarctation
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A 14-year-old male with a severe
coarctation of the aorta (CoA)
diagnosed by magnetic resonance
imaging was referred to our hospi-
tal for an attempted stent implan-
tation. Cardiac catheterization and
aortography revealed a severe
CoA distal to the left subclavian
artery measuring 2 mm at its nar-
rowest diameter (Panel A). Under
fluoroscopic guidance, a 4004
Palmaz stent was successfully
implanted over a 12 mm balloon
across the CoA. The stent was
further dilated to final diameter of
17 mm using an 18 mm balloon. A
post-procedural biplane aortogra-
phy showed an excellent result
with the good stent position and
no evidence of aneurysm formation
(Panels B and C ). However, a multi-
slice computed tomography per-
formed using a dual scanner 64-detector, 24 h after the procedure revealed an aortic aneurysm measuring 0.5 × 0.8 cm in the
stented area (Panel D). A week later, the patient was treated successfully with the implantation of a covered stent across the area
of the aortic aneurysm (see Supplementary material online, Video).

Biplane aortography, the ‘gold standard’ imaging modality for the evaluation of patients with CoA after stent treatment, can miss
important acute procedural aortic aneurysms. These aneurysms are potentially life threatening as they may rupture if they are not
treated early with implantation of covered stents. Multislice computed tomography should be used early after stent implantation in
patients with CoA to evaluate the effects of intervention on the aortic wall. Magnetic resonance imaging is of limited value in CoA
after stent implantation, since the stent-related ‘shielding’ artefacts prevent detailed evaluation of the aorta within the stented
aortic area.
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