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Aims: To evaluate the relationship between patterns of rosiglitazone use and cardiovascular (CV) outcomes in the Veterans Affairs Diabetes Trial (VADT).
Methods: Time-dependent survival analyses, case-control and 1:1 propensity matching approaches were used to examine the relationship between
patterns of rosiglitazone use and CV outcomes in the VADT, a randomized controlled study that assessed the effect of intensive glycaemic control on
CV outcomes in 1791 patients with type 2 diabetes (T2D) whose mean age was 60.4 + 9 years. Participants were recruited between 1 December 2000
and 31 May 2003, and were followed for 5-7.5years (median 5.6) with a final visit by 31 May 2008. Rosiglitazone (4 mg and 8 mg daily) was initiated
per protocol in both the intensive-therapy and standard-therapy groups. Main outcomes included a composite CV outcome, CV death and myocardial
infarction (MI).

Results: Both daily doses of rosiglitazone were associated with lower risk for the primary composite CV outcome [4 mg: hazard ratio (HR) 0.63, 95%
confidence interval (Cl) 0.49-0.81 and 8 mg: HR 0.60, 95% Cl 0.49-0.75] after adjusting for demographic and clinical covariates. A reduction in CV death
was also observed (HR 0.25, p < 0.001, for both 4 and 8 mg/day rosiglitazone); however, the effect on MI was less evident for 8 mg/day and not significant
for 4 mg/day.

Conclusions: In older patients with T2D the use of rosiglitazone was associated with decreased risk of the primary CV composite outcome and CV death.
Rosiglitazone use did not lead to a higher risk of MI.

Keywords: cardiovascular disease, older adults, rosiglitazone, type 2 diabetes

Date submitted 4 November 2014; date of first decision 1 December 2014; date of final acceptance 2 May 2015

of Glycaemia in Diabetes (RECORD) trial, a randomized,
multicentre, open-label, non-inferiority study in patients with
T2D who had inadequate glycaemic control while receiving

Introduction

Cardiovascular (CV) morbidity and mortality in patients
with type 2 diabetes (T2D) are major problems in clinical

. e e . . metformin or sulphonylureas, showed an increased risk of
practice. Thiazolidinediones improve glycaemic control by

congestive heart failure associated with rosiglitazone, but there

reducing insulin resistance and have beneficial effects on were no statistically significant differences between the rosigli-

various CV risk factors. Pioglitazone has been shown to
reduce progression of atherosclerosis and possibly reduce CV
events [1,2]; however, previously published meta-analyses
have raised uncertainty about the CV safety of thiazolidine-
diones, and rosiglitazone in particular [3-6]. An analysis in the
Rosiglitazone Evaluated for Cardiac Outcomes and Regulation

tazone group and the control group for myocardial infarction
(MI) and death from CV causes or any cause [7,8]. Recently,
the US Food and Drug Administration (FDA) released a drug
safety communication requiring removal of some prescribing
and dispensing restrictions for rosiglitazone-containing dia-
betes medicines [9]. This decision was based on a re-evaluation
of RECORD endpoints (CV death, MI and stroke), performed
by the Duke Clinical Research Institute and presented to an
FDA advisory committee, which did not show an increased
risk of MI associated with rosiglitazone.

A joint consensus statement from the American Diabetes
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Association (ADA) and American Heart Association has pro-
vided recommendations about the use of thiazolidinediones
and the risk of fluid retention and congestive heart failure in
patients with T2D, particularly when combined with insulin



[10]. Increased sympathetic nervous system activity, altered
interstitial ion transport, alterations in endothelial permeabil-
ity, and peroxisome proliferator-activated receptor-y-mediated
expression of vascular permeability growth factor represent
other possible mechanisms for oedema with these agents [11].

The Veterans Affairs Diabetes Trial (VADT) assessed the
effect of intensive glycaemic control on a composite CV end-
point that included: MI, CV death, stroke, congestive heart
failure, invasive revascularization, inoperable coronary artery
disease and amputation for ischaemia [12]. In the present analy-
sis we evaluated patterns of rosiglitazone use and its association
with CV outcomes in older patients with T2D. Through post hoc
analyses, we specifically tested the hypothesis that treatment
with rosiglitazone in patients with T2D would not be associated
with increased risk of MI, CV deaths and other CV outcomes.

Materials and Methods
Study Design

Details of the VADT study protocol, including patient selection
criteria, and the primary study results have been reported
previously [12,13]. In brief, the VADT was a prospective, ran-
domized study of intensive versus standard glucose treatment
[expected separation of at least 1.5% in glycated haemoglobin
(HbA1c)] effects on CV events in patients with long-standing
T2D. Blood pressure, lipids, diet and lifestyle were treated
identically in both arms in accordance with ADA manage-
ment recommendations. Study recruitment was initiated on
1 December 2000 and ended on 31 May 2003. Participant
follow-up was completed on 31 May 2008, resulting in a treat-
ment and follow-up duration of 5-7.5 years (median 5.6). The
study protocol was approved by the institutional review board
at each of the 20 participating sites. An independent data and
safety committee monitored CV events related to group assign-
ment and rosiglitazone use throughout the study duration.

Patients

Men and women aged >41 years with T2D and inadequate
response to maximum doses of an oral agent or insulin ther-
apy were included. Those with an HbAlc level <7.5%, as well as
those with a CV event during the previous 6 months, advanced
congestive heart failure (class III-IV), severe angina, a life
expectancy of <7 years, a body mass index (BMI) >40 kg/m?,
a serum creatinine level of >1.6 mg/dl (141 pmol/l), and an ala-
nine aminotransferase level of more than three times the upper
limit of normal range were excluded. All patients provided writ-
ten informed consent.

Treatment Protocol

In both intensive and standard glycaemic control groups,
patients were started on two oral agents, one of which
was rosiglitazone. The other agents were metformin (for
those with BMI >27 kg/m?) or glimepiride (for those with
BMI <27 kg/m?). Initiation of these agents was protocol-
driven. A tool box of recommended treatment options was
available for addition of other available drugs (except for
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incretin-based medications), or use of any combination of
medications, needed to achieve study HbAlc goals, at the
discretion of the investigator. Changes in medication, includ-
ing insulin initiation and/or discontinuation of oral agents,
were determined according to protocol guidelines and local
assessment. This included protocol safety guidelines about
rosiglitazone use and discontinuation that were consistent with
the drug’s FDA-approved prescribing information (package
insert).

Statistical Analysis

The primary study results showed no significant difference
between the intensive and standard glycaemic control groups
for the primary composite outcome, any component of the
primary outcome, or in the rate of death from any cause [13],
but the effect of rosiglitazone on the CV outcomes remained
unanswered; therefore, participants in both treatment groups
were aggregated for the analyses in the present report.

Although the original study was based on the intention-to-
treat principle, the present investigation is a post hoc analysis.
The effect of rosiglitazone on CV outcomes was analysed using a
time-dependent covariate survival analysis for the whole popu-
lation, and scrutinized by two additional approaches to attempt
to overcome the limitations of the post hoc analysis. Baseline
variables are expressed as means and standard deviations or
percentages or numbers. All analyses were conducted with sas
software (version 9.3; SAS Institute Inc., Cary, NC, USA) with
a significance level <0.05 using a two-sided test.

Time-dependent Covariate Survival Analysis. Survival analysis
compared the time from randomization to the occurrence of
the first VADT composite outcome in patients treated with
rosiglitazone (4 or 8 mg daily) compared with those not treated
with rosiglitazone. Separate analyses were performed for indi-
vidual events from the composite CV outcome, CV death,
MI and coronary revascularization. For each outcome, three
Cox proportional hazard models were used to calculate rel-
ative risk estimates and 95% confidence intervals (CIs): (i)
unadjusted (except for the time of publication of Nissen and
Wolski paper in 2007 [3]), (ii) additionally adjusted for base-
line covariates; and (iii) adjusted for baseline and time-varying
covariates, including baseline age, race/ethnicity, smoking sta-
tus, education, diabetes duration, previous CV event, HbAlc,
baseline and on-study BMI, blood pressure, total cholesterol,
HDL cholesterol, LDL cholesterol, triglycerides, severe hypo-
glycaemic episodes, and baseline and on-study use of insulin,
other oral antihyperglycaemic agents, statins and aspirin. As the
VADT did not randomize by the use of rosiglitazone, two other
methods were used: case—control matching and 1: 1 propensity
matching.

Case-control Matching Method. Patients with the study out-
come (cases) were matched to patients without the outcome
(controls) using the case-control matching method [14].
Matching criteria included: age, diabetes duration, previous
CV event, insulin use at baseline, duration of follow-up, BMI,
systolic blood pressure, diastolic blood pressure, HbAlc, total
cholesterol and HDL cholesterol. Rosiglitazone use was com-
pared between cases and controls on: baseline use, on-study
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Table 1. Cox proportional models for the primary outcome and other cardiovascular outcomes in Veterans Affairs Diabetes Trial participants according

to rosiglitazone doses.

Adjusted for baseline and

Unadjusted Adjusted for baseline covariates* time-dependent covariatesT

Rosiglitazone doses HR (95% CI) HR (95% CI) P HR (95% CI)

Primary cardiovascular outcomes

4 mg daily 0.495 <0.0001 0.679 <0.01 0.625 <0.001
(0.390, 0.628) (0.523, 0.884) (0.483, 0.809)

8 mg daily 0.471 <0.0001 0.630 <0.0001 0.659 <0.001
(0.384, 0.578) (0.496, 0.799) (0.521, 0.834)

CV death

4 mg daily 0.203 <0.0001 0.431 <0.05 0.375 <0.05
(0.095, 0.434) (0.193, 0.963) (0.165, 0.851)

8 mg daily 0.169 <0.0001 0.219 <0.0001 0.228 <0.0001
(0.088, 0.324) (0.106, 0.453) (0.108, 0.483)

MI

4 mg daily 0.604 <0.05 0.852 0.5 0.742 0.2
(0.388, 0.939) (0.518, 1.400) (0.457, 1.204)

8 mg daily 0.551 <0.01 0.749 0.2 0.838 0.4
(0.376, 0.809) (0.473, 1.184) (0.536, 1.311)

Coronary revascularization

4 mg daily 0.704 <0.05 0.907 0.6 0.853 0.4
(0.500, 0.992) (0.621, 1.324) (0.587, 1.240)

8 mg daily 0.611 <0.01 0.722 0.07 0.803 0.2

(0.451, 0.828)

(0.509, 1.023)

(0.569, 1.134)

CI, confidence interval; CV, cardiovascular; HR, hazard ratio; MI, myocardial infarction.

*Baseline age, race/ethnicity, smoking status, education, diabetes duration, previous CV event, glycated haemoglobin.

+On-study (time-dependent change) body mass index, blood pressure, total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides, use of insulin,
other oral antihyperglycaemic agents (metformin and glimiperide), statins and aspirin, and severe hypoglycaemic episodes.

use at any time, number of visits prescribed, and average dose
per visit, using Student’s t-test for continuous variables or a
chi-squared test for categorical variables. This method enabled
us to see the difference according to rosiglitazone use when the
patients had the same level of baseline covariates between the
cases and the controls.

Propensity Exact Matching Method. Patients were stratified into
two groups; those who never used rosiglitazone and those
who used it regularly (always) from the beginning to the
end of the study. This analytical method [15] approximates to
an intention-to-treat approach for the comparison of events
among rosiglitazone-treated patients versus matched patients
not treated with a thiazolidinedione. Using a stepwise logistic
model, including baseline age, diabetes duration, HbAlc, BMI,
blood pressure, total cholesterol, LDL cholesterol, HDL choles-
terol, triglycerides, creatinine, gender, blood pressure medica-
tion use, race, smoking status, previous CV event, insulin use
and intensive glycaemic treatment, propensity scores were pro-
duced to match 1: 1 between the two groups. The CV risk fac-
tors chosen were compared before and after matching (Tables
S1 and S2), which suggested good balance between the two
groups. After the matching, Cox proportional hazard regression
models were used before and after adjusting for these CV risk
factors to assess the association of rosiglitazone use (always vs
never) with CV outcomes (Figure S2). This method was used
in an attempt to draw a causal inference from rosiglitazone use
with regard to the outcome after matching baseline variables
between the two stratified groups.
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Results

Overall, rosiglitazone was used more frequently and at a higher
dose in the intensive treatment group than in the standard
treatment group (p < 0.05); however, the use of rosiglitazone
in both groups initially decreased gradually over time accord-
ing to protocol safety prescription guidelines. After the pub-
lication of the meta-analysis by Nissen and Wolski (2007), a
more marked drop-off was observed (Figure S1) and study par-
ticipants required increasing use of other agents to maintain
appropriate separation in HbAlc values (median HbAlc after
6 months: 6.9% in the intensive treatment group vs 8.4% in the
standard treatment group). In particular, the median insulin
dose progressively increased in both arms but was 20% higher
in the intensive treatment arm throughout the study.
Time-dependent covariate analyses showed that both daily
doses of rosiglitazone (4 and 8 mg) were associated with a
lower risk of the primary composite CV outcome after adjust-
ment for baseline and time-dependent risk factors (Table 1
and Figure 1A). These relationships remained significant in a
separate analysis that accounted for the effect of rosiglitazone
discontinuation after June 2007, related to the CV safety con-
cerns raised in the meta-analysis by Nissen and Wolski [3].
A reduction of CV mortality risk associated with rosiglitazone
use was also observed (Figure 1B); however, the association
with a reduced incidence of MI and coronary revasculariza-
tion was less evident after accounting for the contribution of the
same baseline and time-dependent covariates (Figure 2A, B).
For the primary composite CV outcome in the case—control
analysis, both groups had similar age, degree of obesity, blood
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Figure 1. Effect of rosiglitazone dosage on time to (A) primary com-
posite cardiovascular (CV) event and (B) CV death. *Baseline and
**time-dependent covariates include: age, race, smoking status, diabetes
duration, previous CV event, glycated haemoglobin, baseline and on-study
body mass index, blood pressure, total cholesterol, HDL cholesterol, LDL
cholesterol, triglycerides, severe hypoglycaemic episodes and baseline and
on-study use of insulin, other oral agents, statins and aspirin.

pressure and HbAlc and LDL cholesterol levels at baseline
(Table 2), although diabetes duration was slightly longer and
HDL cholesterol levels were lower in the cases. A similar
percentage of cases and controls were using rosiglitazone in
the first year (82.6 vs. 84.8%) but fewer participants who had
the primary CV outcome (cases) used rosiglitazone at any
time during the study compared with participants who did not
[controls; 90.5 vs. 96.0%, respectively; p < 0.01 (Figure 3A)].
Similarly, the number of study visits with rosiglitazone pre-
scribed (9.8 vs. 10.9; p<0.05) and the average rosiglitazone
dose (4.9 vs. 5.4 mg/day; p < 0.01) was lower in cases than in
controls (Figure 3B).

In survival analysis with 1:1 propensity matching data,
rosiglitazone use was associated with a lower incidence of the
primary composite outcome [Hazard ratio (HR) 0.361, 95% CI
0.204-0.64; p <0.001)], even after adjusting for age, previous
CV event, BMI and baseline insulin use (HR 0.312, 95% CI
0.174-0.558, p < 0.001). Compared with the subjects who had
never taken rosiglitazone, those who had taken rosiglitazone
were 65% less likely to experience the primary CV outcome
(Figure S2). Further analyses stratifying participants by obesity,
smoking status and baseline HbAlc showed a similar asso-
ciation between rosiglitazone use and primary CV outcome
(Table S3).

Discussion

The initial VADT report comparing standard with intensive
glycaemic control found no significant difference in the risk
of the primary composite endpoint between treatment groups
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Figure 2. Effect of rosiglitazone dosage on time to (A) myocardial infarc-
tion and (B) coronary revascularization. *Baseline and **time-dependent
covariates include: age, race, smoking status, diabetes duration, previous
cardiovascular event, glycated haemoglobin, baseline and on-study BMI,
blood pressure, total cholesterol, HDL cholesterol, LDL cholesterol, triglyc-
erides, severe hypoglycaemic episodes, and baseline and on-study use of
insulin, other oral agents, statins and aspirin.

[13]. Given the controversy about CV risk associated with
rosiglitazone use and the recent FDA drug safety communica-
tion [7] about rosiglitazone after the re-evaluation of RECORD
endpoints (CV death, MI and stroke), it seemed valuable to
perform a post hoc analysis of rosiglitazone use and CV out-
comes in the VADT. Three different but supportive approaches
were used: a case—control analysis, a time-dependent covariate
analysis and a survival analysis after propensity exact matching
method.

Rosiglitazone was used more frequently and at a higher
dose in the intensive treatment compared with the standard
treatment group throughout the study duration. We found
that rosiglitazone was not associated with increased CV risk,
but conversely, may have been associated with a reduction in
the occurrence of the primary composite outcome and CV
mortality. Moreover, both daily doses of rosiglitazone (4 and
8 mg) were associated with a lower risk of these outcomes, even
after adjusting for a broad array of covariates. These data are
consistent with results from the PROactive Study [1] and a
report suggesting that rosiglitazone use was associated with a
5%, non-significant, reduction in mortality [16]. These results
also support preliminary analyses in the Action to Control
Cardiovascular Risk in Diabetes (ACCORD) trial that did not
indicate an increased risk of CV events related to rosiglitazone
use [17]. Furthermore, a recent post hoc analysis from the
Bypass Angioplasty Revascularization Investigation 2 Diabetes
(BARI 2D) trial, using on-treatment and propensity-matched
analyses, showed a lower incidence of the composite death, MI
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Table 2. Baseline clinical characteristics in those with (cases) and without (controls) the primary study outcome.

Cases Controls
[Variable (n=447) (n=447) P
% male 98 98 1.0
% white non-Hispanic people 70.9 66.7 0.17
Smokers, % 16.8 12.8 0.09
Previous CV event, % 64 64 1.0
Baseline insulin, % 59.7 59.7 1.0
Mean age, years 62.3+82 62+38 0.63
Mean T2D duration, years 12.7+7.7 11.5+7.2 0.01
Mean BMI, kg/m? 314+45 31.5+4.1 0.76
Mean systolic blood pressure, mmHg 133.5+18.2 131.4+15.5 0.07
Mean diastolic blood pressure, mmHg 754+11 74.7 +10 0.29
Mean total cholesterol, mmol/l 4.66+1.0 4.63+0.95 0.64
Mean HDL cholesterol, mmol/l 0.88+0.23 0.93+0.25 0.01
Mean LDL cholesterol, mmol/l 2.73+0.77 2.74+0.77 0.94
Mean baseline HbAlc, % 9.4+15 93+14 0.46
Mean baseline HbA1c, mmol/mol 79 +10.5 78+9.5 0.46
Mean follow-up, days 873.4+ 622 873.4+ 622 1.00
BMI, body mass index; CV, cardiovascular; T2D, type 2 diabetes.
(A) *p<0.01 These findings are not consistent with meta-analyses that
100 - o suggested that an increased MI risk was associated with rosigli-
= ] i [ tazone [3-6]; however, there is ongoing debate as to the appli-
iT] cability of these findings to patients with T2D in general, with
E il some criticism of the meta-analysis by Nissen and Wolski [3]
S on methodological grounds [18]. A potential harmful effect
% 40 of thiazolidinediones was also surprising because thiazolidine-
@ diones reduce insulin resistance and therefore provide a ther-
® 2 apy that directly corrects a key defect underlying T2D. In part
because of this mechanism of action, thiazolidinediones not
o .
FR— Goromary,  ICHrioVASCUIEr — only lower blood glucose but also have beneficial effects on sev-
Infarction;  [revaxciarization death composita eral processes associated with atherosclerosis, including inflam-
B) mation, high blood pressure and microalbuminuria. Moreover,
- o OCases OControls data from the PROactive trial suggested that addition of piogli-
% "p<0.01 tazone to existing therapy in high-risk patients with diabetes
E 6 i and atherosclerotic disease improved CV outcomes in that trial
2 .« [1]. In addition, pioglitazone therapy has been reported to slow
; I « [ 7 progression of atherosclerosis [2].
g * Further evidence that rosiglitazone does not cause increased
:%;» CV events comes from the RECORD trial, which was designed
= 5 specifically to study the CV effects of rosiglitazone treatment.
g Results from a well-designed, adequately powered clinical trial
% are usually more reliable than results from a meta-analysis
0 [19]. Similarly to the VADT, the RECORD trial did not show
g e i T e an increased risk for MI or CV mortality associated with

Figure 3. Rosiglitazone use in cases and controls according to myocardial
infarction, coronary revascularization, cardiovascular (CV) death or pri-
mary CV outcome. (A) Percentage of cases and controls who had at least
one prescription for rosiglitazone over the course of the study. (B) Average
daily rosiglitazone dose in cases and controls.

and stroke outcomes (HR 0.72, 95% CI 0.55-0.93) associated
with rosiglitazone treatment in patients with T2D and coronary
artery disease [15].
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rosiglitazone use [8]. Furthermore, a recent comprehensive and
independent re-evaluation of RECORD endpoints requested
by the FDA showed no increased risk of CV death (HR
0.90, 95% CI 0.68-1.21), MI (HR 1.13, 95% CI 0.80-1.59)
or stroke (HR 0.79, 95% CI 0.54-1.14) in those treated with
rosiglitazone compared with a standard-of-care treatment com-
bination (metformin and sulphonylurea) [9]. Since in the
VADT changes in rosiglitazone use were determined based
on protocol safety guidelines, consistent with FDA prescrib-
ing information, the results of the present analysis of the
VADT provide additional perspectives on CV safety for this
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drug, which is consistent with the FDA’s risk and mitigation
strategy.

A consensus statement of the ADA and the European Asso-
ciation for the Study of Diabetes (EASD) for hyperglycaemia
management includes information on thiazolidinediones and
advises caution in using these drugs on the basis of their
increased risks of fluid retention and congestive heart failure
as well as increased incidence of fractures in women and per-
haps in men [20]. The ADA/EASD statement acknowledged
that the meta-analyses reporting potential CV risk associated
with rosiglitazone were not conclusive but still advised against
using this thiazolidinedione on the basis of the possibility
of increased risk of MI with rosiglitazone. By contrast, the
evidence-based Canadian Diabetes Association clinical prac-
tice guidelines for the prevention and treatment of diabetes did
not find that there was cause to exclude rosiglitazone based on
the evidence from the ACCORD, RECORD and VADT stud-
ies, which did not show an increased risk of MI or CV mor-
tality [21]. Despite the ongoing controversy, however, most
organizations believe that the potential benefits and risks of
these agents should be carefully considered before they are
initiated. Both pioglitazone and rosiglitazone are contraindi-
cated in patients with class IIT and IV heart failure. Patients
with class IT or worse heart failure were excluded from the
PROactive study, and patients with any known congestive car-
diac failure (class I-IV) were excluded from the ADOPT study
[22]. Because patients with heart failure are more likely to be
adversely affected by thiazolidinedione-associated fluid reten-
tion, any significant degree of heart failure, including class II or
higher, could be regarded as a contraindication to use of thia-
zolidinedione.

Importantly, high-risk characteristics in patients with T2D,
such as longer diabetes duration, insulin treatment and multi-
ple comorbidities, may help identify those more susceptible to
congestive heart failure and adverse CV outcomes, thus avoid-
ing initiation or continuation of therapy in these individuals.
This approach may have been followed in the VADT because a
decline in the use of rosiglitazone was observed over time, as
site investigators followed safety guidelines about its use. This
pattern of discontinuation may have left a group of older adults
with T2D who might have benefited from rosiglitazone treat-
ment and therefore continued receiving this insulin sensitizer;
however, as VADT rosiglitazone use and discontinuation guide-
lines were generally consistent with the FDA-approved pre-
scription information, our results may apply to many patients
with T2D who may have been suitable candidates for treat-
ment with this thiazolidinedione. These results suggest that for
patients on rosiglitazone who are achieving glycaemic goals and
tolerating the therapy without apparent complications, rosigli-
tazone may be continued [23].

The present study results should be interpreted with cau-
tion because the analysis of the effect of rosiglitazone was not
planned a priori. The approaches used in this VADT post hoc
data analysis (i.e. epidemiological analyses of data collected
within a randomized clinical trial) provide a lower level of evi-
dence than that obtained from a carefully performed prospec-
tive randomized, controlled trial. A case-control approach,
matching baseline risk factors between the case and the control,
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and to a lesser extent, a time-dependent covariate survival anal-
ysis may be limited by the potential role of confounding by indi-
cation [14], as investigators may have prescribed less rosiglita-
zone (or stopped it sooner) for patients with higher CV risk or
comorbidities. Furthermore, there is also a possibility of bias
associated with heart failure, oedema or physicians’ views of
interactions with other medications.

The low HRs associated with rosiglitazone use could thus
be partly explained by the less healthy individuals being taken
off this medication; however, because similar effects of rosigli-
tazone were seen in individuals receiving 4 or 8 mg, and the
rosiglitazone dose regimen was part of the randomization med-
ication treatment algorithm, there should be less confounding
by indication. Moreover, even with propensity matching, there
remained evidence for benefit, not harm, with rosiglitazone use.

In summary, treatment with rosiglitazone in older adults
with T2D was not associated with increased risk of the primary
composite CV outcome, CV death or MI in the VADT. These
results are consistent with more recent evidence that rosigli-
tazone does not enhance CVD and supports the recent FDA
panel recommendation easing restrictions on rosiglitazone.
Concerns about specific adverse events (bone loss, oedema and
congestive heart failure) with use of thiazolidinedione agents
remain [24], however, and decisions to use these agents require
careful balancing of risks and benefits.
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Figure S2. Effect of rosiglitazone use on cardiovascular (CV)
outcomes based on 1:1 propensity score matching method.
It compares patients who took rosiglitazone regularly [always
between the start and end of Veterans Affairs Diabetes Trial
(VADT)] and those who never took it during the VADT.
Outcomes include: myocardial infarction (MI); coronary
revascularization (Cor Revas), cardiovascular-related death
(CV-deaths), and the primary composite CV outcome. Each
outcome is shown unadjusted and after adjusting for baseline
CV risk factors. *Adjusted for age, prior CV event, BMI, and
baseline insulin use.

Table S1. Baseline cardiovascular (CV) risk factors and CV
events among patients who were always or were never on
rosiglitazone therapy, before the propensity matching method
was implemented.

Table S2. Baseline cardiovascular (CV) risk factors and CV
events among patients who were always or were never on
rosiglitazone therapy, after the propensity matching method
was implemented.

Table S3. Cox proportional models for the primary composite
cardiovascular outcome in participants in the Veterans Affairs
Diabetes Trial according to rosiglitazone doses and stratified
by obesity, smoking status and baseline glycated haemoglobin
values.
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References

1. Dormandy JA, Charbonnel B, Eckland DJA etal. Secondary prevention of
macrovascular events in patients with type 2 diabetes in the PROactive Study
(PROspective pioglitazone Clinical Trial in macroVascular Events): a randomized
controlled trial. Lancet 2005; 366: 1279-1289.

2. Saremi A, Schwenke DC, Buchanan TA etal. Pioglitazone slows progression of
atherosclerosis in prediabetes independent of changes in cardiovascular risk
factors. Arterioscler Thromb Vasc Biol 2013; 33: 393-399.

3. Nissen SE, Wolski K. Effect of rosiglitazone on the risk of myocardial infarction
and death from cardiovascular causes. N Engl J Med 2007; 356: 2457-2471.

4. Llago RM, Singh PP, Nesto RW. Congestive heart failure and cardiovascular
death in patients with prediabetes and type 2 diabetes given thiazolidinediones:
a meta-analysis of randomised clinical trials. Lancet 2007; 370: 1129-1136.

5. Singh S, Loke YK, Furberg CD. Long-term risk of cardiovascular events with
rosiglitazone: a meta-analysis. JAMA 2007; 298: 1189-1195.

6. Diamond GA, Bax L, Kaul S. Uncertain effects of rosiglitazone on the risk for
myocardial infarction and cardiovascular death. Ann Intern Med 2007; 147:
578-581.

7. Home PD, Pocock SJ, Beck-Nielsen H et al. Rosiglitazone evaluated for cardio-
vascular outcomes-an interim analysis. N Engl J Med 2007; 357: 28-38.

Volume 17 [ No. 10 | October 2015

16.
17.

20.

21.

22.

23.

24.

. Home PD, Pocock SJ, Beck-Nielsen H etal. Rosiglitazone evaluated for car-

diovascular outcomes in oral agent combination therapy for type 2 diabetes
(RECORD): a multicentre, randomised, open-label trial. Lancet 2009; 373:
2125-2135.

. US. Food and Drug Administration. FDA Drug Safety Communication:

FDA requires removal of some prescribing and dispensing restrictions
for rosiglitazone-containing diabetes medicines. Available from URL:
http://www.fda.gov/Drugs/DrugSafety/ucm376389.htm. Accessed 4 November
2014.

. Nesto RW, Bell D, Bonow RO etal. Thiazolidinedione use, fluid retention, and

congestive heart failure: a consensus statement from the American Heart Asso-
ciation and American Diabetes Association. Diabetes Care 2004; 27: 256-263.

. Baba T, Shimada K, Neugebauer S et al. The oral insulin sensitizer, thiazolidine-

dione, increases plasma vascular endothelial growth factor in type 2 diabetic
patients. Diabetes Care 2001; 24: 953-954.

. Abraira C, Duckworth W, McCarren M et al. Design of the cooperative study on

glycemic control and complications in diabetes mellitus type 2: Veterans Affairs
Diabetes Trial. J Diabetes Complications 2003; 17: 314-322.

. Duckworth W, Abraira C, Moritz T et al. Glucose control and vascular complica-

tions in veterans with type 2 diabetes. N Engl J Med 2009; 360: 129-139.

. Koro CE, Bowlin SJ, Weiss SR. Antidiabetic therapy and the risk of heart failure

in type 2 diabetic patients: an independent effect or confounding by indication.
Pharmacoepidemiol Drug Saf 2005; 14: 697-703.

. Bach RG, Brooks MM, Lombardero M etal. Rosiglitazone and outcomes for

patients with diabetes mellitus and coronary artery disease in the Bypass Angio-
plasty Revascularization Investigation 2 Diabetes (BARI 2D) trial. Circulation
2013; 128: 785-794.

Simon D. Rosiglitazone. Prim Care Diabetes 2009; 3: 123-124.

The Action to Control Cardiovascular Risk in Diabetes Study Group. Effects
of intensive glucose lowering in type 2 diabetes. N Engl J Med 2008; 358:
2545-2559.

. Meneghini LF, Florez H, Tamariz L. The Avandia debacle: methodology and

practical importance of the findings. South Med J 2007; 100: 1062-1063.

. Nathan DM. Rosiglitazone and cardiotoxicity-weighing the evidence. N Engl J

Med 2007; 357: 64-66.

Nathan DM, Buse JB, Davidson MB et al. Medical management of hyperglycemia
in type 2 diabetes: a consensus algorithm for the initiation and adjustment of
therapy: statement of the American Diabetes Association and the European
Association for the Study of Diabetes. Diabetes Care 2009; 32: 193-203.

Canadian Diabetes Association Clinical Practice Guidelines Expert Committee.
Canadian Diabetes Association 2008 clinical practice guidelines for the preven-
tion and management of diabetes in Canada. Can J Diabetes 2008; 32: S1-201.

Kahn SE, Haffner SM, Heise MA etal. Glycemic durability of rosiglitazone,
metformin, or glyburide monotherapy. N Engl J Med 2006; 355: 2427-2443.

Khanderia U, Pop-Busui R, Eagle KA. Thiazolidinediones in type 2 diabetes: a
cardiology perspective. Ann Pharmacother 2008; 42: 1466-1474.

Valencia WM, Florez H. Pharmacological treatment of diabetes in older people.
Diabetes Obes Metab 2014; 16: 1192-1203.

doi:10.1111/dom.12487 | 955



