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Abstract Background and objective: Concern has been expressed over the cardio-

vascular risks associated with rosiglitazone and pioglitazone. This study
investigates the association between oral antihyperglycaemics (rosiglitazone,
pioglitazone, sulfonylureas and metformin) with myocardial infarction, con-
gestive heart failure, angina pectoris, stroke and transient ischaemic attack.
Methods: We used Taiwan’s 2000-5 National Health Insurance database to
conduct a population-based, retrospective cohort study of 473483 newly
diagnosed patients with type 2 diabetes mellitus. We classified study patients
into five basic groups based on the agents they were prescribed during
the study period: (i) rosiglitazone monotherapy; (ii) pioglitazone mono-
therapy; (iii) sulfonylurea-based therapy; (iv) metformin-based therapy; and
(v) sulfonylurea and metformin-based therapy. Cox proportional hazards
models were used to evaluate the association between the use of rosiglitazone
or pioglitazone and the occurrence of cardiovascular events.
Results: Patients receiving rosiglitazone monotherapy were at higher risk for
any cardiovascular event (hazard ratio [HR] 1.89; 95% CI 1.57, 2.28), myo-
cardial infarction (HR 2.09; 95% CI 1.36, 3.24), angina pectoris (HR 1.79;
95% CI 1.39, 2.30) and transient ischaemic attack (HR 2.57; 95% CI 1.33,
4.96) than those receiving metformin monotherapy. Overall, add-on rosigli-
tazone and pioglitazone were associated with comparable cardiovascular
risk. Based on our point estimates, pioglitazone as an add-on therapy was
found to have a favourable, but nonsignificant, effect on outcome.
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Conclusions: Our findings extend the evidence from current literature to a
real-world setting and support data from clinical trials that the disadvantages
or harm caused by thiazolidinediones, especially rosiglitazone, may outweigh
their benefits in patients with type 2 diabetes.

Background

The thiazolidinediones (TZDs), oral anti-
hyperglycaemic agents that act as insulin sensiti-
zers, improve glycaemic control by reducing the
body’s resistance to insulin.'! However, results
from a recent meta-analysis,[?! together with re-
sults from an unplanned interim analysis of data
from an ongoing clinical trial,’] and new US
FDA warnings about a possible increased risk of
myocardial infarction from the use of rosiglita-
zone and pioglitazone,”] have caused much
concern regarding possible adverse cardiac ef-
fects of TZDs. The concern is well justified as
cardiovascular disease is one of the most im-
portant causes of morbidity and mortality among
patients with type 2 diabetes mellitus.[°]

There were early debates about the safety of
TZDs, particularly for patients with congestive
heart failure (CHF). In 2001, the US FDA issued
warnings that TZDs (rosiglitazone and pioglita-
zone) may cause fluid retention in patients with
advanced heart failure (New York Heart Asso-
ciation [NYHA] class III or IV).” Later in
2003, a statement made jointly by the American
Heart Association and the American Diabetes
Association also recommended that TZDs
should not be prescribed to diabetic patients with
severe heart failure (NYHA class IIT or IV).l101 A
meta-analysis of pooled data from randomized
trials!'! and previous observational studies(!>!3]
also indicated that patients receiving TZDs were
at increased risk for developing CHF. In 2007, a
black-box warning was issued by the US FDA to
warn patients with pre-existing CHF against the
use of TZDs. 4]

In addition to CHF, recent studies, especially
meta-analyses, have raised the concerns about
potential increased risk of cardiovascular events
in diabetic patients treated with TZDs. Meta-
analyses by Nissen and Wolski,!?! Singh et al.l'¢]
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and Psaty and Furbergl'” have all suggested that
the use of rosiglitazone puts diabetic patients at
increased risk of myocardial infarction (MI),
whereas a meta-analysis by Lincoff et al.['® indi-
cated that pioglitazone had a favourable effect on
ischaemic cardiovascular events. Debate was first
centered on whether the conclusions of these
meta-analyses provided adequate and reliable
answers to the risk of harmful cardiovascular
events since they had several limitations, includ-
ing misclassification of cardiovascular endpoints,
relatively short follow-up and lack of patient-level
data.l1°201 On the other hand, to date most studies
examining the adverse cardiovascular outcomes
associated with TZDs have been clinical trials.
How their results apply to day-to-day clinical
practice is not clear.

Using secondary-data analysis to assess the
effects of TZD on a ‘real-world” population,
Lipscombe et al.?!l and Winkelmayer et al.[>?]
conducted studies to evaluate the association
between TZDs and risk of adverse cardiovascular
events. Their studies provided valuable evidence
regarding the safety of using TZDs in the treat-
ment of type 2 diabetes in an elderly population.
However, questions on the effects of long-term
use of TZDs in younger patients (<65 years of
age) or in patients with newly diagnosed diabetes
were left unanswered. Like most studies involving
TZDs, the effects of dose and duration of TZD
medication on cardiovascular events are left un-
answered. In addition, a conclusive direct head-
to-head comparison between rosiglitazone and
pioglitazone has not been reported. Together,
these limitations indicate a great need for more
information on the safety of TZDs and a need for
a comparison of the relative cardiovascular risk
posed by the two TZDs.

Using Taiwan’s National Health Insurance
(NHI) claims database, we conducted a 6-year
(2000-5), population-based, retrospective cohort
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study of patients newly diagnosed with type 2
diabetes to investigate the association between
four oral antihyperglycaemic therapies (rosigli-
tazone, pioglitazone, sulfonylurea and metfor-
min) on MI, congestive heart failure (CHF),
angina pectoris, stroke and transient ischaemic
attack (TIA). We specifically designed and
conducted this study to evaluate differences in
cardiovascular events in users of rosiglitazone
and pioglitazone.

Methods
Study Design

We classified type 2 diabetic patients into five
groups based on the agents they were mainly pre-
scribed during the study period: (i) rosiglitazone
monotherapy; (i) pioglitazone monotherapy;
(iii) sulfonylurea-based therapy; (iv) metformin-
based therapy; and (v) sulfonylurea+metformin-
based therapy (figure 1). We compared the adverse
cardiovascular events across four monotherapy
groups: rosiglitazone, pioglitazone, sulfonylurea
alone (without add-on rosiglitazone or pioglita-
zone), and metformin alone (without add-on
rosiglitazone or pioglitazone). We further esti-
mated the dose-response relationship of exposure
to the antihyperglycaemic agents and cardiovas-
cular events across these four monotherapy groups
(figures 2—4). Defined daily dose (DDD) was used
to quantify exposure to oral antihyperglycaemic
agents to provide more reliable evidence on the
association between TZD use and risk of cardio-
vascular events. We also compared the risk of
cardiovascular events for use of rosiglitazone or
pioglitazone as add-ons within sulfonylurea-based,
metformin-based and sulfonylurea+metformin-
based groups.

Study Population and Cohort Definition

Patients with type 2 diabetes were identified
from Taiwan’s NHI claims database, which covers
nearly 99% of Taiwan’s population. The inclusion
criteria were newly diagnosed type 2 diabetic
patients who had their first ambulatory visits with
a diagnosis of diabetes (International Classifica-
tion of Diseases [9th edition], Clinical Modification
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[ICD-9-CM] codes: 250.xx) and were prescribed
oral antihyperglycaemic agents (sulfonylurea,
metformin and/or a TZD) at least three times
between 1 March 2001 and 31 December 2005
(n=473483). The cohort entry date (index date)
for each patient was defined as the date that an
oral antihyperglycaemic agent was first prescribed.
None of these patients had records showing a
diagnosis of diabetes during the year before the
index date. Patients were excluded if they had
type 1 diabetes (ICD-9-CM codes: 250.x1) or if
they had been prescribed insulin only during the
study period.

Study Outcomes

Study outcomes of interest were MI, CHF,
stroke, angina pectoris, TIA and the composite
outcome of any of these five events. All events
were defined according to the diagnostic code
of hospitalization: MI (ICD-9-CM codes 410.xx
and 411.xx), CHF (428.xx, 402.01, 402.11,
402.91,404.01,404.11 and 404.xx), stroke (433.xx
and 434.xx), angina pectoris (413.xx and
414.xx) and TIA (435.xx and 437.1). For each
patient, the primary endpoint was time to the
first hospitalization for the cardiovascular
event. All patients were followed until they ex-
perienced a cardiovascular event or until the
end of the study (31 December 2005), whichever
came first.

Exposure to Oral Antihyperglycaemic Agents

We identified four hypoglycaemic drugs cov-
ered by Taiwan’s NHI: rosiglitazone, pioglita-
zone, sulfonylurea and metformin. Together,
they accounted for 93.21% of the total prescrip-
tions of antihyperglycaemic agents during the
study period. Although we were primarily inter-
ested in comparing the effects of exposure to ro-
siglitazone or pioglitazone on cardiovascular
events, we included prescription patterns of non-
TZD antihyperglycaecmic agents because the
prescriptions for patients with type 2 diabetes
were complicated. A very high proportion of our
study population were found to be using rosigli-
tazone or pioglitazone as add-ons with other oral
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Fig. 1. Patient enrolment and classification. 473 483 newly diagnosed type 2 diabetic patients were classified into five basic groups based on
the agents they were prescribed during the study period: (i) rosiglitazone monotherapy; (ii) pioglitazone monotherapy; (iii) sulfonylurea-based

therapy; (iv) metformin-based therapy; and (v) sulfonylurea+metform

in based therapy. Patients using rosiglitazone or pioglitazone as add-ons

within SU-, Met- and SUMet - based therapy were also identified. Met-N = metformin without rosiglitazone or pioglitazone; Met-P1O = metformin
and pioglitazone; Met-ROSI =metformin and rosiglitazone; SU-N = sulfonylurea without rosiglitazone and pioglitazone; SU-PIO =sulfonylurea
and pioglitazone; SU-ROSI = sulfonylurea and rosiglitazone; SUMet-N = sulfonylurea and metformin without rosiglitazone and pioglitazone;
SUMet-PI0O =sulfonylurea, metformin and pioglitazone; SUMet-ROSI = sulfonylurea, metformin and rosiglitazone.

antihyperglycaemic agents (mostly a sulfonylurea
and/or metformin) [figure 1].

The exposure groups were classified by pattern

of antihyperglycaemic agent prescription from
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the index date to the end of follow-up (study peri-
od): (i) rosiglitazone monotherapy, meaning that
the patients had been prescribed rosiglitazone
alone during the study period; (ii) pioglitazone

Drug Safety 2009; 32 (8)
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monotherapy, meaning that the patients had been
prescribed pioglitazone during the study period;
(iii) sulfonylurea-based therapy, meaning that the
patients had been prescribed sulfonylurea during
the study period, including those who had ever
been prescribed rosiglitazone or pioglitazone and
those who had never been prescribed a TZD; (iv)
metformin-based therapy, meaning that the pa-
tients had been prescribed metformin during the
study period, including those who had been pre-
scribed a TZD (metformin+rosiglitazone or met-
formin+pioglitazone) and those who had never
been prescribed a TZD; and (iv) sulfonylur-
ea+metformin-based therapy, meaning that the
patients had been prescribed both metformin and a
sulfonylurea, but not necessarily simultaneously.
Subjects in this group could also include those who
had ever been prescribed a TZD during the study
period  (sulfonylurea+metformin+rosiglitazone,
sulfonylurea+metformin+pioglitazone) and those
who had never been prescribed a TZD (sulfony-
lurea+metformin without a TZD). Those who
have switched between rosiglitazone and pioglita-
zone or had a combined use of rosiglitazone and
pioglitazone, regardless of whether they were
monotherapy or add-on users, were excluded in
our study to avoid a carry-over effect.

We established a prescription profile that lis-
ted each antihyperglycaemic agent prescribed to
the patient during the study period. The profile
included accumulated days and accumulated
dosage of each antihyperglycaecmic agent. The
dosage of oral antihyperglycaemic agents was
quantified by calculation of a defined daily dose
(DDD) as defined by the WHO?3! DDD is the
average maintenance daily dose for a drug used
for its main indication and may not necessarily
reflect the recommended or prescribed daily dose.
Accumulated DDDs of each antihyperglycaemic
agent during the follow-up for each study subject
was used as a continuous variable in the statis-
tical models to measure the exposure to the
antihyperglycaemic agents more precisely.

Co-variates

We adjusted for potential confounders by in-
cluding in our analysis the following variables:
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Fig. 2. Survival analysis of any cardiovascular event vs accumu-
lated exposure (defined daily doses [DDDs]) to antidiabetic mono-
therapy shows the (a) survival curves for all monotherapy users;
(b) curves for those with no prior history of the same cardiovascular
event; (c) curves for those with a prior history of the same cardio-
vascular event. The survival probability curves for patients with a
history of any cardiovascular event (figure 2c) dropped rapidly for all
four monotherapy groups, demonstrating that the risk for any cardio-
vascular event increases significantly faster among those with a prior
history of that event.
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Fig. 3. Survival analysis of myocardial infarction vs accumulated
exposure (defined daily doses [DDDs]) to antidiabetic monotherapy
shows the (a) survival curves for all monotherapy users; (b) curves
for those with no prior history of myocardial infarction; (c¢) curves for
those with a prior history of myocardial infarction. The survival
probability curves for patients with a history of myocardial infarction
(figure 3c) dropped rapidly for all four monotherapy groups, demon-
strating that the risk for myocardial infarction increases significantly
faster among those with a prior history of this event.
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patient demographics (age and sex), prior cardio-
vascular events, prior cardiovascular procedures
(percutaneous transluminal coronary angioplasty
and coronary artery bypass graft surgery), pre-
existing medical conditions, and prior history of
drug use (e.g. low-dose aspirin [acetylsalicylic
acid], anticoagulants, ACE inhibitors/angiotensin
I1 type 1 receptor antagonists, B-adrenergic recep-
tor antagonists, other antihypertensive agents
and lipid-lowering agents). We obtained data for
pre-existing cardiovascular events from the par-
ticipant’s inpatient claims data submitted in the
12 months leading up to the index date. Pre-
existing cardiovascular events included MI, CHF,
stroke, angina pectoris and TIA. Other pre-existing
medical conditions were obtained from the parti-
cipant’s inpatient and outpatient claims data
during the 12 months leading up to the index
date. They were hypertension (ICD-9-CM:
401.xx-405.xx), hyperlipidaemia (272.0x, 272.2x,
272.4x) and chronic kidney diseases (585.xx).

Statistical Analysis

Treatment group differences in patient char-
acteristics were assessed with chi-square tests for
categorical variables and t-tests for continuous
variables. Crude event rates and mean time to
event onset also were compared across treatment
groups. Cox proportional hazards models were
used to evaluate the association between being
prescribed TZDs and occurrence of cardiovas-
cular events. In the Cox proportional hazards
model, the hazard for one individual is assumed
to be proportional to the hazard for any other
individual. Based on the study design, we first
conducted survival analyses on each outcome to
compare the outcome of monotherapy — rosigli-
tazone, pioglitazone, a sulfonylurea alone or
metformin alone. We examined the association
between cardiovascular risk and exposure to
TZDs (accumulated DDDs) by comparing TZD
monotherapies and other antidiabetic mono-
therapies. We compared cardiovascular risks be-
tween add-on rosiglitazone and pioglitazone
within the sulfonylurea-based, metformin-based,
and sulfonylurea+metformin-based groups.

Drug Safety 2009; 32 (8)
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Fig. 4. Survival analysis of angina pectoris vs accumulated ex-
posure (defined daily dose [DDDs]) to antidiabetic monotherapy
shows the (a) survival curves for all monotherapy-users; (b) curves
for those with no prior history of angina pectoris; (c) curves for those
with a prior history of angina pectoris. The survival probability curves
for patients with a history of angina pectoris (figure 4c) dropped ra-
pidly for all four monotherapy groups, demonstrating that the risk for
angina pectoris increases significantly more quickly among those
with a prior history of this event.
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All survival analyses were adjusted for patient
demographics, prior medical history, prior drug
use history, and insulin use during the follow-up.
The relative risk comparing the use of TZDs with
other antihyperglycaemic agents was estimated as
a hazard ratio, with a 95% confidence interval,
using the Cox proportional hazard model.
A common assumption shared by such models
is that the underlying hazard function is the
same in each treatment group in time (t). In the
analysis of cardiovascular events among TZD
users, this assumption was removed by using the
stratified Cox proportional hazards model, in
which the underlying function is assumed to be
different for each treatment group. The results
of stratified Cox proportional hazards models
for monotherapy users are shown in figures 2—4.
All statistical operations were performed using
S-plus 7.03 version (Insightful Inc, Seattle, WA,
USA) and SAS 8.2 version (SAS Inc., Chicago,
IL, USA).

Results

From the selection algorithm, we identified
473783 newly diagnosed diabetic patients de-
fined as people who had been first diagnosed as
having type 2 diabetes during an outpatient visit
during the study period and had received any
of the four oral antihyperglycaemic treatments
investigated herein at least three times (figure 1).
Of those, 67.00% (n=317246) received sulfonyl-
urea+metformin-based therapy, 21.97% (n=104
023) received sulfonylurea-based therapy and
10.48% (n=49626) received metformin-based
therapy (table I). Only 2093 patients (0.44%) re-
ceived rosiglitazone alone, and 495 (0.10%) re-
ceived pioglitazone alone. Most rosiglitazone
(95.78%, n=47531) and pioglitazone (95.88%,
n=11515) users had also taken either sulfonylurea
or metformin during the study period. A higher
proportion of those prescribed rosiglitazone alone
and pioglitazone alone had a previous history of
cardiovascular events compared with the other
therapy groups, the most significant difference
being the history of MI and angina pectoris.
A much higher proportion of those taking TZDs

Drug Safety 2009; 32 (8)
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Table I. Baseline characteristics of 473483 new type 2 diabetes mellitus patients, stratified by medication taken during the follow-up

Rosiglitazone Pioglitazone Sulfonylurea-based therapy Metformin-based therapy Sulfonylurea + metformin-based
monotherapy monotherapy [n (%); 104023 (21.97)] [n (%); 49 626 (10.48)] therapy [n (%); 317 246 (67.00)]
[n (%)] [n (%)] w/o TZD rosiglitazone pioglitazone w/o TZD rosiglitazone pioglitazone w/o TZD rosiglitazone pioglitazone
Total 2093 495 97651 5141 1231 46444 2408 774 267754 39982 9510
(0.44) (0.10) (20.62) (1.09) (0.26) (9.81) (0.51) (0.61) (56.55) (8.44) (2.01)
Characteristic
Age (y) 61.24 60.75 60.71 59.76 58.05 59.00 57.25 54.94 57.17 54.74 54.07
(13.48) (12.78) (12.96) (12.83) (12.97) (14.46) (14.00) (13.63) (12.78) (12.39) (12.39)
Female 974 47.98 44827 2390 575 24047 1206 386 121960 18959 4432
(46.58) (46.00) (46.53) (46.79) (51.87) (50.27) (50.00) (45.62) (47.49) (46.65)
1-year prior cardiovascular events
Any event 138 31 3157 179 45 1218 75 18 4459 604 167
(6.59) (6.26) (3.23) (3.48) (3.66) (2.62) (3.11) (2.33) (1.67) (1.51) (1.76)
Ml 35 8 845 46 14 258 18 4 1023 137 46
(1.67) (1.62) (0.87) (0.89) (1.14) (0.56) (0.75) (0.52) (0.38) (0.34) (0.48)
CHF 27 6 782 43 7 241 14 1 951 107 25
(1.29) (1.21) (0.80) (0.84) (0.57) (0.52) (0.58) (0.13) (0.36) (0.27) (0.26)
Stroke 6 0 129 6 6 52 2 0 150 11 2
(0.29) (0.00) (0.13) (0.12) (0.49) (0.11) (0.08) (0.00) (0.06) (0.03) (0.02)
Angina pectoris 71 21 1382 78 21 605 43 14 1968 310 79
(3.39) (4.24) (1.42) (1.52) (1.71) (1.30) (1.79) (1.81) (0.74) (0.78) (0.83)
TIA 10 0 332 14 1 172 7 1 673 71 25
(0.48) (0.00) (0.34) (0.27) (0.08) (0.37) (0.29) (0.13) (0.25) (0.18) (0.26)
1-year prior cardiovascular procedures
PTCA 16 9 340 19 10 141 12 8 420 60 13
(0.76) (1.82) (0.35) (0.37) (0.81) (0.30) (0.50) (1.03) (0.16) (0.15) (0.14)
CABG 5 1 147 4 0 40 3 0 191 28 7
(0.24) (0.20) (0.15) (0.08) (0.00) (0.09) (0.12) (0.00) (0.07) (0.07) (0.07)
Continued next page
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Table I. Contd

Rosiglitazone Pioglitazone Sulfonylurea-based therapy Metformin-based therapy Sulfonylurea + metformin-based
monotherapy monotherapy [n (%); 104023 (21.97)] [n (%); 49626 (10.48)] therapy [n (%); 317 246 (67.00)]
[n (%)] [n (%)] w/o TZD rosiglitazone pioglitazone w/o TZD rosiglitazone pioglitazone w/o TZD rosiglitazone pioglitazone
Total 2093 495 97651 5141 1231 46444 2408 774 267754 39982 9510
(0.44) (0.10) (20.62)  (1.09) (0.26) (9.81) (0.51) (0.61) (56.55) (8.44) (2.01)
1-year prior medical conditions
Hypertension 1260 307 45252 2365 569 23613 1140 343 96740 12367 2936
(60.20) (62.02) (46.34)  (46.00) (46.22) (50.84) (47.34) (44.32) (36.13)  (30.93) (30.87)
Hyperlipidaemia 606 174 17256 975 255 12352 624 221 40520 5351 1435
(28.95) (35.15) (17.67) (18.97) (20.71) (26.60) (25.91) (28.55) (15.13)  (13.38) (15.09)
Chronic kidney 339 68 2 411 84 518 56 15 1938 321 58
diseases (16.20) (13.74) 607 (7.99) (6.82) (1.12) (2.33) (1.94) (0.72) (0.80) (0.61)
(2.67)
1-year prior drug use history
Low-dose aspirin 669 152 17532 1017 227 9734 515 132 35294 4619 1099
[acetylsalicylic ~ (31.96) (30.71) (17.95) (19.78) (18.44) (20.96) (21.39) (17.05) (13.18) (11.55) (11.56)
acid]
Anticoagulants 31 7 1051 55 12 465 30 9 1880 242 64
(1.48) (1.41) (1.08) (1.07) (0.97) (1.00) (1.25) (1.16) (0.70) (0.61) (0.67)
ACE-Is/ARBs 942 236 23922 1438 356 13191 772 217 50005 6693 1663
(45.01) (47.68) (24.50) (27.97) (28.92) (28.40) (32.06) (28.04) (18.68) (16.74) (17.49)
B-adrenergic 808 207 29020 1578 403 15146 736 210 63215 8291 1949
receptor (38.60) (41.82) (29.72)  (30.69) (32.74) (32.61) (30.56) (27.13) (23.61) (20.74) (20.49)
antagonists
Antihypertensive 275 64 10859 517 112 4693 223 70 23404 2909 613
drugs (13.14) (12.93) (11.12)  (10.06) (9.10) (10.10)  (9.26) (9.04) (8.74) (7.28) (6.45)
Lipid-lowering 714 181 12768 858 236 8830 509 162 25357 3671 964
agents (34.11) (36.57) (13.08) (16.69) (19.17) (19.01) (21.14) (20.93) (9.47) (9.18) (10.14)

ACE-Is/ARBs = ACE inhibitors/angiotensin Il type 1 receptor antagonists; CABG =coronary artery bypass graft surgery; CHF =congestive heart failure; MlI=myocardial infarction;
PTCA =percutaneous transluminal coronary angioplasty; TIA =transient ischaemic attack; TZD =thiazolidinediones; w/o = without.
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alone also had a history of hypertension, hyperli-
pidaemia and chronic kidney disease.

Table II shows group differences in the num-
bers of patients with cardiovascular events and
mean time to the occurrence of each event. The
three most frequent cardiovascular events were
angina pectoris, CHF and MI. Those patients
who were prescribed rosiglitazone alone (12.71%)
had a higher incidence of cardiovascular events
than those who were prescribed pioglitazone alone
(8.89%) during the study period. Overall, time to
onset of any cardiovascular event was much
shorter in those prescribed rosiglitazone mono-
therapy (meanxSD, 342.75+330.27 days) or
pioglitazone monotherapy (304.68 +£294.84 days).
A greater proportion of those prescribed add-on
rosiglitazone had cardiovascular events com-
pared with those prescribed add-on pioglitazone,
especially in the metformin-based therapy group.

The results of our survival analyses of the
relative risks of each cardiovascular event are
summarized in table III. Among those prescribed
monotherapy, we compared those prescribed
rosiglitazone and pioglitazone with those pre-
scribed metformin or a sulfonylurea in separate
models to adjust the potential hazard differences
caused by the selection of reference group. Pa-
tients prescribed rosiglitazone monotherapy were
at higher risk for any cardiovascular event (HR
1.89; 95% CI 1.29, 1.85), MI (HR 2.09; 95% CI
1.36, 3.24), angina pectoris (HR 2.05; 95% CI
1.47,2.87) and TIA (HR 2.57; 95% CI 1.33, 4.96)
than patients prescribed metformin alone. Simi-
lar findings were observed when those prescribed
sulfonylurea alone were used as a reference group.
All increased risks were identified only with
rosiglitazone monotherapy. Head-to-head compar-
ison of cardiovascular risks between add-on
rosiglitazone and pioglitazone groups was ex-
amined within the sulfonylurea-based, metfor-
min-based and sulfonylurea+metformin-based
groups. Overall, cardiovascular risks between the
add-on rosiglitazone and pioglitazone groups
were comparable. The point estimate, however,
suggests that add-on pioglitazone had more fa-
vourable cardiovascular event outcomes than did
add-on rosiglitazone, although the difference did
not reach statistical significance. Adding on of

© 2009 Adis Data Information BV. All rights reserved.

pioglitazone to metformin therapy appeared to
pose a greater risk of MI (HR=6.34; 95% CI
1.80, 22.31) than adding on rosiglitazone; how-
ever, the wide confidence interval indicated a
limited statistical power for this observation.

The survival analysis of cardiovascular risks
associated with the prescription of monotherapy
with respect to the accumulated DDDs of each of
the antihyperglycaemic therapies was stratified
according to the prior history of cardiovascular
events. We plotted the adjusted survival curves in
three graphs (figures 2—4). The first graph for
each outcome shows the survival curves for all
monotherapies prescribed, the second graph is
for those with a prior history of the same cardio-
vascular event, and the third is for those with no
prior history of the same cardiovascular event.
The survival curves indicate that rosiglitazone
tended to increase the risk of any cardiovascular
event (figure 2) and angina pectoris (figure 4).
The survival curves for patients without a history
of cardiovascular disease (figures 2b, 3b, 4b)
shows the same pattern of survival curves as for
all monotherapy users (figures 2a, 3a, 4a). Unlike
previous graphs, the graphs for patients with a
history of cardiovascular events (figures 2c, 3c,
4c) dropped rapidly across the four monotherapy
groups. The risk increased significantly faster
among those with a history of cardiovascular
events. The graph showing any cardiovascular
event (figure 2) suggests that the cardiovascular
risk was 0.8 after more than 1000 DDD of ro-
siglitazone had been accumulated.

Discussion

This observational retrospective cohort study
extends the research done by Lipscombe et al.l?!]
by expanding the study to encompass a nation-
wide population and adding three further car-
diovascular events: stroke, angina pectoris and
TIA. Using a large nationwide health insurance
database, we found a greater association between
rosiglitazone monotherapy and increased risk of
any cardiovascular event, MI, angina pectoris,
and TIA in type 2 diabetic patients compared
with pioglitazone monotherapy. Our analysis
was consistent with recent studies showing that

Drug Safety 2009; 32 (8)
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Table Il. Cardiovascular events among new diabetic patients during the follow-up

Rosiglitazone  Pioglitazone Sulfonylurea-based therapy Metformin-based therapy Sulfonylurea + metformin-based

monotherapy  monotherapy  [n (%); 104023 (21.97)] [n (%); 49626 (10.48)] therapy [n (%); 317 246 (67.00)]

[n (%)] [n (%)] w/o TZD rosiglitazone pioglitazone w/o TZD rosiglitazone pioglitazone w/o TZD rosiglitazone pioglitazone
Total 2093 495 97 651 5141 1231 46444 2408 774 267754 39982 9510

(0.44) (0.10) (20.62) (1.09) (0.26) (9.81) (0.51) (0.61) (56.55) (8.44) (2.01)
Follow-up, day 730.71+ 580.70 810.61+ 946.27+ 835.16t 71911+ 885.99+ 718.61+ 965.33+ 1130.76 £ 1055.72+
(mean*SD) 439.76 352.37 498.07 455.92 443.26 479.58 464.99 439.78 484.83 431.65 449.26
Follow-up, 1529385 287448 79157058 4864766 1028082 33398198 2133471 556 208 258471516 45210141 10039872

patient-days

Any cardiovascular events

Case/subgroup 266 44 7491 395 67 2507 150 30 11435 1593 293
population (12.71) (8.89) (7.67) (7.68) (5.44) (5.4) (6.23) (3.88) (4.27) (3.98) (3.08)
Time-to-onset, day 342.75+ 304.68+ 390.26+ 498.59+ 507.6+ 382.73+ 580.95+ 526.3+ 593.64 + 752.18+ 738.84+
(mean*SD) 330.37 294.84 365.72 380.17 399.42 357.69 393.79 364.3 423.26 419.5 426.95
Myocardial infarction

Case/subgroup 266 44 1678 100 12 464 25 7 11435 1593 293
population (12.71) (8.89) (1.76) (1.92) (0.96) (1.02) (1.03) (0.89) (4.27) (3.98) (3.08)
Time-to-onset, day 324.62+ 377+ 45521+ 503.26+ 286.25+ 443.98+ 720.84+ 836.57 + 645.79+ 802.92+ 789.02+
(mean+ SD) 322.3 292.43 378.9 366.22 227.46 368.54 470.33 486.72 431.61 407.49 384.87
Congestive heart failure

Case/subgroup 67 13 1872 111 13 578 31 4 3010 455 85
population (3.33) (2.66) (1.97) (2.15) (1.04) (1.26) (1.28) (0.51) (1.12) (1.11) (0.86)
Time-to-onset, day 456.34+ 251.46+ 420.61+ 497.86+ 741.23+ 400.38+ 585.58+ 820+ 622.81+ 74224+ 77459+
(mean*SD) 407.47 314.82 377.26 375.69 462.4 363.23 394.9 198.9 422.17 407.82 393.51
Stroke

Case/subgroup 16 2 318 26 3 116 12 0 588 110 15
population (0.80) (0.41) (0.34) (0.50) (0.24) (0.25) (0.49) (0) (0.22) (0.27) (0.15)
Time-to-onset, day 531.75+ 505.5+ 4471+ 655.23+ 562.33+ 420.05+ 833.5+% 0+ 662.62+ 859.79+ 873.13%
(mean+ SD) 395.12 152.03 391.7 324.98 279.3 370.53 418.34 0 431.02 409.05 445.16
Angina

Case/subgroup 154 22 3721 218 49 1367 103 19 5910 890 186
population (7.52) (4.51) (3.87) (4.22) (3.93) (2.97) (4.26) (2.45) (2.2) (2.19) (1.92)
Time-to-onset, day 341.21+ 293.82+ 376.35+ 569.39+ 511.88% 379.24+ 590.16+ 427.26+ 592.17+ 762.02+ 767.41+
(mean+ SD) 330.46 301.02 361.85 418.77 392.57 361.03 374.89 314.88 423.46 4-12.08 442.97
TIA

Case/subgroup 23 5 940 38 6 285 11 7 1637 228 30
population (1.14) (1.03) (0.99) (0.73) (0.48) (0.63) (0.45) (0.89) (0.61) (0.56) (0.30)
Time-to-onset, day 415.65+% 651.2+ 444.44+ 530.82+ 447.83+ 410.7+ 503.73% 640.57 634.83+ 784.46 749.93+
(mean*SD) 303.35 321.5 379.42 386.13 320.29 349.78 431.28 453.07 423.7 415.09 411.86
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TIA =transient ischaemic attack; TZD =thiazolidinediones; w/o =without.
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Table Ill. Survival analyses of the cardiovascular events associated with rosiglitazone and pioglitazone®

Any cardiovascular event  Myocardial infarction Congestive heart failure  Stroke Angina pectoris TIA
HR (95% Cl) p-value HR (95% CI) p-value HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value
Monotherapy
Reference group: sulfonylurea
rosiglitazone 1.54 0.0000 1.49 0.0511 1.22 0.2620 1.45 0.3200 1.46 0.0017 1.90 0.0405
(1.29, 1.85) (0.99, 2.24) (0.86, 1.74) (0.69, 3.05) (1.15, 1.85) (1.02, 3.57)
pioglitazone 1.03 0.8897 0.72 0.6313 1.37 0.4632 0.59 0.6501 0.91 0.7678 1.28 0.7138
(0.65, 1.65) (0.19, 2.77) (0.58, 3.20) (0.06, 6.03) (0.47,1.74) (0.34, 4.86)
Reference group: metformin
rosiglitazone 1.89 0.0000 2.09 0.0007 1.30 0.1713 1.61 0.2384 1.79 0.0000 2.57 0.0041
(1.57, 2.28) (1.36, 3.24) (0.89, 1.89) (0.72, 3.62) (1.39, 2.30) (1.33, 4.96)
pioglitazone 1.29 0.2740 1.00 0.9954 1.54 0.3156 0.61 0.6685 1.15 0.6753 1.67 0.4454
(0.81, 2.07) (0.26, 3.89) (0.65, 3.64) (0.06, 6.25) (0.60, 2.21) (0.44, 6.41)
Sulfonylurea-based therapy
Reference group: rosiglitazone
pioglitazone 0.84 0.3398 0.69 0.3538 0.78 0.5179 1.49 0.6554 1.1 0.6225 0.73 0.5811
(0.59, 1.21) (0.30, 1.55) (0.36, 1.69) (0.25, 8.94) (0.72, 1.72) (0.23, 2.30)
Metformin-based therapy
Reference group: rosiglitazone
pioglitazone 0.89 0.6767 6.34 0.0033 0.63 0.5401 0.01 0.6141 0.79 0.5104 2.31 0.2211
(0.51, 1.56) (1.80, 22.31) (0.14, 2.82) (0.00, >100) (0.39, 1.61) (0.59, 9.03)
(Sulfonylurea+ metformin)-based therapy
Reference group: rosiglitazone
pioglitazone 0.94 0.4872 1.04 0.8286 1.06 0.6933 0.65 0.2300 1.07 0.5438 0.62 0.0570
(0.80, 1.11) (0.73, 1.47) (0.78, 1.44) (0.32, 1.33) (0.86, 1.31) (0.38, 1.02)

a All models were adjusted for demographics, prior medical conditions, prior drug use history and insulin use during the follow-up period.

HR =hazard ratio; TIA =transient ischaemic attack.
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rosiglitazone monotherapy increased the risk of
cardiovascular events.?1>4261  These findings
provide additional valuable information to clin-
icians, patients and the public regarding the
safety of TZDs.

Although some studies have investigated the
cardiovascular safety of TZDs, they have certain
limitations. Previous clinical trials have generally
investigated rosiglitazone or pioglitazone alone
as an intervention and compared these with a
placebo. However, our observational study found
that only a very small proportion of the patients
in our sample actually used either rosiglitazone or
pioglitazone alone. Even in earlier observational
studies, it was difficult to recruit patients pre-
scribed either rosiglitazone or pioglitazone alone,
especially pioglitazone, and populations of pa-
tients prescribed either rosiglitazone or pioglita-
zone were frequently combined as one groupl?*->!
For example, Johannes and colleagues!>>! com-
pared coronary heart disease risk between the two
TZDs as a group and (sulfonylurea+metformin)
combination therapy, and found no difference
between the two groups (adjusted HR1.02; 95%
CI10.87, 1.30). In summary, direct comparisons of
cardiovascular risks between rosiglitazone and
pioglitazone are scarce.

Our study is a population-based observational
cohort study using insurance claims data from
Taiwan’s NHI, which covers over 99% of the
population. It thus fills a need for a more
thorough and comprehensive methodological
approach than has been used in most previous
published studies of TZD comparisons. By using
nationwide data, we could explore the extent of
prescribing for the drugs concerned and the
complexity of prescription patterns in the real
world of clinical practice. This allowed a more in
depth and thorough study design. In addition to
rosiglitazone and pioglitazone, we also identified
three common patterns for the prescription of
oral antihyperglycaemic agents (sulfonylurea
alone, metformin alone, and a combination of
sulfonylurea and metformin). These were inclu-
ded in our research design to enable comparisons
to be made with TZDs. This has more real-world
relevance than comparisons using placebos.
We also compared the groups prescribed rosi-

© 2009 Adis Data Information BV. All rights reserved.

glitazone and pioglitazone monotherapy with
those prescribed metformin or sulfonylurea
monotherapy in separate models to adjust
potential hazard differences caused by the selec-
tion of the reference group. Our findings suggest
that metformin was possibly protective against
cardiovascular events since the risk of such
events with rosiglitazone monotherapy was ap-
parently greater in the model using metformin
monotherapy as the reference group. No such
association was identified when comparing car-
diovascular risk of rosiglitazone in the model
using a sulfonylurea as the reference group. Our
design refinements made this study potentially
relevant to clinical practice since similar findings
have been reported in other types of study.l?”]
Further studies are required to enable firm con-
clusions to be drawn concerning major clinical
benefits and risks associated with the use of oral
antihyperglycaemic agents.

In this study, we were aware of the complexity
of prescribing medicines for type 2 diabetic pa-
tients, which involves the switching, adding on,
and dosage adjustments. In order to more accu-
rately assess the dose-dependent cardiovascular
response to oral antihyperglycaemic agents, we
used newly diagnosed patients to avoid the strong
carry-over effect of previous antidiabetic drug
usage in patients with a long history of diabetes.
In addition, we stratified current patterns of
prescribing oral antihyperglycaemic agents into
three basic groups and further stratified three
basic groups into those that had add-on rosigli-
tazone, add-on pioglitazone or no add-on TZD
based on the drug exposure during the follow-up
period. To be more specific in studying cardio-
vascular risk, we compared the risks between
add-on rosiglitazone or pioglitazone within the
sulfonylurea-based, metformin-based and sulfo-
nylurea+metformin-based groups. Since add-on
TZDs accounted for a large proportion of our
study subjects, had we not considered the add-on
prescription pattern our results would have very
limited relevance in real-world settings. Overall,
cardiovascular risk comparisons between add-on
rosiglitazone and pioglitazone within each oral
antihyperglycaemic agents-based therapies were
similar in our study. The point estimate, however,
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suggests a nonsignificant association towards a
more favourable cardiovascular effect in those
prescribed add-on pioglitazone.

Our findings with rosiglitazone or pioglita-
zone use as monotherapy or as add-on therapy
are consistent with several previous studies, such
as the meta-analysis by Lincoff et al.['8! and re-
sults from the PROactive trial.?8! These studies
found pioglitazone to be associated with a signi-
ficantly lower risk of cardiovascular events,
especially MI. Our large population-based cohort
study further expands these studies in several
important aspects. Firstly, these studies recruited
their study subjects from clinical trials with rela-
tively small sample sizes and short follow-up.
Secondly, placebo was used as the reference
group in most of the trials which, in addition, did
not directly compare rosiglitazone and pioglita-
zone. However, recent findings from a large
cohort of US seniors??1 did not find differences in
rates of MI or stroke between patients initiating
rosiglitazone or pioglitazone treatment. Thus, to
better quantify benefit-risk trade-off associated
with the two drugs, more research effort should
be placed on distinguishing the differences in the
risk of cardiovascular events between users of
rosiglitazone and pioglitazone.

Finally, we measured exposure to each oral anti-
hyperglycaemic agent by converting the dosage to
DDD, and found that the higher the accumulated
exposure to TZDs, the greater the risk of a car-
diovascular event, an aspect of TZD use not in-
vestigated by previous studies.?>?#23 The rich
dataset we used enabled us to include analysis of
the outcome for all type 2 diabetic patients in-
cluded, with and without a prior history of cardi-
ovascular events. This enabled us to demonstrate a
dose-response increase in the risk of cardiovascular
event in type 2 diabetic patients with a prior history
of cardiovascular diseases and suggests that more
caution is needed when prescribing TZDs to these
high-risk patient groups.

This study is not without limitations. First,
one of the main limitations of using claim data is
the measurement error caused by using the
amount of medicine prescribed as ‘exposure’,
which presumes patients are completely com-
pliant to the instructions of their physicians.

© 2009 Adis Data Information BV. All rights reserved.

Second, self-selection can occur when patients
stop medications due to an early adverse drug
event. Similarly, because medications might have
been withdrawn by physicians in the early stages
for high-risk users who had developed minor risk
signals, we were unable to adjust for self-selection
as we could not adjust for possible underestima-
tion of the risk of either short-term or long-term
use of oral antihyperglycaemic agents on adverse
outcomes. Third, although we adjusted for a wide
range of potential cardiovascular risk factors, we
were not able to include variables not routinely
captured in a claim database, such as patients’
smoking history, family history of cardiovascular
diseases, obesity or laboratory data. Fourth, our
data did not link to a mortality database and
mortality could not be included in our analysis
and, finally, our sample included a relatively
small number of pioglitazone users who were
observed for a relatively short period of time,
which may have resulted in an underestimation of
risk, especially the long-term risk, of pioglitazone
use. However, in contrast to an earlier study?!l,
our study has included a population of patients
receiving pioglitazone as an add-on therapy
and, to our knowledge, this is the first study to
investigate this.

Conclusions

Despite limitations, our study of a nationwide
diabetic population offers additional insight into
the use of TZDs and risk of cardiovascular
events. Rosiglitazone monotherapy was associated
with an increased risk of any cardiovascular
event, MI, angina pectoris and TIA. Overall, the
cardiovascular risk of adding either rosiglitazone
or pioglitazone to other oral antihyperglycaemic
agents was comparable in our study. The point
estimate, however, suggests a non-significant as-
sociation towards a more favourable effect in
pioglitazone users. This indicates an area where
further research is needed. Our findings extend the
evidence from current literature to a real-world
setting and support data from clinical trials that
the disadvantages or harm caused by TZDs,
especially rosiglitazone, may outweigh their ben-
efits in patients with type 2 diabetes.
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