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ARDIOVASCULAR DISEASE IS AN

important cause of morbid-

ity and mortality among per-

sons with type 2 diabetes
mellitus.'? The thiazolidinediones
(TZDs), rosiglitazone and pioglita-
zone, are oral hypoglycemic agents that
have been shown to improve glycemic
control and may act to slow the pro-
gression of beta cell failure.* While im-
proved glycemic control has been
linked to better clinical outcomes in dia-
betes®” and TZDs have been sug-
gested as having potential cardiovas-
cular benefits,®!! recent concerns have
arisen regarding adverse cardiac ef-
fects of these drugs.

Use of TZDs is associated with weight
gain and edema,'” and evidence sug-
gests that both rosiglitazone and pio-
glitazone increase the risk of conges-
tive heart failure (CHF).3!%1319 A recent
boxed warning for CHF was added for
these agents recommending against the
use of TZDs in persons with preexist-
ing CHF.® Two meta-analyses have also
suggested that rosiglitazone may be as-
sociated with an increased risk of acute
myocardial infarction (AMI) and
death.'®?! These findings prompted a
hearing by a US Food and Drug Ad-
ministration advisory panel regarding
the safety of rosiglitazone; however, the
panel voted against removing rosiglita-
zone from the market because of insuf-
ficient data.”
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Context Thiazolidinediones (TZDs), used to treat type 2 diabetes, are associated with
an excess risk of congestive heart failure and possibly acute myocardial infarction. How-
ever, the association between TZD use and cardiovascular events has not been ad-
equately evaluated on a population level.

Objective To explore the association between TZD therapy and congestive heart
failure, acute myocardial infarction, and mortality compared with treatment with other
oral hypoglycemic agents.

Design, Setting, and Patients Nested case-control analysis of a retrospective co-
hort study using health care databases in Ontario. We included diabetes patients aged
66 years or older treated with at least 1 oral hypoglycemic agent between 2002 and
2005 (N=159026) and followed them up until March 31, 2006.

Main Outcome Measures The primary outcome consisted of an emergency de-
partment visit or hospitalization for congestive heart failure; secondary outcomes were
an emergency department visit or hospitalization for acute myocardial infarction and
all-cause mortality. The risks of these events were compared between persons treated
with TZDs (rosiglitazone and pioglitazone) and other oral hypoglycemic agent com-
binations, after matching and adjusting for prognostic factors.

Results During a median follow-up of 3.8 years, 12491 patients (7.9%) had a hos-
pital visit for congestive heart failure, 12578 (7.9%) had a visit for acute myocardial
infarction, and 30265 (19%) died. Current treatment with TZD monotherapy was
associated with a significantly increased risk of congestive heart failure (78 cases;
adjusted rate ratio [RR], 1.60; 95% confidence interval [CI], 1.21-2.10; P<.001),
acute myocardial infarction (65 cases; RR, 1.40; 95% Cl, 1.05-1.86; P=.02), and
death (102 cases; RR, 1.29; 95% Cl, 1.02-1.62; P=.03) compared with other oral
hypoglycemic agent combination therapies (3478 congestive heart failure cases, 3695
acute myocardial infarction cases, and 5529 deaths). The increased risk of congestive
heart failure, acute myocardial infarction, and mortality associated with TZD use
appeared limited to rosiglitazone.

Conclusion In this population-based study of older patients with diabetes, TZD treat-
ment, primarily with rosiglitazone, was associated with an increased risk of congestive
heart failure, acute myocardial infarction, and mortality when compared with other
combination oral hypoglycemic agent treatments.
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Most studies to date far have exam-
ined adverse cardiovascular outcomes
associated with TZDs among clinical
trial samples. However, the extent to

Author Affiliations: Institute for Clinical Evaluative Sci-
ences (Drs Lipscombe, Hux, Juurlink, and Alter and
Mss Gomes and Lévesque), Departments of Medi-
cine (Drs Lipscombe, Hux, Juurlink, and Alter) and
Health Policy, Management and Evaluation (Drs Hux,
Juurlink, and Alter), University of Toronto, Women's
College Hospital (Dr Lipscombe), Sunnybrook Health
Sciences Centre (Drs Hux and Juurlink), Li Ka Shing
Knowledge Institute of St Michael's Hospital (Dr Alter),

which these adverse effects apply to
real-world populations is less clear. In
addition, older persons are tradition-
ally underrepresented in clinical

and Toronto Rehabilitation Institute (Dr Alter), Toronto,
Ontario; Department of Community Health and Epi-
demiology, Queen's University (Ms Lévesque), and
Kingston, Lennox, Frontenac and Addington Public
Health (Dr Lévesque), Kingston, Ontario.
Corresponding Author: Lorraine L. Lipscombe, MD,
MSc, Institute for Clinical Evaluative Sciences, 2075
Bayview Ave, Toronto, ON M4N 3M5, Canada
(lorraine.lipscombe@ices.on.ca).

©2007 American Medical Association. All rights reserved.

Downloaded from www.jama.com by BibliotecaMedica, on December 11, 2007


http://www.jama.com

THIAZOLIDINEDIONES AND CARDIOVASCULAR OUTCOMES IN OLDER PATIENTS WITH DIABETES

trials,?** and the majority of TZD
trials were limited to persons younger
than 65 years.®'81%2! The necessity for
evaluating TZD-associated outcomes
in older patients is further reinforced
by the fact that those aged 65 years or
older have the highest prevalence of
diabetes and represent more than 40%
of the population with diabetes.*
Moreover, both the baseline risk of
adverse cardiovascular events and the
risk of medication-related harms are
likely greater among older than
younger populations. Accordingly,
the objective of this study was to
evaluate the risks of CHF, AMI, and
all-cause mortality associated with
TZD use compared with alternative
oral hypoglycemic agents among
patients aged 66 years or older with
diabetes in Ontario.

METHODS
Overview

We conducted a population-based, ret-
rospective cohort study that was ana-
lyzed using a nested case-control ap-
proach. Among a cohort of older
patients with diabetes treated with oral
hypoglycemic agents, we used On-
tario health care databases to explore
the association between 3 distinct out-
comes (hospital visits for CHF, hospi-
tal visits for AMI, and deaths from any
cause) and exposure to specific oral hy-
poglycemic agents. This project was ap-
proved by the institutional review board
of Sunnybrook Health Sciences Cen-
tre, Toronto, Ontario, Canada.

Context

The Ontario Drug Benefit program cov-
ers medication costs for patients aged
65 years or older. During the time of
this study, reimbursement for TZDs was
restricted to patients whose glycemia
was uncontrolled by or had a contra-
indication or intolerance to metfor-
min and/or sulfonylureas. To receive
coverage, clinicians submit a standard-
ized request form, and an individual in-
ternal review process is undertaken. Ap-
proximately 10% to 13% of requests
were rejected during our study period
(personal communication, Mona Sab-
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harwal, BScPHM, PharmD, Ontario
Drug Benefit program, October 29,
2007).

Data Sources

We used health databases from
Ontario, Canada’s largest province,
with a population of 12259568 at
the mid point of the study period,
including 1457408 who were aged
66 years or older. We identified pre-
scription records using the Ontario
Drug Benefit database, which con-
tains records of all publicly funded
medications dispensed to Ontarians
aged 65 years or older.?® Hospital vis-
its were identified using the National
Ambulatory Care Reporting System
database and the Canadian Institute
for Health Information Discharge
Abstract Database, which detail
emergency department visits and
hospital admissions, respectively.
The Ontario Health Insurance Plan
database was used to identify physi-
cian service claims. We obtained
demographic information and deaths
from the Registered Persons Database
and diabetes status from the Ontario
Diabetes Database.”” These databases
were linked anonymously using
encrypted health card numbers.?#°

Study Population
and Cohort Definition

The source population consisted of all
residents aged 66 years or older with
diabetes as identified in the Ontario Dia-
betes Database and who were dis-
pensed at least 1 oral hypoglycemic
agent between April 1, 2002, and March
31,2005. The cohort entry date was de-
fined as the date of the first prescrip-
tion for an oral hypoglycemic agent, in-
cluding TZDs (rosiglitazone or
pioglitazone), metformin, sulfonyl-
ureas, and other oral agents (ie, meg-
litinides or acarbose). Because pa-
tients receiving insulin tend to have
either more advanced diabetes or type
1 diabetes and have also been shown
to have a higher rate of CHF com-
pared with TZD-treated patients,> we
excluded patients who received insu-
lin in the year preceding cohort entry.

However, patients who started receiv-
ing insulin during follow-up were re-
tained in the study. For each out-
come, we followed up eligible
individuals until they experienced an
event, death, a last health services con-
tact in Ontario (for those who lost
health contact for at least 6 months),
or March 31, 2006, whichever came
first.

Study Outcomes

The primary outcome measure was a
first hospital visit for CHF, defined as
either an emergency department visit
for CHF or a hospital admission with
a discharge diagnosis of CHF (Interna-
tional Classification of Diseases, 10th Re-
vision [ICD-10] code 150). Secondary
outcomes included a hospital visit for
AMI and all-cause mortality. AMI was
defined as either an emergency depart-
ment visit for AMI or a hospitalization
with a discharge diagnosis of AMI
(ICD-10 codes 121,124, and 125.4). The
date of admission or emergency depart-
ment visit for each outcome was taken
as the index date. Deaths from any cause
were identified using the Registered Per-
sons Database and the hospital dis-
charge abstract database, and the date
of death was taken as the index date.

Selection of Cases and Controls

For each outcome (CHF, AMI, and all-
cause mortality), cases were defined as
all individuals from the cohort who had
an event during their follow-up pe-
riod. Potential controls for each case
were persons who were still at risk for
the event on the index date for that case,
in that they were alive, remained in the
province, and were event-free until the
index date. Controls were assigned the
same index date as their respective
cases. For each case, up to 5 controls
were randomly selected and matched
on age (+1 year), sex, diabetes dura-
tion (<2 years, 2-5 years, or =5 years),
and history of cardiovascular disease
within 5 years of cohort entry. In the
CHF and AMI analyses, controls were
also matched on history of an event
(within 1 year of cohort entry and
within 1-5 years).
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Exposure to Hypoglycemic Drugs
All hypoglycemic drugs (oral hypogly-
cemic agents and insulin) covered by
the Ontario Drug Benefit program dur-
ing the study period were identified and
classified into 6 mutually exclusive
groups: (1) TZD monotherapy (subdi-
vided into rosiglitazone and piogl-
itazone); (2) other oral hypoglycemic
agent monotherapy (metformin, sulfo-
nylurea, acarbose, or a meglitinide); (3)
TZD combination therapy (TZD and at
least 1 other agent); (4) other oral hy-
poglycemic agent combination (2 or
more non-TZD agents); (5) insulin
monotherapy; and (6) insulin combi-
nation therapy (excluding TZDs).

Thiazolidinedione monotherapy
was our primary exposure of interest,
as this group was more likely to have
received coverage because of a contra-
indication or intolerance to other oral
hypoglycemic agents rather than inad-
equate glycemic control requiring the
addition of a TZD. The association
between TZDs and cardiovascular risk
was thus less likely to be affected by
diabetes severity or other concurrent
oral hypoglycemic agents in mono-
therapy users.

Statistical Analysis

Because medication use changes over
time, we analyzed drug exposure as a
time-dependent variable. We used a
nested case-control analysis of the co-
hort to evaluate the association be-
tween TZD exposure and each out-
come because of the large cohort size
and relatively long follow-up.**** This
approach has been shown to result in
significant gains in computational ef-
ficiency while providing unbiased es-
timates of the rate ratios (RRs) that
would be obtained from a traditional
time-to-event analysis of the full co-
hort, with little or no loss in preci-
sion.>*3¢

Primary Analysis

For each analysis, we examined drug
exposures in the year preceding the in-
dex date. The duration of each pre-
scription was determined from the man-

datory “days supply” field of the Ontario
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Drug Benefit record (the number of
days for which the drug was pre-
scribed), and 14 days were added each
prescription to accommodate nonad-
herence. Based on the most proximate
prescription before the index date, pa-
tients were characterized as current us-
ers if their prescription duration en-
compassed the index date and past users
if their last prescription ended in the
15 to 365 days preceding their index
date. Current users included all per-
sons who were taking the drug of in-
terest at the time of the event, regard-
less of treatment duration. Persons with
no hypoglycemic prescriptions in the
year preceding the index date were clas-
sified as nonusers.

We compared the risk of CHF, AMI,
and all-cause mortality associated with
current use of TZDs (separately for
monotherapy and in combination) with
that of other oral hypoglycemic agent
combination therapy. The latter was
chosen as the reference category be-
cause patients treated with combina-
tion oral hypoglycemic agent therapy
are likely to be most similar (in terms
of diabetes severity and progression) to
individuals treated with TZDs, given the
prescribing restrictions applied to the
TZDs. We estimated unadjusted and ad-
justed RRs for these associations using
conditional logistic regression.””** All
RRs were adjusted for exposure to other
hypoglycemic drugs, past TZD use, and
potential confounders such as socio-
demographic factors, well-known risk
factors for each outcome, concomi-
tant use of cardiovascular medica-
tions, previous use of oral hypoglyce-
mic agents, and 2 indices of health
status (the Charlson index*” and the
number of distinct drugs dispensed™).
Individuals with missing data were
given a separate “missing” classifica-
tion for those variables for inclusion in
adjusted models.

Additional Analyses

To investigate the potential risk-
modifying effects of preexisting cardio-
vascular disease and diabetes duration
(<5 vs =5 years), we included an in-
teraction term for each TZD exposure

group and history of cardiovascular dis-
ease in subsequent models. To assess
the robustness of our conclusions, we
explored the association between each
outcome and use of antibiotic eye drops
because these drugs are not plausibly
associated with the study outcomes. All
analyses were conducted using SAS ver-
sion 9.1 (SAS Institute Inc, Cary, North
Carolina) and used a 2-tailed P value
of .05 as the threshold for statistical sig-
nificance.

Estimate of Absolute Risks
of TZD Use

To estimate the absolute risk associ-
ated with TZDs for CHF, AMI, and
death, we first calculated the event rates
over 4 years for all cohort patients who
were alive and remained in Ontario un-
til the end of the study period. We ap-
plied the RR estimates for TZD treat-
ment from the nested case-control
analysis to the baseline event rates in the
cohort population to estimate the num-
ber needed to harm for AMI, CHF, and
death. Although these RRs were calcu-
lated based on comparison with the non-
TZD combination therapy users, we as-
sumed that their event rates were at least
as high as for the entire cohort.

RESULTS
Baseline Data for Cohort

The study population consisted of
159 026 individuals with oral hypogly-
cemic agent—treated diabetes with a
mean age of 74.7 years and who were
followed up for a median of 3.8 years.
During this time, 7.9% of patients had
a hospital visit for CHF (n=12491),
7.9% had a visit for AMI (n=12578),
and 19% died (n=30265). The major-
ity of CHF and AMI cases were re-
corded from hospitalization abstracts;
17.5% of CHF and 3.1% of AMI cases
were identified from emergency de-
partment records. Follow-up was 100%
complete for patients who remained in
Ontario during the study period.

The baseline characteristics of the
original cohort by oral hypoglycemic
agent exposure in the year prior to cohort
entry are shown in TABLE 1. A higher
proportion of individuals prescribed
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TZD monotherapy had a history of renal
disease and cardiovascular disease com-
pared with those prescribed TZD com-
bination therapy and other oral hypo-

glycemic agent combination therapy.
Individuals prescribed rosiglitazone
monotherapy had greater comorbidity
compared with those prescribed piogl-

itazone monotherapy; however, a simi-
lar proportion of individuals pre-
scribed both TZD drug therapies had a
history of cardiovascular disease. All

Table 1. Baseline Characteristics by Drug Exposure in the Year Prior to Cohort Entry for the Entire Cohort?

No. (%) of Patients®

TZD Combination Other OHA Other OHA Combination
TZD Monotherapy Therapy Monotherapy® Therapy®
Characteristics (n = 229) (n =1463) (n=57177) (n =30076)
Age, mean (SD), y 73.9 (5.7) 73.0 (5.5) 75.3 (6.5) 74.4 (6.1)
66-75 144 (62.9) 1049 (71.7) 32004 (56.0) 18309 (60.9)
76-85 79 (34.5) 373 (25.5) 20565 (36.0) 10106 (33.6)
>85 6 (2.6) 41(2.8) 4608 (8.1) 1661 (5.5)
Female 139 (60.7) 780 (53.9) 29202 (51.1) 15627 (52.0)
Residence in long-term care facility 5(0.4) 9(0.6) 2898 (5.1) 1291 (4.9)
Neighborhood income quintile
1 (Low) 61 (26.6) 348 (23.8) 13041 (22.8) 7243 (24.1)
2 (23 1) 348 (23.8) 12997 (22.7) 7051 (23.4)
3 4(19.2) 279 (19.1) 11206 (19.6) 5700 (19.0)
4 31 (13 5) 229 (15.7) 9463 (16.6) 4967 (16.5)
5 (High) 32 (14.0) 208 (14 2) 8479 (14.8) 4124 (13.7)
Missing 8 (3.5) 1(8.5) 1991 (3.5) 991 (3.3)
Charlson comorbidity score
8 (16.6) 300 (20.5) 12599 (22.0) 5651 (18.8)
1 (2 0) 344 (23.5) 11526 (20.2) 6939 (23.1)
=2 (32 8) 353 (24.1) 16267 (28.5) 8226 (27.4)
Data missing 8 (29.7) 466 (31.9) 16785 (29.4) 9260 (30.8)
Diabetes duration, y
<2 15 (6.6) 26 (1.8) 13025 (22.8) 1204 (4.0)
2-5 30 (13.1) 115(7.9) 71183 (12.4) 3492 (11.6)
>5 184 (80.3) 1322 (90.4) 37039 (64.8) 25380 (84.4)
History of renal disease 21(9.2) 37 (2.5) 1919 (3.4) 707 (2.4)
History of cardiovascular disease in prior 5y 43 (18.8) 196 (13.4) 8626 (15.1) 4414 (14.7)
Acute myocardial infarction 24 (10.5) 96 (6.6) 4805 (8.4) 2523 (8.4)
Angina 18(7.9) 93 (6.4) 3306 (5.8) 1785 (5.9)
Congestive heart failure 16 (7.0) 41 (2.8) 2493 (4.4) 1129 (3.8)
CABG surgery 7 (3.1) 55 (3.8) 1790 (3.1) 988 (3.3)
Coronary catheterization 20 (8.7) 93 (6.4) 3209 (5.6) 1711 (5.7)
PTCA 7(3.1) 35 (2.4) 1043 (1.8) 587 (2.0)
Prior diabetes treatment
TZDs 229 (100.0) 1463 (100.0) 14 (0.0) 3(0.0)
Metformin 139 (60.7) 1277 (87.3) 30916 (54.1) 29857 (99.3)
Sulfonylureas 164 (71.6) 1366 (93.4) 36751 (64.3) 29832 (99.2)
Other OHA 0 (8.7) 210 (14.4) 639 (1.1) 2206 (7.3)
Other drug treatment
ACE inhibitors 148 (64.6) 970 (66.3) 32602 (57.0) 18572 (61.8)
NSAIDs 118 (561.5) 777 (53.1) 27708 (48.5) 15270 (50.8)
B-Adrenergic antagonists 69 (30.1) 456 (31.2) 17298 (30.3) 9055 (30.1)
Diuretics 1 18 (49.3) 623 (42.6) 22770 (39.8) 11473 (38.1)
Digoxin 9(8.3 120 (8.2) 5628 (9.8) 2866 (9.5)
Spironolactone 6 (7.0) 51 (3.5) 2122 (3.7) 1039 (3.5)
Statins 128 (65.9) 858 (58.6) 23689 (41.4) 13812 (45.9)
Calcium channel antagonists 110 (48.0) 615 (42.0) 20022 (35.0) 11092 (36.9)
No. of drugs prescribed in prior 6 mo, mean (SD) 10.55 (4.88) 11.21 (4.55) 8.75 (4.70) 10.00 (4.69)

Abbreviations: ACE, angiotensin-converting enzyme; CABG, coronary artery bypass graft; CHF, congestive heart failure; NSAID, nonsteroidal anti-inflammatory drug; OHA, oral

hypoglycemic agent; PTCA, percutaneous transluminal coronary angioplasty; TZD, thiazolidinedione.
20ther exposure categories not included in the table are past TZD therapy (n = 993) and no drug therapy (n = 69 088).
PData are presented as No. (%) unless otherwise noted.

COther than TZDs; more than 97% were receiving metformin or sulfonylurea (monotherapy) or metformin + sulfonylurea (combination therapy).
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other baseline characteristics were simi-
lar between exposure groups.

Baseline Data for Cases

and Controls

The characteristics of cases of CHF,
AMI, and deaths and their matched con-
trols are shown in TABLE 2. Cases and
controls were well matched with re-
gard to age, sex, cardiovascular his-

tory, and diabetes duration, although
the prevalence of noncardiac comor-
bidity was modestly greater among
cases compared with controls. Col-
linearity between potential confound-
ers was assessed, and all variance in-
flation factors were less than 3,
indicating no evidence of collinearity
between the covariates included in these
models.

Association Between TZDs

and CHF

Compared with oral hypoglycemic agent
combination therapy users, current us-
ers of TZD monotherapy were at in-
creased risk of CHF (78 cases; adjusted
RR, 1.60; 95% confidence interval [CI],
1.21-2.10; P<.001), as were patients
treated with TZD combination therapy
(508 cases; adjusted RR, 1.31; 95% CI,

]
Table 2. Baseline Characteristics of Cases of CHF, AMI, or All-Cause Mortality and Their Matched Controls®

No. (%) of PatientsP

Congestive Heart Failure

Acute Myocardial Infarction

All-Cause Mortality

11
Standardized Controls

11
Standardized Controls

]
Standardized

Controls Cases Cases Cases
Characteristics (n=61827) (n=12491) Difference® (n=62651) (n=12578) Difference® (n=150650) (n=30265) Difference®
Demographic
Age, mean (SD), y 76.9 (6.4) 76.9(6.5) 0.01 76.4 (6.4) 76.5(6.4) 0 78.69 (6.90) 78.55 (7.02) 0.02
66-75 27239 (44.1) 5482 (43.9) 0 29288 (46.7) 5867 (46.6) 0 52 366 (34.8) 10832 (35.8) 0.02
76-85 27 857 (45.1) 5622 (45.0) 0 27409 (43.7) 5486 (43.6) 0 70930 (47.1) 13940 (46.1) 0.02
>85 6731 (10.9) 1387 (11.1) 0.01 5954 (9.5) 1225 (9.7) 0.01 27354 (18.2) 5493 (18.1) 0
Female 30049 (48.6) 6066 (48.6) 0 28044 (44.8) 5633 (44.8) 0 70833 (47.0) 14232 (47.0) 0
Residence in long-term 2528 (4.1) 463 (3.7) 0.02 2265 (3.6) 491 (3.9) 0.02 11145(7.4) 4024 (13.3) 0.21
care facility
Neighborhood income
quintile
1 (Lowest) 14065 (22.7) 3015 (24.1) 0.03 14155 (22.6) 3010 (23.9) 0.03 32968 (21.9) 7168 (23.7) 0.04
2 14079 (22.8) 2851 (22.8) 0 14381 (23.0) 2952 (23.5) 0.01 34381 (22.8) 6931 (22.9) 0
3 12069 (19.5) 2393 (19.2) 0.01 11792 (18.8) 2425 (19.3) 0.01 28869 (19.2) 5743 (19.0) 0
4 10102 (16.3) 2023 (16.2) 0 10349 (16.5) 1999 (15.9) 0.02 25104 (16.7) 4791 (15.8) 0.02
5 (Highest) 9473 (15.3) 1766 (14.1) 0.03 9917 (15.8) 1765 (14.0) 0.05 23878 (15.8) 4283 (14.2) 0.05
Data missing 2039 (3.3) 443 (3.5 0.01 2057 (3.3) 427 (3.4) 0.01 5450 (3.6) 1349 (4.5) 0.04
Medical
Charlson comorbidity
score
0 11299 (18.3) 1830 (14.7) 0.10 13212 (21.1) 2448 (19.5) 0.04 29976 (19.9) 5525 (18.3) 0.04
1 12513 (20.2) 2237 (17.9) 0.06 21171 (33.8) 5153 (41.0) 0.15 54100 (35.9) 14864 (49.1) 0.27
=2 24240 (39.2) 6403 (51.3) 0.25 156934 (25.4) 2775 (22.1) 0.08 35599 (23.6) 5506 (18.2) 0.13
Data missing 13775 (22.3) 2021 (16.2) 0.15 12334 (19.7) 2202 (17.5) 0.06 30975 (20.6) 4370 (14.4) 0.15
Diabetes duration, y
<2 5089 (8.2) 1062 (8.5) 0.01 5262 (8.4) 1068 (8.5) 0 27150 (18.0) 5470 (18.1) 0
2-5 10595 (17.1) 2155 (17.3) 0 10409 (16.6) 2101 (16.7) 0 13820 (9.2) 2824 (9.3 0.01
=5 46143 (74.6) 9274 (7 2) 0.01 46980 (75. O) 9409 (74.8) 0 109680 (72.8) 21971 (72.6) 0
History of renal disease 3390 (5.5) 1164 (9.3 0.16 2541 (4.1 858 (6.8) 0.13 7385 (4.9) 2349(7.8) 0.13
History of 21197 (34.3) 4361 (3 .9) 0.01 16528 (26.4) 3352 (26.6) 0.01 33240 (22.1) 6729 (22.2) 0
cardiovascular
disease in prior 5y
Acute myocardial 9910 (16.0) 2279 (18.2) 0.06 10575 (16.9) 2157 (17.1) 0.01 18269 (12.1) 3575 (11.8) 0.01
infarction
Angina 7100 (11.5) 1352 (10.8) 0.02 6479 (10.3) 1049 (8.3) 0.07 11513 (7.6) 1804 (6.0) 0.06
Congestive heart 10223 (16.5) 2159 (17.3) 0.02 3820 (6.1) 1055 (8.4) 0.09 11231 (7.5) 3117 (10.3) 0.11
failure
CABG surgery 4034 (6.5) 599 (4.8) 0.07 3489 (5.6) 364 (2.9 0.12 5625 (3.7) 693 (2.3 0.08
Coronary 7129 (11.5) 1358 (10.9) 0.02 6561 (10.5) 1066 (8.5) 0.07 10504 (7.0) 1640 (5.4) 0.06
catheterization
PTCA 2279 (3.7) 395(3.2) 0.038 2298 (3.7) 340 (2.7) 0.05 3588 (2.4) 491 (1.6) 0.05
(continued)
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Table 2. Baseline Characteristics of Cases of CHF, AMI, or All-Cause Mortality and Their Matched Controls (cont)?

No. (%) of Patients®

Congestive Heart Failure

Acute Myocardial Infarction

All-Cause Mortality

T
Standardized Controls

]
Standardized Controls

1
Standardized

Controls Cases Cases Cases
Characteristics (n=61827) (n=12491) Difference® (n=62651) (n=12578) Difference® (n=150650) (n=30265) Difference®
Drug history
Diabetes drug
treatment
in prior 1y
TZD 1108 (1.8) 315(2.5) 0.05 1106 (1.8) 242 (1.9 0.01 1296 (0.9) 487 (1.6) 0.08
Metformin 35459 (57.4) 7496 (60.0) 0.05 36053 (57.5) 7374 (58.6) 0.02 67402 (44.7) 16782 (55.5) 0.22
Sulfonylurea 41270 (66.8) 8688 (69.6) 0.06 41393 (66.1) 8836 (70.2) 0.09 81754 (54.3) 20561 (67.9) 0.28
Other OHA 1659 (2.7) 378 (3.0) 0.02 1670 (2.7) 350 (2.8) 0.01 2002 (1.3) 699 (2.3 0.08
Other treatment
in prior 1y
ACE inhibitors 36961 (59.8) 8281 (66.3) 0.13 36673 (58.5) 7625 (60.6) 0.04 86094 (57.1) 17511 (57.9) 0.01
NSAIDs 31757 (51.4) 6614 (53.0) 0.03 31640 (50.5) 6882 (54.7) 0.08 71482 (47.4) 14343 (47.4) 0
B-Adrenergic 22432 (36.3) 5256 (42.1) 0.12 21858 (34.9) 5048 (40.1) 0.11 50002 (33.2) 9716 (32.1) 0.02
antagonists
Diuretics 28198 (45.6) 7751 (62.1) 0.33 25206 (40.2) 5876 (46.7) 0.13 68214 (45.3) 15252 (50.4) 0.10
Digoxin 7960 (12.9) 2913 (23.9) 0.3 6446 (10.3) 1662 (13.2) 0.09 19839 (13.2) 5501 (18.2) 0.14
Spironolactone 3748 (6.1) 1244 (10.0) 0.16 2540 (4.1 702 (5.6) 0.08 7403 (4.9) 2264 (7.5) 0.11
Statins 27 549 (44.6) 5293 (42.4) 0.04 28024 (44. ) 5359 (42.6) 0.04 57836 (38.4) 9675 (32.0) 0.13
Calcium channel 22777 (36.8) 5612 (44.9) 0.17 22560 (36.0) 5514 (43.8) 0.16 55112 (36.6) 10992 (36.3) 0.01
antagonists
No. of drugs prescribed 9.3(5.2) 11.1(5.6) 0.34 89((6.0) 99((5.4) 0.21 8.65(5.02) 10.12 (5.44) 0.29
in prior 6 mo,
mean (SD)

Abbreviations: ACE, angiotensin-converting enzyme; CABG, coronary artery bypass graft; NSAID, nonsteroidal anti-inflammatory drug; OHA, oral hypoglycemic agent; PTCA, percuta-
neous transluminal coronary angioplasty; TZD, thiazolidinedione.
aUp to 5 controls were matched to each case on age (+1 year), sex, diabetes duration, and history of cardiovascular disease. For the congestive heart failure outcome, matching was also
performed on congestive heart failure in past year and congestive heart failure in past 1 to 5 years. For the acute myocardial infarction outcome, matching was also performed on acute
myocardial infarction in past year and acute myocardial infarction in past 1 to 5 years.

Data are presented as No. (%) unless otherwise noted.

CThe standardized difference is the difference between cases and controls divided by the pooled standard deviation of the 2 groups.

1.17-1.47;P<<.001) (TABLE 3). This in-
creased risk was identified only with rosi-
glitazone, regardless of whether it was
used as monotherapy (62 cases; RR, 1.98;
95% CI, 1.44-2.72; P<.001) or in
combination with other agents (364
cases; RR, 1.43; 95% CI, 1.25-1.63;
P<.001). Although the point estimate
for pioglitazone does not favor a com-
parable increased risk, we had limited
power to explore the association be-
tween outcomes and pioglitazone use be-
cause of smaller numbers of patients re-
ceiving this agent. Past TZD use was also
associated with a higher risk of CHF
(Table 3), which may have been due to
either a residual effect of TZDs or dis-
continuation in persons with early signs
of CHF.

Stratified analyses by diabetes dura-
tion indicated no difference in CHF risk
for those with less than 5 years of dia-
betes duration (RR, 1.75;95% CI, 1.03-

©2007 American Medical Association. All rights reserved.

2.98) vs 5 years or longer (RR, 1.55;
95% CI, 1.13-2.12; P=.70 for interac-
tion). We had insufficient power to ex-
plore the association of a history of CHF
with the relationship between CHF and
TZD therapy, perhaps because physi-
cians generally avoided these drugs in
such patients. However, even among
patients with no history of CHF, a sig-
nificant association with CHF risk re-
mained for patients treated with TZD
monotherapy (RR, 1.70;95% CI, 1.27-
2.26) and combination therapy (RR,
1.35;95% CI, 1.20-1.53).

Association Between TZDs
and AMI

Thiazolidinedione treatment was also
associated with an increased risk of AMI
(TABLE 4). Current users of TZD mono-
therapy were at increased risk of AMI
vs users of other oral hypoglycemic
agent combinations (65 cases; ad-

justed RR, 1.40; 95% CI, 1.05-1.86;
P=.02). However, we did not observe
an increased risk of TZD combination
therapy (404 cases; RR, 0.96; 95% CI,
0.85-1.08; P=.49). As observed in the
CHF analysis, the association be-
tween AMI and TZD monotherapy ap-
peared to be limited to rosiglitazone (53
cases; RR, 1.76; 95% CI, 1.27-2.44;
P<.001). Subgroup analyses indi-
cated no difference in treatment effect
based on diabetes duration (<5 years:
RR, 2.00;95% (I, 1.12-3.56; =5 years:
RR, 1.26;95% CI,0.91-1.75; P=.17 for
interaction) or history of AMI (no AMI:
RR, 1.41;95% CI, 1.04-1.92; AMI his-
tory: RR, 1.29; 95% CI, 0.57-2.90;
P=.83 for interaction).

Association Between TZDs

and Mortality

Both TZD monotherapy and combina-
tion therapy were associated with an in-
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creased risk of death compared with
other oral hypoglycemic agent combi-
nation therapies (monotherapy: 102 RR,1.24;95% CI,1.11-1.39; P<.001).

cases; RR, 1.29; 95% CI, 1.02-1.62;
P=.03; combination therapy: 497 cases;

]
Table 3. Rate Ratios of Congestive Heart Failure Events for Use of TZDs vs Other OHA

Combination Therapies

Unadjusted Adjusted P Value for
Cases, Controls, Rate Ratio Rate Ratio Adjusted
Pattern of Use No. No. (95% CI)2 (95% Cl)@P  Rate Ratio
Current other OHA 3478 18045
combination therapy®©
Current TZD monotherapy 78 237  1.71(1.32-2.22) 1.60 (1.21-2.10) <.001
Rosiglitazone 62 151 2.14(1.59-2.89) 1.98(1.44-2.72)  <.001
Pioglitazone 16 86 0.96(0.56-1.64) 0.91(0.52-1.59) 75
Current TZD combination therapy ~ 508 2013  1.34(1.20-1.49) 1.31 (1.17-1.47) <.001
Rosiglitazone 364 1330 1.45(1.28-1.63) 1.43 (1.25-1.63) <.001
Pioglitazone 144 683 1.12(0.93-1.35) 1.09 (0.90-1.32) 40
Past treatment with TZDs® 177 593 1.58(1.33-1.88) 1.50 (1.25-1.81) <.001
Rosiglitazone 136 385 1.87(1.53-2.28) 1.75(1.41-2.16) <.001
Pioglitazone 41 208 1.05(0.75-1.47) 1.04 (0.73-1.47) 85

Abbreviations: Cl, confidence interval; OHA, oral hypoglycemic agent; TZD, thiazolidinedione.
2Allmodels were also adjusted for current insulin combination therapy (cases = 396; controls = 944), insulin monotherapy
(cases = 407; controls = 964), other OHA monotherapy (cases = 5822; controls = 32 031), and no current therapy

(cases = 1625; controls = 7000).

IOAdjusted for income quintile; residence in long-term care facility; Charlson comorbidity score category; history of use of
angiotensin-converting enzyme inhibitors, nonsteroidal anti-inflammatory drugs, B-blockers, calcium channel blockers,
diuretics, spironolactone, statins, and digoxin; prior metformin use; prior sulfonylurea use; prior use of other OHAs; prior
use of TZDs; acute myocardial infarction in past year and in past 1 to 5 years; angina in past year and in past 1 to 5 years;
coronary artery bypass graft surgery in past year and in past 1 to 5 years; coronary catheterization in past year and in
past 1 to 5 years; percutaneous transluminal coronary angioplasty in past year and in past 1 to 5 years; history of renal

disease; and number of drugs prescribed in prior 6 months.

COther than TZDs; more than 97% were receiving metformin + sulfonylurea.
Current users are those who were dispensed the drug with the days supplied overlapping the index date by 14 days or

more.

€Past users are those who were dispensed the drug with the days supplied ending between 15 and 365 days before the

index date.

]
Table 4. Rate Ratios of Acute Myocardial Infarction Events for Use of TZDs vs Other OHA

Combination Therapies

Unadjusted Adjusted P Value for
Cases, Controls, Rate Ratio Rate Ratio Adjusted
Pattern of Use No. No. (95% CI)2 (95% Cl)2P  Rate Ratio
Current other OHA combination 3695 18351
therapy®
Current TZD monotherapy¢ 65 228 1.42(1.08-1.88) 1.40 (1.05-1.86) .02
Rosiglitazone 53 147  1.80(1.31-2.46) 1.76 (1.27-2.44)  <.001
Pioglitazone 12 81 0.74(0.41-1.37) 0.73(0.40-1.36) 33
Current TZD combination therapy 404 2109 0.96 (0.86-1.07) 0.96 (0.85-1.08) .49
Rosiglitazone 282 1404 1.00 (0.88-1.15) 1.00 (0.87-1.16) 96
Pioglitazone 122 705 0.87 (0.72-1.06) 0.87 (0.71-1.06) A7
Past treatment with TZDs® 140 630 1.11(0.92-1.34) 1.05(0.87-1.28) .62
Rosiglitazone 95 424 1.12(0.90-1.41) 1.06 (0.84-1.34) .65
Pioglitazone 45 206 1.10(0.79-1.52) 1.04 (0.75-1.45) 81

Abbreviations: Cl, confidence interval; OHA, oral hypoglycemic agent; TZD, thiazolidinedione.

2All models were also adjusted for current insulin combination therapy (cases = 370; controls = 1084), insulin mono-
therapy (cases = 361; controls = 1010), other OHA monotherapy (cases = 7667; controls = 40 108), and no current therapy
(cases = 1803; controls = 8400).

IOAdjusted for income quintile; residence in long-term care facility; Charlson comorbidity score category; history of use of
angiotensin-converting enzyme inhibitors, nonsteroidal anti-inflammatory drugs, B-blockers, calcium channel blockers,
diuretics, spironolactone, statins, and digoxin; prior metformin use; prior sulfonylurea use; prior use of other OHAs; prior
use of TZDs; congestive heart failure in past year and in past 1 to 5 years; angina in past year and in past 1 to 5 years;
coronary artery bypass graft surgery in past year and in past 1 to 5 years; coronary catheterization in past year and in
past 1 to 5 years; percutaneous transluminal coronary angioplasty in past year and in past 1 to 5 years; history of renal
disease; and number of drugs prescribed in prior 6 months.

COther than TZDs; more than 97% were receiving metformin + sulfonylurea.

dCurrent users are those who were dispensed the drug with the days supplied overlapping the index date by 14 days
or more.

€Past users are those who were dispensed the drug with the days supplied ending between 15 and 365 days before
the index date.
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Again, this association was significant
only with rosiglitazone therapy
(TABLE 5). Past TZD treatment was also
associated with higher mortality
(Table 5), possibly because of a re-
sidual effect, early discontinuation of
these agents in terminally ill patients,
or both. There was no significant in-
teraction between TZD use and diabe-
tes duration or cardiovascular history
in the mortality analysis.

Other Drug Exposure

Compared with non-TZD oral hypo-
glycemic agent combination therapy,
oral hypoglycemic agent mono-
therapy (eg, metformin or sulfonyl-
urea) was associated with no increase
in CHF (RR, 0.96; 95% CI, 0.91-1.02)
or AMI (RR, 1.00; 95% CI, 0.95-1.05)
but a decrease in deaths (RR, 0.54;
95% CI, 0.52-0.56; P<.001). Like
TZD users, persons who started insu-
lin during the follow-up period had a
higher risk of CHF, AMI, and death
(insulin monotherapy: RR for CHF,
1.80; 95% CI, 1.59-2.05; P<<.001; RR
for AMI, 1.52; 95% CI, 1.32-1.74;
P<.001; RR for death, 1.92; 95% CI,
1.78-2.07; P<.001). However, insulin
users also had higher comorbidity
(54.4% with a Charlson score of =2)
and history of cardiovascular disease
(43.8%), CHF (14.9%), and renal dis-
ease (11.6%) compared with TZD
users. As expected, we did not
observe an increased risk of events
among users of antibiotic eye drops
compared with patients not receiving
these drugs.

Absolute Risk of CHF, AMI,
and Death

After excluding those who died or had
a lost health contact before the end of
the study period for each outcome, the
baseline event rates over the 4-year fol-
low-up were 9.54% for CHF, 9.67% for
AMI, and 19.33% for death. Based on
these rates and the RRs associated with
TZD use, the estimated numbers
needed to harm over 4 years were 34
(95% CI, 21-52) for CHF, 26 (95% ClI,
12-105) for AMI, and 22 (95% CI, 13-
47) for death (TABLE 6).
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COMMENT

Using population-based health care
data, we found that TZD treatment was
associated with a significant increase in
the risks of CHF, AMI, and all-cause
mortality among older persons with dia-
betes compared with other oral diabe-
tes treatment. Moreover, the incremen-
tal risks associated with TZDs persisted
even after adjustment for a number of
important prognostic factors and were
independent of baseline cardiovascu-
lar risk or diabetes duration. Treat-
ment with TZDs was also associated
with a higher risk of CHF and death re-
gardless of whether it was used as
monotherapy or in combination with
other oral agents, further enhancing the
argument for a causal relationship with
these outcomes. Our findings argue
against current labeling of TZDs that
warns against use only in persons at
high risk of CHF,* as we did not iden-
tify any subgroup of older diabetes pa-
tients who may be protected from the
adverse effects of TZDs.

This is to our knowledge the first
study to evaluate TZD-related out-
comes among an entire population of
older patients with diabetes. While
there have been previous attempts to
evaluate the association between TZDs
and CHF in real-world settings, prior
studies were either small in sample size,
composed of lower-risk diabetes popu-
lations, or insufficiently adjusted for
case-mix.>>1*# In contrast, our study
rigorously matched cases and con-
trols and, thereafter, used additional ad-
justments for key prognostic indica-
tors. Our large sample size also
permitted a careful comparison of TZD
use with other hypoglycemic regi-
mens and subgroup analyses by base-
line cardiovascular risk and diabetes du-
ration. Also, with the exception of
modest co-payment dispensing fees,
which apply to all drugs, TZDs were
provided free of charge to this patient
population, minimizing the potential
confounding effects of selection bias
due to affordability factors.

Ours is also the first study to our
knowledge to document an increase
in mortality among TZD users. While

©2007 American Medical Association. All rights reserved.

1 meta-analysis of clinical trials found
a trend toward higher deaths with
rosiglitazone,?' other meta-analyses
either found no effect of TZDs'" or
rosiglitazone'® on deaths or a possible
protective effect of pioglitazone on
mortality despite an increased CHF
risk.® One observational study docu-
mented a lower risk of death with

TZDs among diabetes patients with
CHF compared with no treatment
with either TZDs or metformin.*?
Although we could not determine
cause of death in our study, the fact
that cardiovascular events were also
increased with TZDs suggests a pos-
sible cardiovascular etiology in this
older, high-risk population.

]
Table 5. Rate Ratios of All-Cause Mortality for Use of TZDs vs Other OHA Combination
Therapies

Unadjusted Adjusted P Value for
Cases, Controls, Rate Ratio Rate Ratio Adjusted
Pattern of Use No. No. (95% CI)2 (95% Cl)2P  Rate Ratio
Current other OHA combination 5529 18835
therapy®
Current TZD monotherapyd 102 392 0.85(0.68-1.06) 1.29 (1.02-1.62) .03
Rosiglitazone 76 255 0.99(0.76-1.29) 1.47 (1.12-1.93) .005
Pioglitazone 26 137 0.60(0.39-0.91) 0.94 (0.61-1.45) .78
Current TZD combination therapy 497 1440 117 (1.05-1.30) 1.24 (1.11-1.39) <.001
Rosiglitazone 358 1027  1.18(1.04-1.34) 1.26 (1.10-1.44) <.001
Pioglitazone 139 413 1.15(0.94-1.40) 1.20(0.98-1.47) .08
Past treatment with TZDs® 458 807 1.93(1.71-2.18) 2.08 (1.82-2.37) <.001
Rosiglitazone 314 576 1.85(1.61-2.14) 1.98(1.70-2.31) <.001
Pioglitazone 144 231  2.14(1.73-2.65) 2.32 (1.85-2.90) <.001

Abbreviations: Cl, confidence interval; OHA, oral hypoglycemic agent; TZD, thiazolidinedione.
2All models were also adjusted for current insulin combination therapy (cases = 1337, controls = 1916); insulin mono-
therapy (cases = 1365; controls = 2428); other OHA monotherapy (cases = 13079, controls = 112 585); and no cur-
rent therapy (cases = 7898, controls = 12 247).
bAdjusted for income quintile; residence in long-term care facility; Charlson comorbidity score category; history of use of
angiotensin-converting enzyme inhibitors, nonsteroidal anti-inflammatory drugs, B-blockers, calcium channel blockers,
diuretics, spironolactone, statins, and digoxin; prior metformin use; prior sulfonylurea use; prior use of other OHAs; prior
use of TZDs; acute myocardial infarction in past year and in past 1 to 5 years; congestive heart failure in past year and in
past 1 to 5 years; angina in past year and in past 1 to 5 years; coronary artery bypass graft surgery in past year and in
past 1 to 5 years; coronary catheterization in past year and in past 1 to 5 years; percutaneous transluminal coronary
angioplasty in past year and in past 1 to 5 years; history of renal disease; and number of drugs prescribed in prior 6
months.
COther than TZDs; more than 97% were receiving metformin + sulfonylurea.
Current users are those who were dispensed the drug with the days supplied overlapping the index date by 14 days or
more.
©Past users are those who were dispensed the drug with the days supplied ending between 15 and 365 days before the
index date.

]
Table 6. Baseline Event Rates, Estimated Absolute Risk Increases, and Numbers Needed to
Harm Over 4 Years Associated With TZD Treatment

Congestive Heart Acute Myocardial ~ All-Cause
Failure Infarction Mortality
No. of patients eligible for event during entire 131632 130130 166 503
study period?
No. of events 12491 12578 30265
Baseline event rate, %° 9.54 9.67 19.33
Rate ratio (95% Cl) associated with TZD use®  1.31 (1.17-1.47)  1.40(1.05-1.86) 1.24 (1.11-1.39)
Estimated absolute risk associated 125 13.5 24.0
with TZD use, %9
Estimated absolute risk increase associated 3.0 3.9 4.6
with TZD use, %°©
Estimated number needed to harm (95% CI)' 34 (21-52) 26 (12-105) 22 (13-47)

Abbreviations: Cl, confidence interval; TZD, thiazolidinedione.

@Number of persons who did not die or lose health contact in Ontario before the end of the study.

DBaseline event rate = 100 X (number of events/eligible cohort).

CThe lowest adjusted rate ratio between TZD monotherapy and combination therapy that was statistically significant.
Estimated absolute risk = rate ratio X baseline event rate.

©Estimated absolute risk increase = estimated absolute risk — baseline event rate.

fEstimated number needed to harm = 100 X (1/absolute risk increase).
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The association between TZD treat-
ment and cardiovascular events ap-
peared to be limited to rosiglitazone.
Our findings are consistent with re-
cent studies that showed an increase in
AMI risk'®* and possibly death?! with
rosiglitazone. However, whereas oth-
ers have documented a protective as-
sociation between pioglitazone and risk
of AMI®** and death,®!° we found no
association between pioglitazone and
these outcomes. Moreover, in con-
trast to clinical trial data, which sug-
gest that both pioglitazone and rosi-
glitazone are associated with an
increased risk of CHF,%!%171% we ob-
served this association only with rosi-
glitazone. Our study may have been un-
derpowered to detect adverse effects
associated with pioglitazone because of
the relatively small number of persons
prescribed pioglitazone mono-
therapy. The reason for these ob-
served differences is unclear, and larger
studies are needed to better determine
the relative effect of each agent on car-
diovascular outcomes.

During the recent US Food and Drug
Administration hearing regarding the
safety of rosiglitazone, the advisory
panel concluded that the available data
are thus far inconclusive to warrant
withdrawing rosiglitazone from the
market.?” Their review of the evidence
found that the association between rosi-
glitazone and adverse cardiac effects was
based mainly on clinical trials not spe-
cifically designed to examine cardiac
events or small observational studies of
short duration.?*** Our large, well-
designed population-based study pro-
vides more convincing evidence that
rosiglitazone is associated with an in-
creased risk of cardiac events and deaths
among elderly patients with diabetes.
Moreover, notwithstanding our study
design, the magnitude of association be-
tween TZDs and adverse outcomes was
consistent with risks reported else-
where 10.13-1618.1921 Eqr example, both
rosiglitazone meta-analyses reported an
approximate 40% increased risk of AMI
compared with placebo,'®* which is
similar to the risk increase in our study.
Such findings reaffirm the notion that
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relative treatment effects associated with
most evidence-based pharmacothera-
pies are homogeneous across sub-
groups.®

The high baseline risk of cardiovas-
cular events in older patients with dia-
betes underscores the potential ad-
verse effects associated with TZDs in
this population. Our results suggest that
the numbers needed to harm over 4
years were approximately 26 for AMI,
34 for CHF, and 22 for death. The mag-
nitude of harm observed in our study
may therefore be sufficient to out-
weigh any potential benefits associ-
ated with TZDs in an older, higher-
risk population. Moreover, only
pioglitazone has been shown to re-
duce the incidence of major cardiovas-
cular events,®!® whereas evidence for
benefit of rosiglitazone is derived pri-
marily from studies of glycemic dura-
bility and surrogate cardiovascular
markers.**!* While variations in the
baseline risks of populations make the
balance of risks and benefits of these
drugs challenging, our results provide
an important benchmark of absolute
benefits that would need to be at-
tained to overcome the hazards asso-
ciated with TZDs.

Some limitations of our study merit
emphasis. First, the use of administra-
tive data confers a potential for mis-
classification of some exposures,
covariates, and outcomes. This was
minimized by using validated end points
of CHF and AMI hospital visits as out-
comes. Second, although we carefully
matched cases and controls on impor-
tant risk factors and adjusted for anum-
ber of potential confounders, we can-
not completely exclude a selection bias
in our findings. Third, we were notable
to identify TZD use paid for by patients
within our cohort. However, this poten-
tial bias would attenuate our effect sizes
if some TZD users were misclassified
as nonusers. Fourth, our TZD-treated
population may represent an older and
more select population of patients with
more advanced diabetes because under
Ontario Drug Benefit reimbursement
criteria, most of these patients will have
failed or had a contraindication to other

drugs. Even though this may limit the
generalizability of our findings, we
found a comparable effect of TZDs
regardless of diabetes duration or base-
line cardiovascular risk. Moreover, the
finding of an association between TZD
monotherapy and adverse events sug-
gests that this selection bias does not
explain our results. We also mini-
mized this concern by using other oral
hypoglycemic agent combination thera-
pies as the reference group, by subdi-
viding TZD and other drug exposure
groups, and by adjusting for prior dia-
betes treatments.

In summary, in this population-
based study of older community-
dwelling patients with diabetes, TZD
treatment was associated with a signifi-
cant increase in the risks of CHF, AMI,
and death compared with other oral hy-
poglycemic agent treatments. These
findings provide evidence from a real-
world setting and support data from
clinical trials that the harms of TZDs
may outweigh their benefits, even in pa-
tients without obvious baseline cardio-
vascular disease. Further studies are
needed to better quantify the risk-
benefit trade-offs associated with TZD
therapy and to explore whether the haz-
ards associated with these agents are
specific to rosiglitazone. In the in-
terim, treatment decisions must re-
main individualized, with clinicians
weighing the potential benefits and
harms of TZD treatment, especially
among high-risk elderly populations.
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