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Abstract
Background: Telmisartan, unlike other
angiotensin-receptor blockers, is a partial agonist of peroxisome proliferator–activated
receptor-γ, a property that has been associated
with improvements in surrogate markers of
cardiovascular health in small trials involving
patients with diabetes. However, whether this
property translates into a reduced risk of cardiovascular events and death in these patients
is unknown. We sought to explore the risk of
myocardial infarction, stroke and heart failure
in patients with diabetes who were taking
telmisartan relative to the risk of these events
occurring in patients taking other angiotensinreceptor blockers.
Methods: We conducted a populationbased, retrospective cohort study of Ontario
residents with diabetes aged 66 years and
older who started treatment with candesartan, irbesartan, losartan, telmisartan or valsartan between Apr. 1, 2001, and Mar. 31,
2011. Our primary outcome was a composite
of admission to hospital for acute myocardial infarction, stroke or heart failure. We
examined each outcome individually in secondary analyses, in addition to all-cause
mortality.

Results: We identified 54 186 patients with diabetes who started taking an angiotensinreceptor blocker during the study period. After
multivariable adjustment, patients who took
either telmisartan (adjusted hazard ratio [HR]
0.85, 95% confidence interval [CI] 0.74–0.97) or
valsartan (adjusted HR 0.86, 95% CI 0.77–0.95)
had a lower risk of the composite outcome
compared with patients who took irbesartan. In
contrast, no significant difference in risk was
seen between other angiotensin-receptor
blockers and irbesartan. In secondary analyses,
we found a reduced risk of admission to hospital for heart failure with telmisartan compared
with irbesartan (adjusted HR 0.79, 95% CI 0.66–
0.96), but no significant differences in risk were
seen between angiotensin-receptor blockers in
our other secondary analyses.
Interpretation: Compared with other
angiotensin-receptor blockers, telmisartan
and valsartan were both associated with a
lower risk of admission to hospital for acute
myocardial infarction, stroke or heart failure
among older adults with diabetes and hypertension. Telmisartan and valsartan may therefore be the preferred angiotensin-receptor
blockers for use in these patients.
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A

bout 366 million people worldwide live
with diabetes, a number that is projected
to increase to 552 million by 2030.1 Because disease-attributable macrovascular complications are the principal causes of death for people with type 2 diabetes, many therapies have the
goal of reducing vascular events among these
patients.2,3 Blockade of the renin–angiotensin–
aldosterone system with angiotensin-receptor
blockers is a commonly used and particularly
appealing strategy in this regard, given the multiple mechanisms through which angiotensin II
contributes to a heightened risk of diabetes-related
macrovascular disease and the superior tolerabil-
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ity profile of these drugs relative to angiotensinconverting enzyme (ACE) inhibitors.4–6
Although angiotensin-receptor blockers are
considered largely interchangeable in clinical
practice, evidence from experimental studies
and small comparative trials suggest that telmisartan exhibits several pleoiotropic properties
that distinguish it from other members of this
drug class.7 Most notably, telmisartan is a partial
agonist of peroxisome proliferator–activated
receptor-γ (PPARγ), a property associated with
improvements in surrogate markers of cardiovascular health in small trials involving patients
with type 2 diabetes. 8 – 1 3 However, whether
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that, owing to its pleiotropic effects, telmisartan
would be associated with a lower risk of macrovascular events in these patients relative to other
angiotensin-receptor blockers.

telmisartan-mediated activation of PPARγ is
associated with a reduced risk of macrovascular
events in patients with diabetes relative to
angiotensin-receptor blockers that do not share
this property is unknown.
We sought to compare the risk of acute
myocardial infarction, heart failure and stroke in
older patients whose diabetes was also managed
with either telmisartan or any of candesartan,
irbesartan, losartan and valsartan. We speculated

Methods
Study design
We conducted a population-based retrospective
cohort study involving Ontario residents with

Table 1 (part 1 of 2): Baseline characteristics of patients
Angiotensin-receptor blocker, no. (%)*
Telmisartan
(n = 8 182 )

Candesartan
(n = 10 940)

Irbesartan
(n = 12 691)

Losartan
(n = 8 411)

Valsartan
(n = 13 962)

73 (69–78)

73 (69–79)

73 (69–78)

73 (69–79)

73 (69–78)

66–74

4 929 (60.2)

6 426 (58.7)

7 603 (59.9)

4 909 (58.4)

8 197 (58.7)

75–84

2 778 (34.0)

3 778 (34.5)

4 342 (34.2)

2 946 (35.0)

4 863 (34.8)

556 (6.6)

902 (6.5)

Characteristic
Age, yr, median (IQR)
Age group, yr

475

≥ 85
Female sex
Duration of diabetes, yr, median (IQR)
No admission to hospital

(5.8)

736

(6.7)

746

(5.9)

4 782 (58.4)

6 579 (60.1)

7 326 (57.7)

5 238 (62.3)

8 466 (60.6)

6.0 (2.3–10.8)

6.3 (2.4–11)

6.5 (2.4–11.1)

6.2 (2.3–10.5)

6.1 (2.3–10.5)

6 272 (76.7)

8 177 (74.7)

9 541 (75.2)

6 351 (75.5)

10 725 (76.8)

Charlson comorbidity index
0

567

(6.9)

801

(7.3)

860

(6.8)

511 (6.1)

1

595

(7.3)

801

(7.3)

940

(7.4)

661 (7.9)

1 000

(7.2)

≥2

748

(9.1)

1 350 (10.6)

888 (10.6)

1 259

(9.0)

Congestive heart failure

519

(6.3)

989

(9.0)

957

(7.5)

755 (9.0)

997 (7.1)

Angina

163

(2.0)

234

(2.1)

251

(2.0)

209 (2.5)

261 (1.9)

Diabetes

347

(4.2)

557

(5.1)

686

(5.4)

432 (5.1)

553 (4.0)

4 537 (35.8)

3 252 (38.7)

5 167 (37.0)
431 (3.1)

1 161 (10.6)

978 (7.0)

Reason for admission to hospital in previous 5 yr

Hypertension
Stroke or transient ischemic attack

2 867 (35.0)

4 234 (38.7)

261

(3.2)

417

(3.8)

443

(3.5)

312 (3.7)

11

(0.1)

15

(0.1)

9

(0.1)

9 (0.1)

14 (0.1)

Atrial fibrillation

186

(2.3)

308

(2.8)

303

(2.4)

247 (2.9)

336 (2.4)

Ventricular dysrhythmia

194

(2.4)

332

(3.0)

313

(2.5)

273 (3.3)

353 (2.5)

58

(0.7)

100

(0.9)

107

Hypertrophic cardiomyopathy

Peripheral vascular disease
Percutaneous coronary intervention
Coronary artery bypass grafting
History of chronic liver disease in 1 yr

907 (11.1)
10

(0.1)

1 402 (12.8)
6

(0.1)

153

(1.4)

(0.8)

77 (0.9)

96 (0.7)

1 591 (12.5)

1 091 (13.0)

1 645 (11.8)

≤5

(0.0)

8 (0.1)

6 (0.0)

180

(1.4)

122 (1.5)

1 430 (11.3)

872 (10.4)

92

(1.1)

713

(8.7)

Residence in a long-term care facility

148

(1.8)

146 (1.7)

221 (1.6)

No. of prescription drugs in previous 1 yr, median (IQR)

8 (5–12)

9 (6–12)

8 (6–12)

8 (5–12)

8 (5–12)

4 740 (57.9)

6 562 (60.0)

7 833 (61.7)

4 969 (59.1)

8 372 (60.0)

Acetylsalicylic acid

868 (10.6)

1 296 (11.9)

1 436 (11.3)

1 091 (13.0)

1 677 (12.0)

Other antiplatelet drugs

209

History of chronic kidney disease in 1 yr

1 262 (11.5)
206

(1.9)

243

(1.9)

210 (1.5)
1 148

(8.2)

Medications used in previous 1 yr
Angiotensin-converting enzyme inhibitors

(2.6)

326

(3.0)

363

(2.9)

204 (2.4)

332 (2.4)

β-adrenergic receptor antagonists

1 953 (23.9)

2 734 (25.0)

3 116 (24.6)

1 996 (23.7)

3 372 (24.2)

Calcium-channel blockers

2 740 (33.5)

3 896 (35.6)

4 649 (36.6)

2 805 (33.4)

4 823 (34.5)

Continued
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diabetes aged 66 years and older who started
treatment with either candesartan, irbesartan,
telmisartan, losartan or valsartan between Apr. 1,
2001, and Mar. 31, 2010.
Data sources
We determined medication exposure using data
from the Ontario Drug Benefit database, which
contains comprehensive records of prescription
drugs dispensed to Ontario residents aged

65 years and older. We excluded the first year of
eligibility for prescription drug coverage (age
65 yr) to avoid having incomplete medication
records. We obtained data on hospital admissions
from the Canadian Institute for Health Information’s Discharge Abstract Database, which contains detailed clinical information regarding all
hospital admissions in Ontario. The abstraction
of patient charts is undertaken by trained health
information professionals using standard diagno-

Table 1 (part 2 of 2): Baseline characteristics of patients
Angiotensin-receptor blocker, no. (%)*

Characteristic

Telmisartan
(n = 8 182 )

Candesartan
(n = 10 940)

Irbesartan
(n = 12 691)

Losartan
(n = 8 411)

Valsartan
(n = 13 962)

1 842 (22.5)

2 338 (21.4)

2 846 (22.4)

1 810 (21.5)

2 960 (21.2)

Medications used in previous 1 yr
Thiazide diuretics
Aldosterone antagonists
Other diuretic agents
Other antihypertensive agents
Nitrates
Statins
Digoxin
Amiodarone
Warfarin
Nonsteroidal anti-inflammatory drugs

162

(2.0)

1 533 (18.7)
66

(0.8)

409

(5.0)

4 411 (53.9)
196

(2.4)

46
349

281

(2.6)

2 256 (20.6)
107

(1.0)

624

(5.7)

5 717 (52.3)
320

(2.9)

(0.6)

85

(4.3)

593

(2.2)

177 (2.1)

313 (2.2)

2 654 (20.9)

277

1 655 (19.7)

2 727 (19.5)

85 (1.0)

140 (1.0)

133

(1.1)

708

(5.6)

6 872 (54.2)

516 (6.1)
3 957 (47.1)†

320

(2.5)

(0.8)

69

(0.5)

58 (0.7)

83 (0.6)

(5.4)

619

(4.9)

407 (4.8)

629 (4.5)

3 046 (27.8)

3 500 (27.6)

2 282 (27.1)

4 027 (28.8)

(8.7)

1 099 (10.1)

1 412 (11.1)

907 (10.8)

3 683 (45.0)

4 906 (44.8)

6 096 (48.0)

3 772 (44.9)

6 526 (46.7)

2 257 (27.6)

286 (3.4)

762 (5.5)
7 056 (50.5)
405 (2.9)

Diabetes treatments used in previous 1 yr
Insulin
Metformin
Acarbose

709

1 102

(7.9)

83

(1.0)

133

(1.2)

151

(1.2)

123 (1.5)

180 (1.3)

Pioglitazone

263

(3.2)

321

(2.9)

368

(2.9)

136 (1.6)

333 (2.4)

Rosiglitazone

213

(2.6)

293

(2.7)

381

(3.0)

197 (2.3)

Sulfonylureas
Repaglinide

2 237 (27.3)
30

(0.4)

3 277 (30.0)
34

(0.3)

4 003 (31.5)
59

2 758 (32.8)†

352 (2.5)
4 296 (30.8)

(0.5)

33 (0.4)

31 (0.2)

Income quintile
1 (lowest)

1 815 (22.2)

2 555 (23.4)

2 912 (23.0)

1 958 (23.3)

3 213 (23.0)

2

1 798 (22.0)

2 596 (23.7)

2 813 (22.2)

1 908 (22.7)

3 240 (23.2)

3

1 691 (20.7)

2 094 (19.1)

2 534 (20.0)

1 685 (20.0)

2 825 (20.2)

4

1 473 (18.0)

1 941 (17.7)

2 269 (17.9)

1 530 (18.2)

2 536 (18.2)

5 (highest)

1 374 (16.8)

1 722 (15.7)

2 113 (16.6)

1 294 (15.4)

2 112 (15.1)

36 (0.4)

36 (0.3)

Missing

31

(0.4)

32

(0.3)

50

(0.4)

Specialty of prescribing physician
Family physician/general practitioner
Endocrinology

6 376 (77.9)

7 967 (72.8)‡

9 519 (75.0)

5 992 (71.2)† 10 867 (77.8)

206

(2.5)

247

(2.3)

293

(2.3)

182 (2.2)

82

(1.0)

233

(2.1)

302

(2.4)

152 (1.8)

Other

632

(7.7)

1 018

(9.3)

996

(7.9)

745 (8.9)

Unknown

886 (10.8)

Nephrology

1 475 (13.5)

1 581 (12.5)

1 340 (15.9)†

172 (1.2)
82 (0.6)
1 032

(7.4)

1 809 (13.0)

Note: IQR = interquartile range.
*Unless otherwise indicated.
†Standardized difference > 0.1 between losartan and telmisartan groups.
‡Standardized difference > 0.1 between candesartan and telmisartan groups.
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sis and procedure codes. We used the Ontario
Health Insurance Plan database to identify
claims for physician services, and the Ontario
Diabetes Database to obtain information regarding diabetes diagnoses. This database is a validated administrative data registry of Ontario residents with diagnosed diabetes, which was
generated from hospital records and physician
services claims. The definition of at least 1 hospital admission or 2 physicians’ claims with a
diabetes diagnosis within a 2-year period has
sensitivity of 86% and specificity of 97% for
identifying people with diabetes (excluding gestational diabetes) in primary care records. 14
Finally, we used the Institute for Clinical Evaluative Sciences Physician Database to determine
physician specialties and the Registered Persons
Database to obtain patient demographic data.
These databases were linked in an anonymous
fashion using encrypted health card numbers;
they are regularly used for population-based
drug research.15–18
Identification of cohort
We defined the index date as the date on which the
first prescription for a study drug was dispensed.
To restrict our analysis to patients taking these
drugs for the first time, we excluded people who
had received a prescription for any angiotensinreceptor blocker in the year preceding the index
date. We also excluded patients who received their
diagnosis of diabetes after they were given a pre-

Drug

n/N

Irbesartan

Telmisartan

685/12 691

306/8 182

Unadjusted HR
(95% CI)
1.00 (ref)

Adjusted HR Decreased Increased
risk risk
(95% CI)

Outcome measures
Our primary outcome was a composite of admission to hospital for acute myocardial infarction,
heart failure or stroke. In secondary analyses, we
determined the time to each outcome separately,
as well as the time to death from any cause. For
patients with multiple admissions to hospital during the study period, we considered only the first
admission as an outcome. We determined dates
of death using the Registered Persons Database
and identified diagnoses during hospital admissions using the relevant codes from the 9th and
10th editions of the International Classification of
Diseases (Appendix 1, available at www.cmaj.ca
/lookup/suppl/doi:10.1503/cmaj.121771/-/DC1).

1.00 (ref)

0.78 (0.68–0.89)

0.85 (0.74–0.97)

Candesartan 603/10 940

1.04 (0.93–1.16)

0.99 (0.89–1.11)

Losartan

467/8 411

1.00 (0.89–1.13)

0.93 (0.83–1.05)

Valsartan

651/13 962

0.84 (0.75–0.93)

0.86 (0.77–0.96)

0.5
1.0
2.0
Adjusted HR
(95% CI)

Figure 1: Risk of the composite outcome (admission to hospital for heart failure,
acute myocardial infarction or stroke), by angiotensin-receptor blocker used
among older adult patients with diabetes. Ratios were adjusted for all variables
listed in Appendix 2 (available at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj
.121771/-/DC1). CI = confidence interval, HR = hazard ratio, ref = reference.

1038

scription for an angiotensin-receptor blocker,
patients who had a myocardial infarction in the 5
years preceding the start of treatment and patients
who received an ACE inhibitor in conjunction with
an angiotensin-receptor blocker.
We considered the use of an angiotensinreceptor blocker to be continuous if a prescription was refilled within 1.5-times the number of
days of the preceding prescription’s supply.
We included patients who switched between
formulations of the same drug, but we censored
those who either switched to a different
angiotensin-receptor blocker during follow-up or
who stopped treatment. We considered treatment
to have stopped if a prescription was not refilled
within 1.5-times the number of days of the preceding prescription’s supply. In addition, we censored patients after 5 years of total observation
time, at death or at the end of follow-up (Mar. 31,
2011), whichever occurred first.
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Statistical analysis
We calculated descriptive statistics for patients’
baseline demographic and clinical characteristics
and used standardized differences to test for
intergroup differences. Standardized differences
of less than 0.1 suggest good balance between
groups for a given covariable.19
We conducted time-to-event analyses for the
primary outcome using multivariable Cox proportional hazards regression to adjust for baseline
demographic and clinical variables (Appendix 2,
available at www.cmaj.ca/lookup/suppl/doi:10
.1503/cmaj.121771/-/DC1). We used patients taking irbesartan as the reference group. We selected
irbesartan as the referent drug a priori because,
like telmisartan, it has a long elimination half-life
and has shown superior antihypertensive efficacy
relative to comparative angiotensin-receptor
blockers. 20–24 Finally, we conducted a dose–
response assessment in which we considered low,
medium and high doses of angiotensin-receptor

Research
blockers to be time-dependent covariables, using
low-dose treatment as the reference. We verified
the proportional hazards assumption by testing
the statistical significance of a time-dependent
treatment variable and by visually inspecting the
estimated log(–log) survival curves. All analyses
were performed using SAS version 9.2.
This study was approved by the Research
Ethics Board of the Sunnybrook Health Sciences
Centre, Toronto, Ontario.

Results
We identified 54 186 patients with diabetes who
started treatment with an angiotensin-receptor
blocker during the study period. Of these
patients, 10 940 (20.2%) took candesartan,
12 691 (23.4%) took irbesartan, 8411 (15.5%)
took losartan, 8182 (15.1%) took telmisartan and
13 962 (25.8%) took valsartan (Table 1). For the
primary outcome, patients were collectively followed for a total of 107 315 person-years of
treatment. Overall, patients were highly similar
with respect to demographic characteristics, the
specialties of the prescribing physicians, comorbid illnesses and concomitant medications
(Table 1).
In the main analysis, the primary outcome
(admission to hospital for either acute myocardial
infarction, heart failure or stroke) occurred in
2712 (5.0%) patients taking an angiotensinreceptor blocker. After multivariable adjustment
(Appendix 2), we found that telmisartan (adjusted
hazard ratio [HR] 0.85, 95% confidence interval
[CI] 0.74–0.97) and valsartan (adjusted HR 0.86,
95% CI 0.77–0.96) were associated with a significantly lower risk of the primary outcome when
compared with irbesartan (Figure 1). In contrast,
we found no difference in the risk of the primary
outcome between irbesartan and either losartan
(adjusted HR 0.93, 95% CI 0.83–1.05) or candesartan (adjusted HR 0.99, 95% CI 0.89–1.11)
(Figure 1).
In the secondary analyses, we identified 2708
deaths, 1505 admissions to hospital for heart
failure, 806 admissions for acute myocardial
infarction and 804 admissions for stroke. We
found a lower risk of heart failure with telmisartan versus irbesartan (adjusted HR 0.80, 95% CI
0.66–0.96), but we saw no significant differences
between angiotensin-receptor blockers in all
other comparisons (Figure 2).
In the dose–response analysis, we found no differences in the risk of the primary outcome with
either moderate (adjusted HR 1.04, 95% CI 0.95–
1.14) or high (adjusted HR 1.05, 95% CI 0.90–
1.23) doses of angiotensin-receptor blockers relative to low doses of these drugs. Our main findings

did not change appreciably after adjusting for dose
(Appendix 3, available at www.cmaj.ca/lookup
/suppl/doi:10.1503/cmaj.121771/-/DC1), although
the effectiveness of valsartan was somewhat attenuated (adjusted HR 0.88, 95% CI 0.77–1.0).

Interpretation
In this population-based study of more than
50 000 older adult patients with diabetes starting treatment with an angiotensin-receptor
blocker, we found that valsartan and telmisartan were associated with a reduced risk of
admission to hospital for either stroke, myocardial infarction or heart failure relative to irbesartan. Furthermore, telmisartan was associated
with a lower risk of admission to hospital for
heart failure when compared with irbesartan.
Our findings suggest that statistically important differences exist in the effectiveness of
angiotensin-receptor blockers when used for
the prevention of diabetes-related macrovascular disease, and that a class effect for these
agents may not be assumed when used for this
purpose in clinical practice.
Although angiotensin-receptor blockers share

Drug
Admission to hospital
myocardial infarction
Irbesartan
Telmisartan
Candesartan
Losartan
Valsartan
Admission to hospital
for stroke or TIA
Irbesartan
Telmisartan
Candesartan
Losartan
Valsartan
Admission to hospital
for heart failure
Irbesartan
Telmisartan
Candesartan
Losartan
Valsartan
Death
(all-cause mortality)
Irbesartan
Telmisartan
Candesartan
Losartan
Valsartan

n/N

Adjusted HR
(95%CI)

Decreased Increased
risk risk

for
204/12 691
97/8 182
178/10 940
139/8 411
188/13 962

1.00 (ref)
0.92 (0.72–1.17)
1.01 (0.82–1.23)
0.96 (0.78–1.20)
0.85 (0.70–1.04)

203/12 691
92/8 182
174/10 940
133/8 411
202/13 962

1.00 (ref)
0.84 (0.66–1.08)
0.98 (0.80–1.20)
0.90 (0.72–1.12)
0.90 (0.74–1.09)

374/12 691
154/8 182
346/10 940
271/8 411
360/13 962

1.00 (ref)
0.80 (0.66–0.96)
1.02 (0.88–1.19)
0.98 (0.84–1.15)
0.87 (0.75–1.00)

659/12 691
332/8 182
600/10 940
466/8 411
651/13 962

1.00
0.95
1.05
0.99
0.90

(ref)
(0.83–1.09)
(0.94–1.17)
(0.87–1.11)
(0.80–1.00)
0.5

1.0
2.0
Adjusted HR
(95%CI)

Figure 2: Risk of individual outcomes (death, or admission to hospital for heart
failure, acute myocardial infarction, or stroke), by angiotensin-receptor blockers used among older adult patients with diabetes. Ratios were adjusted for all
variables listed in Appendix 2 (available at www.cmaj.ca/lookup/suppl/doi:10
.1503/cmaj.121771/-/DC1). CI = confidence interval, HR = hazard ratio, ref = reference, TIA = transient ischemic attack.
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common structural features, important pharmacologic differences exist between the drugs that
may explain our results. Specifically, at clinically
attainable serum concentrations, telmisartan is
unique among these drugs in its ability to structurally interact with and activate the PPARγ
receptor, a ligand-activated transcription factor
that regulates lipid metabolism and insulin sensitivity.8,25 Because telmisartan is a partial agonist
of PPARγ, it is not associated with the adverse
effects typically seen with full agonists (e.g.,
thiazolidinediones), such as sodium and water
retention, edema and heart failure.26,27
Randomized controlled trials and observational studies comparing cardiovascular outcomes and mortality among patients with diabetes taking individual angiotensin-receptor
blockers are lacking. A previous observational
study comparing 5 angiotensin-receptor blockers
in patients with congestive heart failure found no
difference in all-cause mortality between people
using telmisartan and those using losartan, but
the conclusions were limited by a small sample
size (only 143 patients received telmisartan).28
Our study builds upon the results of smaller trials involving patients with diabetes in which
telmisartan was associated with significantly
greater reductions in serum lipid levels, plasma
glucose concentration, glycated hemoglobin levels and markers of insulin resistance relative to
other angiotensin-receptor blockers.9–13
In addition, we saw a reduced risk of our primary outcome among patients receiving valsartan. Although this effect was attenuated after
adjusting for dose, some evidence suggests that
valsartan may impart cardioprotective effects in
patients with diabetes unrelated to dose or to the
drug’s efficacy as an antihypertensive agent. Valsartan has inhibited platelet aggregation in a
manner that was neither dose- nor time dependent, an effect that was more pronounced
among patients with diabetes relative to those
without the disease.29
Limitations
As with all observational studies, it is possible that
our results are biased by intergroup differences in
the baseline risk of macrovascular disease and
death. However, this seems unlikely, because all
groups were highly similar with respect to baseline characteristics, such that any residual differences were negligible and unlikely to account for
our results. Furthermore, we adjusted our analyses
for an array of important clinical and sociodemographic predictors of angiotensin-receptor blocker
use and macrovascular disease.
Although we had no access to clinical information such as smoking history or body mass
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index, these limitations apply equally to each of
the angiotensin-receptor blockers we investigated. Thus, it is difficult to conceive of an
unmeasured variable that would be strongly associated with our outcomes but distributed differentially among the various groups to an extent that
could sufficiently compromise our findings. A
large randomized controlled trial could conclusively show differences in efficacy among individual angiotensin-receptor blockers in patients
with diabetes; however, conducting a trial comparing the efficacy of 5 distinct agents would be
expensive and time consuming.
Although miscoding is another possible source
of bias in observational studies, we used validated
codes for identifying stroke, acute myocardial
infection and heart failure in our databases, and
differential miscoding among patients using
angiotensin-receptor blockers is unlikely.30–32
Finally, our study involved patients with diabetes aged 66 years and older. Thus, our findings may not be applicable to younger patients
or to patients with hypertension who do not
have diabetes.
Conclusion
Our results suggest that telmisartan and valsartan
are associated with a lower risk of admission to
hospital for heart failure, stroke or acute myocardial infarction in older patients with diabetes.
Pending confirmatory data from additional
observational studies or randomized controlled
trials, we suggest that a class effect may not be
assumed when using angiotensin-receptor blockers for the prevention of diabetes-related macrovascular complications or heart failure, and that
telmisartan and valsartan may be the preferred
drugs for this indication.
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