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Background: Patients with diabetes have increased risk for ad-
verse cardiovascular events. Angiotensin-converting enzyme inhib-
itors are protective in type 1 diabetes. However, no definitive
studies have examined the use of angiotensin-receptor blockers in
patients with type 2 diabetes and overt nephropathy. The primary
outcomes of the Irbesartan Diabetic Nephropathy Trial were dou-
bling of serum creatinine levels, end-stage renal disease, and
death from any cause.

Objective: To compare rates of cardiovascular events among
patients with type 2 diabetic nephropathy who received conven-
tional antihypertensive therapy with an angiotensin-receptor blocker
(irbesartan) or a calcium-channel blocker (amlodipine), or placebo.

Design: Randomized double-blind, placebo-controlled trial with
a median follow-up of 2.6 years. A time event analysis was used.

Setting: 209 centers in the Americas, Europe, Israel, and Aus-
tralasia.

Participants: 1715 adults with type 2 diabetic nephropathy and
hypertension; serum creatinine levels of 89 �mol/L (1.0 mg/dL) to
266 �mol/L (3.0 mg/dL) in women and 106 �mol/L (1.2 mg/dL)
to 266 �mol/L (3.0 mg/dL) in men; and urinary protein excretion
rates of at least 900 mg/d.

Intervention: Treatment with irbesartan, amlodipine, or placebo.

Measurements: Time to cardiovascular death, myocardial infarc-
tion, congestive heart failure, strokes, and coronary revascularization.

Results: The three groups were not statistically different in the
composite of cardiovascular events. Among the components of the
composite, there was a trend toward a decrease in strokes in
patients receiving amlodipine versus those receiving placebo (haz-
ard ratio, 0.65 [95% CI, 0.35 to 1.22]; P � 0.18). Likewise, pa-
tients receiving amlodipine had a significantly lower rate of myo-
cardial infarction when compared with placebo recipients (hazard
ratio, 0.58 [CI, 0.37 to 0.92]; P � 0.02). In contrast, patients
receiving irbesartan had a significantly lower incidence of conges-
tive heart failure when compared with placebo recipients (hazard
ratio, 0.72 [CI, 0.52 to 1.00]; P � 0.048) or amlodipine recipients
(hazard ratio, 0.65 [CI, 0.48 to 0.87]; P � 0.004).

Conclusion: The composite cardiovascular event rate did not
differ in patients with type 2 diabetes and overt nephropathy
treated with irbesartan, amlodipine, or placebo in addition to
conventional antihypertensive therapy.
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Patients with diabetes have an increased risk for cardio-
vascular complications and death (1). Studies that an-

alyzed the effects of inhibition of the renin–angiotensin
system on the risk for cardiovascular complications in-
cluded a substantial number of patients with diabetes (2–5)
or were done exclusively in patients with diabetes (6–8).
The meta-analysis of these studies (9), the analysis of the
diabetic cohorts in the Heart Outcomes Prevention Eval-
uation (HOPE) study (2), and the Losartan Intervention
for Endpoint Reduction in Hypertension (LIFE) trial (5)
demonstrated that angiotensin-converting enzyme (ACE)
inhibitors (2, 9) and angiotensin-receptor blockers (5) had
a statistically significant advantage over placebo or alterna-
tive agents in decreasing the risk for several cardiovascular
events. These studies randomly assigned few patients with
renal involvement and overt proteinuria. Overt proteinuria
occurred in fewer than 20% of the 470 patients in the
Appropriate Blood Pressure Control in Diabetes (ABCD)
trial (6), and only 11% of the 1195 patients in the LIFE
trial (5). The Captopril Prevention Project (CAPP) (3) and
the Swedish Trial in Old Patients with Hypertension-2
(STOP Hypertension-2) (4) did not state the number of
patients with diabetes and overt proteinuria. There were no
such patients in the Fosinopril versus Amlodipine Cardio-

vascular Events Trial (FACET) (7), and patients with dip-
stick-positive albuminuria were excluded from the HOPE
trial (2). Since proteinuria is an independent risk factor for
cardiovascular disease (10, 11), the data obtained in the
aforementioned trials cannot be extrapolated to patients
with type 2 diabetes and overt nephropathy. Trials per-
formed in such patients have reported a blood pressure–
independent effect of two different angiotensin-receptor
blocker agents to protect against nephropathy (12, 13)
without a change in all-cause mortality. Apart from studies
in heart failure, few cardiovascular data exist for receptor
blockers compared with either placebo or calcium-channel
blockers. We report on the analysis of the cardiovascular
end points that were monitored as secondary end points in
the Irbesartan Diabetic Nephropathy Trial (IDNT) (12)
and assess whether an angiotensin II receptor blocker or a
calcium-channel blocker alters the risk for cardiovascular
events beyond those observed by blood pressure reduction
alone without such agents.

METHODS

Patients
The IDNT was a randomized, double-blind study on

the effect of treatment with irbesartan or amlodipine com-
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pared with placebo in patients with type 2 diabetic ne-
phropathy. The protocol of this study has been published
(12, 14). Entry criteria required that patients be between
30 and 70 years of age and have type 2 diabetes mellitus
and overt nephropathy, as evidenced by current treatment
for hypertension or by a protein excretion rate of 900 mg/d
or greater, serum creatinine level of 89 �mol/L (1.0 mg/
dL) to 266 �mol/L (3.0 mg/dL) in women or of 106
�mol/L (1.2 mg/dL) to 266 �mol/L (3.0 mg/dL) in men,
and baseline seated blood pressure greater than 135/85 mm
Hg. The institutional review boards of each center ap-
proved the protocol. All patients gave written informed
consent.

Treatment and Randomization
Patients were randomly assigned centrally by com-

puter to receive treatment with irbesartan, 300 mg/d (Ava-
pro, Bristol-Myers Squibb, Princeton, New Jersey); amlo-
dipine, 10 mg/d (Norvasc, Pfizer, New York); or matched
placebo. To minimize any center effect, randomization was
blocked by center. All patients had blood pressure con-
trolled to the same blood pressure goal of less than 135/85
mm Hg by using antihypertensive agents other than ACE
inhibitors, angiotensin II receptor blocking agents, or
calcium-channel blockers. For the analysis of cardiovascu-
lar end points, patients were followed to initiation of treat-
ment for end-stage renal failure (dialysis or renal transplan-
tation), reaching a serum creatinine level of 530.4 �mol/L
(6.0 mg/dL) or higher, death, or administrative censoring
in December 2000.

Outcomes
We prospectively established cardiovascular outcomes,

defined in the Appendix Table (available at www.annals
.org).

Ascertainment of Cardiovascular Events
Information about hospitalizations and adverse events

were screened at Bristol-Myers Squibb, Princeton, New

Context

Previously published results of this randomized, double-
blind trial showed that high-risk patients with type 2 dia-
betic nephropathy had better renal protection if they were
treated with irbesartan rather than amlodipine in addition
to conventional antihypertensive therapy.

Contribution

These detailed analyses showed no differences in overall
cardiovascular outcomes between patients given irbesartan
or amlodipine. Fewer patients given irbesartan had heart
failure and fewer patients given amlodipine had heart at-
tacks.

Cautions

The trial had limited power to detect important differences
between groups in mortality or strokes, and most patients
received several antihypertensive agents.

–The Editors

Figure. Time to first cardiovascular composite event as a function of treatment assignment.

The numbers of patients at risk in each treatment group at 6-month intervals are shown on the x-axis. There was no statistically significant overall
difference among treatment groups (P � 0.05) or for any specific pairwise comparison.
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Jersey, by trained, blinded clinical research associates to
identify potential cardiovascular events. Investigators used
study forms to report and characterize all cardiovascular
outcomes. For all potential events, records, including lab-
oratory values, electrocardiograms, and radiographic re-
ports were obtained for clarification. Since myocardial in-
farctions may go unrecognized, a central electrocardiogram
reading center was established at Brigham and Women’s
Hospital, Boston, Massachusetts, where two cardiologists
reviewed every electrocardiogram. Electrocardiography was
performed at baseline, 6 months, 12 months, and annually
thereafter. A total of 5698 electrocardiograms were re-
viewed at the center. When a new Q-wave infarction was
found, the cardiologists asked whether a clinical myocar-
dial infarction was reported. Even when myocardial infarc-
tions were not clinically reported, these Q-wave infarctions
were adjudicated as myocardial infarctions.

Adjudication of Cardiovascular Events
Investigators at each center reported cardiovascular

events, defined in the Appendix Table. The information
on all potential events was referred to one member of the
Outcomes Confirmation and Classification Committee
(Appendix, available at www.annals.org). If the committee
member agreed with the judgment of the center investiga-
tor, their combined judgment was accepted. If the center
investigator and the committee member differed, the case
material was reviewed by the membership of the commit-
tee, whose decision was accepted. Deaths were adjudicated
by a Mortality Committee (Appendix). Each death was
reviewed by two members of the committee and presented
to the membership, whose decision was accepted as final.

Statistical Analysis
For graphical presentation (Figure) and overall testing

for statistically significant differences among the three
treatment groups, time to the first occurrence of either a

specific cardiovascular outcome or one of the composite
outcomes was analyzed by product-limit survival curves
and the log-rank test (15). We used proportional hazards
modeling to determine hazard ratios. For the cardiovascu-
lar death outcome, which could occur only once, we used
the standard proportional hazards model (16), with treat-
ment assignment as the only independent covariate. For
other cardiovascular outcomes, which could occur more
than once, we used the Anderson–Gill formulation of the
proportional hazards model (17), in which patients are
considered at risk for the first event from randomization to
the first event, at risk for the second event from the day
following the first event to the second event, and so forth,
permitting use of all the data. In accordance with the
method of Lee and colleagues (18), we used a robust vari-
ance estimate that accounts for the possibility of correla-
tion of risk for several events within a patient. We believed
that occurrence of a first event of a given type increases the
likelihood of a subsequent similar event. Therefore, both
treatment assignment and a time-dependent covariate in-
dicating whether the event was the first of its type or a
subsequent event were included in these analyses. The
time-dependent covariate was statistically significant in
each case, confirming the above assumption. There was no
statistically significant interaction between treatment and
the time-dependent covariate—the effects of treatment as-
signment were similar for first and subsequent events—and
inclusion of the time-dependent covariate did not change
either the estimates of the treatment effect or their statisti-
cal significances.

Data management and computations were done by
using SAS software for Windows, version 8 (SAS Institute,
Inc., Cary, North Carolina), or S-Plus for Windows, ver-
sion 6.0 (Insightful Corp., Seattle, Washington). Statistical
tests were two sided. A P value of 0.05 or less, unadjusted

Table 1. Baseline Characteristics*

Characteristic Irbesartan Group (n � 579) Amlodipine Group (n � 567) Placebo Group (n � 569)

Age, y 59.3 � 7.1 59.1 � 7.9 58.3 � 8.2
Men, n (%) 378 (65) 359 (63) 403 (71)
Race/ethnicity, n (%)

White 438 (76) 389 (69) 415 (73)
African American 63 (11) 87 (15) 78 (14)
Hispanic 28 (5) 29 (5) 26 (5)
Asian/Pacific Islander 24 (4) 34 (6) 27 (5)
Other 26 (4) 28 (5) 23 (4)

Body mass index, kg/m2 31.0 � 5.6 30.9 � 5.9 30.5 � 5.9
Systolic blood pressure, mm Hg 160 � 20 159 � 19 158 � 20
Diastolic blood pressure, mm Hg 87 � 11 87 � 11 87 � 11
Patients receiving insulin at entry, n (%) 329 (57) 327 (58) 335 (59)
Previous cardiovascular disease, n (%) 158 (27) 171 (30) 164 (29)
Retinopathy, n (%) 401 (69) 362 (64) 380 (67)
Serum creatinine level, �mol/L (mg/dL) 148 � 47 (1.67 � 0.53) 146 � 54 (1.65 � 0.61) 150 � 50 (1.7 � 0.57)
Urinary protein excretion rate, g/d 2.9 (1.6–5.4) 2.9 (1.6–5.2) 2.9 (1.8–5.2)
Urinary albumin excretion rate, g/d 1.9 (1.0–3.8) 1.9 (1.0–3.5) 1.9 (1.1–3.5)
Hemoglobin A1c level, % 8.1 � 1.7 8.2 � 1.7 8.2 � 1.7

* Values expressed with a plus/minus sign are means � SD.
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for the multiple comparisons, was considered statistically
significant.

Role of the Funding Sources
The funding sources were involved in the data collec-

tion but not in the analysis or interpretation or the deci-
sion to submit the manuscript for publication.

RESULTS

The baseline characteristics of the three groups are
shown in Table 1. A flow diagram of the study is shown in
the Appendix Figure (available at www.annals.org).

Clinical Management
During the study, the blood pressure decreased from

the baseline values to 140/77 mm Hg in the irbesartan
group, 141/77 mm Hg in the amlodipine group, and
144/80 mm Hg in the placebo group. Blood pressure in
the two active treatment groups did not differ; values in
both groups were statistically significantly lower than in the
placebo group (P � 0.001). The distribution of nonstudy
drugs used to achieve the target blood pressure was similar
in the three groups (Table 2). The placebo group received
an average of 3.3 nonstudy drugs, and the other two
groups received an average of 3.0 drugs. Fewer patients
assigned to irbesartan received diuretics than patients as-
signed to amlodipine or placebo. Patients assigned to am-
lodipine received potassium-sparing and combination di-
uretics more frequently than patients assigned to irbesartan
or placebo. More patients assigned to placebo received each
of the other classes of ancillary antihypertensive agents than
patients assigned to either of the active treatments.

Composite Cardiovascular Outcomes
Of the 1715 randomly assigned patients, 518 patients

sustained 821 cardiovascular events (Table 3). The time to
the first cardiovascular composite events (Figure) did not
significantly differ among the three groups; paired compar-

isons between any two groups were also not significantly
different. A total of 172 of 579 (29.7%) patients receiving
irbesartan, 161 of 567 (28.3%) patients receiving amlodip-
ine, and 185 of 569 (32.5%) patients receiving placebo
had a cardiovascular event before renal failure, death, or
censorship.

Components of the Composite Cardiovascular Outcome
Differences between treatment groups emerged in the

analysis of the components of the composite. In 225 pa-
tients, 336 episodes of heart failure occurred; 320 episodes
necessitated hospitalization. Only 60 patients whose initial
therapy was irbesartan had congestive heart failure
(10.4%), as compared with 93 patients whose initial ther-
apy was amlodipine (16.4%) and 72 patients who initially
received placebo (12.7%). Time to the first episode signif-
icantly differed among the three treatment groups (P �
0.007). Assignment to initial treatment with irbesartan was
associated with a statistically significantly longer time (P �
0.002) to the first congestive heart failure episode com-
pared with amlodipine. The analysis of time to the first
congestive heart failure event showed no statistical differ-
ence between amlodipine and placebo and between irbe-
sartan and placebo. However, when the relative hazard ra-
tio for all congestive heart failure events was analyzed, there
was a statistically significant difference in the irbesartan–
placebo comparison (hazard ratio, 0.72 [CI, 0.52 to 1.00];
P � 0.048) (Table 3).

The three groups also differed in the time to the first
myocardial infarction. Among 117 patients sustaining a
total of 128 myocardial infarctions, all but 13 infarctions
were confirmed by elevated enzyme levels or electrocardio-
gram changes. Of patients with infarctions, 44 patients
were in the group initially assigned to irbesartan (7.6%),
46 patients were in the placebo group (8.1%), and 27
patients were in the amlodipine group (4.7%). Amlodipine
was associated with a statistically significantly longer time

Table 2. Use of Antihypertensive Agents during Follow-up*

Agent Irbesartan Group (n � 579) Amlodipine Group (n � 567) Placebo Group (n � 569) P Value†

4OOOOOOOOOOOOOOOOOOOOn (%)OOOOOOOOOOOOOOOOOOOO3
Diuretics

Thiazides 181 (31.3) 192 (33.9) 198 (34.8) �0.2
Loop agents 388 (67.1) 411 (72.5) 405 (71.2) 0.11
Potassium-sparing 26 (4.5) 44 (7.8) 25 (4.4) 0.018
Combination 24 (4.2) 46 (8.1) 33 (5.8) 0.018

ACE inhibitors‡ 36 (6.2) 48 (8.5) 38 (6.7) �0.2
Angiotensin-receptor blockers‡ 13 (2.3) 14 (2.5) 9 (1.6) �0.2
Calcium-channel blockers‡ 41 (7.1) 48 (8.5) 47 (8.1) �0.2
�-Blockers 251 (43.4) 227 (40.0) 293 (51.5) 0.001
�- or �-Antagonists 249 (43.0) 232 (40.9) 271 (47.6) 0.066
Central adrenergic agonists 205 (35.4) 167 (29.5) 225 (39.5) 0.002
Peripheral adrenergic blockers 154 (26.6) 129 (22.8) 176 (30.9) 0.008
Vasodilators 113 (19.5) 107 (18.9) 132 (23.2) 0.15

* ACE � angiotensin-converting enzyme.
† Exact permutation probability was obtained by using StatXact (Cytel Software Corp., Cambridge, Massachusetts).
‡ Prescribed principally during periods in which treatment was stopped temporarily because of intercurrent illness thought by the attending physician to require treatment
with known ACE inhibitor, angiotensin-receptor blocker, or calcium-channel blocker.
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(P � 0.02) to first infarction compared with placebo and a
marginally statistically significantly longer time (P � 0.06)
when compared with irbesartan. A statistically significant
reduction in relative hazard ratio with amlodipine when
compared with placebo is evident when all myocardial in-
farctions are considered (hazard ratio, 0.58 [CI, 0.37 to
0.92]; P � 0.021) (Table 3). The comparison of irbesartan
with amlodipine did not reach statistical significance (haz-
ard ratio, 1.54 [CI, 0.97 to 2.45]; P � 0.068).

Several tracked cardiovascular events did not differ be-
tween groups (Table 3). The percentage of patients with
cardiovascular deaths and coronary revascularization was
similar among the three groups. In 69 patients sustaining
76 strokes, all but 19 strokes were confirmed by radio-
graphic imaging. Time to first stroke did not differ statis-
tically significantly among the three groups. However, al-
though 28 patients initially given irbesartan (4.8%) and 26
patients in the placebo group (4.6%) had strokes, only 15
patients in the amlodipine group (2.6%) had such an
event. Considering all strokes, the hazard ratio was 0.65
(CI, 0.35 to 1.22) in the amlodipine–placebo comparison
and 1.55 (CI, 0.84 to 2.87) in the irbesartan–amlodipine
comparison, but these hazard ratios did not differ signifi-
cantly.

DISCUSSION

The IDNT was designed to compare the effect of ther-
apy with the angiotensin-1 antagonist irbesartan, the calci-
um-channel blocker amlodipine, or placebo for similar
decrement in blood pressure on the occurrence of various
cardiovascular events. Neither drug nor placebo was supe-
rior in the time to the composite cardiovascular end points
(Figure) (CI, 0.74 to 1.10 in the irbesartan–placebo com-
parison, 0.83 to 1.21 in the amlodipine–placebo compari-
son, and 0.74 to 1.10 in the irbesartan–amlodipine com-
parison). The effect of this original assignment could be
modified by differences in ancillary therapy during the
follow-up period, resulting from initial randomization.
The effect of baseline covariates will be analyzed. The pla-
cebo group had more men; however, adjustment for sex
differences did not significantly affect the analysis. The
Reduction of Endpoints in NIDDM with the Angiotensin
II Antagonist Losartan (RENAAL) trial, which studied a
similar group of patients, also showed no difference in
composite cardiovascular outcomes between the group re-
ceiving the angiotensin-receptor blocker losartan and the
placebo group (13).

Reviews (19) and meta-analyses (19, 20) on the effects

Table 3. Risk for Cardiovascular Outcomes by Treatment Group*

Cardiovascular Event Events/Patients Hazard Ratio
(95% CI)†

P Value

Irbesartan Group
(n � 579)

Amlodipine Group
(n � 567)

Placebo Group
(n � 569)

4OOOOOOOOOOOOOOOn/nOOOOOOOOOOOOOOO3
Cardiovascular composite 259/172 278/161 284/185

Irbesartan vs. placebo 0.90 (0.74–1.10) �0.2
Amlodipine vs. placebo 1.00 (0.83–1.21) �0.2
Irbesartan vs. amlodipine 0.90 (0.74–1.10) �0.2

Cardiovascular death 52/52 37/37 46/46
Irbesartan vs. placebo 1.08 (0.72–1.60) �0.2
Amlodipine vs. placebo 0.79 (0.51–1.22) �0.2
Irbesartan vs. amlodipine 1.36 (0.89–2.07) 0.155

Congestive heart failure 80/60 143/93 113/72
Irbesartan vs. placebo 0.72 (0.52–1.00) 0.048
Amlodipine vs. placebo 1.11 (0.83–1.50) �0.2
Irbesartan vs. amlodipine 0.65 (0.48–0.87) 0.004

Myocardial infarction 48/44 29/27 51/46
Irbesartan vs. placebo 0.90 (0.60–1.33) �0.2
Amlodipine vs. placebo 0.58 (0.37–0.92) 0.021
Irbesartan vs. amlodipine 1.54 (0.97–2.45) 0.068

Cerebrovascular accident 30/28 18/15 28/26
Irbesartan vs. placebo 1.01 (0.61–1.67) �0.2
Amlodipine vs. placebo 0.65 (0.35–1.22) 0.18
Irbesartan vs. amlodipine 1.55 (0.84–2.87) 0.165

Cardiac revascularization 31/27 32/28 39/36
Irbesartan vs. placebo 0.80 (0.49–1.30) �0.2
Amlodipine vs. placebo 0.86 (0.54–1.38) �0.2
Irbesartan vs. amlodipine 0.93 (0.55–1.55) �0.2

* All patients received conventional antihypertensive therapy that was initiated with irbesartan, amlodipine, or placebo.
† Hazard ratio for cardiovascular death (single end point) was estimated by using proportional hazards (Cox) regression modeling. Risk for subsequent events was estimated
by using the counting process method of Anderson and Gill as modified by Lee et al. (18) to account for possible correlation of risk for events within patients.
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of antihypertensive agents on the overall risk for cardiovas-
cular events in various populations of hypertensive patients
have yielded conflicting results. One study found a signif-
icantly higher risk for cardiovascular events in patients
given a calcium-channel blocker (relative risk, 1.10 [CI,
1.02 to 1.18]; P � 0.018) (19), while another study found
that calcium-channel blockers were similar to diuretics and
�-blockers (relative risk, 1.02 [CI, 0.95 to 1.10]; P �
0.05), superior to placebo (relative risk, 0.72 [CI, 0.59 to
0.87]), and only marginally inferior to ACE inhibitors
(20). The shortcomings of meta-analyses have been the
subject of substantial criticism (21, 22). The largest study
comparing conventional antihypertensive agents with ACE
inhibitors and calcium-channel blockers (23) showed no
difference between these agents in overall cardiovascular
events. A comparison between an angiotensin-receptor
blocker and a �-blocker in patients with hypertension and
left ventricular hypertrophy showed a 13% risk reduction
(P � 0.021) in favor of the former (24). In an analysis of
the subgroup of patients with diabetes in our study that
compared patients receiving one of the three regimens, no
superiority emerges (25). It must be noted, however, that
the subgroup of patients with diabetes in the LIFE trial,
few of whom had overt nephropathy, also showed a signif-
icant risk reduction in the primary composite end point
favoring the angiotensin-receptor blocker (5).

It is difficult to attribute effects of single agents when
patients are receiving multiple therapies. Nonetheless, our
analysis of treatment assignments on components of the
composite cardiovascular events revealed differences. Our
results demonstrate a protective effect of an angiotensin-
receptor blocker on the development of congestive heart
failure (Table 3). Initial irbesartan treatment was associ-
ated with a statistically significant reduction in hazard ratio
compared with patients who initially received placebo or
amlodipine. This agrees with results of trials using ACE
inhibitors (25); the RENAAL trial, which used another
angiotensin-receptor blocker (13); the analysis of the sub-
group of patients with diabetes in the LIFE trial (5); and a
study of another angiotensin-receptor blocker in a cohort
of patients with heart failure (26). Trials directly compar-
ing calcium-channel blockers with ACE inhibitors have
also reported a decrease in congestive heart failure with the
latter (23), but this benefit was not observed in the sub-
group of patients with diabetes (4). In our trial, amlodipine
was not significantly different from placebo with respect to
congestive heart failure; this finding is in line with the
above-mentioned meta-analysis (20). The criteria for adju-
dication of heart failure were strict and frequently led to
hospitalization. This avoided classifying patients who de-
velop peripheral edema in a study using a calcium-channel
blocker.

We found a statistically significant difference among
agents in the risk for myocardial infarction. While the pla-
cebo and irbesartan groups did not differ, amlodipine re-
duced the hazard ratio of a myocardial infarction compared

with placebo (P � 0.02) and tended to do so in the com-
parison with irbesartan. The results of previous studies
comparing calcium-channel blockers with other agents on
the rate of myocardial infarctions have had varying results.
In a large sample of elderly patients with hypertension,
diltiazem was as effective as a �-blocker or diuretic in pre-
venting myocardial infarction (27). A similar conclusion
was reached in a meta-analysis of studies that used both
dihydropyridine and a nondihydropyridine calcium-chan-
nel blocker (20). In contrast, the hypertensive arm of the
ABCD trial was prematurely terminated because the inci-
dence of nonfatal myocardial infarctions was greater in the
patients given the calcium-channel blocker than in those
given an ACE inhibitor (6). Likewise, the analysis of dia-
betic patients in the STOP Hypertension-2 group also re-
vealed a significant decrease in myocardial infarctions in
patients receiving ACE inhibitors compared with those re-
ceiving calcium-channel blockers (4). Our trial thus sug-
gests that angiotensin-receptor blockers and ACE inhibi-
tors may have differential effects in these patients. A
prospective trial of the coronary effects of ACE inhibitors
versus angiotensin-receptor blockers versus calcium-chan-
nel blockers in patients with type 2 diabetes and overt
nephropathy may be warranted.

Several components of the composite cardiovascular
outcome did not differ in the three groups (Table 3). Am-
lodipine tended to have a somewhat decreased hazard ratio
for strokes in the amlodipine–placebo and irbesartan–
amlodipine comparisons. These hazard ratios are similar to
those seen with myocardial infarctions. The hazard ratio of
these two comparisons (approximately 1.5, with an upper-
bound CI as high as 2.45 and 2.87) does not allow the
exclusion for potential harm for one drug over the other. A
similar trend favoring calcium-channel blockers was noted
in the Nordic Diltiazem (NORDIL) study (27) and in the
previously mentioned meta-analyses (20). It must be rec-
ognized that the cardiovascular events in our study were
secondary outcomes of a trial primarily designed and pow-
ered to study renal outcomes. It is possible that with many
cardiovascular events, differences not seen here would have
emerged.

In summary, there is a consensus that reducing blood
pressure provides both renal (28) and cardiovascular (29,
30) protection in patients with diabetes. Overwhelming
evidence suggests that agents that inhibit the renin–angio-
tensin system have renoprotective effects, both in type 1
diabetes (ACE inhibitors [31, 32]) and in type 2 diabetes
(angiotensin-receptor blockers [12, 13]). The beneficial ef-
fect of one class of agents over another is substantially less
compelling when cardiovascular protection is analyzed.
Thus, although most drugs are superior to placebo com-
parators, when compared to each other the cumulative
available data provide no clear and consistent pattern of
superiority (25). This neutral effect may be a consequence
of the fact that composite cardiovascular events frequently
involve several components whose pathophysiology is not
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uniform. The mechanisms that underlie progressive heart
failure and occlusive coronary and cerebrovascular events
may well be different.

The preponderance of studies with ACE inhibitors, as
well as our present study with angiotensin-receptor block-
ers, reveals a decrement in hospitalizations due to heart
failure. However, when analyzed together with other out-
comes, the overall composite loses statistical significance.
This is even more the case when two agents have an op-
posing effect on two outcomes, as in our study. Further-
more, in some settings a component of the cardiovascular
outcomes is significant when analyzed in an overall sample,
but not in the subgroup of patients with diabetes, as with
heart failure in the STOP Hypertension-2 study (4, 23) or
strokes in the LIFE study (5, 24); this further emphasizes
the need to clearly define the patients being studied. There-
fore, it cannot be assumed a priori, for example, that car-
diovascular protection observed in patients with diabetes
given an ACE inhibitor in the HOPE trial (2) (which
excluded patients with overt nephropathy) or those given
an angiotensin-receptor blocker in the LIFE trial (in which
a minority of patients had overt albuminuria) can be ex-
trapolated to patients with renal insufficiency and overt
nephropathy, such as those described in our study. Since
such patients almost always require several agents to attain
adequate blood pressure control, combined use of these
agents should be encouraged to reach the desired blood
pressure target (125/75 mm Hg) (28). To this end, an
inhibitor of the renin–angiotensin system should be the
primary agent. However, the use of a calcium-channel
blocker as tertiary therapy (after addition of a diuretic), if
needed to achieve the above blood pressure target, is ap-
propriate.
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5. Lindholm LH, Ibsen H, Dahlöf B, Devereux RB, Beevers G, de Faire U, et
al. Cardiovascular morbidity and mortality in patients with diabetes in the Lo-
sartan Intervention For Endpoint reduction in hypertension study (LIFE): a ran-
domised trial against atenolol. Lancet. 2002;359:1004-10. [PMID: 11937179]

6. Estacio RO, Jeffers BW, Hiatt WR, Biggerstaff SL, Gifford N, Schrier RW.
The effect of nisoldipine as compared with enalapril on cardiovascular outcomes
in patients with non-insulin-dependent diabetes and hypertension. N Engl
J Med. 1998;338:645-52. [PMID: 9486993]

7. Tatti P, Pahor M, Byington RP, Di Mauro P, Guarisco R, Strollo G, et al.
Outcome results of the Fosinopril Versus Amlodipine Cardiovascular Events
Randomized Trial (FACET) in patients with hypertension and NIDDM. Dia-
betes Care. 1998;21:597-603. [PMID: 9571349]

8. Efficacy of atenolol and captopril in reducing risk of macrovascular and mi-
crovascular complications in type 2 diabetes: UKPDS 39. UK Prospective Dia-
betes Study Group. BMJ. 1998;317:713-20. [PMID: 9732338]

9. Pahor M, Psaty BM, Alderman MH, Applegate WB, Williamson JD, Fur-
berg CD. Therapeutic benefits of ACE inhibitors and other antihypertensive
drugs in patients with type 2 diabetes. Diabetes Care. 2000;23:888-92. [PMID:
10895836]

10. Keane WF, Eknoyan G. Proteinuria, albuminuria, risk, assessment, detec-
tion, elimination (PARADE): a position paper of the National Kidney Founda-
tion. Am J Kidney Dis. 1999;33:1004-10. [PMID: 10213663]

11. Tuttle KR, Puhlman ME, Cooney SK, Short R. Urinary albumin and
insulin as predictors of coronary artery disease: an angiographic study. Am J
Kidney Dis. 1999;34:918-25. [PMID: 10561150]

Article Cardiovascular Events in Type 2 Diabetic Nephropathy

548 1 April 2003 Annals of Internal Medicine Volume 138 • Number 7 www.annals.org

Downloaded From: http://annals.org/ by a Penn State University Hershey User  on 02/04/2015



12. Lewis EJ, Hunsicker LG, Clarke WR, Berl T, Pohl MA, Lewis JB, et al.
Renoprotective effect of the angiotensin-receptor antagonist irbesartan in patients
with nephropathy due to type 2 diabetes. N Engl J Med. 2001;345:851-60.
[PMID: 11565517]
13. Brenner BM, Cooper ME, de Zeeuw D, Keane WF, Mitch WE, Parving
HH, et al. Effects of losartan on renal and cardiovascular outcomes in patients
with type 2 diabetes and nephropathy. N Engl J Med. 2001;345:861-9. [PMID:
11565518]
14. Rodby RA, Rohde RD, Clarke WR, Hunsicker LG, Anzalone DA, Atkins
RC, et al. The Irbesartan type II diabetic nephropathy trial: study design and
baseline patient characteristics. For the Collaborative Study Group. Nephrol Dial
Transplant. 2000;15:487-97. [PMID: 10727543]
15. Lee ET. Statistical Methods for Survival Data Analysis. New York: J Wiley;
1992:67-78, 105-7.
16. Lee ET. Statistical Methods for Survival Data Analysis. New York: J Wiley;
1992:250-63.
17. Anderson PK, Gill RD. Cox’s regression model for counting processes: a
large sample study. Annals of Statistics. 1982;10:1100-20.
18. Lee EW, Wei LJ, Amato D. Cox-type regression analysis for large number of
small groups of correlated failure time observations. In: Klein JP, Goel PK, eds.
Survival Analysis: State of the Art. Netherlands: Kluwer; 1992:237-47.
19. Pahor M, Psaty BM, Alderman MH, Applegate WB, Williamson JD,
Cavazzini C, et al. Health outcomes associated with calcium antagonists com-
pared with other first-line antihypertensive therapies: a meta-analysis of random-
ised controlled trials. Lancet. 2000;356:1949-54. [PMID: 11130522]
20. Neal B, MacMahon S, Chapman N. Effects of ACE inhibitors, calcium
antagonists, and other blood-pressure-lowering drugs: results of prospectively de-
signed overviews of randomised trials. Blood Pressure Lowering Treatment Tri-
alists’ Collaboration. Lancet. 2000;356:1955-64. [PMID: 11130523]
21. Parving HH, Rossing P. Therapeutic benefits of ACE inhibitors and other
antihypertensive drugs in patients with type 2 diabetes [Letter]. Diabetes Care.
2001;24:177-80. [PMID: 11194230]
22. Palmer CR. Blood-pressure-lowering treatment [Letter]. Lancet. 2001;357:
715. [PMID: 11247575]
23. Hansson L, Lindholm LH, Ekbom T, Dahlöf B, Lanke J, Scherstén B, et al.
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rari, MD; Richard Gilbert, MD; Lawrence G. Hunsicker, MD;
Pieter Klooker, MD; José B. Lopes de Faria, MD; Ruggero Man-
gili, MD; Efrain Reisin, MD; Roger A. Rodby, MD; Guntram

Schernthaner, MD; Samuel Spitalewitz, MD; and Hilary Tindall,
MD.

Outcomes Confirmation and Classification Committee
Tomas Berl, MD (Chair); Paul Drury, MD; Enric Esmatjes,

MD; Donald Hricik, MD; Julia B. Lewis, MD; Francesco Lo-
catelli, MD; Jerome G. Porush, MD; Itamar Raz, MD; Luis
Ruilope, MD; Krzysztof Strojek, MD; Robert Toto, MD;
Philippe Vanhille, MD; Thomas B. Wiegmann, MD; and Ber-
nard M. Wolfe, MD.

Mortality Committee
Tomas Berl, MD (Chair); Marc A. Pfeffer, MD (Co-Chair);
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Appendix Table. Classification for Fatal and Nonfatal
Cardiovascular Events*

1. Cardiovascular deaths

2. Myocardial infarction defined as:
A. Clinical report of a myocardial infarction from the investigator and the

presence of one of the following:
Creatine kinase level increased �2 times the upper limit of normal
for the given hospital without other explanation supported by an
elevation of a cardiac enzyme level above the normal range (for
example, creatine kinase–MB, cardiac troponin T, or cardiac
troponin I); or
Without cardiac-specific enzyme determination, a typical
evolutionary pattern defined as creatine kinase level increased 2
times the upper limit of normal for the given hospital followed by a
decrease of at least 50%.

B. Appearance of new pathologic (�30 msec) Q waves in �2
contiguous leads or the appearance of an R wave (�30 msec) with
R–S ratio in lead V1 � 1.0 (without other causes, such as right
ventricular hypertrophy or right bundle-branch block) in patients with
or without a clinical report of myocardial infarction from the center
and without one of the following conditions on their baseline
electrocardiogram: pathologic WQ waves, Wolff–Parkinson–White
syndrome, intraventricular conduction defects, or left ventricular
hypertrophy.

C. Myocardial infarction requiring hospitalization and documented by a
clinical report from the investigator but lacking confirmation of
elevated cardiac enzyme levels.

3. Heart failure
A. Requiring hospitalization. Hospital records were reviewed for

supporting documentation, which indicates that the patient was
admitted for dyspnea or other symptoms of heart failure and required
therapy with either an inotropic agent, vasodilator, or ACE inhibitor;
an increase in the dose of diuretic; or ultrafiltration or dialysis.

B. Not requiring hospitalization. Heart failure requiring therapy with an
ACE inhibitor or angiotensin II receptor antagonist.

4. Permanent neurologic deficit of at least 24-hour duration attributed to
stroke, requiring hospitalization, and either confirmed or not confirmed
by radiographic imaging (CT, MRI, etc.)

5. Unplanned (at the time of randomization) coronary artery
revascularization procedure (coronary artery bypass graft surgery or
percutaneous transluminal coronary angioplasty, which includes laser
therapy, atherectomy, standard balloon dilatation, or stent placement)

* ACE � angiotensin-converting enzyme; CT � computed tomography; MRI �
magnetic resonance imaging.
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Appendix Figure. Flow diagram for the Irbesartan Diabetic Nephropathy Trial.

Administrative censoring took place on 21 December 2000. Final analysis was by intention to treat. Enrollment period was 1 March 1996 to 25 February
1999. BP � blood pressure.
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