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Elevated arterial pressure enhances the risk for cardiovascular (CV) events in patients with diabetic nephropathy. The optimal
BP and the component of the elevated BP that affect the risk have not been defined. A post hoc analysis was performed to
assess the impact of achieved systolic, diastolic, and pulse pressures on CV outcomes in 1590 adults who had overt diabetic
nephropathy and were enrolled in the Irbesartan Diabetic Nephropathy Trial (IDNT) and had a baseline serum creatinine
above the normal range, up to 266 �mol/L (3.0 mg/dL), 24-h urine protein >900 mg/d, and at least 6 mo of follow-up. Patients
were randomized to irbesartan, amlodipine, or placebo, with other antihypertensive agents to a BP goal of <135/85 mmHg.
Progressively lower achieved systolic BP (SBP) to 120 mmHg predicted a decrease in CV mortality and congestive heart failure
(CHF) but not myocardial infarctions (MI). A SBP below this threshold was associated with increased risk for CV deaths and
CHF events. Achieved diastolic BP <85 mmHg was associated with a trend to increase in all-cause mortality, significant
increase in MI, but decreased risk for strokes. Increased pulse pressure predicted increased all-cause mortality, CV mortality,
MI, and CHF. It is concluded that achieved SBP approaching 120 mmHg and diastolic BP of 85 mmHg are associated with the
best protection against CV events in these patients. BP <120/85 may be associated with an increase in CV events.
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P atients with diabetes have an enhanced risk for cardiovas-
cular (CV) events (1–3). The treatment of the increased BP
decreases CV events in diabetic (4–7) and in nondiabetic

patients (8,9). Target BP have been progressively lowered. How-
ever, there remains controversy about which component of BP is
important. Patients with microalbuminuria, proteinuria, or ele-
vated serum creatinine have an increased CV risk compared with
patients without renal disease (10,11), but no BP goals that have
been demonstrated to reduce CV risk in such patients have been
established. This is because studies that have examined the ben-
efits of lowering BP on CV risk excluded patients with overt renal

disease. The Irbesartan Diabetic Nephropathy Trial (IDNT), con-
ducted in patients with type 2 diabetes and proteinuria, provides
opportunity to assess the relationship of BP control to the devel-
opment of CV outcomes. The IDNT reported the association of
achieved follow-up BP with renal outcomes and an increase in
all-cause mortality in patients with systolic BP (SBP) �120 mmHg
(12). This report aimed to determine the association of achieved
SBP with specific CV events and the association of achieved dia-
stolic BP (DBP) with all-cause mortality and CV events and to
analyze the association of different levels of SBP, DBP, and pulse
pressures with CV outcomes.

Materials and Methods
Study Patients

This study is based on data from the IDNT trial (13) (Appendix 1).
The methods and baseline characteristics of the 1715 participant have
been published (13,14). Entry criteria included age between 30 and 70
yr; documented type 2 diabetes; and hypertension defined as seated
office SBP �135 mmHg, seated office DBP �85 mmHg, or documented
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treatment with antihypertensive agents. All patients had overt protein-
uria (�900 mg/24 h) and serum creatinine between 1.0 and 3.0 mg/dl
in women and between 1.2 and 3.0 mg/dl in men. Institutional review
board or appropriate ethics committee at each center approved the
protocol. All patients gave written informed consent.

Treatment and Randomization
Patients were randomly assigned centrally by computer to receive

irbesartan 300 mg/d (Avapro; Bristol-Myers Squibb, Princeton, NJ),
amlodipine 10 mg/d (Norvasc, Pfizer, NY), or matched placebo. Ran-
domization was blocked by center. All patients had BP controlled with
a BP goal of �135/85 mmHg. For the analysis of CV end points,
patients were followed to initiation of treatment for end-stage renal
failure (dialysis, renal transplantation, or a serum creatinine level
�530.4 �mol/L [6.0 mg/dl]), death, or administrative censoring in
December 2000 (median follow-up, 1082 d; range, 121 to 1721 d).

Medical Management
Patients were seen in hypertension or renal clinics at screening, enroll-

ment, randomization, week 1, week 2, week 4, week 8, month 3, and every
3 mo thereafter until reaching ESRD, death, or administrative censoring of
the study. SBP and DBP were determined at baseline and throughout the
trial per study protocol. Office BP were performed 1 min apart in triplicate
after the patient remained quiet and seated for 10 min, followed by
triplicate measurements after standing for 2 min. More frequent visits
were required when the recorded BP was not at treatment goal. Visits to
bring BP under control took place at 2-wk intervals until goal BP was
reached. A clinical management committee (CMC) reviewed achieved BP
and therapeutic regimens on a quarterly basis after the eighth study week
on any patient who did not meet the BP goal. The CMC recommended BP
management in accordance with JNC VI (15). Telephone contact and
written correspondence occurred regularly between the CMC or centers
that had difficulty meeting BP goals.

Outcomes
The primary outcome was time to occurrence of a composite renal

outcome of doubling of entry serum creatinine, ESRD, or all-cause mor-
tality (13). We also established CV outcomes, defined in Appendix 2.

Ascertainment of CV Events
All hospitalizations and adverse events were screened at Bristol-

Myers Squibb (Princeton, NJ) by trained, blinded clinical research
associates to identify potential CV events. Investigators reported all CV
events. For all potential events, hospital discharge summaries and
records including laboratory values, electrocardiograms (ECG), and
radiographic reports were obtained. A central ECG reading center was
established at Brigham and Women’s Hospital (Boston, MA), where
two cardiologists reviewed every ECG. Electrocardiography was per-
formed at baseline, 6 mo, 12 mo, and annually thereafter. A total of 5698
ECG were reviewed at the center. All new Q-wave infarctions found on
these ECG were correlated with clinical events.

Adjudication of CV Events
An Outcomes Confirmation and Classification Committee (Appen-

dix 3) reviewed potential CV outcomes in a blinded manner. Investi-
gators at each center reported CV events. The information on all po-
tential events was also referred to one member of the Outcomes
Confirmation and Classification Committee. When the committee
member agreed with the classification of the center investigator, the
classification was accepted. When the center investigator and the com-
mittee member differed, the case material was adjudicated by the entire

committee membership, with a simple majority rule. Deaths were
adjudicated by a mortality committee. Each death was reviewed by two
committee members and presented to the membership, whose decision
was accepted as final.

Statistical Analyses
BP fell in all randomization groups during the first 6 mo of follow-up

but was stable in all groups thereafter. We defined the mean achieved BP
for each patient as the simple mean of all SBP and DBP obtained on that
patient at regularly scheduled 3-month visits on or after the 6-mo visit;
1590 patients reached such a visit. On average, the mean follow-up
achieved BP were determined from the three BP recordings at each of nine
follow-up visits, with a range from one to 17 visits. Continuous baseline
variables were compared between groups by t test, and categorical vari-
ables were compared by the �2 test. For the determination of hazard ratios,
we used proportional hazards modeling with BP variables and random-
ized treatment assignment as covariates. BP variables were considered
either continuously (as linear covariates) or by increasing 10 mmHg cate-
gories. For achieving stable analyses, patients with the highest and lowest
BP categories were consolidated into single categories designated less than
or greater than the stated boundary value. For all-cause mortality and CV
death outcomes, we used standard proportional hazards analysis. For the
other CV outcomes, which could occur more than once, we used the
Anderson-Gill formulation of the proportional hazards model in which
patients are considered at risk for the first event from randomization to the
time of the first event, at risk for the second event from the day after the
first event to the time of the second event, and so forth, permitting use of
all of the data. In accordance with the method of Lee et al. (16), we used a
robust variance estimate that takes into account the possibility of correla-
tion of risk for multiple events within a patient. We believed that occur-
rence of a first event increases the likelihood of a subsequent similar event.
Therefore, in these analyses, we included as an independent covariate, in
addition to BP variables and treatment assignment, a time-dependent
covariate indicating whether the event was the first of its type or a
subsequent event. Patients were included in these analyses only when
they had at least one BP measurement at or after the 6-mo follow-up visit,
so relative risk (RR) for all-cause mortality and CV death was computed
conditional on survival for 6 mo. Among patients who survived to the
6-mo visit, all congestive heart failure (CHF), myocardial infarction (MI),
and stroke events from randomization to death or censorship were in-
cluded in the analysis. Data management and computations were per-
formed using SAS for Windows, Version 8 (SAS Institute, Cary, NC) or
S-Plus for Windows, Version 6.2 (Insightful Corp., Seattle, WA). Statistical
tests were two-sided. P � 0.05, unadjusted for the multiple comparisons,
was considered to be statistically significant.

Role of the Funding Sources
The funding sources were involved in the data collection but not in

the analysis or interpretation or the decision to submit the manuscript
for publication.

Results
Baseline BP (mean � SD) for the 1590 patients was 159/87 �

20/11 mmHg and was similar among treatment groups. BP was
controlled in the irbesartan group to a mean of 141/78 � 14/8
mmHg (n � 537), in the amlodipine group to 142/77 � 13/8
mmHg (n � 523), and in the placebo (usual care) group to
144/80 � 13/8 mmHg (n � 530). Thirty percent of participants
reached the 135-mmHg SBP goal, and 81% achieved the DBP
goal (85 mmHg). The use of nonstudy drugs to achieve target
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BP was similar in the three cohorts: The placebo group received
an average of 3.3 nonstudy drugs; the other two groups re-
ceived an average of 3.0 nonstudy drugs (17). Overall, the use
of other antihypertensive agents was similar in the three
groups. However, there was a significantly greater use of sym-
pathetic agents in the placebo group. There was no statistically
significant difference in the use of thiazide or loop diuretics
among the three study cohorts (17).

CV Event and Characterization of Patients with SBP
�120 mmHg

Fifty-three patients whose follow-up mean SBP were �120
mmHg had increased all-cause mortality (12). Table 1 summarizes
deaths and CV events in this population. The increased RR for
all-cause mortality (3.05; 95% confidence interval [CI] 1.80 to 5.17;
P � 0.0001) was mimicked by a similar increase in CV mortality
(RR 4.06; 95% CI 2.11 to 7.80; P � 0.0001). Likewise, the RR for
episodes of CHF was increased in this group of patients (1.80; 95%
CI 1.17 to 2.80; P � 0.008). There was no significant increase in risk
for MI and a nonsignificant trend to more strokes. Table 2 sum-
marizes the baseline variables that differentiated this group of 53
patients from the 1537 others. More than 40 baseline variables
were analyzed. The patients whose mean achieved SBP was �120
mmHg had a higher fraction than the other patients with a history
of heart disease and with CHF at entry into the study. However,
the adverse risks of death and CV death in this group, compared
with patients with an average SBP �120 mmHg, remained signif-
icant and were not substantially reduced after accounting for the
different frequencies of these two comorbidities. The patients with
SBP �120 mmHg were younger. Fewer of them were on calcium
channel blockers. These patients also had lower serum creatinines,
lower baseline seated SBP and DBP, and higher standing pulse
rates and were on fewer antihypertensive drugs. Because of its
limited size and the multiple differences between these patients
and the rest of the cohort, all further analysis were undertaken
solely in the patients who achieved a mean SBP �120 mmHg.

Effect of Achieved SBP on CV Outcomes
Figure 1A depicts the effect of the achieved SBP on the risk for

CV death adjusted for treatment assignment variables. There was

a progressive decrement in the risk for death from a CV event as
achieved SBP decreased from �170 mmHg to 120 to 130 mmHg.
In this range, a 20-mmHg lower achieved mean SBP was associ-
ated with a 39% reduction in CV mortality (P � � 0.002). The
attainment of lower SBP to 120 mmHg was also associated with
fewer CHF events. A 20-mmHg decrease in SBP reduced the risk
by 25% (P � 0.001; Figure 1B). SBP was not significantly related to
the risk for nonfatal MI (RR 0.96/10-mmHg increase; P � 0.61). A
nonsignificant trend for a relationship was seen for stroke (RR
1.15/10-mmHg increase; P � 0.12).

Effect of Assignment to Treatment Group and Achieved SBP
on the Risk for CHF

We have previously reported that assignment to irbesartan
significantly decreased the risk for CHF (17) compared with either
amlodipine or placebo. We therefore analyzed the independent
contribution of lowering SBP and treatment assignment on CHF.
At almost every point of the SBP spectrum, assignment to irbe-
sartan was associated with a lower rate of CHF events when
compared with amlodipine or placebo, and the effects of BP and
treatment assignment were statistically independent (test for in-
teraction P � 0.51). Assignment to irbesartan and lower SBP
reduced the risk for CHF to an extent greater than either alone. We

Table 1. CV outcomes in patients with mean achieved SBP � and �120 mm/Hga

BP � 120 mmHg
(n � 1537)

BP � 120 mmHg
(n � 53) RR (95% CI)c P Value

Events Patients (%)b Events Patients (%)b

All-cause mortality 192 (12%) 15 (28%) 3.05 (1.80 to 5.17) �0.0001
CV mortality 92 (6%) 10 (19%) 4.06 (2.11 to 7.80) �0.0001
CHF 289 195 (13%) 23 13 (25%) 1.80 (1.17 to 2.86) 0.008
MI 120 109 (7%) 3 3 (6%) 0.91 (0.29 to 2.78) 0.87
Stroke 65 59 (4%) 4 3 (6%) 2.12 (0.77 to 5.84) 0.15

aCV, cardiovascular; SBP, systolic BP; RR, relative risk; CI, confidence interval; CHF, congestive heart failure; MI,
myocardial infarction.

bNumber of patients with at least one event.
cRR of patients with mean achieved SBP of 120 mmHg compared with those with mean achieved SBP �120 mmHg. For all-

cause mortality and CV mortality, the risk period is limited to follow-up after 6 mo. For CHF, MI, and strokes, the risk period
includes the entire period from randomization to death or censorship in patients who survived at least to the 6-mo visit.

Table 2. Baseline variables that differed in patients with
mean achieved SBP � and �120 mm/Hga

BP � 120
mmHg

BP � 120
mmHg

P
Value

n 1537 53
Age 59.0 56.6 0.027
History of heart disease 44% 60% 0.019
History of CHF 7% 17% 0.004
Use of CCB 39% 21% 0.006
Serum creatinine (mg/dl) 1.7 1.5 0.014
Baseline SBP (mmHg) 159 140 �0.0001
Baseline DBP (mmHg) 87 84 0.04
Standing pulse (per min) 78 83 0.005
BP drug classes 1.45 0.98 0.0003

aCCB, calcium channel blockers; DBP, diastolic BP.
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also reported that assignment to amlodipine significantly reduced
the risk for MI (17), compared with either irbesartan or placebo.
The effect of assignment to amlodipine was not altered by adjust-
ment for SBP. No other treatment-specific effects on CV outcomes
were noted (Table 3) (17).

Effect of Achieved DBP on All-Cause Mortality and CV
Events

In contrast to the observations made with SBP, there was a
statistically insignificant trend to an inverse relationship between
DBP and all-cause and CV mortality, seen primarily at DBP �85
mmHg. This more or less neutral impact of achieved DBP on
mortality seems to be the result of opposing effects of lower DBP
to be associated with increased risks for MI and CHF but with a
decreased risk for stroke. The association with MI was highly
significant (P � 0.0001), with a 61% increase in RR per 10 mmHg
lower DBP (Figure 2). This effect was independent of treatment
assignment. The beneficial impact of assignment to amlodipine
and the adverse association with lower DBP remained essentially
unchanged and significant in a model that contained both vari-
ables. A more modest increment in risk was noted for CHF. In
contrast, the risk for stroke paralleled changes in SBP, with a lower
stroke incidence at lower DBP (Table 4).

Effect of Pulse Pressure on All-Cause Mortality and CV
Outcomes

Figure 3 reflects the effect of increasing pulse pressure on
all-cause mortality. For each 10-mmHg increase in pulse pres-
sure, the RR for death increased by 27%. This effect is particu-
larly striking when pulse pressure exceeded 90 mmHg. As
shown in Table 5, an increase of 10 mmHg in pulse pressure
significantly enhanced the risk for CV death, MI, and CHF as
the impact on CV deaths approached significance. There was
no significant effect of pulse pressure on strokes.

Discussion
Numerous studies have shown that the lowering of BP with

a variety of antihypertensive agents reduces CV morbidity and
mortality (18–21). This is also reflected in the consistent supe-
riority of any active drug intervention when compared with
placebo (22,23). It is less clear whether treatment with one class
of agents is superior to another, with the exception of preven-
tion of heart failure by angiotensin-converting enzymes (ACE),

Figure 1. (A) Relative risk of cardiovascular mortality by level of
achieved systolic BP. The number of patients at risk for each
level of follow-up systolic BP is tabulated at the bottom. (B)
Relative risk of congestive heart failure by level of achieved
systolic BP. The number of patients at risk for each level of
follow-up systolic BP is tabulated at the bottom.

Figure 2. Relative risk of myocardial infarction by level of
achieved diastolic BP. The number of patients at risk for death
for each level of BP is tabulated at the bottom.

Table 3. Simultaneous impact of achieved SBP and
treatment assignment to irbesartan (versus amlodipine
or placebo) on risk for CHF

Independent Variable(s) RR (95% CI) P Value

Lower achieved SBP
(per 20 mmHg)

0.75 (0.63 to 0.89) 0.001

Assignment to irbesartan
(compared with placebo
or amlodipine)

0.71 (0.54 to 0.93) 0.013

Both lower SBP and
irbesartan

0.53 (0.38 to 0.73) �0.0001
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� blockers, and diuretics when compared with calcium channel
blockers (23). These conclusions were drawn from studies with
a broad range of hypertensive patients with and without dia-
betes at varying stages of their disease. The great majority of the
patients with diabetes in these trials had little or no renal
disease. The IDNT trial provides an opportunity to assess, in a
group of patients with overt diabetic nephropathy, the impact
of BP on the occurrence of CV events. This is fitting because
neither IDNT (17) nor Reduction of Endpoints in NIDDM with
Angiotensin II Antagonist Losartan (RENAAL) (24) unveiled
an effect of assignment to treatment with angiotensin receptor
blockers on CV events with the exception of CHF hospitaliza-
tion. We analyzed the impact of BP achieved after 6 mo in 1590
patients who had BP measurements on a mean of nine occa-
sions. We conclude that for SBP �120 mmHg, increments of
SBP are associated with a significantly higher rate of CV death
and CHF. No such relation could be established for either
nonfatal MI or strokes. The association of achieved SBP on strokes
was indeterminate. However, at SBP �120 mmHg, the risk for CV
death rate and CHF hospitalization was increased. Because assign-
ment to the angiotensin receptor blocker irbesartan was associated
with a decrease in CHF hospitalization, we examined the interac-
tion between BP lowering and assignment to irbesartan. The anal-
ysis revealed a significant protective effect of irbesartan on this CV
event that was independent of BP lowering (Table 3).

Our study also revealed significant effects of changes in DBP. At
DBP �85 mmHg, we observed a trend to increase in all-cause

mortality. A lower DBP had a profound effect to increase the risk
for MI and marginally of CHF while concurrently protecting
against strokes. Because mean arterial pressure closely tracks with
DBP, its impact was similar to that of DBP, with decreases in mean
arterial pressure enhancing the risk for MI but decreasing stroke
risk. In view of the similar effects of SBP �120 mmHg and DBP
�85 mmHg, the impact of pulse pressure on all-cause mortality
and CV outcomes was assessed. Increasing pulse pressure, par-
ticularly when it exceeds 90 mmHg, markedly increases the RR of
mortality, MI, and CHF but not of stroke. The impact of these
changes in SBP and DBP on the risk for various CV events relates
solely to BP achieved during the study. It is of note that neither the
level of baseline SBP or baseline DBP was a predictor of CV
outcomes after accounting for the mean achieved BP (25).

The results of our study suggesting an increase event rate at
achieved DBP �85 mmHg reopens the question as to whether
there is a J effect. Its existence is championed by some (26) and
questioned by others (27). On the basis of his own data (28–30)
and those of others (31,32), Cruickshank made an argument that at
DBP �85 mmHg, there may be a J effect, particularly in patients
with underlying ischemic heart disease. An impaired coronary
circulation may be particularly sensitive to decreases in DBP. An
analysis of the International Verapamil-Trandolapril Study (IN-
VEST) in which the CV effects of a calcium channel blocker were
compared with that of a � blocker (33), a J effect with a nadir at a
DBP of 84 mmHg was reported in this population of hypertensive
patients with coronary artery disease (34). Likewise, a meta-anal-
ysis of seven large, randomized trials revealed a J effect with a
nadir at 84 mmHg for all-cause mortality (35). Arguments against
the J point have also been set forth on the basis of the Multiple
Risk Factor Intervention Trial (MRFIT) (36,37) and of several
interventional trials (6,10,21). In our study, DBP, particularly
�85 mmHg, were associated with increased risk for MI.
Elderly patients with type 2 diabetes represent a population
that is highly enriched with underlying coronary artery dis-
ease and may be more prone than others to display the
J-curve effects. The association of lower DBP with increased
risk for MI was particularly striking and not paralleled by
the risk for strokes. In fact, most studies on the effect of BP
on the risk for stroke suggest a continuous increment as BP
increases (36). Likewise, analysis of the Hypertension Opti-
mal Treatment data also fails to reveal a J effect for strokes
(6). Furthermore, in the analysis of the INVEST (33), in
contrast to its findings vis à vis MI, failed to reveal an effect for strokes.

The association of the low SBP (�120 mmHg) with increased
all-cause mortality and CV mortality and CHF deserves some

Figure 3. Relative risk of all-cause mortality by level of achieved
pulse pressure. The number of patients at risk for death for each
level of BP is tabulated at the bottom.

Table 4. Impact of a 10 mmHg lower mean achieved
DBP on risk for death and CV events

Outcome RR (95% CI) P Value

All-cause mortality 1.18 (0.98 to 1.42) 0.09
CV death 1.11 (0.85 to 1.46) 0.44
MI 1.61 (1.28 to 2.02) �0.0001
CHF 1.15 (0.99 to 1.33) 0.07
Stroke 0.65 (0.48 to 0.88) 0.005

Table 5. Impact of a 10 mmHg greater achieved pulse
BP on risk for death and CV events

Outcome RR (95% CI) P Value

All-cause mortality 1.27 (1.15 to 1.41) �0.0001
CV death 1.30 (1.12 to 1.51) 0.0006
MI 1.16 (1.01 to 1.32) 0.035
CHF 1.21 (1.11 to 1.32) �0.0001
Stroke 1.03 (0.85 to 1.25) 0.77
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comment. A systolic J effect at 119 mmHg is also suggested in the
INVEST (33) and at a higher level of SBP in the large meta-analysis
(35). It must be noted, however, that in our study, there were only
53 patients in this subgroup and therefore the number of events
from which the data are derived is modest. These patients had a
higher baseline prevalence of heart disease and CHF, but these
baseline factors did not explain their increased mortality. No
increase in renal end points occurred in this subgroup as the risk
for renal end points progressively dropped with decreasing
achieved SBP (12). A similar effect of lower BP on GFR was seen
in the Modification of Diet in Renal Disease study of nondiabetic
patients in the subgroup with �1 g protein/24 h (38) but not in the
African American Study of Kidney Disease and Hypertension
(39). It must be noted that this study represents an observation and
not a randomized analysis of the IDNT data, as patients were not

a priori randomized with the goal of achieving different SBP or
DBP. It is not possible, therefore, to determine whether the in-
creased mortality in this group of patients is due in part to the very
low achieved BP, the low BP were the consequence of other
baseline comorbidities, or both. A randomized study that pro-
vides a similar number of patients in each BP range would be
needed to confirm the treatment guidelines suggested by the
present analysis.

Our data may leave the clinician whose goal is to prevent
cardiac events, strokes and renal failure in a difficult di-
lemma of attempting to prevent the latter two at the expense
of the first. It would appear, however, that the present guide-
lines that target a SBP of 120 and a DBP of approximately
80 – 85 mmHg are reasonable and likely to provide signifi-
cant protection from the above renal and CV events.

Appendix 1: Flow Diagram for the IDNT
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Appendix 2: Classification for Fatal and
Nonfatal CV Events

I. CV deaths
II. MI defined as either:

A. A clinical report of a MI from the investigator and the presence
of one of the following:
1. elevation of creatine kinase (CK) to �2.0 times the upper

limit of normal for the given hospital in the absence of other
explanation supported by an elevation of a cardiac enzyme
above the normal range (e.g., MB fraction of CK, cardiac
troponin T, or cardiac troponin 1), or

2. in the absence of cardiac-specific enzyme determination, a
typical evolutionary pattern defined as elevation of CK to 2.0
times the upper limit of normal for the given hospital fol-
lowed by a fall of at least 50%

B. The appearance of new pathologic (�30 ms) Q waves in two or
more contiguous leads or the appearance of an R wave (�30 ms)
with R/S ratio in lead V1�1.0 (in the absence of other causes,
e.g., right ventricular hypertrophy or right bundle branch block)
in patients with or without a clinical report of MI from the center
and without one of the following conditions on their baseline
ECG: Pathologic waves, Wolf-Parkinson-White, intraventricular
conduction defects, or left ventricular hypertrophy

C. MI requiring hospitalization and documented by a clinical re-
port of an MI from the investigator but lacking confirmation of
elevated cardiac enzymes

III. Heart failure (HF)
A. Requiring hospitalization. Hospital records were reviewed for

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

B. HF not requiring hospitalization but requiring therapy with an
ACE inhibitor or angiotensin II receptor antagonist.

IV. Permanent neurologic deficit of at least 24 h duration attributed to
stroke and requiring hospitalization and either confirmed or not
confirmed by radiographic imaging (e.g., computed tomography
scan, magnetic resonance imaging)

V. Unplanned (at the time of randomization) coronary artery revascular-
ization procedure (coronary artery bypass graft surgery or percutane-
ous transluminal coronary angioplasty that includes laser therapy,
atherectomy, standard balloon dilation, or stent placement).

Appendix 3
The Collaborative Study Group

Clinical Coordinating Center: Rush-Presbyterian-St. Luke’s Medical
Center, Chicago, IL; Principal Investigator and Director: Edmund J. Lewis,
MD; Co-Principal Investigator and Associate Director: Tomas Berl, MD,
University of Colorado Health Science Center, Denver, CO; Project Coor-
dinator and Director of Central Laboratory: Richard D. Rohde, BS, Chi-
cago, IL; Associate Project Coordinator: Elizabeth Muskwe, Chicago, IL.

European Clinical Coordinating Center: University of Heidel-
berg, Heidelberg, Germany; Director: Professor Eberhard Ritz, MD;
Associate Director: Luis Ruilope, MD, Hospital 12 de Octubre, Madrid,
Spain; Medical Consultant: Pieter Klooker, MD, Heidelberg, Germany;
Project Coordinator: Beatrix Spiller, PharmD, Heidelberg, Germany.

Pacific Clinical Coordinating Center: Monash Medical Center,
Clayton, Victoria, Australia; Director: Professor Robert Atkins, MD;
Associate Director: George Jerums, MD, Austin & Repatriation Medical
Center, Heidelberg, Victoria, Australia; Project Coordinator: Raphael
Bartholomeusz, PhD, Clayton, Victoria, Australia.
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