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ABSTRACT

Background: Angina and hypertension are common in patients with coronary artery disease (CAD);
however, the effect on mortality is unclear. We conducted this prespecified analysis of the International
Verapamil/Trandolapril Study (INVEST) to assess relationships between angina, blood pressure (BP), and
mortality among elderly, hypertensive CAD patients.

Hypothesis: Angina and elevated BP will be associated with higher mortality.

Methods: Extended follow-up was performed using the National Death Index for INVEST patients in the United
States (n = 16 951). Based on angina history at enrollment and during follow-up visits, patients were divided
into groups: persistent angina (n = 7184), new-onset angina (n = 899), resolved angina (n = 4070), and never
angina (n = 4798). Blood pressure was evaluated at baseline, during drug titration, and during follow-up
on-treatment. On-treatment systolic BP was classified as tightly controlled (<130 mm Hg), controlled (130-139
mm Hg), or uncontrolled (=140 mm Hg). A Cox proportional hazards model was created adjusting for age,
heart failure, diabetes, renal impairment, myocardial infarction, stroke, and smoking. The angina groups and
BP control groups were compared using the never-angina group as the reference.

Results: Only in the persistent-angina group was a significant association with mortality observed, with an
apparent protective effect (hazard ratio: 0.82, 95% confidence interval: 0.75-0.89, P < 0.0001). Uncontrolled
BP was associated with increased mortality risk (hazard ratio: 1.29, 95% confidence interval: 1.20-1.40,
P < 0.0001), as were several other known cardiovascular risk factors.

Conclusions: In hypertensive CAD patients, persistent angina was associated with lower mortality. The
observed effect was small compared with other cardiovascular risk factors, such as BP, which were associated

with increased mortality.
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Introduction

The high prevalence of angina and hypertension among
patients with coronary artery disease (CAD) is well doc-
umented; however, the relationships between angina and
blood pressure (BP), as well as its treatment, on adverse
outcomes are complex.>? Because angina typically implies
myocardial ischemia, patients with angina are assumed
to have greater risk of cardiovascular events compared
with similar patients without angina. Yet, though some
have reported increased cardiovascular risk in patients
with angina,®~7 others have not observed angina to be
predictive of increased risk beyond that associated with
other cardiovascular risk factors.8—10

Furthermore, although most CAD patients have hyper-
tension, evidence-based data to guide hypertension man-
agement are limited. For patients with angina, the optimal
BP level for patients with angina is not known. Recent
treatment recommendations, based largely on consensus
opinion, advocate treating chronic stable angina patients
to a goal BP <130/80 mm Hg, or <120/80 mm Hg if left
ventricular dysfunction is present.!!

In a prospective, randomized trial of hypertension-
management strategies in patients with CAD, the Interna-
tional Verapamil/Trandolapril Study (INVEST) found that a
B-blocker + thiazide diuretic strategy was equivalent to a cal-
cium antagonist + angiotensin-converting enzyme inhibitor
strategy for reducing adverse outcomes (death, myocardial
infarction [MI], or stroke).!? On-treatment BP and BP con-
trol comparing the 2 treatment strategies were not different
and both treatment strategies were led by drugs (atenolol
and verapamil SR) with heart rate-lowering and antiang-
ina effects. A prior analysis indicated that angina presence
predicts poorer quality of life,’* but prognostic implica-
tions of angina and the influence of BP were not analyzed.
Accordingly, to assess the impact of angina and BP on mor-
tality, we hypothesized that angina would be associated with
increased mortality risk and that lower systolic BP (SBP)
would be associated with a decreased mortality risk.

Methods

Study Design

Details about the rationale, design, selection criteria, and
treatment strategies for INVEST have been previously
described.’® Briefly, participants with clinically stable
CAD and hypertension were randomly assigned to
structured hypertension treatment with a p-blocker—based
strategy (atenolol and hydrochlorothiazide) or a calcium
antagonist—based strategy (verapamil SR and trandolapril).
An assessment of the relationship between angina and
antihypertensive strategy was prespecified as a secondary
analysis. Institutional review boards and ethics committees
at each study site approved the protocol, which was
conducted in accordance with the Declaration of Helsinki.
Written informed consent was provided by all patients.
Information on presence of angina was collected at baseline
and at each visit by the study physician. Because of the
recognized high prevalence of angina among hypertensive
CAD patients, both of the INVEST antihypertensive-
drug strategies contained an antianginal (verapamil SR
or atenolol). Furthermore, the protocol provided specific

instructions about angina management: (1) maximization
of BP control; (2) optimization of other CAD risk factors
(eg, weight loss, smoking cessation, lipid reduction,
reduced sodium and alcohol intake); and (3) addition
and/or uptitration of long-acting nitrates and uptitration of
antianginal drugs in the assigned treatment strategy. If these
measures failed, patients assigned to the calcium-antagonist
strategy could be prescribed a B-blocker, and those assigned
to the B-blocker strategy could be prescribed a calcium
antagonist. Lastly, if necessary, coronary revascularization
was recommended. To avoid international differences in
angina management and revascularization, and also to
utilize the extended follow-up mortality data, this analysis
was limited to participants in the United States cohort.
Specific instructions were also provided for secondary
prevention of atherosclerosis, including encouraging aspirin
(80-170 mg daily), weight loss if overweight, daily physical
activity, tobacco cessation, limitation of dietary cholesterol,
treatment of hyperlipidemia, dietary sodium restriction
to <2400 mg daily, limited daily alcohol ingestion, and
adequate dietary potassium, calcium, and magnesium.

Group Assignment

Using standardized online forms, patients were asked by
the study physician about symptoms of angina at each study
visit, which by protocol were to occur every 6 weeks for the
first 6 months and then every 6 months for >2 years.
For this analysis, patient-reported presence or absence
of angina at the enrollment visit was used to categorize
patients into one of 4 groups (Figure 1). At each study visit,
the investigator was asked to determine if the participant
had “Heberden’s classical angina.” This epidemiologic-type
definition was used due to the international scope (14
countries) of the trial. Because our groups were defined
based on symptoms present at study enrollment, subjects
with a remote history of angina but with no symptoms
at enrollment were eligible to be included in the never-
angina group. We also prospectively defined 3 groups of
SBP control: tightly controlled (<130 mm Hg), controlled
(130-139 mm Hg), and uncontrolled (=140 mm Hg).

Enrolled in INVEST (n=22,576)

Excluded: Patients outside the
United States and without angina
data (n=5625)

Assigned (n=16,951)

Patients with no baseline angina

Patients with baseline angina

Resolved Angina
(n=4070)

New onset angina
(n=899)

Never Angina
(n=4798)

Persistent Angina
(n=7184)

Figure 1. Strategy for assigning INVEST patients to one of 4 groups based
on the presence or absence of angina at baseline and during the study.
Abbreviations: INVEST, International Verapamil/Trandolapril Study.
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Study Outcomes

The primary outcome of this analysis was all-cause mortality
assessed by searching the National Death Index for patients
enrolled from sites in the United States up to 5 years after
study follow-up ended in 2003. To be considered a confirmed
death, we used a previously described method, requiring 4
of 5 matches among name, Social Security number, date of
birth, city, and state.!4 We determined the rate of coronary
revascularization (either percutaneous coronary interven-
tion or coronary artery bypass grafting) during follow-up,
the influence of BP-lowering using the mean on-treatment
BP, and percentage of patients in each of 3 BP-control
groups at SBP <140 mm Hg after 24 months of treatment.

Statistical Methods

Continuous variables are reported as mean values with SD
unless otherwise indicated and compared using analysis
of variance (ANOVA). Categorical data are presented as
frequencies and compared using x? tests. Kaplan-Meier
curves were generated for each group, and differences
in time to all-cause mortality were tested by the log-rank
method. Patients who did not appear in the National Death
Index were censored on the day the search was completed.
To determine the independent prognostic value of baseline
characteristics, stepwise selection of Cox proportional
hazards models were performed with univariate P < 0.2
to enter and P < 0.05 to be retained in the multivariate
model, as reported in prior INVEST risk-prediction models
(see Supporting Table 1 in the online version of this article
for a complete list of variables included in the model).
Multivariate Cox regression analysis was constructed to
control for confounding factors, and hazard ratios (HRs)
and 95% confidence intervals (CIs) were presented. An age-
(by decade) and gender-matched cohort was constructed to
further control for these variables and conduct secondary
analyses of the regression model. Statistical analyses were
performed using SAS version 9.2 (SAS Institute Inc, Cary,
NC). Statistical significance was defined as a 2-sided P value
<0.05, and CIs were calculated at the 95% level.

Results
Baseline Characteristics and Treatment

The US-based cohort with data on angina included
16951 participants (Figure 1). In this cohort, 4798
patients never had angina, 4070 had resolved angina, 899
had new-onset angina, and 7184 had persistent angina.
Pertinent characteristics at baseline, based on these angina
groups, are summarized in Table 1. Patients in the new-
onset and never-angina groups were significantly older
and more frequently male. The new-onset and never-
angina groups had higher rates of history of prior MI,
prior coronary revascularization, stroke/transient ischemic
attack, hyperlipidemia, renal impairment, and smoking.
After 24 months of study antihypertensive treatment,
systolic BP was higher in the never-angina and new-
onset angina groups (ANOVA P < 0.0005) (Table 2). The
new-onset group also had a nonsignificantly lower rate of
achieving goal BP of <140/90 mm Hg (never = 67%, new
onset = 65%, persistent = 68%, resolved = 69%) (x2 test

Table 1. Pertinent Baseline Characteristics

Never, Resolved, New Onset, Persistent,

n=4798 n=4070 n =899 n=7184 PValue

Age, y, mean (SD) 68.2 (9.5) 66.5(10.3) 67.6(9.7) 65.5(9.9) <0.0001

BMI, kg/m? (SD) 29.2 (5.6) 29.6 (6.1) 29.4(5.6) 29.7(5.9) <0.0001

Age >70 years 4341 36.0 39.6 30.7 <0.0001
Female 38.4 57.1 43.8 63.7 <0.0001
Prior MI 52.7 24.0 49.3 13.6 <0.0001
Prior CABG or PCI 57.2 21.7 58.0 11.3 <0.0001
History of TIA/stroke 9.1 7.7 8.3 6.1 <0.0001
LVH 15.4 16.8 19.1 15.4 0.009
HF (class 1-111) 5.9 6.1 7.3 4.1 <0.0001
PVD 13.0 12.7 12.3 13.3 0.7
Ever smoker 55.3 40.6 55.6 38.3 <0.0001
DM 28.1 28.4 34.9 30.6 <0.0001
CKD 3.3 2.3 2.6 1.0 <0.0001
Hyperlipidemia 68.5 56.2 66.9 45.7 <0.0001
Nitrate use 7.2 28.0 30.4 40.1 <0.0001

Abbreviations: BMI, body mass index; CABG, coronary artery bypass
grafting; CKD, chronic kidney disease; DM, diabetes mellitus; HF,
heart failure; LVH, left ventricular hypertrophy; MI, myocardial
infarction; PCI, percutaneous coronary intervention; PVD, peripheral
vascular disease; SD, standard deviation; TIA, transient ischemic
attack.

Data are presented as % unless otherwise indicated.

P = 0.17). Median daily atenolol dose was 50 mg in the
never and resolved groups, 75 mg in the new-onset group,
and 100 mg in the persistent group (ANOVA P < 0.0001).
Median daily verapamil SR dose was 240 mg in all but
the persistent-angina group (360 mg; ANOVA P < 0.0001)
(Table 2). Crossover (eg, B-blocker use in the verapamil SR
strategy or calcium-antagonist use in the atenolol strategy)
was infrequent. Coronary revascularization, percutaneous
coronary intervention or coronary artery bypass grafting,
was relatively infrequent during follow-up (2.86% for the
never-angina group, 1.74% for the resolved-angina group,
2.35% for the persistent-angina group) except for the new-
onset angina group (12.79%).

Unadjusted Mortality Risk

Median follow-up was 8.37 years (interquartile range,
7.78-8.82 years). Overall, 3868 of the 16951 participants
died (never = 1428, resolved = 941, new-onset = 253,
persistent = 1246). Unadjusted mortality (per 1000
patient-years) was significantly different comparing angina
groups (35.59 for new-onset angina, 22.35 for persistent
angina, 29.99 for resolved angina, and 39.28 for never
angina; P < 0.0001). Kaplan-Meier analysis indicates that
these mortality-risk differences slowly diverge throughout
the extended follow-up (Figure 2). Sensitivity analysis
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Table 2. Study-Drug Use and BP Achieved After 24 Months of Treatment

Never,
n=4798
Mean (median) study-drug dose, mg
Verapamil 297 (240)
Atenolol 72 (50)
Trandolapril 4.1 (4)
HCTZ 29 (25)
Mean SBP at 24 months, mm Hg (SD) 134.1 (16.0)
Mean DBP at 24 months, mm Hg (SD) 75.6 (9.8)
BP control at 24 months, %* 67

Resolved, New Onset, Persistent,
n = 4070 n=2899 n=7184 P Value
282 (240) 305 (240) 311 (360) <0.0001
76 (50) 80 (75) 82 (100) <0.0001
3.6 (4) 4.1 (4) 4.1 (4) <0.0001
29.7 (25) 29.5 (25) 29.9 (25) 0.0008
133.0 (15.9) 133.9 (18.2) 132.5 (6.3) <0.0005
77:9 (9.2) 75.8 (10.5) 77.6 (9.2) <0.0001

69 65 68 0.17

Abbreviations: BP, blood pressure; DBP, diastolic blood pressure; HCTZ, hydrochlorothiazide; SBP, systolic blood pressure; SD, standard deviation.

9<140/90 mm Hg.

performed on the persistent-angina group and stratified
by number of angina episodes per 4 weeks demonstrated
that mortality risk was lowest among subjects with the most
frequent angina (1 episode, 24.9% mortality; 2 episodes,
26.5% mortality; >3 episodes, 14.2% mortality). As a
sensitivity analysis of mortality derived from the National
Death Index, we also analyzed mortality data from only the
original study, which yielded similar results (see Supporting
Figure 1 in the online version of this article). Unadjusted
mortality rates for the tight, controlled, and uncontrolled
SBP categories were also significantly different (27.03, 26.55,
and 39.58 per 1000 patient-years, respectively; P < 0.0001).

Adjusted Mortality Risk

A Cox proportional hazard model was created adjusting
for numerous study variables (see online version of this
article). The angina groups were compared using the never-
angina group as the reference. No significant differences
were observed in mortality risk for the resolved (HR: 0.98,
95% CI: 0.90-1.07, P = 0.61) and new-onset (HR: 0.89, 95%
CI: 0.77-1.01, P = 0.075) angina groups. Whereas persistent
angina was associated with reduced mortality (HR: 0.82, 95%
CI: 0.75-0.89, P < 0.0001), uncontrolled BP (systolic >140
mm Hg) was associated with increased mortality (HR: 1.29,
95% CI: 1.20-1.40). Other known cardiovascular risk factors
were also more robustly associated with mortality: heart

30 4 ——  Never ——- Resolved
—— MNew onset —— Persistent
= 204
S
-
=
=
8
o 10+
log rank p<0.0001
o T T T T T T T

oo -

0 1 2 3 4 5 6 7
Time to Event, y

Figure 2. Kaplan-Meier mortality curves. Each curve demonstrates the
survival for patients in each of the 4 angina groups.

failure (HR: 1.88, 95% CI: 1.69-2.09), age (by decade; HR:
1.81,95% CI: 1.75-1.88), renal insufficiency (HR: 1.71, 95% CI:
1.47-1.98), diabetes (HR: 1.63, 95% CI: 1.52-1.74), smoking
(HR: 1.41, 95% CI: 1.32-1.51), stroke/transient ischemic
attack (HR: 1.39, 95% CI: 1.26-1.53), and history of MI (HR:
1.30, 95% CI: 1.21-1.39) (Figure 3).

Age- and Gender-Matched Cohort

Given that the persistent-angina group was younger and
included more female subjects, we constructed an age- and
gender-matched cohort to conduct further comparisons
between the persistent-angina (n = 4277) and never-angina
groups (n = 4277). Using these matched subjects, we again
conducted a proportional hazards model but also included
recent tobacco use, remote tobacco use, and study-drug
dose above the median (atenolol dose >100 mg daily and
verapamil SR dose >240 mg daily). In this analysis, gender
was not significantly associated with mortality; however,
recent tobacco use (HR: 2.00, 95% CI: 1.76-2.28, P < 0.0001),
former tobacco use (HR: 1.27, 95% CI: 1.15-1.39, P <
0.0001), atenolol dose above the median (HR: 0.531, 95% CI:

Never Y
Resolved e
New onset —e—
Persistent [m—"

SBP<130mmHg —e—
SBP>=130 - <140m .

SBP>1a0mmHg ——i

Heart Failure
Age (decades) o
Renal Insufficiency
Diabetes .
Smoker .

Stroke/TiA -

Ml .

PVD .

PCl e

LVH —e—

Male Gender ——|

Treatment strategy i

0.6 0.8 1.0 1.2 14 1.6 18 2.0 22 24
Hazard Ratio

Figure 3. Hazard ratio plots demonstrating the hazard ratios and
confidence intervals for the variables included in our multivariate Cox
regression analysis model. Variables which did not contribute to the
model were omitted from the figure. Abbreviations: LVH, left ventricular
hypertrophy; MI, myocardial infarction; PCI, percutaneous coronary
intervention; PVD, peripheral vascular disease; SBP, systolic blood
pressure; TIA, transient ischemic attack.
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0.29-0.96, P = 0.04), and verapamil SR dose above median
(HR: 0.66, 95% CI: 0.56-0.77, P < 0.0001) were significant.
Despite the age/gender matching and these additional
variables in the model, the lower hazard of mortality in the
persistent-angina group was still observed (HR: 0.86, 95%
CI: 0.78-0.95, P = 0.0021).

Discussion

In older CAD patients with hypertension, we observed
that persistent angina was associated with lower mortality
compared with patients with no angina, new-onset angina, or
angina that resolved during follow-up. Because some prior
studies have noted a detrimental effect with angina,®~7 a
protective effect of angina may be counterintuitive; however,
this effect has been noted previously.8~1° In our model,
traditional cardiovascular risk factors, such as uncontrolled
BP, were more robust predictors of mortality risk. This find-
ing is consistent with evidence that hypertension is strongly
predictive of cardiovascular events, including new-onset
angina,!® and that in patients with angina, hypertension
further increases the risk for cardiovascular events.!6~18
Although persistently elevated BP was associated with
increased mortality, we observed a trend toward higher
mortality in patients with tight BP control (SBP < 120 mm
Hg), as has been described previously.!?

In evaluating the unadjusted mortality rates among the
4 angina groups, we noted some important differences in
baseline characteristics, specifically when comparing the
persistent- and resolved-angina groups to the new-onset
and never-angina groups. The persistent and resolved
groups were younger and had better BP control. Clearly,
aging is associated with increased risk,?? as is poor BP
control.’® The persistent and resolved angina groups also
had more women and less prior MI. We know that women
have differences in their vasculature, which creates a
phenotype different from men,2! including less frequent
flow-limiting coronary obstructions?*%3 and more frequent
uncomplicated angina (ie, chest pain without ischemia
or prior MI).?* Prior MI, which was less frequent in the
persistent and resolved groups, is a stronger predictor of
future events than angina.”®

In our proportional hazards model using the never-angina
group as reference, we observed that persistent angina was
associated with lower mortality, whereas new-onset angina
and resolved angina were not significantly different. This
association between symptoms and lower risk is similar
to the 3031 patients enrolled in the Euro Heart Survey on
Angina, in which angina of >6 months’ duration was also
associated with a lower rate of death or MI, although only
49% had CAD and 61% had hypertension.!” Those authors
partially attribute their finding to antianginal medications,
which were used in higher doses in the persistent-angina
group of our analysis. In the age- and gender-matched
cohort we conducted, we found that higher medication
doses were protective; however, mortality was still reduced
in the persistent-angina cohort after adjusting for this effect.
Another process that could contribute to the observed
protective effect of angina is ischemic preconditioning.
Brief periods of mild ischemia that manifest as angina
may be protective against more severe ischemic insults.2>26

Among patients with MI, preinfarction angina is associated
with smaller infarct size as compared with those without
preinfarction angina.2’—30

Development of new-onset angina suggests progression
or instability of atherosclerosis with an increased risk for
adverse outcomes; however, we observed no significant
difference in risk comparing new-onset angina and never-
angina groups. Other lines of evidence show that objective
test results for myocardial ischemia are a stronger predic-
tor of risk than the subjective complaint of angina.6101
Exercise capacity is another inverse predictor of risk; how-
ever, the causal relationship is complicated, as some have
reported that patients with persistent angina may self-limit
their activity.2 We did observe that patients with new-onset
angina had a significantly higher rate of coronary revascular-
ization procedures (3.54 per 100 patient-years vs 0.55—-0.84
per 100 patient-years in all other groups; P < 0.0001). How-
ever, despite a higher rate of coronary interventions, mor-
tality risk was not reduced, in concordance with others.??

Because all patients enrolled in INVEST had both CAD
and hypertension, their risk of cardiovascular events
was higher than that observed from similarly aged
population-based angina cohort studies. We observed that
the prognostic implications of angina, although statistically
significant, are modest relative to the hazard associated
with other traditional CV risk factors: Diabetes, smoking,
prior MI, and increasing age were associated with con-
siderably greater mortality risk, which was similar to the
findings of others.83435 A recent analysis from the Bypass
Angioplasty Revascularization Investigation 2 Diabetes
(BARI 2D) trial noted that the presence or absence of
angina or angina-equivalent symptoms was not a significant
predictor of adverse cardiac events, including death.¢ In
a population with CAD and angina symptoms, similar to
our persistent angina group, there was no outcome benefit
with nifedipine.? Their risk-prediction analysis identified
tobacco use, insulin-dependent diabetes, prior stroke, and
age as more robust risk predictors than angina; however,
their angina variable (>1 episode of angina weekly) was
different from that used in our analysis.

Study Limitations

Data on ischemia testing and adherence to CAD treatment
after the conclusion of the formal study were not collected.
Further, data on angina were collected on standardized
forms at each follow-up visit, but such reports are subject to
recall bias and were not adjudicated by a senior cardiologist.
Our findings are limited to older (age >50 years) CAD
patients with hypertension. As expected from the dose-
escalation instructions provided for angina management in
the protocol, patients reporting more angina (persistent-
angina group) were prescribed a higher p-blocker dose (100
mg daily) than the other groups (75 mg daily for the new-
onset angina group, and 50 mg daily for the never-angina
and resolved-angina groups). When we included study-drug
dose above the median in our model, the reduced mortality
hazard in the persistent-angina group was still observed.

Conclusion

In hypertensive CAD patients, after accounting for control
of BP and other risk factors, new-onset angina is not
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associated with higher mortality, whereas persistent angina
is associated with a modest but significantly lower mortality
risk. Other conditions, such as uncontrolled BP, prior MI,
diabetes, and increasing age have stronger, independent
associations with increased mortality.
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