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Summary

Background: Despite ahigh prevalence of hypertensionin
the populationwith CAD, therearelimited datadescribing the
clinical characterigticsand treatments, aswell astheir interre-
lationsin these patients. Thisis particularly truefor black and
Hispanic patientswho have been underrepresented in random-
ized CAD rids.

Hypothesis: There exist racia and ethnic differences that
definethecharacterigtics of patientswith both coronary artery
disease (CAD) and hypertension.

Methods: Thisreport describesthe characteristics of Cau-
casian, Hispanic, and black patients enrolled in the Interna-
tiona Verapamil SR/trandolapril Study (INVEST), aprospec-
tive trial undertaken exclusively in patients with CAD and
hypertension.

Results: In all, 10,925 Caucasian, 8,045 Hispanic, and
3,029 black patientsare described. Anabnormal angiogram or
documented myocardia infarction was observed more fre-
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quently in Caucasian patients (73%), while angina pectoris
was more prevalent in Hispanic patients (87%). Diabetesand
left ventricular hypertrophy were most common in black pa-
tients (33 and 29%, respectively), whilehypercholesterolemia
and prior revascul arization (coronary artery bypassgraft or an-
gioplasty) were most common in Cauicasian patients (64 and
41%, respectively). Morethan 60% of Hispanic and black pa-
tients were women—a unique characteristic for randomized
CAD trias. Comparing race/ethnic cohorts, thereweresignif-
icant differencesfor al characteristics. Morethan 80% of pa-
tientsinal race/ethnic groupswerereceiving antihypertensive
therapy; however, only fewer than 25% had controlled blood
pressure according to guidelines from the sixth report of the
Joint National Committee on Prevention, Detection, Evalu-
ation and Treatment of High Blood Pressure.

Conclusions. Thishigh-risk population of hypertensive pa
tients with CAD has been undertrested and does not have
well-controlled BP. Race/ethnic differenceswere observed for
clinical characteristicsand medication use.
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Introduction

Patientswith coronary artery disease (CAD) areacomplex
population that is increasing in sizel Higtoricdly, patients
with CAD and hypertension have not been well described in
the literature, and patients with CAD have been underrepre-
sented inmost previous, largehypertension treatment trials.2-8

The INternational VErgpamil SR/trandolapril STudy
(INVEST) evaluated blood pressure (BP) control and cardio-
vascular (CV) outcomesin patientswith CAD and hyperten-
sion. The demographic data collected during recruitment for
INVEST provide particularly important information to char-
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acterize and understand better thisgrowing popul ation so that
perhaps they can be more effectively treated in clinical prac-
tice. Thisreport focuses on the racial/ethnic differences that
define the characteristics of this group of patients. A large
number of black and Hispanic patientswereenrolled and, asa
result, thisreport provides valuable prospective registry-type
information collected in auniform fashion on the management
of hypertension in these race/ethnic groups, as well astheir
characterigtics. These characterigtics include demographics,
comorbidities, the use of antihypertensive and other medica-
tions, and BP measurements.

Methods
Rationale, Study Design, and Study Population

Therationale, design, and primary resultsof INVEST are
published elsewhere.? 10 Briefly, INVEST was an interna-
tional, prospectivetria evaluating management of BPin hy-
pertensive patients with CAD. Inclusion criteria included
patientsaged = 50 yearswith essential hypertenson! whore-
quired drug therapy and had documented CAD. Coronary
artery disease was defined as any of the following: remote
(=3 months prior to enrollment) confirmed myocardia in-
farction (M), coronary angiogram with >50% narrowing of
at least onemajor coronary artery, diagnosisof classicangina
pectoris, or concordant abnormalities on two different types
of signals (electrocardiograms, echocardiograms, and/or ra
dionuclide scans) from stresstests, provided that two different
signalsshowed findings consistent for i schemia. Recruitment
began in September 1997 and was completed in December
2000 at 862 sitesin 14 countries (Australia, Canada, Cuba,
Dominican Republic, El Salvador, Germany, Guatemala,
Hungary, Italy, Mexico, New Zealand, Panama, Turkey, and
the United States). Patientswererandomized to either avera:
pamil SR-based or an atenolol-based antihypertensive treat-
ment strategy. Trandolapril and/or hydrochlorothiazide were
also alowed to achieve BP goals according to guidelines
from the sixth report of the Joint National Committee on Pre-
vention, Detection, Evaluation, and Treatment of High Blood
Pressure (INC V1) of < 140 mmHg (systolic) and <90 mmHg
(diastalic); and < 130 mmHg (systolic) and <85 mmHg (di-
astolic) if diabetes or renal impairment was present.11 The
ethics committee of each locality approved the protocol, and
thetrial was conducted according to principles of the Decla-
ration of Helsinki. All recruited patients provided voluntary
writteninformed consent.

Patientsunderwent abasdinemedical history and examina:
tion during which BP and heart rate (HR) were measured ac-
cording to proceduresdescribed in INC V1.11 Blood pressure
was measured in duplicatein both arms, separated by at least
2 min, and if there was more than a5 mmHg difference be-
tween arms, measurements from the higher arm were record-
ed for the basdline and subsequent protocol visits. Investiga-
tors entered relevant demographic and other data into an
| nternet-based datacollection system.

Datawere summarized asmeansand standard deviationsor
percent, where appropriate, according to race/ethnicity. Co-
horts were defined as Caucasian, Hispanic, and black. Chi-
sguare testswere used to compare categorical measures, and
one-way analysisof variance (ANOVA) modelswereused to
compare continuous measures. Odds ratios and associated
95% confidence intervals were presented for three basdine
conditions of interest (taking angiotensin-converting enzyme
[ACE] inhibitors, taking diuretics, and BP not in control) by
sdlected basdine characteridtics.

Results
Clinical Char acteristics

Inall, 10,925 Caucasian patients, 8,045 Hispanic patients,
and 3,029 black patientswererecruited. There were signifi-
cant differences (p <0.001) between race/ethnic cohortsfor
comparisonsof al of thecharacteristicsdiscussed below. Itis
interesting that the majority of Hispanic and black patients
(61%) werewomen, whilewomen made up only 43% of the
Caucasian population. Hispanic and black patientstended to
beyounger (mean age66 [SD 9.8] and 64[SD 9.7] years, re-
spectively) while Caucasians had a mean age 67 (SD 9.7)
years. Mean body mass index was 29 kg/m? in Caucasians
and Hispanics and 31 kg/m? in blacks. Classic angina pec-
toris was present in 87% of Hispanics, 71% of blacks and
50% of Caucasians; however, mean angina frequency was
higher in Caucasians (1.9 episodes/week during the preced-
ing month) than in Hispanicsand blacks (1.1 and 1.5, respec-
tively). Either an abnormal coronary angiogram or docu-
mented prior was observed in the magjority of Caucasians
(73%) but in aminority of Hispanic and black patients (28
and 47%, respectively).

The prevalenceof left ventricular hypertrophy (LVH) (doc-
umented by findings from e ectrocardiogram or echocardio-
gram) and congestive heart failure (CHF) (New York Heart
Association class 111, documented by findings in medical
records) washighest in blacks (28 and 9%, respectively) com-
paredwith 20 and 7%in Caucas ansand 22 and 3% in Hispan-
ics, respectively. Diabetes(defined asahistory of or taking an-
tidiabetic medications) was present more often in Hispanic
(30%) and black (33%) than in Caucasian (26%) patients,
while hypercholesterolemia (defined asahistory of or taking
lipid-lowering medi cations) was more prevalent in Caucasian
(64%) thanin either Hispanic (48%) or black (46%) patients.
Renal impairment (defined asahistory of or serum cregtinine
between normal for lab to <4 mg/dl) was more common in
black (3%) than in Caucasian (2%) or Hispanic (1%) patients.
Caucasian patients reported the highest incidence of past
smoking (54%), whileblack patientsreported the highest inci-
denceof current (within the past 30 days) smoking (18%). In
addition, Caucasi an patientsreported feeling good or excellent
more frequently (72%) than either black (67%) or Hispanic
(65%) patients.
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Useof Medication

The Caucasian cohort was less likely to be taking antihy-
pertensive therapy (83%) than other cohorts (Hispanics 91%
and blacks 89%). Of those receiving antihypertensivethera-
py, black patientswere morelikely to be taking two or more
medi cations (54%) than either Caucasian (44%) or Hispanic
(37%) patients. Angiotensin-converting enzyme inhibitors
werethemost frequently prescribed classof drugsin Cauca
sian (42%) and Hispanic (50%) patients, whilediureticswere
themost frequently prescribed classof drugsin blacks (50%).
Patients most likely to be treated with ACE inhibitors were
thosewith CHF, diabetes, LVH, and prior M. Hispanicswere
more likely to be trested with ACE inhibitors than Cauca-
sians, as were men and those < 70 years old compared with
women and patientsaged > 70 years (Fig. 1A). Also, patients
with BPin control weremorelikely toreceive ACE inhibitors
than those with BP out of control. Patients most likely to be
treated with diuretics were those with CHF, LV H, diabetes,
and prior M1, and were more likely to be black than Cauca
sianandtohaveBPincontrol (Fig. 1B). Lipid-lowering med-
icationswere prescribed morefrequently in Caucas an (46%)
compared with Hispanic (30%) and black (24%) patients.
The use of nitrates was most frequent in Hispanic patients
(41%) compared with 34% in both Caucasian and black pa-

Characteristic OR 95% Cl

CHF 197 175221
Diabetes 1.72 1.62-1.82
LVH 153 1.44-163
Hispanic (vs. Caucasian) 1.38 1.30-1.46
Prior Ml 118 1.12-1.25
BP control* 1.17 1.10-1.25
Male 1.09 1.03-1.14
Age <70 years 1.07 1.01-1.13
Black (vs. Caucasian) 0.99 0.92-1.08

(A)

Characteristic OR 95% Cl

CHF 6.98 6.12-7.96
Black (vs. Caucasian) 1.92 1.77-2.08
LVH 154 1.45-1.65
Diabetes 1.32 1.24-1.40
BP control* 1.08 1.01-1.16
Prior Ml 1.07 1.01-1.14
Age <70 years 0.83 0.78-0.88
Male 0.67 0.63-0.71
Hispanic (vs. Caucasian) 0.63 0.59-0.67

(B)
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tients. The use of aspirin or other antiplatelet agentswasre-
portedin 72% of Caucasian patientsbut in <50% of Hispanic
and black patients. Finally, other nonsteroidal anti-inflamma-
tory drugs were used more often by Hispanic and black
(22%) than by Caucasian patients (14%).

Blood PressureM easurementsand Control

Figure 2A summarizes mean BP and HR values; rates of
BP control for therace/ethnic cohortsaresummarized in Fig-
ure 2B. When assessed by race/ethnicity, mean systolic and
diastolic blood pressures (SBP and DBP) were significantly
different (p<0.001). Caucas an patientshad the highest mean
SBP (151.9 mmHg [SD + 19.5]) and black patients had the
highest mean DBP(89.2 mmHg[SD + 12.5]). Theproportion
of patientswith SBPand DBPin control wasal so significant-
ly different according to race/ethnicity (p<0.001); SBP con-
trol was highest in Hispanic patientswhile DBP control was
highest in Caucasian patients. Characteristics strongly associ-
ated with BP not in control included diabetesor LVH, while
Hispanic ethnicity, prior M1, male gender, presence of CHF,
and taking = 2 antihypertensive medications were associated
with BPlesslikely to be out of control (Fig. 3). Thefrequen-
ciesof SBP and DBP by category arelisted in Table 1. The
frequency of significantly elevated SBP (=160 mmHg) and

More
likely

Less
likely

051 15 2 25

OR (95% CI)
Less More
likely | likely .
L]
-
*
*
-
-
L]
L

05115 225 6 657 75 8
OR (95% ClI)

Fic.1 Oddsof taking an angiotensin-converting enzymeinhibitor (ACE-I) (A) and adiuretic (B) at baseline by selected baseline characteris-
tics. * Contral accordingto INC VI guideines (< 130/< 85 mmHg for patientswith diabetes and rena impairment, and < 140/< 90 mmHg for oth-
ers). CHF = congestive heart failure, LVH = lft ventricular hypertrophy, M1 = myocardial infarction, BP = blood pressure, vs. = versus, OR =

oddsratio, Cl = confidenceinterva.
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Fic.2 Mean (+ standard deviation) blood pressure and heart rate values (A), and rates of blood pressure control (B) at basdline according to
race/ethnicity. DBP = diastolic blood pressure, HR = heart rate, SBP = systolic blood pressure. Error bars= standard deviation. Caucasiann =
10,925, Hispanic n= 8045, black n=3029. Blood pressure control asdefinedin Figure 1.

Characteristic OR 95% ClI Less  More

Diabetes 225 206245 Kely [fikely o
LVH 1.67 1.53-1.83 i
Black (vs. Caucasian) 1.09 0.98-1.21 [

Age <70 years 1.07 1.00-1.15 b

Hispanic (vs. Caucasian) 0.93 0.86-1.00 L

Prior MI 0.90 0.84-0.96 L

Male 0.89 0.83-0.95 L

CHF 0.81 0.70-0.92 e

=2 antihypertensive agents 0.71 0.67-0.76 -

OR

Fic.3 Oddsof blood pressurenct in control by selected basdline characteristics. Abbreviationsand blood pressurecontrol asdefinedinFigure 1.

DBP (=100 mmHg) was highest in black patients (36 and
23%, respectively) compared with Caucasian (34 and 15%)
and Hispanic (30 and 18%, respectively) patients.

Discussion

Until now there have beenfew published dataontheclinical
characteristicsof contemporary ambulatory patientswith both
CAD and hypertension, particularly for the black and Hispanic
populations. Our datademonstratethat patientswith CAD and
hypertension, regardless of race/ethnicity, often have uncon-
trolled BP and moderately frequent anginasymptoms, despite
treatment with oneor moreanti hypertensvemedications. Sev-
era additiona CV risk factorsared so present. Thesedataem-
phasizeimportant race/ethnic differencesin theclinical char-
acteristicsand trestment of thispatient population.

TheINVEST study isthe only large antihypertensive trial
exclusively in patients with CAD. Only a small proportion
of patients from the Antihypertensive and Lipid-Lowering
Trestment to Prevent Heart Attack Trial (ALLHAT),>6 Con-
trolled Onset Vergpamil Investigation of Cardiovascular
End Points (CONVINCE),” 8 and Losartan Intervention for
Endpoint reduction in hypertension study (LI FE)12 13 had con-

TaBLE |  Systolic (SBP) and diastolic blood pressure (DBP) cate-
goriesaccording to racelethnicity (%)

Caucasian Hispanic Black
N=10,925 N=8045 N=3,029

SBP category (mmHg)
<130 114 122 115
130-139 125 157 147
140-159 421 425 380
2160 341 296 35.9
DBP category (mmHg)
<80 282 16.7 195
80-89 304 334 29.3
9099 26.1 323 28.7
2100 153 175 226

comitant CAD (7.5-32.7%). The INVEST study included a
high proportion of Hispanic patients (36%), and was second
only to ALLHAT in the number of black patients. Thus, IN-
VEST representsasubstantial additiontotheavailabledemo-
graphic information on patients with CAD, particularly for
theserace/ethnic groups. Other recent hypertensiontrialssuch
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asthe Nordic Diltiazem study (NORDIL), Intervention asa
God in Hypertension Treatment (INSIGHT), and Hyperten-
sion Optimal Treatment (HOT) included even fewer patients
with CAD (< 7%) and, because enrolIment inthesetrialswas
limited primarily to patientsin Europe and Scandinavia, very
few, if any, non-Caucasian patientswereenrolled.24

Therearenotablesimilaritiesand differencesin characteris-
tics between the patientsin INVEST and patientswith CAD
contained in other reports. Previous investigators concluded
that conventional CV risk factors (smoking, diabetes, hyper-
lipidemia, and hypertension) werenot prevalent inthe popula-
tion with CAD. 15 Data from INVEST and others suggest
otherwise. In a metaranalysis of over 120,000 patients with
coronary heart disease, Khot et al. reported hyperlipidemiain
40% of women and 34% of men, whilediabeteswaspresentin
23% of women and 15% of men. Prevalence ratesfor current
smoking (30% women, 42% men) weresomewhat higher than
thoseinthe current study, and 43% of patientsreported hyper-
tension.16 Although the Heart Outcomes Prevention Evaua
tion (HOPE) study wasnot exclusiveto patientswith CAD, the
mgjority (80%) had CAD.1” Hypertension, diabetes, and hy-
perlipidemiawere common (47, 38, and 66%, respectively),
supporting dataobservedin INVEST and described by Khot et
al.1®In additionto clinica datafor the overal populationwith
CAD, our patients demongtrate race/ethnic differencesin the
clinical characteristicsof patientswith hypertensonand CAD.
Caucadan patientsweremorelikely to have experienced apri-
or MI than black or Hispanic patients. In contrast, black pa-
tientsweremorelikely to have LVH and digbetes.

The hypertension data show that BP remained elevated in
thishigh-risk population despite the use of at least one antihy-
pertensive medication in most cases. Thisfindingiscompara
ble with datafrom ALLHAT®> 6 and CONVINCE,” 8 which
included hypertensive patients at increased risk for or with
heart disease. In these studies, only 27 and 20% of patients,
respectively, had controlled BP at basdine.

In addition, the frequency of hypercholesterolemiaisin
keeping with that reported by Khot et al.16 More important,
only two-thirds of our hypercholesterolemic patientswerere-
ceiving lipid-lowering therapy. Aspirin or other antiplatel et
agentsappear to beunderutilized, but thismay relateto theun-
certainty about the protective benefit in women. Also, theuse
of other nongteroidal anti-inflammatory drugs (NSAIDs), dl
of which arelabeled with warnings against concurrent aspirin
use and which are frequently used by the elderly, likely con-
tributesto thislower than expected use of aspirin.

There are limitations to the generdizability of these data.
SinceNVEST wasarandomized trid withexclusion criteria,
theresultswill not necessarily reflect dll of theother character-
istics of ageneral population with CAD and hypertension. In
particular, patients taking a beta blocker within 2 weeks of
randomization or taking abetablocker for an M| that occurred
inthe previous 12 monthswere excluded to avoid withdrawal
phenomenain patientsrandomized to the verapamil-SR-based
strategy. However, sinceit islikely that many of these patients
had taken abetabl ocker prior to enrollment, it wasmorelikely
that investigators dowly withdrew these agents. In addition,

patients who had unstable angina, had undergone percuta-
neouscoronary intervention or coronary artery bypassgraft, or
had astrokewithin 1 month of enrollment wereexcluded. Fur-
thermore, these patientswere enrolled from diverse geograph-
ic regions with varying standards of medica practice, avail-
ablemedicd care, and costs of medications. Thismay, in part,
explain someof thedifferences seenin patient characteristics,
particularly medication use and prior revasculari zation proce-
dures. Neverthel ess, these data provide valuable information
onthisunderstudied population.

Conclusion

These data from amodern population of hypertensive pa
tients with CAD have important clinical implications. Most
important isthat amgjority (>80%) of these patientshaveless
than optimal blood pressure control which, taken alone, has
profound negativeclinical implicationsfor their long-term sur-
vival andwell being (strokeand MI). Information onthe char-
acterigtics of modern high-risk minoritiesalso providesval u-
ableinsghtsinto these subpopulations. Finally, in additionto
uncontrolled hypertension, these patients also had multiple
other uncontrolled comorbidities, which underscoresthe need
for better recognition and management of risk factor condi-
tionsinall cohortsof thishigh-risk patient population.
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