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The current study examined the degree of blood pressure
(BP) control and incidence of myocardial ischemia in hyper-
tensive patients (n=2039) referred for cardiac stress test.
Patients were categorized into well-controlled (<140/
90 mm Hg), poorly controlled (140–160/90–100 mm Hg),
and very poorly controlled (>160/100 mm Hg) groups
according to their resting BP. The mean age[�standard error
of the mean] of the patients was 68�13 years, and 885
(43.4%) were men. The prevalence of well-controlled hyper-
tension (HTN) was 47.2%, poorly controlled HTN was 29.5%,
and very poorly controlled HTN was 23.3%. Evidence of

ischemia was seen in 19.8% and 19.3% of the well-
controlled and poorly controlled groups, respectively. The
very poorly controlled group had the lowest incidence of
ischemia (14.3%) (P<.05) compared with the other two
groups. Symptoms that mimic ischemic heart disease in
hypertensive patients may be partly explained by poorly
controlled BP. Quality of care might be improved by optimally
controlling BP in patients with angina symptoms prior to
ordering diagnostic testing associated with radiation expo-
sure and cost. J Clin Hypertens (Greenwich). 2015;17:709–
712. ª 2015 Wiley Periodicals, Inc.

Hypertension (HTN) is defined as a persistent systolic
blood pressure (BP) of at least 140 mm Hg and/or
diastolic BP of at least 90 mm Hg, or BP that is
controlled to guideline-recommended levels using anti-
hypertensive medication.1 Data from the National
Health and Nutrition Examination Survey indicated
that 50 million or more Americans had high BP that
warranted some form of treatment between 1988 and
19942 and a repeat analysis from 1999 to 2000
showed that at least 65 million adults had HTN, a
3.7-percentage point increase in HTN prevalence.1 As
many as two thirds of individuals with HTN in the
United States are either untreated or undertreated2–4

and suboptimal BP is the number one attributable risk
for death throughout the world.2

HTN is a powerful risk factor for fatal and nonfatal
cardiovascular (CV) events.3 Zhang and colleagues5

showed that patients with not-at-goal HTN bear a
heavy burden of CV disease. These patients had
an estimated 10-year risk of CV events of 25% and a
10-year risk of CV death of 6.8%�6.6%. Achieving
adequate BP control can reduce morbidity and mortality
from CV diseases. A 5-mm Hg reduction in systolic BP
is estimated to result in a 14% overall reduction in
mortality due to stroke, a 9% reduction in mortality due
to coronary heart disease, and a 7% decrease in all-
cause mortality.2

We sought to examine the degree of BP control in
hypertensive patients referred for cardiac stress testing.

We hypothesized that poor BP control would correlate
with higher risk findings on stress myocardial perfusion
imaging as manifested by a higher incidence of ischemia.

METHODS
We retrospectively analyzed 2039 consecutive patients
with the diagnosis of HTN referred to New York
Hospital Medical Center of Queens/Weill Cornell
Medical College nuclear cardiology laboratory for stress
testing from January 2007 through July 2010.
BP was measured using an IntelliVue MP70 (Royal

Philips Electronics, the Netherlands) noninvasive BP
monitor. It uses an oscillometric technique and the
device meets the Association for the Advancement of
Medical Instrumentation Standards. The device was
operated manually by an experienced stress laboratory
nurse. BP was measured twice after the patient had
rested for at least 5 minutes in a quiet comfortable
room. The average of both readings was used for these
analyses. Patients’ BP was categorized as follows:
well-controlled (<140/90 mm Hg), poorly controlled
(140–160/90–100 mm Hg), and very poorly controlled
(>160/100 mm Hg).
The incidence of ischemia was defined as the presence

of at least one reversible perfusion defect on stress/rest
single-photon emission computed tomography scan.
Both exercise and pharmacologic stress studies were
included. Standard single and dual isotope protocols
using Thallium and Technetium-99m Sestamibi were
used.

Statistical Analysis
Data were analyzed using unpaired, two-tailed Student
t tests and multiple regression analysis (SPSS software
package, version 10; SPSS Inc, Armonk, NY). When
not in absolute numbers, data were reported as
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mean�standard deviation. A P value <.05 was consid-
ered significant.

RESULTS
Patients had a mean age of 68�13 years, 885 (43.4%)
were men, 742 (36.4%) had diabetes, 1189 (58.3%)
had dyslipidemia, and 767 (37.6%) had a history of
coronary heart disease (Table). We found that 47.2% of

the study population had BP categorized as well-
controlled, 29.5% as poorly controlled, and 23.3% as
very poorly controlled. Among the well-controlled HTN
group, 19.8% had evidence of ischemia while 19.3% of
the poorly controlled group had ischemia. The very
poorly controlled group had the lowest incidence of
ischemia (14.3%) (P<.05) compared with the well-
controlled and poorly controlled BP groups (Figure).

DISCUSSION
HTN is an important risk factor for the development of
coronary artery disease6–8; therefore, the development
of chest pain in a patient with HTN is commonly
ascribed to coronary atherosclerosis.9 As many as two
thirds of individuals with HTN in the United States have
suboptimal BP control either because of undertreatment
or absence of treatment.3 In the present study, we found
that more than half of the patients referred for stress
testing had uncontrolled HTN, and almost one quarter
had BP >160/100 mm Hg. We hypothesized that, as a
result of being at higher risk for CV disease, patients
with uncontrolled HTN would be more likely to have
an abnormal and high-risk stress test as manifested by a
higher incidence of ischemia on stress myocardial
perfusion imaging. However, in contrast to our hypoth-
esis, patients with very poorly controlled HTN had a

TABLE. Baseline Characteristics According to
Degree of Blood Pressure Control

Well-

Controlled

HTN

Poorly

Controlled

HTN

Very Poorly

Controlled

HTN

P

Value

No. 962 602 475 –

Age, y 70�12 71�13 73�12 NS

Men, No. (%) 415 (43.1) 261 (43.3) 198 (41.7) NS

Dyslipidemia,

No. (%)

561 (58.3) 341 (56.7) 305 (64.2) NS

Diabetes, No. (%) 350 (36.4) 195 (32.4) 148 (31.2) NS

History of CAD,

No. (%)

362 (37.6) 220 (36.5) 196 (41.2) NS

Abbreviations: CAD, coronary artery disease; HTN, hypertension; NS,

not significant.

FIGURE. Study population according to blood pressure control and presence of ischemia.
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lower incidence of ischemia compared with patients
with poorly controlled and well-controlled HTN. One
possible explanation for this finding is that patients with
very poorly controlled HTN may be experiencing
symptoms mimicking ischemic heart disease but are
caused by their markedly elevated BP.
Several studies have reported on the pathophysiology

of HTN-induced angina symptoms in the absence of
evidence of ischemia on perfusion imaging.10–12 Pichard
and colleagues12 suggested that severe left ventricular
(LV) hypertrophy, usually seen in individuals with
uncontrolled HTN, is associated with a reduction in
coronary vascular reserve (CVR). The study was con-
ducted on the premise that increased blood flow occurs
in ventricular hypertrophy and the increase in flow may
be obtained at the expense of the existing CVR. The
CVR was studied by analyzing the hyperemic reaction
to selective injection of contrast into coronary arteries in
25 patients. The authors found that the hyperemic
response correlated with LV mass (r=0.51, P<.01) and
speculated that the decrease in the vascular reserve
capacity may be related to the ischemic component of
hypertrophic heart disease. This finding was supported
by previous studies reported by Brush and colleagues,9

They demonstrated that LV hypertrophy caused by
HTN is associated with a limitation in CVR and such an
abnormality can lead to the precipitation of myocardial
ischemia and therefore may account, at least in part, for
the presence of angina in hypertensive patients.
Although we did not measure LV mass in our study,
the reduction in CVR can still be applied to hypertensive
patients in our study population, as reduction in CVR
has also been shown in hypertensive patients with no
evidence of LV hypertrophy.9

Brush and colleagues9 found that angina symptoms in
hypertensive patients without epicardial coronary dis-
ease may be caused by myocardial ischemia as a result
of abnormally elevated coronary artery resistance at the
microvascular level. Several studies have confirmed the
presence of a structurally based increase in flow resis-
tance in patients with HTN caused by increased arterial
pressure.10,13–15 With elevated BP, endothelial cells are
exposed to an increased transmural force and increased
circumferential stretch, both of which are signals that
can alter endothelial cell phenotype.16,17 Histological
studies have shown increased vascular muscle mass
caused by hyperplasia within small arteries in hyper-
tensive patients leading to an increased media to lumen
ratio contributing to flow resistance.18,19 Abnormal
resistance to flow in angiographically normal coronary
arteries may explain some clinically typical angina-like
symptoms in these uncontrolled hypertensive patients.20

As reported by Stakos and colleagues,21 another
plausible cause of angina-like symptoms in uncontrolled
hypertensive patients with no evidence of ischemia is
aortic stiffness. Alterations in collagen turnover are seen
in hypertensive patients through a process known as
vascular remodeling, contributing to aortic stiff-
ness,22–24 which has been shown to cause angina-like

pain in hypertensive patients with normal coronary
arteries.21 A sudden rise in aortic systolic pressure as a
result of aortic stiffness increases aortic wall tension,
which stimulates aortic wall pain fibers resulting in
chest pain.25 It was postulated that aortic stiffness
resulted in reduced aortic diastolic BP and reduction in
subendocardial blood flow, causing some myocardial
ischemia that may mimic angina symptoms.21 In addi-
tion, aortic stiffness has been shown to reduce CVR.26 A
combination of all of these factors may be responsible
for angina-like symptoms experienced by patients with
uncontrolled HTN. This may partly explain the low
incidence of ischemia seen in the very poorly controlled
HTN group because their symptoms, necessitating
cardiac stress test, are most likely not caused by
coronary artery disease.

CONCLUSIONS
More than half of patients referred for stress testing in
our study population had uncontrolled HTN, and
almost one quarter had BP >160/100 mm Hg. This
represents suboptimal treatment in a group of comor-
bid patients with suspected or known CV disease. As
discussed above, the poorly controlled BP may at least
partially explain the symptoms of ischemic heart
disease in hypertensive patients. Quality of care
might be improved by optimally controlling BP in
patients with angina symptoms prior to ordering
diagnostic testing associated with radiation exposure
and cost.
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