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Abstract

Purpose: Masked hypertension (MH) independently predicts mortality but cannot be diagnosed from clinic blood pressure
(BP) taken under resting conditions. We sought to determine if MH could be identified from BP taken during a single bout
of low-intensity exercise. Methods. BP was recorded at rest and during brief low-level cycling exercise (60-70% of age-
predicted maximal heart rate) in 75 untreated subjects with a hypertensive response to exercise (aged 54 *= 9 years). All
subjects underwent 24-h ambulatory BP monitoring (ABPM) and MH was defined as clinic BP < 140/90 mmHg and
ABPM BP = 130/80 mmHg. Results. There were 42 (56%) patients with MH, and at rest systolic (SBP) was higher in
subjects with MH compared with those without MH (127 * 9 vs 120 = 9 mmHg; p < 0.05). During exercise, MH sub-
jects had significantly higher SBP (188 = 22 vs 168 = 15 mmHg; p < 0.05), with a greater change from baseline (61 * 21
vs 48 = 15 mmHg; p < 0.05). Low-level exercise SBP was independently associated with MH, and if =175 mmHg, iden-
tified MH with 74% sensitivity and 67% specificity (p < 0.001). Conclusion. MH can be identified in untreated individuals
from low-intensity exercise SBP. Further research on the diagnostic value of BP during early phases of exercise stress test-

ing is needed.
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Introduction

Clinic blood pressure (BP) predicts cardiovascular
morbidity and mortality (1). A limitation of this
method is the inability to detect certain BP abnor-
malities such as masked hypertension (MH). This
condition is associated with increased mortality (2),
and is defined by normal clinic BP but elevated BP
outside the office environment (3). Currently, the
methods to identify MH involve 24-h ambulatory BP
monitoring (ABPM) or home BP monitoring in con-
junction with clinic BP. An alternative and rapid
screening test to identify suspected MH may be clin-
ically useful. Exercise stress testing is widely used to
reveal cardiovascular abnormalities that are not iden-
tifiable at rest. Interestingly, a hypertensive response
to exercise (HRE) has been shown to predict the
future onset of hypertension, irrespective of appar-
ently normal office BP (4-6). Additionally, since
patients with MH exhibit higher BP on ABPM, we

hypothesized that an exaggerated BP elevation may
be detected during a single bout of low-stress physi-
cal activity, and that this may differentiate between
people with and without MH. We sought to test this
hypothesis in a study of subjects with exaggerated
exercise BP (7), as these patients may have increased
propensity for MH.

Methods
Subjects and protocol

This study was performed in 75 untreated subjects
with exaggerated exercise BP. Clinical characteristics
of the study population are outlined in Table I. All
participants had previously undergone an exercise
stress test (Bruce protocol to volitional fatigue), as
part of usual clinical care, and were identified from
hospital records as having an exaggerated exercise
BP, defined from Framingham data (8) as peak exercise
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Table 1. Clinical characteristics of study population (z = 75).
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Normotensive with exaggerated

BP response to exercise (n = 33)

Masked hypertensive (n = 42)

Variable Mean * SD or % Mean = SD or % p-value
Age (years) 53.7 + 8.0 53.7 £ 9.0 0.98
Sex (% male) 27.3 73.8 <0.001
Height (cm) 168.4 * 10.0 173.7 £ 8.6 <0.05
Weight (kg) 84.3 + 17.5 89.5 = 14.8 0.17
BMI (kg/m?) 29.7 +5.2 29.6 + 3.9 0.93
Day SBP (mmHg) 126 £ 5 143 = 8 <0.001
Day DBP (mmHg) 77 =5 85 + 8 <0.001
Night SBP (mmHg) 112 = 10 121 £ 11 <0.001
Night DBP (mmHg) 66 = 7 71+ 09 <0.05
ABPM SBP (mmHg) 124 = 4 139 = 7 <0.001
ABPM DBP (mmHg) 75 *+5 82 = 7 <0.001
Resting heart rate (beats/min) 66.0 = 10.1 66.5 + 8.2 0.81
Total cholesterol (mmol/l) 5.20 = 0.99 5.37 = 0.90 0.45
HDL-cholesterol (mmol/l) 1.41 = 0.36 1.28 = 0.42 0.17
LDL-cholesterol (mmol/l) 3.20 = 0.95 3.38 = 0.84 0.39
Triglycerides (mmol/l) 1.30 = 0.58 1.86 = 1.49 <0.05
Plasma glucose (mmol/l) 5.42 £ 0.71 6.70 = 2.83 <0.05
Glycosylated HbA | (%) 5.62 = 0.47 6.35 = 1.60 <0.05
Current smoker (%) 9.1 7.1 0.76
Aortic PWV (m/s)? 7.53 + 1.69 8.86 * 2.06 <0.05
Brachial PWV (m/s)? 7.69 = 1.11 8.61 = 1.13 <0.05

Data are mean = SD. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; ABPM, 24-h ambulatory blood
pressure monitor; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PWYV, pulse wave velocity. *Analysis of covariance

(ANCOVA) corrected for mean arterial pressure.

systolic BP (SBP) = 210 mmHg for males and
=190 mmHg for females. Patients were only included
if clinic BP was <140/90 mmHg (on two separate
clinic visits) and they had not previously been diag-
nosed with hypertension and were not taking anti-
hypertensive medication. Patients with a clinical
history of coronary or renal disease were excluded.
MH was defined according to current guidelines
(3,9) as clinic BP <140/90 mmHg and ABPM
BP = 130/80 mmHg. Non-MH (normotensive with
exaggerated BP response to exercise) was defined
as a clinic BP < 140/90 mmHg and ABPM
BP < 130/80 mmHg. Each patient underwent assess-
ment of exercise BP during a single laboratory visit.
Additional fasting blood samples were obtained via
venipuncture, and ABPM began that day. The research
was approved via local human research ethics com-
mittee and all procedures were carried out in accor-
dance with the Declaration of Helsinki (2000) with
all participants providing informed consent.

BP

All clinic BP measures were taken by a trained techni-
cian using a mercury sphygmomanometer and appro-
priately sized cuff (Baumanometer, W.A. Baum Co.,
New York, NY, USA) after 5 min of rest in the supine
position as per JNC 7 guidelines (3).The average of two
measures was used as the baseline clinic BP value. Exer-
cise BP was also measured using a mercury sphygmo-
manometer and recorded as the average of duplicate

measures. ABPM was recorded using a validated device
(TM2430, A&D Mercury, A&D Medical, Thebarton,
South Australia) on a typical mid-week day. Measures
were recorded each 30 min during the day (06:00 to
22:00 h) and each hour over night (22:00 to 06:00 h).

Exercise protocol

Exercise BP measurements were performed during
upright cycling using a cycle ergometer (model 818E;
Monark, Varberg, Sweden). LLoad was variably set for
each individual in order to achieve a steady state
heart rate at 60—-70% of age-predicted maximal heart
rate (defined as 220 — age X 0.60 or 0.70) as previ-
ously described (10). All patients achieved this inten-
sity, which typically equated to “very light” to
“moderate” exercise, or a rating of 1-3 out of the
Borg 10-point scale. Once the desired intensity was
reached, exercise was performed at steady state
for approximately 3—5 min during which time all
exercise BP measures were recorded.

Arterial stiffuness

We were interested in assessing arterial stiffness
between subjects with and without MH, because this
has been associated with exaggerated exercise BP
(11). As a measure of regional artery stiffness,
pulse wave velocity (PWV) was calculated during
supine rest using electrocardiogram-gated hand-held
applanation tonometry (SphygmoCor 7.1; AtCor
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Medical., Sydney, Australia). Aortic PWV was
determined from sequential carotid and femoral
waveforms, whereas brachial PWV was determined
from carotid and radial waveforms.

Blood biochemistry

Blood biochemistry analysis of fasting plasma glu-
cose, total cholesterol, high-density lipoprotein
(HDL), low-density lipoprotein (LLDL) and tri-
glyceride levels was performed through hospital
pathology services via standard procedures.

Statistics

Data was analysed using SPSS version 16.0 (SPSS
Inc., Chicago, IL, USA). The clinical characteristics
and hemodynamic differences between those with
MH and those without MH were assessed by inde-
pendent r-tests and chi-square analysis. Analysis of
covariance (ANCOVA) was additionally undertaken
to assess between-group differences, correcting for
any baseline differences. Pearson product moment
correlations were performed to assess relationships
between variables. Binary logistic regression using a
forced entry method was utilised to determine inde-
pendent predictors of MH. Multi-collinearity was
defined as an r-value for the association between
independent variables of =0.70 or if tolerance
was <0.10. Receiver operator curve analysis was
undertaken to determine light exercise brachial BP
cut-off values for predicting the presence of MH.
p < 0.05 was considered significant.

Results

Among the entire study population (n = 75), there
were 42 (56%) participants with MH (Table I).
There was a predominance of male subjects in the
MH group (p < 0.05). MH patients were taller,
with increased daytime SBP and DBP, increased

nocturnal SBP and DBP, and increased ABPM SBP
and DBP compared with those without MH
(p < 0.05 for all). Furthermore, those with MH had
increased plasma triglycerides, plasma glucose,
plasma HbA, , aortic and brachial PWV compared
with those without MH (p < 0.05 for all). Smoking
status did not differ between groups. Resting SBP
was significantly higher in MH subjects compared
with those without MH (p < 0.001; Table II).

Exercise BP for delineation of MH

After correction for resting brachial SBP, MH sub-
jects had significantly higher brachial SBP during
light exercise, with greater changes from resting con-
ditions (Table II and Figure 1). These differences
remained significant after additional correction for
sex, height, triglyceride and blood glucose levels
(p < 0.05). Light exercise brachial SBP was signifi-
cantly correlated with brachial SBP acquired by
ABPM (r = 0.42, p < 0.001; Figure 2).

A logistic regression model for predictors of MH
was constructed with the following independent
variables entered in the model; light exercise brachial
SBP, resting brachial SBP, sex (0 = female, 1 = male),
body mass index, age, aortic PWYV, fasting triglycer-
ide, glucose and total cholesterol (Table III). Sig-
nificant predictors of MH were light exercise brachial
SBP, sex and aortic PWV (p < 0.05). The overall
model accounted for 48-64% of the variability in
MH. The model also predicted MH with 82% spec-
ificity and 80% sensitivity (p < 0.001). However,
when aortic PWV was removed from the model,
light exercise SBP was no longer predictive of
MH (p = 0.053). A light exercise brachial SBP value
of 175 mmHg was identified as the optimal
cut-off point to reveal MH, with 74% sensitivity and
67% specificity (p < 0.001). However, if light
exercise brachial SBP was =190 mmHg, specificity
increased to 97%, but with low sensitivity
(48%; p < 0.001).

Table II. Hemodynamic differences between normotensives with exaggerated blood pressure (BP) response to exercise and masked

hypertensive individuals.

Normotensive with Masked
exaggerated BP response hypertensive
to exercise (n = 33) (n = 42)
Variable Condition Mean (SD) Mean (SD) p-value ANCOVA, p-value?
SBP (mmHg) Rest 120 = 9 127 =9 <0.001 -
Light exercise 168 = 15 188 = 22 <0.001 <0.05
DBP (mmHg) Rest 71 =6 74 = 7 0.080 0.73
Light exercise 82 *+9 85 = 11 0.118 0.46
MAP (mmHg) Rest 88 £ 6 92 =7 <0.05 0.94
Light exercise 114 = 10 120 = 14 <0.05 0.17
Heart rate (beats/min) Rest 66 = 10 67 = 8 0.805 0.70
Light exercise 111 £ 9 109 = 10 0.559 0.47

Data are mean * SD. SBP, systolic blood pressure; DBP, Diastolic blood pressure; MAP, mean arterial pressure; PWV, pulse wave velocity;
2Analysis of covariance (ANCOVA) corrected for supine resting brachial SBP.
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Figure 1. Change in systolic blood pressure (SBP) from rest to
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normotensives with exaggerated BP response to exercise and
masked hypertensives and remain significant after analysis of
covariance (ANCOVA) correction for height, sex, fasting
triglycerides and plasma glucose levels. “p < 0.05. Error bars are
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Discussion

The novel finding of this study was that MH could
be “unmasked” (with high positive predictive value)
via the BP response to light exercise in untreated
subjects known to be at risk of MH. The adverse
clinical consequences of MH are recognized in guide-
lines on the evaluation of high BP, but no recom-
mendations are provided with respect to further BP
investigations in people presenting with apparently
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Figure 2. Pearson correlation graph showing the relationship between
24-h ambulatory systolic blood pressure (SBP) and light exercise
brachial SBP in the study population (z = 75).
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normal office BP but in who MH may be suspected
(e.g. HRE, increased left ventricular mass or other
end-organ abnormalities) (9). Thus, a significant
proportion of people with heightened cardiovascular
risk from MH may remain undetected according to
current diagnostic recommendations. To our knowl-
edge, these data provide the first preliminary evi-
dence for the potential diagnostic value of light
exercise BP.

Exercise BP and MH

The clinical significance of MH is demonstrated by
an association with left ventricular hypertrophy (12),
increased risk for future development of sustained
hypertension (4—6) and increased mortality (2).
Although MH has not been extensively studied, there
is data to suggest that it is common, with reported
prevalence ranging from 15% in apparently healthy
subjects (2) to 30% in higher risk individuals such
as those with diabetes (13).The presence of exagger-
ated exercise BP may be a critical marker for the
presence of MH because the prevalence of the condi-
tion seems to be markedly higher in those with exer-
cise hypertension. This was identified in a recent
study, which indicated 41% prevalence of MH in
patients with an exaggerated exercise BP (14).Indeed,
subjects with a HRE in this current study had a 56%
prevalence of MH, and a recent study in diabetic
individuals with an exaggerated exercise BP response
found the prevalence of MH to be 71% (7).

Many studies have reported cardiovascular seque-
lae associated with an exaggerated exercise BP
response attained at maximal (15) or modest exercise
workloads (16-20). Considering that maximal exer-
cise intensity is seldom reached in everyday life by
the general population, measurement of BP during
light to moderate exercise may be a more suitable
tool to assess the true risk related to BP, since this
medium would be analogous to the chronic BP load
during daily life activities. In the present study, we
found that light exercise brachial SBP was an inde-
pendent predictor of MH, and significantly corre-
lated with ABPM SBP. While cycle ergometry may
not be incorporated into routine clinical practice, our
results highlight the need for further research into
the diagnostic value of BP during early stages of a
standard exercise stress test, such as the commonly
used Bruce treadmill protocol. This may provide
another avenue by which poor BP control could be
identified.

Mechanisms of abnormal exercise BP in MH

The mechanisms of an abnormal elevation of exer-
cise BP remain unclear, but are likely to be multifac-
torial. Impaired endothelial function, which may act
to hinder an appropriate vasodilatory response to
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Table III. Logistic regression model for predictors of masked hypertension.

95% CI for OR

Variable B Wald p-value Odds ratio Upper Lower
Light exercise SBP 0.065 5.92 0.015 1.067 1.124 1.013
Sex 2.391 7.34 0.007 10.92 61.61 1.938
Aortic PWV 0.925 5.21 0.023 2.521 5.578 1.139
Total cholesterol 0.785 2.56 0.110 2.192 5.732 0.838
Fasting glucose 0.575 1.39 0.239 1.777 4.628 0.682
Age —0.061 1.20 0.273 0.941 1.050 0.843
BMI —0.076 0.64 0.423 0.926 1.117 0.768
Triglycerides —0.304 0.25 0.615 0.738 2.411 0.226
Resting SBP 0.034 0.53 0.466 1.034 1.132 0.945

CI, confidence interval; OR, odds ratio; SBP, systolic blood pressure; PWV, pulse wave velocity; BMI, body mass index.

exercise (21) may contribute to an unusually sharp
rise in BP during exercise (22). Furthermore, the
tone of the large elastic arteries during exercise
should also contribute to the magnitude of the exer-
cise BP rise. Naka et al. (23) found that exercise
results in an elevation in brachial PWV (indicating
increased stiffness) and an overall vasoconstrictive
response in a cohort of healthy subjects (23). Our
study showed that MH patients have increased aortic
and brachial PWV under resting conditions. Whether
this would translate to excessive large artery stiffness
during exercise is unknown, but if this was the case,
it may contribute to exaggerated exercise BP. Cer-
tainly, it is interesting that aortic PWV independently
predicted the presence of MH.

Under resting conditions, central artery stiffness
(aortic PWYV) is also known to be associated with
elevated BP (24) and global endothelial dysfunction
(25), possibly related to decreased nitric oxide bio-
availablity (26). Although, whilst under the physical
stressor of exercise, the effects of nitric oxide on vas-
cular resistance appear to be less marked than at rest
(27) and nitric oxide may only play a minor role in
the modulation of exercise BP changes (28). Thus,
exercise BP and vasodilatation of the muscular arter-
ies supplying the skeletal muscle during exercise (29)
could be arbitrated by other unknown factors. Poten-
tial candidates may include blood rheology such as
increased blood plasma viscosity (30). Additionally,
metabolic factors influencing vascular reactivity,
including cholesterol and insulin resistance, and sen-
sitivity may abnormally alter exercise BP changes
from basal conditions (31,32). Indeed, patients with
MH in this study had elevated triglyceride and glu-
cose levels. Further studies are required to ascertain
the pathways responsible for the abnormal exercise
BP response in MH individuals.

Limitations

This was a study confined to patients with exagger-
ated exercise BP on the grounds that exercise BP
may be a useful medium to differentiate MH in these
individuals (7). This hypothesis proved correct, but

in order to confirm this, future studies should include
a control group with normal exercise BP. Further-
more, we chose to increase the time intervals between
night-time BP measures in order to decrease patient
discomfort. This may have resulted in some partici-
pants being incorrectly assigned as MH or non-MH.

Conclusion

Although MH is a clinically significant condition
known to be associated with cardiovascular mor-
bidity and mortality (2,12,33), current guidelines
do not provide recommendations regarding diag-
nosis and management of the phenomenon (3,9).
This study shows that brachial BP measurements
taken during a low-intensity bout of exercise are
significantly raised in subjects with MH. More-
over, light exercise brachial SBP predicts the pres-
ence of MH with high specificity. These findings
suggest that an exaggerated BP response to light
exercise may be a marker to delineate those at an
increased risk related to BP. Thus, further studies
should be directed towards determining the diag-
nostic value of BP acquired during the early stages
of an exercise stress test in varying patient and
healthy populations.
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