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Abstract

Purpose. Masked hypertension is associated with increased cardiovascular risk but is
undetectable by clinic blood pressure (BP). Elevated systolic BP responses to submaximal
exercise reveal the presence of masked hypertension in adults, but it is unknown whether this
is the case during adolescence. We aimed to determine if exercise BP was raised in
adolescents with masked hypertension, and its association with cardiovascular risk markers.
Methods. 657 adolescents (aged 17.7±0.3 years; 41.9% male) from the Avon longitudinal
study of parents and children (ALSPAC) completed a step-exercise test with pre-, post- and
recovery-exercise BP, clinic BP and 24-hour ambulatory BP. Masked hypertension was
defined as clinic BP <140/90 mmHg and 24-hour ambulatory BP ≥130/80 mmHg.
Assessment of left-ventricular (LV) mass index and carotid-femoral pulse wave velocity
(aortic PWV) was also undertaken. Thresholds of clinic, pre-, post- and recovery-exercise
systolic BP were explored from ROC analysis to identify masked hypertension. Results. Fifty
participants (7.8%) were classified with masked hypertension. Clinic, pre-, post- and
recovery-exercise systolic BP were associated with masked hypertension (AUC ≥0.69 for all
respectively), with the clinic systolic BP threshold of 115 mmHg having high sensitivity and
specificity and exercise BP thresholds of 126, 150 and 130 mmHg respectively having high
specificity and negative predictive value (individually or when combined) for ruling out the
presence of masked hypertension. Additionally, these exercise systolic BP above the
thresholds was associated with greater left-ventricular mass index and aortic PWV.
Conclusions. Submaximal exercise systolic BP is associated with masked hypertension and
adverse cardiovascular structure in adolescents. Exercise BP may be useful in addition to
clinic BP for screening of high BP and cardiovascular risk in adolescents.
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Introduction

Raised blood pressure (BP) is a significant risk factor for cardiovascular morbidity and
mortality.1 In practice, BP is most commonly measured in the clinic, seated at rest. However,
this approach is limited with respect to establishing habitual BP. Indeed, while BP may
appear within normal limits in the clinic, out-of-clinic BP may be raised, a condition termed
masked hypertension.2, 3 Masked hypertension is associated with a three-fold risk of sustained
hypertension and cardiovascular mortality compared to that of normal BP in adults.4-7 When
diagnosed in childhood or adolescence, individuals are at increased risk of adverse
cardiovascular outcomes in later life (e.g. incident hypertension and left ventricular
hypertrophy).5,

8

Thus, the early detection of masked hypertension is important for the

prevention of cardiovascular disease.
24-hour ambulatory BP monitoring or home BP monitoring combined with clinic BP
assessment are required to detect masked hypertension.9, 10 However, for individuals who
have normal clinic BP without any other clinical information which indicates target organ
damage or chronic disease, it is unlikely that they would be referred to do ambulatory BP
monitoring, and thus a diagnosis of hypertension could be missed. Previous studies in small,
selected adult populations have shown that an exaggerated systolic BP response to
submaximal (light-to-moderate intensity) exercise testing can reveal underlying or masked
hypertension.9, 11 It does, however, remain unknown if submaximal exercise BP is useful in
revealing or ruling out the presence of masked hypertension in adolescents, which was the
primary aim of this study. We also aimed to determine threshold values of submaximal
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exercise BP associated with masked hypertension, and markers of cardiovascular risk,
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including left-ventricular mass index and aortic stiffness.

Methodology

Participants. Data from the Avon Longitudinal Study of Parents and Children (ALSPAC), a
large ongoing population-based birth cohort study in the UK, were used. Information on the
study cohort has been reported previously,
searchable

via

an

online

data

12,13

and

dictionary

details of all data available fully
and

variable

search

tool

(http://www.bristol.ac.uk/alspac/researchers/our-data/). The total sample size for analysis
using any data collected after the age of seven is 15,247 pregnancies, resulting in 15,458
fetuses. Of this total sample, 14,775 were live births and 14,701 were alive at 1 year of age.
9486 participants did not attend the 17-year follow-up clinics. Of the 5215 eligible
participants from this 17-year subset, 4558 participants were excluded if missing
demographic data (sex), pre-exercise BP, post-exercise BP, recovery-exercise BP and 24hour ambulatory BP as indicated in figure 1. The sample population of the current study
included 657 adolescents who were part of the 17-year follow-up. This sample of adolescents
completed a submaximal exercise step-test with pre-exercise, post-exercise and recoveryexercise BP measurement, clinic and 24-hour ambulatory BP measurements. Markers of
cardiovascular structure including left-ventricular mass index (LVMI) and carotid-femoral
(aortic) pulse wave velocity (PWV) were collected on further sub-samples from the final 657
(n=567 and 541 respectively). A flow chart of participation is given in figure 1. Ethical
approval for the study was obtained from the ALSPAC Ethics and Law Committee and the
Local Research Ethics Committees. Each participant provided written consent for
participation.

This article is protected by copyright. All rights reserved.

Exercise testing and BP. Participants completed an exercise step-test (modified
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Tecumseh).14 This involved stepping onto and off a step at a height of 20 cm, at a rate of 23
steps per minute for three minutes. A metronome was used to set the tempo of steps. Systolic
BP, diastolic BP and pulse rate were measured using a validated automatic monitor (Omron
705 IT, Omron Electronic Components, Europe BV) with an appropriate sized cuff fitted to
the upper arm. A single BP measure was obtained immediately prior to the beginning of the
step-test, while the participant was standing with their arm naturally at their side (pre-exercise
BP). Participants continued to wear the BP cuff during the step-test and a further singlemeasure was recorded at the end of stepping within the first 30 seconds (post-exercise BP). A
third single-measure was recorded starting at three minutes after completion of the test
(recovery-exercise BP). The change in systolic BP from pre- to post-exercise (pre-post
systolic BP change) was calculated as post-exercise BP less pre-exercise BP, whilst the
change in BP from post-exercise to recovery (post-recovery systolic BP change) was
calculated as post-exercise BP less recovery-exercise BP.

Clinic BP. Assessment of clinic BP was undertaken before the exercise test, on the same day.
Arm circumference was measured and an appropriate sized cuff placed onto the upper arm.
Measurement was performed using the same automated device as used for exercise BP, in the
seated position after five minutes rest. Three readings were taken and the average of the final
two was used for analysis. Clinic BP was classified as raised based on adult hypertension
thresholds (systolic and/or diastolic BP ≥140/90 mmHg)

2

in accordance with European

adolescent hypertension guidelines for individuals older than 16 years of age.15
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Out-of-clinic BP. Ambulatory BP was assessed using an automated monitor (Spacelabs
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90217, Spacelabs Healthcare, Issaquah, Washington, United States). Participants were fitted
with the device upon completion of the exercise test and were required to wear it for the
subsequent 24 hours. Measures of systolic and diastolic BP were recorded every 30 minutes
during the day and hourly during overnight. Participants were instructed to not remove the
device during sleep. Daytime and night-time were defined by the participant.16 Whilst the
expected maximum number of total readings per participant therefore varied on the duration
of the night-time period, it was expected in the range of 36 - 42 total (24 - 27 valid) and
daytime 24 - 36 total (16 - 23 valid); night-time 6 - 12 total (4 – 8 valid). Whilst the
differences in number of valid readings would not likely impact results,17 expected numbers
correspond reasonably with the daytime limits suggested by O’Brien et al18 and the nighttime limits used by Mezick et al.19 The average of daytime, night-time and 24-hour BP
(calculated as the average of all valid readings during the defined daytime, night-time and 24hour periods) was used for analysis. There is currently no consensus on ambulatory
hypertension thresholds in adolescents. For consistency with clinic BP thresholds, we
therefore defined raised ambulatory BP based on adult ambulatory hypertension thresholds as
24-hour systolic and/or diastolic BP ≥ 130/80 mmHg.2 Normal ambulatory BP was defined as
24-hour BP <130/80 mmHg. Normal BP was defined as normal clinic BP and normal 24hour ambulatory. Masked hypertension was defined as normal clinic BP but raised 24-hour
ambulatory BP. White coat hypertension was defined as raised clinic BP and normal 24-hour
ambulatory BP. Hypertension was defined as raised clinic BP and raised 24-hour ambulatory
BP. BP load (percentage time during which BP readings exceed hypertension threshold over
24 hours) was calculated as the percentage number and duration of readings exceeding the
following limits; daytime 140/90 mmHg; Night time 120/80 mmHg. Nocturnal dipping
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(percent day-night difference) was determined for systolic and diastolic BP as (mean daytime
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BP – mean night‐ time BP)/mean daytime BP.

Anthropometrics and blood biochemistry. Height was estimated to the nearest 0.1cm with

a Harpenden Stadiometer. Body weight was measured to the nearest 0.1 kg using a Tanita
TBF 305 scale. Body mass index was calculated as weight (kg)/height (meters) 2. Blood
samples were collected following overnight fast for those assessed in the morning or a
minimum 6-hours for those assessed in the afternoon. Biochemistry analysis of glucose and
cholesterol was performed following locally established procedures.

Cardiovascular assessments. A comprehensive cardiac echocardiogram was undertaken to
determine cardiac structure using a HDI 5000 (Phillips Healthcare, North Andover,
Massachusetts, USA) ultrasound with integrated P4-2 phased array ultrasound transducer.
Left ventricular (LV) mass was calculated according to the guidelines of American Society of
Echocardiography and indexed to height2.7.20 Measurement of large artery (aortic) stiffness
was undertaken by ECG-gated carotid-femoral PWV using the Vicorder device (Version 5.1;
Skidmore Medical Ltd) and following consensus guidelines.21

Statistical analysis. All data were analysed using IBM SPSS Statistics, version 24.0.
Numerical and visual outputs including the Shapiro-Wilk test and normal Q-Q plots were
assessed to check normality of distributions. Differences in continuous variables were
assessed by t-tests and one-way analysis of variance (ANOVA), and categorical variables by
chi-square. Multiple linear regression was performed to adjust for potential confounders of
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associations. Receiver operator characteristic (ROC) curve analyses were performed to detect
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optimal post-exercise and recovery-exercise systolic BP threshold values that associated with
the presence of masked hypertension. The area under the ROC curve (AUC) was quantified
to determine the overall ‘accuracy’ of clinic, pre-exercise, post-exercise and recoveryexercise systolic BP for detecting masked hypertension. Thresholds of all BP’s were created
based on either 1) Youden’s criterion as the maximised sum of sensitivity plus specificity or
2) the minimal difference between sensitivity and specificity. In addition, pre-exercise, postexercise and recovery-exercise BP thresholds were combined in different ways (i.e. by
combining post- and recovery-exercise BP thresholds, or pre-, post- and recovery-exercise
BP thresholds) to assess whether this improved the identification of masked hypertension.
Sensitivity (the true positive rate), specificity (the true negative rate), positive predictive
value (PPV), negative predictive value (NPV), positive likelihood ratio (LR+) and negative
likelihood ratio (LR-) were determined for each threshold. Log-binominal models were used
to directly estimate prevalence ratios (PR) as per methods previously outlined,22-24 and to
determine the association of the post-exercise systolic BP or recovery-exercise systolic BP
(adjusting for age, sex, BMI and clinic (resting) systolic BP) with the presence of masked
hypertension.

Results

588 (89.5%) participants were classified with normal BP and 50 (7.8%) with masked
hypertension. Some participants were classified with white coat hypertension (11, 1.7%), or
hypertension (8, 1.2%) but were not included in further analyses. One participant was
pregnant; three self-reported a diagnosis of diabetes and seven participants reported
hypertension. Sex distribution and height were similar among those classified with masked
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hypertension and those with normal BP. Those classified with masked hypertension had
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greater BMI, weight, higher total cholesterol and triglyceride levels compared to those with
normal BP (table 1).
Participants classified with masked hypertension had higher clinic systolic and diastolic BP
(table 2a), higher daytime, night time and 24-hour average ambulatory systolic and diastolic
BP as well as systolic and diastolic BP load compared to those classified with normal BP
(table 2b). Pre-exercise, post-exercise and recovery-exercise systolic and diastolic BP were
higher in those classified with masked hypertension compared with those classified with
normal BP (table 2c). Heart rate was similar between the two groups before, after exercise or
during the recovery period. There were also no differences in systolic BP change pre-post and
post-recovery between the two groups.
All systolic BP measures (clinic, 24-hour, pre-, post-, and recovery exercise BP) were
associated with each other (see supplementary table 1). Clinic, pre-exercise systolic BP, postexercise systolic BP and recovery-exercise systolic BP was associated with masked
hypertension (AUC=0.80, 95% CI: 0.75-0.86, AUC = 0.73, 95% CI: 0.65–0.81, AUC = 0.69,
95% CI: 0.61–0.76, AUC = 0.74, 95% CI: 0.67–0.81). Clinic BP had a greater AUC vs. preexercise systolic BP (P <0.05), post-exercise systolic BP (P <0.05) and recovery-exercise
systolic BP (P=0.06). Pre-exercise BP had a similar AUC vs. post-exercise systolic BP
(P=0.19) and recovery-exercise BP vs. post-exercise systolic BP (P=0.10). A pre-exercise
systolic BP threshold of 126 mmHg, a post-exercise systolic BP threshold of 150 mmHg and
a recovery-exercise systolic BP threshold of 130 mmHg were identified as the optimal
thresholds (Youden’s index) from respective ROC analyses. Each threshold showed only
modest sensitivity, but greater specificity (for ruling out) masked hypertension. PPV was low,
but NPV high for each threshold (table 3). Similarly, the LR+ and LR- were modest.
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Combining the pre-exercise systolic BP and post-exercise systolic BPs (both pre-exercise
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systolic BP and post-exercise systolic BP above respective thresholds), increased net
specificity, PPV and LR+ from that of the individual pre-exercise and post-exercise BPs.
Similarly, when pre-exercise and recovery-exercise systolic BP (both pre-exercise and
recovery-exercise systolic BP above thresholds), or post-exercise and recovery-exercise
systolic BP (both post-exercise and recovery-exercise systolic BP above thresholds) were
combined, the specificity, PPV and LR+ were marginally higher than for individual BP, but
sensitivity was low. When all three BP measures were combined (pre-exercise, post-exercise
and recovery-exercise systolic BP above thresholds), the specificity, PPV and LR+ were
increased, but sensitivity remained low (table 3).
Generalized linear models for predictors of masked hypertension were constructed with clinic,
pre-exercise, post-exercise or recovery-exercise systolic BP, sex, age and BMI entered as
independent variables. As shown in supplementary table 2, each 10 mmHg of clinic systolic
BP was associated with masked hypertension independent of sex, age and BMI. Similarly,
each 10 mmHg of pre-exercise, post-exercise and recovery-exercise systolic BP was
associated with masked hypertension independent of sex, age and BMI, although these
associations became non-significant following further adjustment for clinic systolic BP.
Within each of the models containing the pre-exercise, post-exercise or recovery-exercise
systolic BP, the clinic systolic BP remained an independent predictor of masked hypertension.
Those classified with masked hypertension had higher LV mass index compared to those
classified with normal BP (table 1). Using the same thresholds of pre-exercise, post-exercise
and recovery-exercise systolic BP that were associated with masked hypertension, LV mass
index and aortic PWV were higher in those with systolic BP above respective thresholds
(when derived with Youden’s criteria) compared to those with systolic BP below (figure 2).
Results were broadly similar using thresholds based on the minimal difference criteria. As
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shown in supplementary table 3, differences in LV mass index and aortic PWV between

Accepted Article

individuals above and below the thresholds were attenuated (but remained significant) after
adjustment for age, sex and BMI. All differences became non-significant following additional
adjustment for clinic BP, with the exception of LV mass index and the recovery-exercise BP
threshold.

Discussion

This investigation sought to determine whether elevated exercise BP could identify or rule
out the presence of masked hypertension in adolescents. The principal finding was that
systolic BP following a submaximal exercise step-test is associated with the presence of
masked hypertension with low sensitivity, but high specificity. The same thresholds of
exercise BP that were associated with masked hypertension were also associated with
increased aortic stiffness and LV mass index, although largely attenuated with adjustment for
clinic BP. Taken together, measurement of exercise BP in adolescence may be a useful
additional screening tool to clinic BP for ruling out high BP and cardiovascular risk.
In adults habitual BP is optimally assessed via measurement of BP using out-of-clinic
methods, the gold standard of which is 24-hour ambulatory BP monitoring.2 This is because it
is more strongly associated with adverse cardiovascular outcomes,4 and also because it
provides a more reliable estimate of the BP load encountered during daily life. Dynamic
exercise of a light-to-moderate or ‘submaximal’ intensity reflects a cardiovascular load
commensurate with activities of daily living. Thus, measurement of BP during submaximal
exercise may more closely reflect BP load not captured via in-clinic measures, and without
the requirement for out-of-clinic assessment. In adulthood, elevated systolic BP during or
immediately following exercise is associated with increased risk of developing
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hypertension,25, 26 cardiovascular events and mortality.27 Importantly, masked hypertension

Accepted Article

may underlie the increased risk associated with high exercise BP (specifically when recorded
at submaximal intensities).9,

28

The current study, using a large representative sample of

adolescents in the United Kingdom population, is the first to show that systolic BP measured
prior, post and in recovery from a submaximal exercise is useful in ruling out masked
hypertension in young people.
Several thresholds of exercise systolic BP (pre-, post- or recovery-exercise systolic BP) were
explored to assess the optimal cut-point to identify masked hypertension using the minimal
difference criteria. Whilst no threshold could be labelled as optimal, all exercise BP
thresholds showed similar sensitivity and specificity values. It should however be noted that
the prevalence of masked hypertension within our study sample was low (7.8%), which is
consistent with reports from other adolescent populations.8, 15 This low prevalence explains
the relatively low positive predictive values observed. Combining two or more thresholds
also only marginally increased positive predictive value and LR+ to identify masked
hypertension by comparison to that of the individual thresholds. Although this suggests
systolic BP responses to step-exercise testing are not definitive in terms of ‘diagnosing’
masked hypertension (which should be confirmed with out-of-clinic BP monitoring in any
case), the high negative predicative values indicate that the presence of masked hypertension
can be effectively ruled out by exercise testing. This result carries a level of clinical relevance,
since those with masked hypertension have at least similar,4 if not greater,29 cardiovascular
disease mortality risk than those diagnosed with sustained hypertension. Individuals found to
have normal BP in the clinic have no indication for out-of-clinic BP monitoring and the
presence of masked hypertension may be overlooked, with the associated cardiovascular risk
missed. Although clinic BP provided predictive value for discriminating masked
hypertension from normal BP (with high sensitivity), the identified systolic BP thresholds
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(115 and 120 mmHg) were low, meaning many individuals may, in theory, be sent for
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ambulatory monitoring. In this instance, the exercise BP response may provide some
additional reassurance of truly ‘normal’ BP without the need for extensive out-of-clinic
monitoring. However, it should be stressed that the information gained from exercise BP is
complementary to clinic BP only, not superior.
The detection of high BP in childhood and adolescence is important, since high BP in
childhood and adolescence tracks through to adulthood,30,

31

increasing propensity for an

adverse cardiovascular risk profile. Indeed, previous research has shown that those identified
with masked hypertension in adolescence are at increased risk of developing sustained
hypertension and left ventricular hypertrophy later in life.8, 15, 32 In a large sample of prehypertensive adults, Kokkinos et al found that each 10 mmHg elevation in systolic BP above
a threshold of 150 mmHg during submaximal exercise (Bruce treadmill stage 2) was
associated with a 4-fold increased risk of LV hypertrophy.33 The same submaximal exercise
systolic BP threshold of 150 mmHg was also associated with underlying hypertension
confirmed by 24-hour ambulatory monitoring in an older clinical population undergoing
diagnostic exercise stress testing.11 Our previous study involving this 17-year-old sample
from the ALSPAC indicated post-exercise and recovery-exercise BP to be associated with
markers of cardiovascular risk, including raised LV mass index and aortic stiffness. Thus, it
is interesting to note that the exercise systolic BP thresholds associated with masked
hypertension in this 17-year-old adolescent cohort were also associated with raised aortic
stiffness and LV mass index. This further highlights the potential usefulness of exercise BP in
cardiovascular risk prediction in adolescence.
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There are some limitations to our study. The ALSPAC cohort is predominantly white
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European, and thus the results may not extrapolate to other ethnic groups. Due to non-fixed
sleep and wake times, the percentage of daytime and night-time readings contributing to
classification of masked hypertension may differ for each individual, and thus could have led
to over- or under-estimation of true masked hypertension prevalence. The analysis was crosssectional, and further longitudinal studies are required to confirm if raised exercise BP in
adolescence predicts development of hypertension and increased cardiovascular risk in
adulthood.

Perspectives.

Masked hypertension is associated with elevated cardiovascular disease risk but is largely
undetectable from clinic BP alone. Our results demonstrate that BP measured in response to a
simple, readily implemented submaximal exercise step test rules out masked hypertension,
suggesting this form of exercise testing as a useful addition to clinic BP to rule out BP-related
cardiovascular risk in adolescence.
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Figure Legends

Figure 1. Participant flow for this study. PWV: aortic pulse wave velocity; LVMI: left
ventricular (LV) mass index.
Figure 2. Left ventricular (LV) mass index and aortic pulse wave velocity (PWV) between
those with a) pre-exercise systolic BP < or ≥ 126 mmHg; b) post-exercise systolic BP < or ≥
150 mmHg; and c) recovery-exercise systolic BP < or ≥ 130 mmHg. Data presented as means
± standard error. p value is for between group analyses.
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Table 1. Demographic and clinical characteristics by blood pressure classification.

a.

All

Normal BP

Masked
hypertension

P
value^

Clinical/demographic information

Age, years (n=635)

17.71±0.33

17.71±0.33

17.64±0.35

0.182

male sex$ (n=638)

255 (40.0)

231 (39.3)

24 (48.0)

0.227

Height, cm (n=627)

170.15±9.34

170.05±9.36

171.31±9.07

0.360

Weight, kg (n=628)

66.33±12.62

65.93±12.31

70.91±15.07

0.007

BMI, kg/m2 (n=627)

22.89±3.91

22.79±3.85

24.10±4.35

0.022

Total cholesterol, mmol/L (n=454)

3.69±0.66

3.67±0.65

3.92±0.74

0.033

HDL cholesterol, mmol/L (n=454)

1.27±0.28

1.27±0.28

1.22±0.33

0.287

Triglycerides, mmol/L (n=454)

0.80±0.33

0.78±0.31

1.00±0.46

<0.001

Glucose, mmol/L (n=441)

4.17±0.37

4.16±0.37

4.21±0.29

0.457

Haemoglobin, mmol/L (n=453)

138.4±13.9

138.2±13.9

140.8±13.1

0.302

b.

c.

Blood Biochemistry

Cardiovascular risk markers

LV mass index, g/m2.7 (n=550)

28.33±6.03

28.12±5.97

30.91±6.12

0.003

Aortic PWV, m/s (n=524)

5.77±0.71

5.75±0.72

5.91±0.57

0.211

BMI: body mass index. HDL: high-density lipoprotein. LDL: low-density lipoprotein. LV
mass index: left ventricular mass index. Data are presented as mean ± SD or n (%). $ male sex
represents the n (%) of males in the two blood pressure categories. ^p value comparing the
two blood pressure categories by t-test; or chi-square tests for categorical variables.
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Table 2. Clinic BP, 24–hour ambulatory and exercise test parameters.

a.
Clinic (resting) BP
Clinic SBP, mmHg
Clinic DBP, mmHg
b.
24-hour ambulatory BP
Daytime SBP, mmHg
Daytime DBP, mmHg
Night time SBP, mmHg
Night time DBP, mmHg
24-hour SBP, mmHg
24-hour DBP, mmHg
Nocturnal dipping SBP, %
Nocturnal dipping DBP, %
24-hour SBP load, %
24-hour DBP load, %
Daytime SBP load, %
Daytime DBP load, %
Night time SBP load, %
Night time DBP load, %
c.
Exercise Test Parameters
Pre-exercise SBP, mmHg
Pre-exercise DBP, mmHg
Pre-exercise HR, bpm
Post-exercise SBP, mm Hg
Post-exercise DBP, mmHg
Post-exercise HR, bpm
Recovery-exercise SBP, mmHg
Recovery-exercise DBP, mmHg
Recovery-exercise, HR, bpm
Pre-post SBP change, mmHg
Post-recovery SBP change,
mmHg

All

Normal BP
(n=588)

Masked
hypertension
(n=50)

p value^

115 ±10
64 ± 7

115 ±10
64 ± 7

126 ± 8
69 ± 8

<0.001
<0.001

124 ± 9
73 ± 6
107 ± 9
58 ± 6
118 ± 8
68 ± 5
14 ± 6
21 ± 7
45 ± 25
17 ± 16
56 ± 30
22 ± 20
14 ± 20
4 ± 11

123 ± 8
73 ± 5
106 ± 8
58 ± 5
116 ± 7
67 ± 5
14 ± 6
20 ± 7
42 ± 23
16 ± 14
53 ± 29
20 ± 18
11 ± 16
3 ± 10

141 ± 6
81 ± 5
120 ± 8
64 ± 7
133 ± 4
75 ± 5
15 ± 7
21 ± 8
81 ± 9
40 ± 19
92 ± 11
50 ± 22
50 ± 26
12 ± 22

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.347
0.520
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

120 ± 12
74 ± 8
82 ± 12
142 ± 16
82 ± 12
106 ± 22
127 ± 12
81 ± 9
89 ± 15
23 ± 13
-15 ± 12

119 ± 12
73 ± 8
82 ± 12
141 ± 15
80 ± 10
106 ± 22
126 ± 12
80 ± 8
89 ± 15
22 ± 13
-15 ± 12

129 ± 13
79 ± 9
81 ± 11
153 ± 18
84 ± 12
104 ± 18
137 ± 13
87 ± 9
90 ± 14
24 ± 15
-16 ± 12

<0.001
<0.001
0.609
<0.001
0.003
0.477
<0.001
<0.001
0.566
0.569
0.826

Data are as mean ± SD; ^ p value comparing the two blood pressure categories by t-test. SBP,
systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate.
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Table 3. Exercise blood pressure in revealing masked hypertension.

Youden’s
index

Threshold

Positive
Negative
Positive
Negative
predictive predictive likelihood likelihood
value
value
ratio
ratio

Clinic (resting) systolic BP 115 mmHg

Positive Sensitivity Specificity
test
result
(n)
317
94.0%
53.5%

14.8%

99.0%

2.0

0.1

Pre-exercise systolic BP 126 mmHg

195

70.0%

72.3%

17.9%

96.5%

2.5

0.4

Post-exercise systolic BP 150 mmHg

186

56.0%

72.8%

15.1%

95.1%

2.1

0.6

Recovery-exercise systolic BP 130 mmHg

250

76.0%

63.5%

15.2%

96.9%

2.1

0.4

Pre-exercise systolic BP 126 mmHg & post-exercise
systolic BP 150 mmHg

119

52.0%

84.0%

21.8%

95.3%

3.3

0.6

Pre-exercise systolic BP 126 mmHg & recoveryexercise systolic BP 130 mmHg

155

62.0%

78.7%

20.0%

96.0%

2.9

0.5

Post-exercise systolic BP 150 mmHg & recoveryexercise systolic BP 130 mmHg

135

54.0%

81.4%

20.0%

95.4%

2.9

0.6

Pre-exercise systolic BP 126 mmHg, post-exercise
102
systolic BP 150 mmHg & recovery-exercise systolic BP
130 mmHg

52.0%

86.9%

25.5%

95.5%

4.0

0.6

207

70.0%

70.4%

16.9%

96.5%

2.4

0.4

204

70.0%

70.9%

17.2%

96.5%

2.4

0.4

Minimal
Clinic (resting) systolic BP 120 mmHg
difference
Pre-exercise systolic BP 125 mmHg
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Post-exercise systolic BP 146 mmHg

242

62.0%

63.7%

12.8%

95.1%

1.7

0.6

Recovery-exercise systolic BP 132 mmHg

208

68.0%

70.1%

16.3%

96.2%

2.3

0.5

Pre-exercise systolic BP 125 mmHg & post-exercise
systolic BP 146 mmHg

138

58.0%

81.2%

21.0%

95.7%

3.0

0.5

Pre-exercise systolic BP 125 mmHg & recoveryexercise systolic BP 132 mmHg

138

58.0%

81.2%

21.0%

95.7%

3.1

0.5

Post-exercise systolic BP 146 mmHg & recoveryexercise systolic BP 132 mmHg

142

56.0%

80.4%

19.7%

95.5%

2.9

0.6

Pre-exercise systolic BP 125 mmHg, post-exercise
106
systolic BP 146 mmHg & recovery-exercise systolic BP
132 mmHg

54.0%

86.4%

25.5%

95.6%

4.0

0.5
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