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Jo
Objective: The pathophysiologic mechanisms of masked
hypertension are still debated. The aim of this study was to
investigate whether the blood pressure response to
standing is a determinant of masked hypertension in
young individuals.

Design and methods: We studied 1078 individuals (mean
age 33.2�8.5 years) with stage-1 untreated hypertension at
baseline. Orthostatic response was defined as the difference
between six SBP measurements in the orthostatic and supine
postures. People with a response more than 6.5mmHg
(upper decile) were defined as hyperreactors. After 3months
of follow-up, 24-h ambulatory BP was measured and the
participants were classified as normotensives (N¼120),
white-coat hypertensive individuals (N¼ 168), masked
hypertensive individuals (N¼166) and sustained
hypertensive individuals (N¼624). In 591 participants,
24-h urinary epinephrine was also measured.

Results: Orthostatic response was an independent
predictor of masked hypertension after 3months
(P¼0.001). In the whole group, the odds ratio for the
Hyperreactors was 2.5 [95% confidence interval (95% CI)
1.5–4.0, P< 0.001]. In the participants stratified by
orthostatic response and urinary epinephrine, the odds
ratio for masked hypertension was 4.2 (95% CI, 1.8–9.9,
P¼0.001) in the hyperreactors with epinephrine above the
median and was 2.6 (95% CI, 0.9–7.3, P¼0.069) in those
with epinephrine below the median. The association
between orthostatic response and masked hypertension
was confirmed in the cross-sectional analysis after
3months (P<0.001).

Conclusion: The present findings indicate that
hyperreactivity to standing is a significant determinant of
masked hypertension. The odds ratio for masked
hypertension was even quadrupled in people with an
orthostatic response more than 6.5mmHg and high
urinary epinephrine suggesting a role of
sympathoadrenergic activity in the pathogenesis of masked
hypertension.
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INTRODUCTION
M
asked hypertension is a condition characterized
by normal office blood pressure (BP) and high
BP outside the office, which can be identified with

24-h ambulatory BP monitoring (ABPM) or home BP moni-
toring. Masked hypertension has been suggested to be
associated with hypertension-mediated organ damage such
as left ventricular hypertrophy and carotid artery athero-
sclerosis [1,2]. Further, the IDACO (International Database
of Ambulatory blood pressure in relation to Cardiovascular
Outcome in a general population) study of 9691 individuals
[3] and other studies [4,5] reported that masked hyperten-
sion might be an independent risk factor for the incidence
of cardiovascular diseases irrespective of antihypertensive
treatment status.

Because masked hypertension is a strong risk factor for
adverse cardiovascular outcomes, clinicians should try to
identify individuals who are at a high risk for this condition,
with the goal of preventing cardiovascular events in this
population. Clinical characteristics associated with masked
hypertension have been found to be male sex, middle age,
overweight or obesity, diabetes, smoking, regular alcohol
drinking, high daytime physical activity [6–8] and an exag-
gerated BP response (EBPR) to exercise testing [9].

An alternative easier screening test would be clinically
useful to differentiate between people with and without
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masked hypertension. Previous studies have suggested a
possible association between orthostatic hypertension and
masked hypertension [10,11]. In a cross-sectional study in a
general population, Tabara et al. [11] found a significant
relationship between orthostatic BP change and office-
ambulatory daytime BP difference. In this population,
the frequency of masked hypertension was significantly
greater in individuals who showed orthostatic hypertension
3min after standing [11]. These data suggest that measuring
the BP response to standing might facilitate the identifica-
tion of people with masked hypertension. The mechanisms
underlying the link between orthostatic hypertension and
masked hypertension are poorly understood. One possible
mechanism may be enhanced sympathetic nervous system
activity, a condition that has been found in both clinical
entities [12,13].

Thus, the purpose of our studywas to investigatewhether
the BP response to standing was a determinant of masked
hypertension in a cohort of young-to-middle-age individuals
screened for stage 1 hypertension participating in the HAR-
VEST (hypertension and ambulatory recording Venetia
study). To this end, the postural BP changes measured
3months before and at the same time of the ambulatory
BP assessment were used. Another purpose of this investiga-
tion was to establish whether this putative association was
characterized by increased sympatho-adrenergic activity.

MATERIALS AND METHODS

Study participants were 1078 participants from the HAR-
VEST study, a prospective multicentre observational study,
involving 17 centres in North East Italy [14,15]. According
to the study criteria, patients enrolled were young to
middle age, were screened for stage 1 hypertension (SBP
140–159mmHg and/or DBP 90–99mmHg), and had never
been treated for the disease before enrolment. Patients with
high cardiovascular risk, diabetes mellitus, previous cardio-
vascular events, renal impairment and secondary forms
of hypertension were excluded. More details regarding
recruitment criteria were previously published [14,15].
The present analysis was conducted in the participants
who performed ABPM after 3months of follow-up in
the absence of antihypertensive treatment. The study was
approved by the HARVEST Ethics Committee and by the
Ethics Committee of the University of Padova and has been
performed in accordance with the ethical standards as laid
down in the 1964 Declaration of Helsinki and its later
amendments. A written informed consent was given by
all study participants.

Procedures
According to the HARVEST study protocol [14,15], at the
baseline, patients underwent physical examination, anthro-
pometry, blood chemistry after an overnight fast to measure
lipids and glucose, and urine collection. Data regarding
medical history, family history of cardiovascular disease
and lifestyle habits, including involvement in physical ac-
tivity, smoking habits, coffee and alcohol consumption,
were collected by means of a self-reported questionnaire
[16,17]. At the initial evaluation, all individuals received
general information about nonpharmacological measures
1928 www.jhypertension.com
by the HARVEST investigators, following the suggestions of
current guidelines on the management of hypertensive
patients.

Office blood pressure measurement
At entry, brachial office BP was measured with a mercury
sphygmomanometer and a cuff of appropriate size, during
twovisits performed2weeksapart. At eachvisit, three supine
measurementswere takenafter theparticipanthad lainonthe
examination bed for a minimum of 5min. After the supine
data were collected, the participant assumed the upright
position and three additional BP measurements were taken
at 1-min intervals. The difference between the three ortho-
static and the three supinemeasurementswascalculated.The
orthostaticBP response to standingatbaselinewasdefinedas
theaverageof the twostanding-lyingBPdifferencesobtained
during the two baseline visits.

Ambulatory blood pressure monitoring
Ambulatory BP recording was performed at baseline using
the A&D TM2420 model 7 (A&D, Tokyo, Japan) or ICR
Spacelabs 90207 monitor (Spacelabs, Redmond, Washing-
ton, USA) devices. Both devices were previously validated
and were shown to provide comparable results [15].
According to the HARVEST study protocol, measurements
were taken every 10min during the day (0600–2300 h) and
every 15–30min during the night (2300–0600 h). Partici-
pants were instructed to go to bed and to wake up accord-
ing to our scheduled times. Patient’s adherence was
checked from the diary card. After 3months, ABPM was
repeated following the same procedures used at baseline.

At the baseline, urine was collected for epinephrine and
norepinephrine measurement in 591 participants. Immedi-
ately after completion, volumes were measured and urine
specimens were frozen (�20 8C) and then sent to the
Coordinating Center in Padua. Here, epinephrine and nor-
epinephrine were assessed by a HPLC method and normal-
ized by 24-h creatinine output measured with the Jaffe
method. All samples from a given participant were analysed
in the same batch in duplicate.

Patients’ classification
Participants were categorized into four groups according to
their supine office and average 24-h BP measured after
3months. The cutoff values used to define normal and high
BPswere 140/90mmHg for office BP, 130/80mmHg for 24-h
BP and 135/85mmHg for daytime BP. Using these cut-offs,
we identified fourdifferentgroups:Peoplewithnormaloffice
and 24-h BP (Normotensive individuals); People with high
office BP and normal 24-h BP (White-coat hypertensive
individuals); People with normal office BP and high 24-h
BP (Masked hypertensive individuals); and Peoplewith high
office and 24-h BP (Sustained hypertensive individuals). In
addition, in the two-way analysis of covariance (ANCOVA)
and logistic regression analyses, a binary classification was
used by dividing the patients according to whether they had
maskedhypertension (Group1) or not (Group0). As in some
studies, night-time (or sleep) BP has also been used as a
criterion for masked hypertension given the independent
predictive value of night-time BP for cardiovascular events
[18]; in the present study, masked hypertension was also
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defined as isolated masked asleep hypertension (SBP
�120mmHg) or as a combination of elevated night-time
SBP and/or elevated mean 24-h SBP [19].

Statistical analyses
In agreement with our previous report [20], an exaggerated
BP reaction to standing was considered as the lower limit of
the upper decile of the postural SBP change (> 6.5mmHg).
To study the possible relationship of orthostatic hypotension
with masked hypertension, also, the decile at the lowest
extreme of the postural change distribution (� -12.0mmHg,
hyporeactors, N¼ 109) was taken into account. Also, analy-
ses on postural changes in DBP were performed. However,
orthostatic DBP changes showed little or no associationwith
masked hypertension, and thus, only results for SBP are
presented here. Quantitative variables were reported as
mean and SD, or as median and interquartile range (IQR),
and differences in the distribution across groups were tested
by one-way and two-way analysis of covariance tests adjust-
ing for age and sex. Categorical variables were reported as
percentage and differences in the distributionwere tested by
x2 test. For correlations, the Pearson’s test was used with
Bonferroni correction. Determinants of masked hyperten-
sion were tested in multivariable logistic regression analyses
using the BP response to standing either as a categorical or a
continuous variable. The adjusted odds ratios (ORs) were
provided with 95% confidence intervals (95% CI) and
P values. A two-tailed probability value less than 0.05 was
considered significant. To assess the predictive role of the BP
reaction to standing, patients were also divided into four
groups according to SBP reactivity (>6.5 or�6.5mmHg) and
24-h urinary epinephrine/creatinine median level (>10.5 or
�10.5mg/g).To compare the four subgroups, the formula for
Bonferroni correction was applied as follows: abonferroni -
¼aoriginal / 6, where aoriginal is 0.05 and 6 is the total number
of comparisons being performed among the four subgroups,
giving a abonferroni¼ 0.05 / 6¼ 0.0083. Thus, for the four-
group comparisons, we rejected the null hypothesis of each
individual test if the P value of the test was less than 0.0083.

Analyses were performed using Systat version 12 (SPSS
Inc., Evanston, Illinois, USA) and MedCalc version 15.8
(MedCalc Software, Ostend, Belgium).

RESULTS

At the baseline, lying office BP was at least 140/90mmHg in
all of the 1078 participants. Mean� SD BP at entry was
145.8� 10.6/93.7� 5.9mmHg and mean age was 33.2
� 8.6 years. Due to the natural selection of people with
high BP in this particular age range, there was a higher
prevalence of men (n¼ 779, 72.3%). The mean orthostatic-
supine BP difference (mean of six readings) was �2.6
� 7.4mmHg for SBP and 4.5� 5.4mmHg for DBP. The
distribution of orthostatic BP changes is shown in supple-
mentary figures S1 and S2, http://links.lww.com/HJH/
B954. Both SBP and DBP distributions had a positive
skewness (P< 0.001).

Follow-up blood pressure changes
After 3months of follow-up, mean office BP fell to 140.4
� 12.1/90.4� 8.5mmHg (P< 0.001/< 0.001). Average
Journal of Hypertension
24-h BP showed only a small decline from 131.0� 10.9/
81.5� 8.2 to 130.6� 11.1/81.0� 8.4mmHg (P¼ 0.079/
P¼ 0.012). On the basis of follow-up office and average
24-h BPs, we could identify 120 individuals with both
normal office and 24-h BPs, 166 individuals with white-
coat hypertension, 168 individuals with masked hyperten-
sion and 624 individuals with sustained hypertension.
Among the individuals with masked hypertension, 52
(31.3%) had normal office BP and 114 (68.7%) had high-
normal BP. The characteristics of the study participants by
BP category are reported in Table 1. Apart from office and
ambulatory BP levels, only small differences in clinical
characteristics were present between the four groups.
However, the SBP decline from lying to standing was
smaller in the masked hypertensive individuals than the
other groups (P¼ 0.007 versus normotensive individuals,
P¼ 0.037 versus white-coat hypertensive individuals, and
P¼ 0.041 versus sustained hypertensive individuals). An-
other independent variable associated with the SBP re-
sponse to standing was smoking (P¼ 0.014). The rate of
hyperreactors to standing was 16.9% among the masked
hypertensive individuals and was 4.2, 7.7 and 9.0%, respec-
tively, in the normotensive, white-coat hypertensive and
sustained hypertensive individuals (P¼ 0.002). The DBP
response to standing did not differ between the masked
hypertensive individuals and the other three groups. Both
SBP and DBP responses to standing were better correlated
with average daytime than night-time BP (table S1, http://
links.lww.com/HJH/B954), even though the differences
were small. The response of heart rate to standing was
correlated with daytime but not with night-time SBP (table
S1, http://links.lww.com/HJH/B954). In a sex- and age-
adjusted ANCOVA, the orthostatic heart rate increase was
greater in the hyperreactors than the normoreactors (mean
� SEM, 6.9� 0.5 versus 5.8� 0.2 bpm, P¼ 0.043). No be-
tween-group differences were found for both daytime and
night-time heart rates (both P¼n.s.).

Urinary epinephrine/creatinine was higher in masked
hypertensive individuals than the other three groups
(Fig. 1). After adjustment for age, sex and lifestyle factors,
the difference was significant versus the normotensive
individuals (P¼ 0.035) and the rest of the population
(P¼ 0.046), whereas no difference was found between
normotensive and sustained hypertensive individuals
(P¼ 0.64). No between-group differences were found for
norepinephrine/creatinine.

After 3months, mean postural BP changes (mean of
three readings) were similar to those at baseline being
�2.6� 9.1mmHg for SBP and 5.4� 6.9mmHg for DBP.
The correlation coefficient between the orthostatic
changes measured at the two time points was 0.29
(P< 0.001) for both SBP and DBP. After 3months, an
increase in SBP from lying to standing was found in the
masked hypertensive individuals, whereas an SBP decline
was observed in the other groups (Table 1) (P¼ 0.004
versus normotensive individuals, P< 0.001 versus white-
coat hypertensive and sustained hypertensive individua-
ls). The rate of hyperreactors to standing was 24.7%
among the masked hypertensive individuals and was
8.3, 4.8 and 7.4%, respectively, in the other three groups
(P< 0.001).
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TABLE 1. Baseline and follow-up characteristics of the participants grouped according to blood pressure status after 3months of
follow-up

Variable

Normal blood
pressures
(N¼120)

White-coat
hypertension
(N¼166)

Masked
hypertension
(N¼168)

Sustained
hypertension
(N¼624) P

Age, years 31.8�8.4 32.2�8.1 32.8�8.2 33.8�8.7 0.030a

Sex, % men 64.2% 67.9% 70.5% 75.5% 0.029a

Baseline BMI (kg/m2) 24.4�2.9 25.2�4.0 24.8�3.3 25.9�3.4 0.001

Cigarette smokers 16.7% 15.5% 21.1% 23.2% 0.096

Alcohol drinkers 39.2% 41.7% 45.8% 49.1% 0.12

Baseline office SBP (mmHg) 143.1�11.1 145.6�10.4 141.4�11.0 147.5�9.9 <0.001

Baseline office DBP (mmHg) 91.3�6.7 93.6�5.3 91.8�5.6 94.7�5.5 <0.001

Baseline 24-h SBP (mmHg) 121.4�9.8 125.2�10.1 132.0�8.8 134.2�10.1 <0.001

Baseline 24-h DBP (mmHg) 75.1�8.1 77.6�7.0 81.3�6.9 87.8�10.0 <0.001

Baseline office heart rate (bpm) 75.1�10.0 77.8�9.4 72.9�9.8 74.5�9.6 <0.001

Baseline ortho SBP change (mmHg) �3.8�6.3 �3.1�7.2 �0.9�9.2 �2.6�7.1 0.005

Baseline ortho DBP change (mmHg) 4.2�5.8 3.6�5.6 4.3�4.9 4.9�5.4 0.025

Baseline 24-h epinephrine/c (mg/gb) 10.5 (6.6–13.8) 10.6 (7.6–14.9) 11.1 (7.9–20.2) 10.3 (6.6–16.3) 0.046c

Baseline 24-h norepinephrine/c (mg/gb) 43.6 (29.5–68.0) 43.0 (32.4–62.9) 43.6 (29.5–68.0) 46.0 (31.1–68.8) 0.67c

FU office SBP (mmHg) 127.2�7.5 143.0�10.2 128.7�7.3 145.3�10.2 <0.001

FU office DBP (mmHg) 80.8�6.7 92.3�6.5 82.9�5.9 93.8�7.2 <0.001

FU 24h SBP (mmHg) 118.8�7.0 120.5�6.8 132.5�8.8 135.1�9.7 <0.001

FU 24h DBP (mmHg) 73.2�5.7 74.2�5.6 81.7�7.9 84.2�7.5 <0.001

FU ortho SBP change (mmHg) �1.9�8.0 �4.6�9.2 1.8�9.3 �3.3�8.8 <0.001

FU ortho DBP change (mmHg) 6.7�6.4 3.5�7.0 6.8�6.1 5.3�7.0 <0.001

Data are mean values� standard deviation or percentages.
P values from ANCOVA, adjusted for age and sex.
c, 24h urinary creatinine; FU, after 3months of follow-up; ortho, orthostatic.
aUnadjusted.
bMedian (IQR).
cFor log-transformed data adjusted for age, sex, alcohol and coffee use, smoking and physical activity habits.
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Association of orthostatic SBP reactivity with
masked hypertension
In a logistic regression analysis, including age, sex, BMI,
smoking, alcohol and coffee use, and physical activity
habits, the baseline SBP response to standing was
associated with masked hypertension assessed after
3months (Table S2, http://links.lww.com/HJH/B954). For
the hyperreactors to standing, the OR was 2.45 (95% CI,
1.52–3.97, P< 0.001). In addition, in people with masked
hypertension, the effect of smoking on SBP reactivity was
amplified (P¼ 0.022 for interaction, Fig. 2). When the
participants were grouped according to the reaction to
0,1

1

10

100

1000

yranir
U

enirhpenipe
(m

cg
/g

)

NT White-
Coat HT

Masked
HT

Sustained
HT

P=0.035

FIGURE 1 Baseline 24-h urinary epinephrine/creatinine in 591 participants stratified
according to blood pressure status after 3months of follow-up. Individual data
points presented on a logarithmic scale are shown with mean� SD. P value for
masked hypertension versus rest of the population ¼ 0.046 after logarithmic
transformation of the data. P¼n.s. for all other differences. HT, hypertensive
individuals; NT, normotensive individuals;.
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standing and 24-h urinary epinephrine, 24-h SBP progres-
sively increased from the group with normal reaction to
standing and low epinephrine to the group with hyperre-
activity and high epinephrine (Fig. 3). For the group of
hyperreactors with high epinephrine, the ORwas 4.21 (95%
CI, 1.78–9.93) compared with the normoreactors with low
epinephrine (Fig. 4). The between-group difference was
significant (P¼ 0.001) also after the Bonferroni correction
for multiple comparisons.

Similar results were obtained when masked hyperten-
sion was defined according to the combination of elevated
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FIGURE 2 Age and sex-adjusted orthostatic SBP changes in 1078 participants
stratified by masked hypertension (yes or no) and smoking (smokers versus non-
smokers). Masked hypertensives versus others, P<0.001. Smokers versus non-
smokers, P¼0.002. Interaction of smoking with masked hypertension (P¼0.022).
HT, hypertension.
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Orthostatic hyperreactivity and masked hypertension
daytime SBP and/or 24-h SBP. Hyperreactivity to standing
had an adjusted OR of 2.45 (95% CI, 1.51–3.97, P< 0.001)
for masked hypertension. The OR was lower when masked
hypertension was defined as elevated night-time SBP and/
or 24-h SBP combined (2.23; 95% CI, 1.43–3.47, P< 0.001)
or as isolated masked asleep hypertension (OR, 1.88; 95%
CI, 1.09–3.24, P¼ 0.024).

A relationship between the BP response to standing and
masked hypertension was also found cross-sectionally
when office BP and ambulatory BP were both measured
after 3months of follow-up. The association with masked
hypertension was significant when the orthostatic BP
change was considered either as a continuous (Table S2,
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urinary epinephrine/creatinine above the median.
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http://links.lww.com/HJH/B954) or a binary categorical
variable (OR, 4.78; 95% CI, 3.05–7.48, P< 0.001).

Group with orthostatic SBP decline
The decile of individuals at the lowest extreme of the distri-
bution did not differ from the normoreactors or the hyper-
reactors with regard to age (P¼ 0.88) or sex (P¼ 0.56). The
meanSBPdecline in this subgroupwas15.2� 2.9mmHg.The
prevalence of masked hypertension was similar in the hypo-
reactorsand thenormoreactors (14.7and14.1%, respectively)
and much lower than among the hyperreactors (27.2%,
P¼ 0.002). In a fully adjusted logistic model, no association
was found between hyporeaction to standing and masked
hypertension (OR, 1.05; 95% CI, 0.59–1.86, P¼ 0.87).

The age and sex-adjusted level of epinephrine/creati-
nine in the hyporeactors, normoreactors and hyperreactors
to standing are reported in supplementary figure S3, http://
links.lww.com/HJH/B954. Epinephrine was higher in the
hyperreactors than the normoreactors (P¼ 0.026), whereas
no difference was found between the hyporeactors and
normoreactors (P¼ 1.0). No between-group differences
were found for norepinephrine/creatinine (P¼ 1.0).

DISCUSSION

In this population of young to middle-age individuals
screened for stage 1 hypertension, an exaggerated SBP re-
sponse to standing was an independent determinant of
masked hypertension in both the longitudinal and cross-
sectional analyses, irrespective of whether the definition
was based on average 24-h, daytime and/or night-time SBP.
This association was stronger in the participants with higher
24-h epinephrine output. No association was found between
hyporeactivity to standing and masked hypertension.
P=0.069 P=0.001

Ortho-Resp +
Epinephr -

Ortho-Resp +
Epinephr +

9.93

rticipants stratified according to the SBP response to standing and 24-h urinary
Epinephr - group was considered as the reference. Ortho-Resp - indicates normal
urinary epinephrine/creatinine equal to or below the median; Epinephr þ, 24-h
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The prevalence of masked hypertension in the general
population ranges from 8.5 to 16.6% and may be as high as
30.4% in populations with high-normal office BP [8,21,22].
Data from meta-analyses support the association of masked
hypertension with target organ damage [23,24] and an in-
creased risk of cardiovascular events and mortality, which is
comparable to the risk of having sustained hypertension
[25,26].

Unfortunately, a significant proportion of people with
increased cardiovascular risk from masked hypertension
remains undetected according to current diagnostic proce-
dures. Several factors can selectively increase ambulatory
BP, thereby increasing the likelihood of masked hyperten-
sion. Lifestyle factors, such as smoking, alcohol, physical
inactivity, interpersonal conflicts, mental anxiety, job stress
and high daytime physical activity [4,6,7], could thus be
associated with masked hypertension. In a prospective
study, risk factors for masked hypertension turned out to
be male sex, age more than 40 years, BMI more than 27 kg/
m2, smoking and alcohol intake more than six drinks/week
[27]. EBPR to exercise has also been found to be associated
with masked hypertension [9,28]. Among 75 individuals
with EBPR, people with masked hypertension had in-
creased BP change from baseline (61 versus 48mmHg,
P< 0.05). In a study of 61 normotensive individuals with
EBPR, DBP measured at peak exercise was an independent
predictor of masked hypertension [28].

However, stress testing is time-consuming, costly and
not readily available at all physicians’ offices. Thus, a
simpler test would be very helpful as a first-line screening
tool. Previous research indicates that the BP response to
standing was associated with masked hypertension [10,11].
A study of 304 treated hypertensive patients demonstrated
that orthostatic hypertension (defined as a SBP increase �
5mmHg on standing) is an independent predictor of
masked hypertension diagnosed with home BP measure-
ment with an OR 3.65, 95% CI 1.27–10.51 [10]. In a cross-
sectional study in a general population of 884 individuals
assessed with ABPM, the frequency of masked hyperten-
sion was significantly greater in individuals who showed a
postural SBP increase more than 10mmHg 3min after
standing (52.1%) compared with controls (27.5%) with
an OR of 3.01 (P¼ 0.001), irrespective of antihypertensive
medication status. Our results obtained in a larger sample of
untreated subjects screened for stage 1 hypertension, con-
firm those previous findings showing that the subjects with
hyperreactivity to standing had a greater chance of having
masked hypertension both in the longitudinal study and
the cross-sectional analysis compared with the participants
with normal orthostatic reaction. As the reproducibility of
masked hypertension has been reported to be moderate
also when using ABPM for its definition [29], we also
examined the use of daytime and asleep BP and the
combined use of BP status during the 24-h and during
the ambulatory subperiods to categorize masked hyperten-
sion obtaining consistent results.

Pathogenetic mechanisms
Orthostatic hypertension has been found to be associated
with adverse cardiovascular outcomes both in young and
elderly individuals andmight be involved to some degree in
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the epidemiological relationship between masked hyper-
tension and cardiovascular disease. One possible mecha-
nism underlying the link between orthostatic hypertension
and masked hypertension is sympathetic nervous system
activity, which has been found to be elevated in both
conditions [12,13]. In the present study, individuals with
masked hypertension showed a higher level of urinary
epinephrine measured over the 24 h compared with the
normotensive individuals and the other hypertensive
groups, suggesting increased adrenal medullary respon-
siveness to stressful stimuli. Our results are in keeping with
those by Siddiqui et al. [30] who measured 24-h urine
catecholamines in 156 treated hypertensive patients. Also
in that study, sympathetic nervous system activation outside
the clinic was higher in patients who had masked uncon-
trolled hypertension compared with those who had con-
trolled BP both inside and outside the clinic. In agreement
with previous data from the HARVEST [20], hyperreactors to
standing had an increased level of urinary epinephrine
confirming that adreno-medullary activation can also be
present in people hyperreactive to standing and this might
be the linchpin between these two clinical entities. That
epinephrine facilitates, prejunctionally, norepinephrine re-
lease from the sympathetic nerve terminal has been actually
shown by Floras et al. [31] who demonstrated in either
normotensive or borderline hypertensive [32] individuals
that epinephrine facilitates norepinephrine discharge and
augments neurogenic vasoconstriction 30min after it is
infused. Several authors have suggested that endogenous
epinephrine can induce norepinephrine release in human
beings by this mechanism during and after episodes of
sympatho-adrenal stimulation [33,34]. These studies thus
support the concept that prejunctional beta receptor stim-
ulation by epinephrine may facilitate noradrenergic trans-
mission during orthostatic stress. Whether the higher 24-h
epinephrine level found in our participants with masked
hypertension reflects the higher epinephrine output found
in our orthostatic hyperreactors or may also depend on
hyperreactivity to other stressful situations of daily life is a
matter for future research.

In addition, a hyperactive vascular a 1-adrenergic recep-
tor responsiveness has been described in people with
masked hypertension by Yano et al. [35] who documented
an increased vascular reactivity to phenylephrine in 161
young to middle-age adults with this condition. This mech-
anism may also contribute to the greater orthostatic BP
reaction found in peoplewithmasked hypertension. Alpha-
adrenergic blockade was able to reduce the orthostatic BP
increase in patients with orthostatic hypertension, suggest-
ing that a-adrenergic hyper-reactive vascular disease is the
underlying pathogenic condition [36,37].

Finally, orthostatic hyperreactivity may directly influence
daytime BP, which mostly reflects BP measured in the
standing or sitting positions, as suggested by the correla-
tions of both BP and heart rate responses to standing with
average daytime BP.

The current study extends previous research showing
that there is an interplay between orthostatic hyperreactivi-
ty, enhanced sympatho-adrenergic activity and masked
hypertension. An important role in this context may also
be played by environmental factors. Smoking, a well
Volume 40 � Number 10 � October 2022



Orthostatic hyperreactivity and masked hypertension
recognized determinant of masked hypertension [7,27,38],
showed a greater effect on the orthostatic BP changes in
people with masked hypertension compared with the rest
of the population. The above findings indicate that masked
hypertension cannot be only considered as a precursor of
sustained hypertension but a condition with a distinct
pathogenetic background. Although the BP response to
standing was correlated with ambulatory BP level, hyper-
reactivity to standing was more frequent in masked hyper-
tension than sustained hypertension despite the higher
ambulatory BP in the latter. In addition, epinephrine level
was increased only in the masked hypertensive but not
sustained hypertensive participants.

Peoplewithorthostatichypotensionhadsimilar character-
istics to those of the normoreactors to standing including the
level of epinephrine and did not show any association with
masked hypertension. Thus, in this population of young to
middle-age individuals, a pronounced SBP decline after
standing may represent the lower extreme of the postural
change distribution rather than a distinct clinical entity.

Methodological issues
The majority of data showing an association between BP
response to standing and risk of cardiovascular disease,
including previous results from the HARVEST [20], were
obtained from studies based on SBP [39,40]. Although
diastolic orthostatic hypertension is a variant of orthostatic
hypertension, only a few studies have investigated this
condition [37]. In agreement with previous reports
[10,11], in the present study, postural DBP changes were
not associated with masked hypertension. Another meth-
odological problem is that the procedures for evaluating
orthostatic BP changes have been inconsistent in the liter-
ature, and thus, the method for measuring orthostatic BP
changes has not been standardized [37,39]. Also, a widely
accepted definition of hyperreactivity to standing has not
been agreed upon and has ranged from a 5 to 20mmHg
increase in SBP [37,40,41]. In the present study, we used the
6.5mmHg level obtained from the average of three SBP
measurements within 3min after standing up to define
orthostatic BP hyperreactivity, in keeping with our previous
report in a larger sample (upper decile of the orthostatic
SBP change) [20]. This cut point is lower than that adopted
in some studies, especially in older people [41], but is
similar to that used in the Cardia study (5mmHg) in indi-
viduals with a similar age to that of the HARVEST partic-
ipants [40]. At any rate, the association between the postural
BP change and masked hypertension was found with both
the continuous and the categorical approaches.

Limitations
Several limitations of this study should be acknowledged.
First, our participants with masked hypertension were not
selected from a general population but from a population of
individuals who were referred for stage 1 hypertension and
whose office BP normalized within 3months. Thus, the
present results might not be generalizable to all people
with masked hypertension. Second, another limitation of
this posthoc analysis is the current lack of replication in
an independent data set, which increases the risk of a
false-positive finding. However, it should be noted that
Journal of Hypertension
assessments of orthostatic BP changes [42] and of masked
hypertension [43] were prespecified variables of interest in
the HARVEST. Third, another possible limitation is that the
presence of sleep apnoeawas not assessed as a confounding
factor in this investigation. However, sleep apnoea is rather
uncommon in young low-risk individuals, with a higher
prevalence among older adults and those with associated
comorbid conditions. Fourth, we report data only from
Whites, whichmay not be applicable to other ethnic groups.
Finally, a further limitation may be the misclassification of
lifestyle factors because their evaluationat baselinemight not
reflect health behaviours after 3months.

In conclusion, our results indicate that among individu-
als screened for stage 1 hypertension, hyperreactivity to
standing is an important determinant of masked hyperten-
sion. The OR was even quadrupled in people with a SBP
response to standing more than 6.5mmHg and high urinary
epinephrine suggesting a role of sympathoadrenergic ac-
tivity in the pathogenesis of this condition. An exaggerated
SBP response to standing, especially in people with high-
normal office BP, should thus be considered by the clinician
as a key risk factor for masked hypertension. If confirmed
with home BP monitoring or ABPM, the first therapeutic
approach to masked hypertension associated with ortho-
static hyperreactivity should be the improvement of lifestyle
behaviours especially promoting avoidance of smoking
and alcohol, which are implicated in the pathogenesis of
both conditions. Although there have been no longitudinal
clinical trials to evaluate the impact of antihypertensive
drug treatment on cardiovascular events and mortality in
patients with masked hypertension, consistent evidence
showing increased cardiovascular risk in these patients
favours the use of treatment despite lack of evidence.
Whether specific antihypertensive treatments addressed
to reduce BP reactivity to standing should be sought is a
matter for future research.
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