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Orthostatic Hypertension: A Newcomer Among
the Hypertension Phenotypes

Paolo Palatini

ABSTRACT: The prognostic role and the clinical significance of orthostatic hypertension (OHT) remained undefined for long
because data were sparse and often inconsistent. In recent years, evidence has been accumulating that OHT is associated
with an increased risk of masked and sustained hypertension, hypertension-mediated organ damage, cardiovascular disease,
and mortality. Most evidence came from studies in which OHT was defined using systolic blood pressure (BP) whereas the
clinical relevance of diastolic OHT is still unclear. Recently, the American Autonomic Society and the Japanese Society of
Hypertension defined OHT as an orthostatic systolic BP increase 220 mmHg associated with a systolic BP of at least 140
mmHg while standing. However, also smaller orthostatic BP increases have shown clinical relevance especially in people
<4b years of age. A possible limitation of the BP response to standing is poor reproducibility,. OHT concordance is better
when the between-assessment interval is shorter, when OHT is evaluated using a larger number of BP readings, and if home
BP measurement is used. The pathogenetic mechanisms leading to OHT are still controversial and may vary according to
age. Excessive neurohumoral activation seems to be the main determinant in younger adults whereas vascular stiffness plays
a more important role in older individuals. Conditions associated with higher activity of the sympathetic nervous system and/
or baroreflex dysregulation, such as diabetes, essential hypertension, and aging have been found to be often associated with
OHT. Measurement of orthostatic BP should be included in routine clinical practice especially in people with high-normal BF.
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posture is recommended by all hypertension

guidelines to detect orthostatic hypotension espe-
cially in elderly patients.” However, a number of studies
have shown that also an exaggerated BP response to
standing (RTS) is often present in the general popula-
tion and that it may be of clinical value.?® For years, the
prognostic role and the clinical significance of orthostatic
hypertension (OHT) remained undefined because data
were sparse and often inconsistent. In addition, diagnos-
tic criteria of OHT varied from study to study making it
difficult to interpret data regarding the cardiovascular
risk associated with this condition.2® In recent years, evi-
dence has been accumulating that OHT is associated
with an increased risk of hypertension, hypertension-
mediated organ damage, cardiovascular disease, and
mortality increasing our knowledge of the pathophysiol-
ogy, clinical relevance, and prognostic role of this con-
dition. This led some authorities to propose a definition

M easurement of blood pressure (BP) in the upright

based on both the orthostatic pressor response and the
absolute BP levels while standing.* Most information on
OHT comes from studies performed in elderly subjects
whereas much less is known about its prevalence and
clinical significance in young individuals. The aim of the
present review is to summarize the available evidence
regarding the prevalence, reproducibility, diagnosis,
pathogenetic mechanisms, and risk of adverse outcomes
associated with OHT focusing on potential differences
related to age.

DEFINITION AND PREVALENCE OF
EXAGGERATED RTS AND OF OHT

Definition of ERTS

A large number of different cut-offs have been used in
the literature to define exaggerated RTS (ERTS). Most
authors used systolic BP (SBP)>"" but some authors
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Nonstandard Abbreviations and Acronyms

ABPM ambulatory BP monitoring
ARIC Atherosclerosis Risk in Communities
BP blood pressure

CARDIPP  Cardiovascular Risk Factors in
Patients With Diabetes-a Prospective
Study in Primary Care

DBP diastolic BP

ERTS exaggerated RTS

HARVEST Hypertension and Ambulatory
Recording Venetia Study

HBPM home BP measurement

OHT orthostatic hypertension

PARTAGE  Predictive Values of Blood
Pressure and Arterial Stiffness in
Institutionalized Very Aged Population

RTS response to standing

SBP systolic BP

SPRINT Systolic BP Intervention Trial

used diastolic BP (DBP) alone'?'® or a combination of the
2 pressures.'*'® In several studies, a =220 mmHg SBP
increase® """ and a >10 mmHg DBP increase'#-16262
after standing were used to identify OHT with3%%' or with-
out using absolute values of standing BR.'4"'6282° Recently,
the American Autonomic Society and the Japanese Soci-
ety of Hypertension defined ERTS as a sustained SBP
increase by at least 20 mmHg when changing from the
supine to the standing position.* The prevalence of an
ERTS 220 mmHg greatly varied from study to study. Very
low prevalences were found in people <45 years of age
in either a general population or hypertension studies. In
the study by Wu et al'” in community-dwelling people, no
subject younger than 40 years had an RTS 220 mmHg.
In the 18- to 45-year-old participants from the HARVEST
(Hypertension and Ambulatory Recording Venetia Study),
the prevalence of RTS 220 mmHg ranged from 0.6% to
1.2% over 3 separate assessments.® In the Malmo Off-
spring Study, the prevalence was 0.8% in people below
44 years of age and 2.6% in older participants.®® Other
authors used lower SBP cut-offs ranging from 5 to 15
mm Hg.343% Although an ERTS based on the 20 mmHg
cut-off was found to have an important prognostic value
in several studies, it should be pointed out that also an
RTS that does not reach this SBP level may be clinically
relevant especially in young individuals. In a longitudinal
analysis of the HARVEST study (mean age, 33 years),
an RTS =65 mmHg (upper decile of the distribution)
was predictive of cardiovascular events occurring during
a 17-year follow-up.®® In the CARDIA study (Coronary
Artery Risk Development in Young Adults; mean age, 27
years), an RTS >56 mmHg identified a group of young
adults at increased risk of developing hypertension within
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8 years.®” However, also due to the limited reproducibility
of ERTS (see below), it is questionable whether a small
SBP increase on standing, even if statistically significant,
can be considered prognostically valuable. More evidence
is required before definitive conclusions can be drawn.

Definition of OHT

Most studies used only ERTS to identify OHT while only
a minority of studies included absolute values of stand-
ing BP in the definition. The abovementioned consensus
defined OHT as an orthostatic SBP increase 220 mm Hg
associated with an SBP of at least 140 mmHg while
standing.* This definition seems to be suitable especially
for its potential impact in clinical practice. It avoids that
a person with ERTS without high orthostatic BP may be
considered as a hypertensive patient.

METHODOLOGICAL ISSUES

The hemodynamic changes caused by active standing are
described in Text S1. To have a reliable estimate of the RTS, BP
should be measured starting 1 minute after assuming the upright
posture. BP should be measured at least 3x after standing at
1-minute intervals.2®® Other authorities suggest to measure BP
after 1,3, and 5 minutes.* Due to the limited reproducibility of RTS
(see below), current guidelines recommend that orthostatic BP
testing should be repeated on a different day.* Indeed, in a longi-
tudinal analysis of the HARVEST study in which the data obtained
during 2 visits performed 2 weeks apart were tested separately,
we found that the risk of adverse outcome was greatest for
the subjects hyperresponsive at both visits.® In clinical practice
seated to standing position can be considered to assess RTS for
screening purposes because supine and sitting measurements
would be difficult to conduct in all patients. However, RTS may be
less pronounced when using seated BP and thus guidelines sug-
gest that in subjects with suspected ERTS the diagnosis should
be refined with supine to standing measurement.*

REPRODUCIBILITY OF OHT

The reproducibility of OHT has been evaluated in only a
few studies. In 605 hypertensive subjects 70.2 years of
age, Hoshide et al®*® compared the reproducibility of OHT
(defined as a RTS >7.8 mmHg, top decile) identified
with clinic versus home BP measurement (HBPM). The
concordance in the definition of the orthostatic BP cat-
egories evaluated bx over a 5-month period was good
with a Kappa coefficient consistently >0.40 for HBPM,
while the concordance in the corresponding definitions
obtained by clinic BP remained well below 0.40.

A better reproducibility of RTS evaluated with office BP
measurement was found by Moreno Veldsquez and Pis-
chon who studied the concordance of OHT within shorter
periods (10 and 34 days)® Four measurements were
used to assess standing SBR, and the intraclass corre-
lation coefficient was used to evaluate the concordance
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between the 2 separate assessments. The coefficient was
0.70 in the NAKO (German National Cohort) pretest and
0.86 in the MetScan study.

The reproducibility of ERTS in young subjects was
assessed by our group within the frame of the HAR-
VEST.“° Concordance differed according to the threshold
used and the between-measurement interval (Figure 1;
unpublished observations). The level of concordance
was the highest (K coefficient, 0.51) when ERTS was
defined using an RTS >10 mmHg assessed 2 weeks
apart and was the lowest (K coefficient, 0.20) when
ERTS was defined using a RTS >6 mmHg and the sec-
ond RTS assessment was performed after 3 months.

The reproducibility of ERTS has been found to be
very poor when RTS was remeasured after a long time
interval. In 101 normotensive participants from the
Shimanami Health Promoting Program, Tabara et al*'
found no concordance at all (K=0.029) when ERTS was
remeasured after 2.4 years. However, in the SPRINT
(Systolic BP Intervention Trial), participants with OHT at
baseline had a higher incidence rate of OHT during the
3.3-year follow-up than those without OHT (incidence
rate ratio, 3.18 [95% CI, 3.06—-3.31]).“2 However, OHT
reproducibility was not studied with K-statistics.

The above data indicate that the reproducibility of
ERTS is fair to moderate. Concordance is better when
the between-measurement interval is shorter, when RTS
is evaluated over a larger number of BP readings, and if
HBPM is used. Thus, RTS should be evaluated at least
twice on separate days using the average of at least
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2 orthostatic readings before making the diagnosis of
ERTS. To improve reproducibility, some Japanese investi-
gators developed an automatic BP monitor for the detec-
tion of BP changes from sitting to standing at home,
which automatically measures BP twice while seated
and twice in the standing position, thereby providing a
well -standardized measurement of RTS.#

ASSOCIATION WITH MASKED
HYPERTENSION

Masked hypertension is a condition characterized by
normal BP in the doctor's office and high BP outside
the office which can be identified with 24-hour ambula-
tory BP monitoring (ABPM) or HBPM. Data from a large
number of studies have shown that masked hyperten-
sion is often associated with target organ damage and
increased risk of cardiovascular events and mortality.*44°
Thus, it is important to identify individuals who are at high
risk for this condition, with the goal of preventing car-
diovascular events in these subjects. Hyperresponsive-
ness to standing has been found to be associated with
masked hypertension in several studies (Figure 2). A
cross-sectional investigation of 304 treated hypertensive
patients demonstrated that an RTS 26 mmHg on stand-
ing is an independent predictor of masked hypertension
diagnosed with HBPM. In another cross-sectional study
in a general population of 884 individuals assessed
with ABPM, the frequency of masked hypertension was

|

>5 mmHg
41%
Short term
(2 weeks)
36%
Longer term
(3 months)

I:l OHT confirmed

CU'IiOFF l
> 10 mmHg > 15 mmHg

3% 27%
k=026 k024

. OHT not confirmed

Figure 1. Reproducibility of the systolic blood pressure reaction to standing according to different cut-offs and time intervals

between assessments.

Labels indicate percent of subjects in whom orthostatic hypertension (OHT) was confirmed at repeat assessment. Unpublished observations
from the HARVEST (Hypertension and Ambulatory Recording Venetia Study). K indicates Kappa coefficient.
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significantly greater in subjects who showed a postural
SBP increase >10 mmHg 3 minutes after standing
(52.1%) compared with controls (27.5%); P=0.001).4!
The association remained significant also after adjust-
ment for antihypertensive medication (P=0.001). Our
results obtained with both a cross-sectional and a lon-
gitudinal analysis in a larger sample of young-to-mid-
dle-aged subjects screened for stage 1 hypertension
confirm those previous findings.“° In a multivariable logis-
tic regression model, baseline ERTS was associated with
masked hypertension assessed after 3 months. When
the participants were grouped according to ERTS and
24-hour epinephrine output, the risk of masked hyper-
tension for the group of hyperresponders with high epi-
nephrine compared with the normal responders with
low epinephrine was even quadrupled suggesting that
excessive sympathoadrenal activation may be the linch-
pin between the 2 conditions. The association between
ERTS and masked hypertension was found also cross-
sectionally when ERTS and ambulatory BP were both
measured after 3 months of follow-up.

ASSOCIATION WITH ABPM PARAMETERS

A methodological drawback of orthostatic BP testing is
that RTS measurement follows the measurement of BP in
the supine or sitting posture and may thus be influenced
by the effect of repeated sequential measurements. A
progressive decrease in BP has been shown to occur
when multiple measurements are taken over time even
in the short term.*"*® The white-coat effect, as measured
from the difference between office and ambulatory BR,
is considered a measure of reactivity to the doctor’s visit,
which tends to attenuate with repeated office BP mea-
surements.*9%° |In the HARVEST study, a high white-coat
effect was found to be predictive of a greater BP decline
in the short term with the patient in the supine position.®
Presumably, patients with a greater SBP decline in the
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recumbent position would also have a larger SBP decline
if more BP measurements were made. This suggests
that in the subjects with more rapid supine SBP decline
and greater white-coat effect the BP increase from lying
to standing may be underestimated. Other ABPM param-
eters showed a relationship with RTS (Text S2).

RISK FACTORS ASSOCIATED WITH OHT

Conditions associated with higher activity of the sympa-
thetic nervous system and baroreflex dysregulation, such
as obesity, diabetes, essential hypertension, and aging
have been found to be often associated with ERTS or
OHT4®1-97 (Figure 3; Text S3). Also, factors related to BP
assessment may influence the RTS. In a recent analysis
of the HARVEST, we observed that the level of supine
SBP, the SBP decline during the 5-minute supine mea-
surements, and, as reported above, the white-coat effect
were modulators of RTS32 A higher office BP and a
greater BP decline during supine BP measurements
were predictors of a lower RTS.

PROGNOSTIC VALUE OF ERTS

In the last few years, a growing body of evidence has
documented that ERTS is a significant predictor of sev-
eral adverse outcomes including the development of
hypertension (Text S4)37558% target organ involvement
(Text Sb),589.172123242832-34385260-62 czrdiovascular events,
and mortality.

ASSOCIATION OF ERTS AND OHT WITH
HARD END POINTS
Cardiovascular Disease Outcomes

Several studies have shown that ERTS is associated
with increased risk of cardiovascular events. In the ARIC
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Figure 3. Main mechanisms proposed
to underlie orthostatic hypertension.
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(Atherosclerosis Risk in Communities) Study, both the
increase (4.9% versus 4.7%) and decrease (5.0% ver-
sus 4.7%) in RTS had a 5% greater predicted risk of
developing coronary heart disease after 8 years, which
was statistically significant®” An increased risk of myo-
cardial infarction was found also in the Normative Aging
study.®® Results from the PARTAGE (Predictive Values
of Blood Pressure and Arterial Stiffness in Institutional-
ized Very Aged Population) study are consistent with the
above data.” OHT was associated with the presence of
nonfatal cardiovascular events leading to hospitalization
or a specific long-term new treatment, as well as death
from cardiac, cerebrovascular, and other vascular causes.

An increased risk of stroke in patients with OHT has
been observed in several studies. In a large Chinese
cross-sectional community-based study, both OHT and
orthostatic hypotension were associated with stroke®
However, in that study, OHT was not associated with
the risk of coronary heart disease. In the ARIC study a
U-shaped association was observed between orthostatic
SBP change considered a continuous variable and lacu-
nar stroke incidence (quadratic £=0.004).

In the Chinese study by Fan et al mentioned above,
OHT was associated also with peripheral arterial disease
with a U-shaped relationship between RTS and periph-
eral vascular involvement®

In the SPRINT, within the intensive treatment group,
participants with OHT had a higher risk of developing
cardiovascular events compared with participants with-
out OHT. This association was not found within the stan-
dard treatment group. Among the participants with OHT,
intensive treatment of BP did not reduce the risk of car-
diovascular outcomes compared with standard treatment.

All the above studies were performed in middle-aged
to elderly subjects. Recent research from the HARVEST
investigators has shown that an association of ERTS
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(defined as the standing-supine SBP difference in the
top decile, 6.6 mm Hg) with cardiovascular events may
be present also in younger individuals.®® During a 17-year
follow-up, hyperresponsiveness to standing was an inde-
pendent predictor of adverse cardiovascular outcomes
an association, which remained significant even when
ambulatory BP data and incident hypertension during the
follow-up were included in the Cox model. Epinephrine/
creatinine ratio was higher in hyperresponders than nor-
mal responders (P=0.005). These data indicate that, in
young hypertensive individuals, an SBP RTS much lower
(>6.5 mmHg) than that currently used to define ERTS (>
20 mmHg) is associated with an increased risk of car-
diovascular events.

All-Cause Mortality

The relationship between OHT and mortality is controver-
sial because inconsistent data have been reported by dif-
ferent investigators. An independent association of OHT
with mortality has been found in 4 studies, which included
mainly elderly subjects. In . community-dwelling adults,
Veronese et al® using a 20 mmHg cut-off of systolic
BP to identify people with ERTS found an independent
association of OHT with all-cause and cardiovascular
mortality. OHT was a predictor of all-cause mortality also
in individuals with no hypertension, heart failure, coro-
nary artery disease, or atrial fibrillation.> The OHT/mor-
tality association was confirmed by Kostis et al®* in the
participants of the Systolic Hypertension in the Elderly
Program, a randomized, double-blind, placebo-controlled
clinical trial of the effect of chlorthalidone-based antihy-
pertensive treatment on the rate of occurrence of stroke
among older persons with isolated systolic hypertension.
A statistically significant association with mortality was
found after 17 years of follow-up also after adjusting
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for cardiovascular risk factors and comorbidities. The
increased risk of all-cause mortality associated with OHT
was observed in both the active treatment and placebo
groups. In a study by Velilla-Zancada et al,'® an associa-
tion of OHT with mortality during a 9.4-year follow-up
was found only when considering the systolic RTS 3 min-
utes after standing. In the abovementioned PARTAGE
study, an association of OHT with mortality (R<0.01) was
found after a shorter (2 years) follow-up in subjects with
a mean age of 88 years.”

At variance with the above reports, some studies
found no association between OHT and all-cause mor-
tality.'016202185-67 |nconsistencies in methodology and dif-
ferent age ranges may partly explain these conflicting
results. In the study by Davis et al,*® mainly middle-aged
individuals were enrolled. In the Honolulu Heart study, a
lower cut-off was used to define OHT compared with the
abovementioned studies.?® In the CARDIPP (Cardiovas-
cular Risk Factors in Patients With Diabetes-a Prospec-
tive Study in Primary Care), the definition of OHT was
based on a rise of DBP whose association with adverse
outcomes is controversial.'® The same comment applies
to the negative study by Weiss et al®” in which OHT was
defined when either systolic or diastolic BP levels upon
standing were greater than the supine levels. In the study
by Bursztyn et al?° the low prevalence of OHT (<49%)
did not enable a meaningful analysis. In conclusion, the
majority of data indicate that elderly people with OHT
have an increased risk of mortality when the diagnosis
is based on an SBP RTS 220 mmHg. No information is
available on the risk of OHT-related mortality in young
individuals.

DIASTOLIC OHT

Most evidence showing an association of OHT with
hypertensive complications and adverse cardiovas-
cular outcomes has come from studies in which OHT
was defined using SBP RTS. The clinical relevance of
diastolic OHT is unclear as inconsistent results have
been obtained in the few studies that investigated this
condition. Initially, after the seminal mechanistic study
by Streeten et al,’? focus of the research was put on
diastolic OHT. In an old analysis of the HARVEST, the
individuals with exaggerated DBP reaction to standing
(>11 mmHg) were characterized by high cardiac index,
low total peripheral resistance, and high urinary nor-
epinephrine output.”® Thus, assessment of the diastolic
RTS allowed us to identify a population of young stage
1 hypertensives characterized by a hyperkinetic hemo-
dynamic pattern as a result of increased sympathetic
tone. As mentioned above, in the Malm& Offspring Study,
RTS showed a different relationship with aortic stiffness
according to whether the analysis was based on SBP
or DBP3? In the participants grouped according to SBP
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RTS quartiles, PWV was increased in both the bottom
and top quartiles. In contrast, PWV gradually and linearly
decreased with increasing level of diastolic RTS being
lowest in the top quartile (hyperresponders).

In the CARDIPP study, diastolic OHT was defined as
a rise of DBP 210 mmHg and was associated with sig-
nificantly lower risk of cardiovascular events compared
with patients with normal systolic and diastolic RTS.'® In
patients admitted to an acute geriatric ward, with a mean
age of 81.b years, Weiss et al found a lower mortality rate
in those with OHT defined from SBP and DBP combined
than in those with normal RTS.

The above data point to a different clinical significance
of ERTS according to whether it is defined using SBF,
DBP, or a combination of the 2. Studies that have used
SBP and DBP combined to identify people with OHT
precluded the possibility of studying the association with
adverse outcomes separately for the 2 pressures and
could not clarify this controversial issue. It is thus crucial
for future studies on the prognostic significance of OHT
to use common criteria to identify people with OHT.

MECHANISMS

The mechanisms accounting for the link between OHT
and increased cardiovascular risk have been reviewed
in excellent and comprehensive articles by Jordan et
al? and by Kario®? and are summarized in the Text S6.
Excessive neurohumoral activation, baroreflex dysfunc-
tion resulting in increased sympathetic activity, exag-
gerated arteriolar vasoconstriction, and arterial stiffness
are considered the most important determinants of OHT
(Figure 3).512.22823640526068-74 There is general agree-
ment?~*®2 that the mechanisms driving OHT are affected
by age with a cardiac reactive type in younger adults,
which may be accompanied by orthostatic tachycardia
and a vascular stiffness type in older individuals. It should
be pointed out that people with orthostatic hyperrespon-
siveness may have normal sympathetic activity at rest but
increased sympathetic reaction to stressors.

MANAGEMENT OF SUBJECTS WITH ERTS
AND OHT

OHT has been an overlooked clinical condition for
long. Up to now, hypertension guidelines have recom-
mended to measure BP on standing in elderly subjects
and patients on antihypertensive treatment to check
for the possible occurrence of orthostatic hypotension.
The frequent association with masked hypertension
and the increased risk of developing sustained hyper-
tension and cardiovascular events in people with ERTS
suggests that BP should be measured in the upright
posture in every subject including young individuals.
A clinical flow chart including assessment of RTS is
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proposed in Figure 4. RTS measurement appears
particularly important in people with high-normal BP
values who are more at risk of masked hypertension
and OHT. If ERTS (SBP increase from lying to stand-
ing =20 mmHg) is confirmed with a second assess-
ment on a different day, ABPM should be performed to
have a more detailed picture of the BP changes dur-
ing standing preferably with the help of an actigraph.
If increased morning surge and masked hypertension
are detected, a thorough evaluation of the subject’s
cardiovascular risk profile including assessment of
hypertension-mediated organ damage should be made.
Antihypertensive treatment should be considered in
subjects at high cardiovascular risk. At any rate, close
follow-up with repeated visits should be implemented
in every subject with ERTS.

There is no agreement over whether a specific anti-
hypertensive treatment should be used in hypertensive
patients with ERTS because no randomized clinical
trial has been performed in this condition. Although
some benefit has been observed with the use of alpha
blockers,®® the lack of definite evidence for a better
cardiovascular risk protection with a particular class
of drugs suggests that subjects with OHT should be
managed in the same way as any other hypertensive
patient*

Orthostatic Hypertension

CONCLUSIONS AND FUTURE RESEARCH
DIRECTIONS

Studies on the clinical and prognostic significance
of OHT and on the pathogenetic mechanisms lead-
ing to this condition have been often inconsistent due
to methodological heterogeneity (Table S1 through
S3). One main aspect, which remained unexplored is
whether SBP and DBP postural changes should be
used to identify OHT. The large majority of studies have
highlighted the role of SBP in evaluating the clinical
significance of orthostatic hyperresponsiveness but
also DBP RTS has been investigated which often led to
conflicting results. Another crucial point that deserves
attention is the clinical significance of ERTS in young
versus older individuals. The use of the 220 mmHg cut
point appears to be appropriate to define orthostatic
hyperresponsiveness in middle-aged to elderly individu-
als in whom a prevalence of ERTS ranging up to 28%
has been found. Only a few studies have hitherto been
implemented in young individuals, and no study focused
on this important issue. It is the opinion of this author
that in this age category, the adoption of the 20 mmHg
cut-off might downplay the clinical relevance of smaller
orthostatic BP increases. However, in the absence of
solid evidence-based information, it is reasonable to use

—[ Sitting or supine Office BP measurement |——
| Normal BP I | High-normal BP | | High BP |

| Active standing test | | Active standing test |

| Active standing test'l

IFERTS | If ERTS | I ERTS

Repeat active standing
on a different day*

Repeat active standing
on a different day*

Repeat active standing
on a different day*

' If ERTS ‘ WVERTS | ‘ it ERTS 1‘
Close Follow-up | I ABPM_ B IEPM .
s

Treat according to current
hypertension guidelines

CV risk factors and
HMOD assessment

High risk profile

Consider antihypertensive
treatment

Figure 4. Flow chart for the diagnosis and management of exaggerated systolic blood pressure (BP) response to standing (>20
mmHg; ERTS).

The algorithm was designed mostly following the recommendations provided by the Consensus document of the American Autonomic Society
and the Japanese Society of Hypertension (Jordan et al*). ABP indicates ambulatory BP; ABPM, ambulatory BP monitoring; BP, blood pressure;
and HMOD, hypertension-mediated organ damage. *For confirmatory testing, supine-to-standing BP measurement should be preferred.
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the

definitions of ERTS and of OHT using the criteria

suggested by the abovementioned expert consensus in
every subject” The pathogenesis of ERTS is multifacto-

rial,

and the complex interplay of different mechanisms

is likely to differ between young and older subjects. In

the

former sympatho-adrenergic hyper-reactivity and

small artery remodelling may be the main contributors
to ERTS whereas in the latter baroreflex dysregulation
and arterial stiffness are likely to play a major role.

On the basis of these considerations, | think that the
following issues should be the focus of future research
in this area:

1.

The predictive value of ERTS and OHT for adverse
outcomes should be tested for SBP and DBP sep-
arately to better clarify the respective mechanistic
role and to establish which provides the better prog-
nostic information. This implies that a cut-off should
be established also for the definition of DBP ERTS.
The association of RTS with adverse outcomes
should be tested across the age range trying to iden-
tify appropriate definitions of ERTS and OHT for dif-
ferent age groups possibly based on outcome data.
The design of treatment trials should be refined
including RTS in the assessment of hypertensive
patients. Prespecified analyses should be imple-
mented to assess the effect of specific treatments
on ERTS and OHT and their relationship with out-
comes. This will clarify whether OHT is a leading
risk factor for organ damage and cardiovascular
events, and whether specific treatments can ame-
liorate prognosis in patients with this condition.

ARTICLE INFORMATION
Affiliation

Studium Patavinum, Department of Medicine, University of Padova, Italy.

Sources of Funding
None.

Disclosures
None.

REFERENCES

1.

2000

Stergiou GS, Palatini B, Parati G, O'Brien E, Januszewicz A, Lurbe E,
Persu A, Mancia G, Kreutz R; European Society of Hypertension Coun-
cil and the European Society of Hypertension Working Group on Blood
Pressure  Monitoring and Cardiovascular Variability. 2021 European
Society of Hypertension practice guidelines for office and out-of-office
blood pressure measurement. J Hypertens. 2021;39:1293-1302. doi:
10.1097/HJH.0000000000002843

. Jordan J, Ricci F, Hoffmann F, Hamrefors V, Fedorowski A. Orthostatic

hypertension: critical appraisal of an overlooked condition. Hypertension.
2020;75:1161-11568. doi: 10.1161/HYPERTENSIONAHA.120.14340

. Magkas N, Tsioufis C, Thomopoulos C, Dilaveris F, Georgiopoulos G,

Doumas M, Papadopoulos D, Tousoulis D. Orthostatic hypertension: from
pathophysiology to clinical applications and therapeutic considerations. J
Clin Hypertens. 2019;21:426-433. doi: 10.1111/jch.13491

. Jordan J, Biaggionil, Kotsis V, Nilsson P, Grassi G, Fedorowski A, Kario K. Con-

sensus statement on the definition of orthostatic hypertension endorsed by
the American Autonomic Society and the Japanese Society of Hypertension.
Clin Auton Res. 2023;46:291-294. doi: 10.1038/s41440-022-01074-0

October 2023

20.

21.

22.

. Velilla-Zancada

Orthostatic Hypertension

. Kario K, Eguchi K, Hoshide S, Hoshide Y, Umeda Y, Mitsuhashi T, Shimada K.

U-curve relationship between orthostatic blood pressure change and silent
cerebrovascular disease in elderly hypertensives: orthostatic hypertension
as a new cardiovascular risk factor. J Am Coll Cardiol. 2002;40:133-141.
doi: 10.1016/s0735-1097(02)01923-x

. Veronese N, De Rui M, Bolzetta F Zambon S, Corti MC, Baggio G,

Toffanello ED, Maggi S, Crepaldi G, Perissinotto E, et al. Orthostatic changes
in blood pressure and mortality in the elderly: the Pro.V.A Study. Am J Hyper-
tens. 2015;28:1248-1256. doi: 10.1093/ajh/hpv022

. Agnoletti D, Valbusa F, Labat C, Gautier S, Mourad JJ, Benetos A; PART-

AGE study Investigators. Evidence for a prognostic role of orthostatic hyper-
tension on survival in a very old institutionalized population. Hypertension.
2016;67:191-196. doi: 10.1161/HYPERTENSIONAHA.1156.06386

. Fan XH, Wang VY, Sun K, Zhang W, Wang H, Wu H, Zhang H, Zhou X, Hui R,

Disorders of orthostatic blood pressure response are associated with car-
diovascular disease and target organ damage in hypertensive patients. Am
J Hypertens. 2010;23:829-837. doi: 10.1038/2jh.2010.76

. Matsubayashi K, Okumiya K, Wada T, Osaki Y, Fujisawa M, Doi Y, Ozawa T.

Postural dysregulation in systolic blood pressure is associated with wors-
ened scoring on neurobehavioral function tests and leukoaraiosis in the
older elderly living in a community. Stroke. 1997,28:2169-2173. doi:
10.1161/01.5tr28.11.2169

. Hartog LC, Hendriks SH, Cimzar-Sweelssen M, Knipscheer A, Groenier KH,

Kleefstra N, Bilo HJ, van Hateren K. Orthostatic changes in blood pressure
and mortality in a nursing home population. J Hypertens. 2016;34:1068—
1074. doi: 10.1097/HJH.0000000000000910

. Hoshide S, Kario K, Eguchi K, Ishikawa J, Morinari M, Shimada K. Altered

aortic properties in elderly orthostatic hypertension. Hypertens Res.
2005;28:15-19. doi: 10.1291/hypres.28.15

. Streeten DH, Auchincloss JH Jr, Anderson GH Jr, Richardson RL,

Thomas FD, Miller JW. Orthostatic hypertension. Pathogenetic studies.
Hypertension. 1985;7:196-203. doi: 10.1161/01.hyp.7.2.196

. Vriz O, Soon G, Lu H, Weder AB, Canali C, Palatini P. Does orthostatic testing

have any role in the evaluation of the young subject with mild hypertension?
an insight from the HARVEST study. Am J Hypertens. 1997;10:546-551.
doi: 10.1016/50895-7061(96)00489-x

. Townsend RR, Chang Tl, Cohen DL, Cushman WC, Evans GW, Glasser SP,

Haley WE, Olney C, Oparil S, Del Pinto R, et al; SPRINT Study Research
Group. Orthostatic changes in systolic blood pressure among SPRINT
participants at baseline. J Am Soc Hypertens. 2016;10:847-856. doi:
10.1016/}jash.2016.08.005

SM, Escobar-Cervantes C, Manzano-Espinosa L,
Prieto-Diaz MA, Ramalle-Gomara E, Vara-Gonzalez LA. Impact of variations
in blood pressure with orthostatism on mortality: the HOMO study. Blood
Press Monit. 2017;22:184-190. doi: 10.1097/MBP.0000000000000251

. Wikman M, Léanne T, Ostgren CJ, Nystrom FH. Diastolic ortho-

static hypertension and cardiovascular prognosis in type 2 diabetes:
a prospective cohort study. Cardiovasc Diabetol. 2016;156:83-92. doi:
10.1186/512933-016-0399-0

. Wu P, Xu G, Pan M, Lin L, Cai W. The association between orthostatic blood

pressure changes and arterial stiffness. Blood Press Monit. 2022;27:239—
246. doi: 10.1097/MBP.0000000000000594

. Torres RV, Elias MF, Crichton GE, Dore GA, Davey A. Systolic orthostatic

hypotension is related to lowered cognitive function: findings from the
Maine-Syracuse Longitudinal Study. J Clin Hypertens. 2017;19:1357—
1365. doi: 10.1111/jch.13095

. Yatsuya H, Folsom AR, Alonso A, Gottesman RF, Rose KM; ARIC Study

Investigators. Postural changes in blood pressure and incidence of ischemic
stroke subtypes: the ARIC study. Hypertension. 2011;57:167-173. doi:
10.1161/HYPERTENSIONAHA.110.161844

Bursztyn M, Jacobs JIM, Hammerman-Rozenberg A,
Stessman J. Prevalence of orthostatic hypertension in the very elderly and
its relationship to all-cause mortality. J Hypertens. 2016;34:2053-2058.
doi: 10.1097/HJH.0000000000001044

Curreri C, Giantin V, Veronese N, Trevisan C, Sartori L,
Musacchio E, Zambon S, Maggi S, Perissinotto E, Corti MC, et al. Ortho-
static changes in blood pressure and cognitive status in the elderly: the
Progetto Veneto Anziani study. Hypertension. 2016;68:427-435. doi:
10.1161/HYPERTENSIONAHA.116.07334

Lee H, Kim HA. Orthostatic hypertension: an underestimated cause of
orthostatic intolerance. Clin  Neurophysiol. 2016;127:2102-2107. doi:
10.1016/j.clinph.2015.12.017

. Fedorowski A, Ostling G, Persson M, Struck J, Engstrom G, Nilsson PM,

Hedblad B, Melander O. Orthostatic blood pressure response, carotid

Hypertension. 2023;80:1993-2002. DOI: 10.1161/HYPERTENSIONAHA.123.215637



Palatini

24,

26.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Hypertension. 2023;80:1993-2002. DOI: 10.1161/HYPERTENSIONAHA.123.21537

intima-media thickness, and plasma fibrinogen in older nondiabetic adults. J
Hypertens. 2012;30:522-529. doi: 10.1097/HJH.0b013e32834fa860
Kohara K, Tabara Y, Yamamoto Y, Miki T. Orthostatic hypertension: another
orthostatic disorder to be aware of. J Am Geriatr Soc. 2000;48:1538-1539.
doi: 10.1111/jgs.2000.48.11.15638

Aries MJ, Bakker DC, Stewart RE, De Keyser J, Elting JW, Thien T,
Vroomen PC. Exaggerated postural blood pressure rise is related to a favor-
able outcome in patients with acute ischemic stroke. Stroke. 2012;43:92—
96. doi: 10.1161/STROKEAHA.111.632349

TabaraY,MasakiM, Ikezoe T, Setoh K, Kato T, Kawaguchi T, Kosugi S, Nakayama T,
Ichihashi N, Tsuboyama T, et al. Small degree of lumbar lordosis as an over-
looked determinant for orthostatic increases in blood pressure in the elderly: the
Nagahama study. Am J Hypertens. 2018;32:61—-69. doi: 10.1093/ajh/hpy 137
Wecht JM, Weir JP, Martinez S, Eraifej M, Bauman WA. Orthostatic hypo-
tension and orthostatic hypertension in American veterans. Clin Auton Res.
2016;26:49-58. doi: 10.1007/510286-015-0328-4

Suemoto CK, Baena CP, Mill JG, Santos IS, Lotufo PA, Bensefior I. Ortho-
static hypotension and cognitive function: cross-sectional results from the
ELSA-Brasil study. J Gerontol A Biol Sci Med Sci. 2019;74:358-365. doi:
10.1093/gerona/gly061

Barochiner J, Aparicio LS, Alfie J, Rada MA, Morales MS, Galarza CR,
Cuffaro PE, Marin MJ, Martinez R, Waisman GD. Hemodynamic char-
acterization of hypertensive patients with an exaggerated orthostatic
blood pressure variation. Clin Exp Hypertens. 2018;40:287-291. doi:
10.1080/10641963.2017.1368539

Yoshinari M, Wakisaka M, Nakamura U, Yoshioka M, Uchizono Y, lwase M.
Orthostatic hypertension in patients with type 2 diabetes. Diabetes Care.
2001;24:1783-1786. doi: 10.2337/diacare.24.10.1783

Hirai FE, Moss SE, Klein BE, Klein R. Postural blood pressure changes and
associated factors in long-term Type 1 diabetes: Wisconsin Epidemiologic
Study of Diabetic Retinopathy. J Diabetes Complications. 2009;23:83-88.
doi: 10.1016/}jdiacomp.2008.01.002

Palatini B, Mos L, Rattazzi M, Ermolao A, Battista F, Vriz O, Canevari M,
Saladini F. Exaggerated blood pressure response to standing in young-to-
middle-age subjects: prevalence and factors involved. Clin Auton Res. 2023;
doi: 10.1007/510286-023-00942-0

Johansson M, Fedorowski A, Jordan J, Engstrom G,
Nilsson PM, Hamrefors V. Orthostatic blood pressure adaptations, aortic
stiffness, and central hemodynamics in the general population: insights from
the Malmé Offspring Study (MOS). Clin Auton Res. 2023;33:29-40. doi:
10.1007/510286-022-00911-z

Eguchi K, Kario K, Hoshide S, Ishikawa J, Morinari M, Shimada K. Greater
change of orthostatic blood pressure is related to silent cerebral infarct and
cardiac overload in hypertensive subjects. Hypertens Res. 2004;27:235—
241. doi: 10.1291/hypres.27.235

Mesquita P, Queiroz D, Lamartine de Lima Silva V, Texeira VC,
Vilaca de Lima YR, Junior ER, Garcia J, Bandeira F. Prevalence of ortho-
static hypertension in elderly patients with type 2 diabetes. Int J Endocrinol.
2015;2015:463487. doi: 10.11556/2015/463487

Palatini P, Mos L, Saladini F, Rattazzi M. Blood pressure hyperreactivity to stand-
ing:a predictor of adverse outcome in young hypertensive patients. Hyperten-
sion. 2022;79:984-992. doi: 10.1161/HYPERTENSIONAHA.121.18579
Thomas RJ, Liu K, Jacobs DR Jr, Bild DE, Kiefe Cl, Hulley SB. Positional
change in blood pressure and 8-year risk of hypertension: the CARDIA
Study. Mayo Clin Proc. 2003;78:951-958. doi: 10.4065/78.8.951

Hoshide S, Matsui Y, Shibasaki S, Eguchi K, Ishikawa J, Ishikawa S,
Kabutoya T, Schwartz JE, Pickering TG, Shimada K, et al; Japan Morning
Surge-1 Study Group. Orthostatic hypertension detected by self-mea-
sured home blood pressure monitoring: a new cardiovascular risk fac-
tor for elderly hypertensives. Hypertens Res. 2008;31:15609-1516. doi:
10.1291/hypres.31.1509

Moreno Veldsquez |, Pischon T. Comment to the article: “Consensus
statement on the definition of orthostatic hypertension endorsed by the
American Autonomic Society and the Japanese Society of Hyperten-
sion” by Jordan and colleagues. Clin Auton Res. 2023;33:75-76. doi:
10.1007/510286-022-00913-x

Palatini P, Mos L, Rattazzi M, Spinella P, Ermolao A, Vriz O, Battista F,
Saladini F. Blood pressure response to standing is a strong determinant
of masked hypertension in young to middle-age individuals. J Hypertens.
2022;40:1927-1934. doi: 10.1097/HJH.0000000000003188

Tabara Y, Igase M, Miki T, Ohyagi Y, Matsuda F, Kohara K; J-SHIPP study
group. Orthostatic hypertension as a predisposing factor for masked
hypertension: the J-SHIPP study. Hypertens Res. 2016;39:664-669. doi:
10.1038/hr.2016.43

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54,

55.

56.

57

58.

59.

60.

61.

62.

Orthostatic Hypertension

Rahman M, Pradhan N, Chen Z, Kanthety R, Townsend RR, Tatsuoka C,
Wright JT Jr. Orthostatic hypertension and intensive blood pressure con-
trol; post-hoc analyses of SPRINT. Hypertension. 2021;77:49-58. doi:
10.1161/HYPERTENSIONAHA.120.15887

Kario K. Orthostatic hypertension: a measure of blood pressure varia-
tion for predicting cardiovascular risk. Circ J. 2009;73:1002—-1007. doi:
10.1263/circj.cj-09-0286

Cuspidi C, Sala C, Tadic M, Rescaldani M, Grassi G, Mancia G. Untreated
masked hypertension and subclinical cardiac damage: a systematic
review and meta-analysis. Am J Hypertens. 2015;28:806-813. doi:
10.1093/ajh/hpu231

Palla M, Saber H, Konda S, Briasoulis A. Masked hypertension and cardio-
vascular outcomes: an updated systematic review and metaanalysis. Integr
Blood Press Control. 2018;11:11-24. doi: 10.2147/IBPC.S128947
Barochiner J, Cuffaro PE, Aparicio LS, Alfie J, Rada MA, Morales MS,
Galarza CR, Waisman GD. Predictors of masked hypertension among treated
hypertensive patients: an interesting association with orthostatic hyperten-
sion. Am J Hypertens. 2013;26:872—-878. doi: 10.1093/ajh/hpt036

Fabia MJ, Abdilla N, Oltra R, Fernandez C, Redon J. Antihypertensive
activity of angiotensin Il AT1 receptor antagonists: a systematic review
of studies with 24 h ambulatory blood pressure monitoring. J Hypertens.
2007;256:1327-1336. doi: 10.1097/HJH.0b0 133280825625

Palatini P, Penzo M, Canali C, Dorigatti F, Pessina AC. Interactive action
of the white-coat effect and the blood pressure levels on cardiovascu-
lar complications in hypertension. Am J Med. 1997;103:208-216. doi:
10.1016/50002-9343(97)00135-6

Parati G, Ulian L, Sampieri L, Palatini B, Villani A, Vanasia A, Mancia G.
Attenuation of the “white-coat effect” by antihypertensive treatment and
regression of target organ damage. Hypertension. 2000;35:614-620. doi:
10.1161/01.hyp.35.2614

Palatini P, Mos L, Saladini F, Vriz O, Fania C, Ermolao A,
Battista F, Rattazzi M. Reproducibility and predictive value of white-coat
hypertension in young to middle-age subjects. Diagnostics. 2023;13:434.
doi: 10.3390/diagnostics 13030434

Kario K, Eguchi K, Nakagawa Y, Motai K, Shimada K. Relationship between
extreme dippers and orthostatic hypertension in elderly hypertensive
patients. Hypertension. 1998;31:77-82. doi: 10.1161/01.hyp.31.1.77
Kario K. Orthostatic hypertension—a new haemodynamic cardiovascular risk
factor. Nat Rev Nephrol. 2013;9:726-738. doi: 10.1038/nrneph.2013.224
Liu D, Xiang J, Lin P, Chu W, Wu L, Liu L. Changes of 24 h ambulatory blood
pressure monitoring in children with orthostatic hypertension. Chin J Appl
Clin Pediatr. 2014;29:1731-1733. doi: 10.3389/fped.2020.00425
Idiaquez Rios JF, Lovblom LE, Perkins BA, Bril V. Orthostatic blood pressure
changes and diabetes duration. J Diabetes Complications. 2022;36:108169.
doi: 10.1016/jjdiacomp.2022.108169

Nibouche-Hattab WN, Lanasri N, Zeraoulia F, Chibane A, Biad A. Orthostatic
hypertension in normotensive type 2 diabetics: what characteristics? Ann
Cardiol Angeiol. 2017;66:159-164. doi: 10.1016/j.ancard.2017.04.003
Roca F, Rougette K, Zmuda L, Noel G, Larose S, Bordage M, Chassagne P.
Association between orthostatic blood pressure dysregulation and geriatric
syndromes: a cross-sectional study. BMC Geriatr. 2022;22:157-168. doi:
10.1186/s12877-022-02844-8

Nardo CJ, Chambless LE, Light KC, Rosamond WD, Sharrett AR, Tell GS,
Heiss G. Descriptive epidemiology of blood pressure response to change
in body position. The ARIC study. Hypertension. 1999;33:1123-1129. doi:
10.1161/01.hyp.33.56.1123

Rose KM, Holme |, Light KC, Sharrett AR, Tyroler HA, Heiss G. Association
between the blood pressure response to a change in posture and the 6-year
incidence of hypertension: prospective findings from the ARIC study. J Hum
Hypertens. 2002;16:771-777. doi: 10.1038/sjjhh.1001482

Sparrow D, Rosner B, Vokonas PS, Weiss ST. Relation of blood pressure
measured in several positions to the subsequent development of systemic
hypertension. The Normative Aging Study. Am J Cardiol. 1986;567:218-221.
doi: 10.1016/0002-9149(86)90894-5

Hoshide S, Parati G, Matsui Y, Shibazaki S, Eguchi K, Kario K. Orthostatic
hypertension: home blood pressure monitoring for detection and assess-
ment of treatment with doxazosin. Hypertens Res. 2012;35:100—106. doi:
10.1038/hr2011.156

Ryan DJ, Kenny RA, Finucane C, Meaney JF Collins DR,
Walsh S, Harbison JA. Abnormal orthostatic blood pressure control among
subjects with lacunar infarction. Eur Stroke J. 2016;1:222-230. doi:
10.1177/2396987316663287

Juraschek SPF, Daya N, Appel LJ, Miller ER 3rd, McEvoy JW, Matsushita K,
Ballantyne CM, Selvin E. Orthostatic hypotension and risk of clinical and

October 2023 2001




Palatini

63.

64.

65.

66.

67.

68.

2002

subclinical cardiovascular disease in middle-aged adults. J Am Heart Assoc.
2018;7:e008884. doi: 10.1161/JAHA.118.008884

Sparrow D, Tifft CP, Rosner B, Weiss ST. Postural changes in diastolic blood
pressure and the risk of myocardial infarction: the Normative Aging Study.
Circulation. 1984;70:5633-537. doi: 10.1161/01.cir.70.4.533

Kostis WJ, Sargsyan D, Mekkaoui C, Moreyra AE, Cabrera J,
Cosgrove NM, Sedjro JE, Kostis JB, Cushman WC, Pantazopoulos JS, et al.
Association of orthostatic hypertension with mortality in the systolic hyper-
tension in the elderly program. J Hum Hypertens. 2019;33:735-740. doi:
10.1038/s41371-019-0180-4

Alagiakrishnan K, Masaki K, Schatz I, Curb JD, Blanchette P. Postural
hypertension in elderly men--the Honolulu Heart Program. Hawaii Med J.
2000;59:48-50. doi: 10.1161/01.cir98.21.2290

Davis BR, Langford HG, Blaufox MD, Curb JD, Polk BF
Shulman NB. The association of postural changes in systolic blood pres-
sure and mortality in persons with hypertension: the Hypertension Detec-
tion and Follow-up Program experience. Circulation. 1987;75:340-346.
doi: 10.1161/01.¢ir.756.2.340

Weiss A, Beloosesky Y, Grossman A, Shlesinger A, Koren-Morag N,
Grossman E. The association between orthostatic hypertension and all-cause
mortality in hospitalized elderly persons. J Geriatr Cardiol. 2016;13:239—
243. doi: 10.11909/jissn.1671-5411.2016.03.004

Suojanen LJ, Koskela JK, Wilenius M,
Choudhary MK, Hautaniemi EJ, Viik J, Mustonen JT, Pérsti IH. Individ-
ual changes of central blood pressure in response to upright posture:

October 2023

69.

70.

71.

72.

73.

74.

Orthostatic Hypertension

different hemodynamic phenotypes. J Hypertens. 2021;39:2403-2412.
doi: 10.1097/HJH.0000000000002965

Fernandez-Mendoza J, He F Calhoun SL, Vgontzas AN, Liao D,
Bixler EO. Association of pediatric obstructive sleep apnea with elevated
blood pressure and orthostatic hypertension in adolescence. JAMA Cardiol.
2021;6:1144-1151. doi: 10.1001/jamacardio.2021.2003

Hu Y, Wang Y, He B, Wang Y, Han Z, Tao C, Li H, Jiang Y, Tang C, Du J.
Sympathetic overactivation from supine to upright is associated with ortho-
static hypertension in children and adolescents. Front Pediatr. 2020;8:54.
doi: 10.3389/fped.2020.00054

Kirtane AJ, Sharp ASP, Mahfoud F Fisher NDL, Schmieder RE,
Daemen J, Lobo MD, Lurz F, Basile J, Bloch MJ, et al. Patient-level pooled
analysis of ultrasound renal denervation in the sham-controlled RADIANCE
I, RADIANCE-HTN SOLO, and RADIANCE-HTN TRIO trials. JAMA Cardiol.
2023,;8:¢230338. doi: 10.1001/jamacardio.2023.0338. Online ahead of print
Benowitz NL, Zevin S, Carlsen S, Wright J, Schambelan M, Cheitlin M. Ortho-
static hypertension due to vascular adrenergic hypersensitivity. Hyperten-
sion. 1996;28:42—-46. doi: 10.1161/01.hyp.28.1.42

Majewski H, Rand MJ, Tung LH. Activation of prejunctional beta-
adrenoceptors in rat atria by adrenaline applied exogenously or
released as a co-transmitter. Br J Pharmacol. 1981;73:669-679. doi:
10.1111/j.1476-5381.1981.tb16802.x

Floras JS, Aylward PE, Victor RG, Mark AL, Abboud FM. Epinephrine facili-
tates neurogenic vasoconstriction in humans. J Clin Invest. 1988;81:1265—
1274. doi: 10.1172/JCI113444

Hypertension. 2023;80:1993-2002. DOI: 10.1161/HYPERTENSIONAHA.123.215637



