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The deadly line linking sympathetic overdrive, dipping
status and vascular risk: critical appraisal and
therapeutic implications
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Hypertension is a major risk factor for
cardiovascular disease and death.

The chronic elevation of blood pressure
(BP) is a silent disorder because its progres-
sion is largely asymptomatic. However, the
impact of this disorder is deafening, and
hypertension is a cause of cardiovascular
disease, end-organ damage and death. Hyper-
tension is defined as systolic BP⩾ 140 mmHg
and/or diastolic BP⩾ 90 mmHg based on
evidence from randomized controlled
trials showing that patients with these BP
values can benefit from treatment-induced
BP reductions.1

Office measurements of BP are frequently
inaccurate. Ambulatory BP monitoring
offers a more accurate diagnosis, more
detailed readings of average BPs, better BP
measurement during sleep, fewer false
positives by detecting more white-coat
hypertension and fewer false negatives by
detecting more masked hypertension.2

The physiological circadian rhythm of BP
comprises a nocturnal decrease; the ‘dipping
status’ represents the behavior of BP on
transitioning from wakefulness to sleep
depending on whether BP falls, rises or
remains constant and is mainly quantified
through the so-called ‘night per day BP ratio.’
Using this index, patients can be arbitrarily
classified into four groups: extreme dippers
(ratio⩽ 0.8), dippers (0.8oratio⩽ 0.9), non-
dippers or mild dippers (0.9oratio⩽ 1.0),
and reverse dippers or risers (ratio⩾ 1.0,

indicating a nocturnal increase in BP
compared with daytime mean values).3

The reverse-dipper BP pattern is an
independent risk factor for CV events and
stroke,4 lacunar infarction5 and chronic
kidney disease.6,7 In the Norwegian Stroke
in the Young Study, the non-dipping BP
pattern was common and was associated with
increased aortic stiffness,8 a marker of
subclinical organ damage in treated and
untreated dipper hypertensive patients.9

In this study, Di Raimondo et al.3 reported
an inter-individual variability in sympatho-
vagal balance among hypertensive individuals,
with a higher degree of sympathetic activation
being detected in reverse dippers. These
authors were also able to confirm in their
cohort the observation that non-dipping is
related to more advanced disease (end-organ
damage, particularly reduced renal function
and left ventricular hypertrophy).
The questions arising from and possible

practical implications of their findings are
manifold: first, whether the higher autonomic
activation vs other features of the non-dipper
or reverse-dipper status reflects and carries a
higher vascular burden; and second, whether
the therapeutic management of patients
should be tailored in terms of medication
choice and circadian drug regimen for the
different night per day BP patterns.
Whether the poorer cardiovascular

prognosis that is associated with the non-
dipper status is a function of the enhanced
activation of the sympathetic nervous
system (SNS) is a challenging question
because of the complexity and multiplicity
of the mechanisms that have been implicated
in the blunted nighttime BP decline and to

the heterogeneity of methods employed for
SNS activation assessment.
Non-dipper hypertensive patients show a

significantly higher extent of platelet turnover
and activation, as reflected by the enhanced
mean platelet volume and soluble CD40L
levels compared with those of dippers
and normotensive individuals.10 Interestingly,
recent observations would suggest a major
role of sympathetic stimulation as a
determinant of atherothrombosis, being able
to facilitate thrombopoiesis by promoting
megakaryocyte adhesion, migration and
proplatelet formation.11

However, in addition to increased
sympathetic activity, blunted nighttime BP
decline has also been associated with a
number of pathophysiological elements, such
as primary hyperaldosteronism, obstructive
sleep apnea syndrome,12 salt sensitivity,
increased sodium intake and reduced insulin
sensitivity; although it is conceivable that
their effects as contributors may be deeply
intertwined and linked to the autonomic
activation. For instance, the G972R
polymorphism of the IRS-1 gene is associated
with insulin resistance, salt sensitivity and
non-dipper hypertension.13–15 Low-plasma
brain-derived neurotrophic factor is
associated with patients showing a
reverse-dipper pattern of nocturnal BP, in
which an imbalance of cardiac autonomic
function may be partly involved.16 Moreover,
the dysfunction of the autonomic nervous
system may mediate the influences of stress,
sleep disorders, deterioration of the endocrine
system and oxidative stress. In this regard,
extensive evidence shows that oxidative stress
has a central role in the pathophysiology of
essential hypertension,17 partly through an

F Santilli, P Simeone, D D’Ardes and G Davì are at
Center of Excellence on Aging, ‘G. d’Annunzio’ Univer-
sity Foundation and Department of Medicine and Aging,
University of Chieti ‘G. d’Annunzio’ School of Medicine,
Chieti, Italy
E-mail: f.santilli@unich.it

Hypertension Research (2016) 39, 404–406
& 2016 The Japanese Society of Hypertension All rights reserved 0916-9636/16

www.nature.com/hr

http://dx.doi.org/10.1038/hr.2016.27
mailto:f.santilli@unich.it
http://www.nature.com/hr


interaction with SNS activation.18 It is
becoming increasingly clear that the reactive
oxygen species that are produced in the
central nervous system promote sympathetic
outflow, inflammation and hypertension19

(Figure 1).
The difficulty in quantifying the

contribution of sympathetic overactivation
in dipping status and related vascular
outcomes becomes even more complicated
when considering the reliability and
heterogeneity of the tools that are used to
assess SNS activation. Several studies in recent
years have attempted to detect the presence
of sympathetic activation in hypertensive
patients by making use of two quite rough
indices of adrenergic drive: plasma
noradrenaline levels and heart rate (HR).20

An analysis of plasma noradrenaline
demonstrated that in patients with essential
hypertension, the plasma levels of the
adrenergic neurotransmitter are 25–30%
greater than those in age-matched normoten-
sive control subjects.20 The pathophysio-
logical significance of an increase in plasma
noradrenaline in hypertension is uncertain
because an increase in plasma noradrenaline
does not only necessarily reflect an enhanced
sympathetic drive but may also depend on a
reduced reuptake of the neurotransmitter

from peripheral nerve endings and/or on a
decrease in its tissue clearance.20,21

The measurement of HR variability
currently represents the most used non-
invasive form of assessment of autonomic
nervous system activity.3,22 A reduced HR
variability usually indicates an alteration of
the sympatho-vagal balance in favor of the
SNS: this alteration could be an effect of
an increased sympathetic tone, decreased
parasympathetic tone or both.3 Moreover,
HR is not a specific marker of cardiac
adrenergic activity because it is also regulated
by vagal cholinergic influences: for this
reason, changes in HR cannot be taken as a
measure of adrenergic drive without
the benefit of the response to the β-adrenergic
blockade to assess the sympathetic
contribution.23

Despite the pathophysiological and
epidemiological relevance of non-dippers
and reverse dippers in terms of poor
prognosis and the theoretical rationale for a
tailored therapeutic strategy fitting the
patient’s circadian pattern with the drug’s
pharmacodynamics, night and night per day
BP ratio responses to the most commonly
prescribed antihypertensive agents have been
poorly assessed.

The angiotensin II type 1 receptor blocker
olmesartan may restore nighttime BP decline,
as seen with diuretics and sodium restriction,
possibly by enhancing daytime sodium
excretion. Olmesartan may also relieve
cardiorenal load through the normalization
of circadian BP rhythm, in addition to
having the powerful ability to block the
renin-angiotensin system.24 Another study
has shown that telmisartan, but not ramipril,
can normalize the circadian BP pattern to a
dipper profile in a larger proportion of
hypertensive patients.25 Among α-adrenergic
blockers, doxazosin markedly affects the
nocturnal BP dipping status of hypertensive
subjects, with an apparently greater reduction
of nighttime and daytime BP in reverse
dippers. Doxazosin had no significant effect
on nighttime BP in extreme dippers, suggest-
ing that α-adrenergic tone decreases, at least
during the nighttime, in extreme dippers.26

Ambulatory BP monitoring, in approxi-
mately 500 black and white essential hyper-
tensive patients, revealed that atenolol
therapy, when administered upon rising for
18 weeks, induced no change in night per day
BP ratios in whites and a significant increase
in night per day BP ratios in blacks, a
population that displays increased nighttime
BP levels and a higher incidence of stroke,
congestive heart failure, and renal disease.27

Such a null or paradoxical response to a β-
blocker agent, which is expected to blunt SNS
activation through its negative lusitropic
effect, is explained by the short duration of
treatment or by the unfavorable time of
medication administration.
Indeed, regardless of the medication that is

used, chronotherapy may be a potential
cost-effective means of both tailoring and
optimizing the treatment of hypertension
based on an individual circadian BP profile
and an effective option to reduce CV risk.28

In hypertensive patients with chronic renal
failure, the calcium channel blocker isradipine
exhibits a greater BP-lowering effect on
nighttime BP when administered at
2000 hours compared with an 0800 hours
administration and, under these conditions,
effectively restores the circadian BP rhythm.
Similarly, the administration of an
α-adrenergic antagonist to patients with
primary hypertension exhibits more
pronounced effects on BP control when
administered before sleeping.29 A once-daily
evening, rather than morning, ingestion
schedule of the angiotensin II type 1 receptor
blockers irbesartan, olmesartan, telmisartan
and valsartan exerts a greater therapeutic
effect on sleeping BP and a significant
increase in the sleep-time relative BP decline,

Figure 1 The abnormal autonomic modulation of BP may be a connection between the circadian
fluctuations of the autonomic nervous system's activity and the BP values in hypertensive subjects. SNS
is critically influenced at the central and peripheral levels by the most relevant factors regulating
vascular function, such as NO, ROS, ET and the renin-angiotensin system. Sympathetic activity may
induce sustained increase in BP through several mechanisms by causing peripheral vasoconstriction,
potentiating cardiac contraction, reducing venous capacitance, affecting renal sodium and through
water excretion; through baroreflex dysfunction, SNS facilitates thrombopoiesis by promoting
megakaryocyte adhesion, migration and proplatelet generation. Several drugs, such as ARBs, CCB and
AR, can normalize the circadian BP pattern to a dipper profile. Chronotherapy may optimize the
treatment of hypertension based on an individual circadian BP profile and may reduce CV risk.
AR, α− adrenergic antagonists; ARBs, angiotensin II type 1 receptor blockers; BP, blood pressure;
CCB, calcium channel blocker; CV, cardiovascular; ET, endothelin; NO, nitric oxide; ROS, reactive
oxygen species; SNS, sympathetic nervous system. A full color version of this figure is available at the
Hypertension Research journal online.

Commentary

405

Hypertension Research



with a normalization of the circadian BP
profile toward a greater dipping pattern
independent of drug terminal half life.28

In addition to the timing of medication
administration, potential areas for therapeutic
interventions may include lifestyle modifica-
tions, such as habitual physical exercise and
improvement in sleep quality, which reduce
both SNS activation and CV risk.
Further studies are needed to examine the

influence of ‘dipping status’ and circadian
clock on the molecular mechanisms that
are involved in hypertension, which may
ultimately provide breakthroughs in our
understanding and treatment of this silent
killer.
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