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Abstract: Morning hours are the period of the day characterized by the highest incidence of
major cardiovascular events including myocardial infarction, sudden death or stroke. They are
also characterized by important neurohormonal changes, in particular, the activation of sym-
pathetic nervous system which usually leads to a rapid increase in blood pressure (BP), known
as morning blood pressure surge (MBPS). It was hypothesized that excessive MBPS may be
causally involved in the pathogenesis of cardiovascular events occurring in the morning by induc-
ing hemodynamic stress. A number of studies support an independent relationship of MBPS
with organ damage, cerebrovascular complications and mortality, although some heterogeneity
exists in the available evidence. This may be due to ethnic differences, methodological issues
and the confounding relationship of MBPS with other features of 24-hour BP profile, such as
nocturnal dipping or BP variability. Several studies are also available dealing with treatment
effects on MBPS and indicating the importance of long-acting antihypertensive drugs in this
regard. This paper provides an overview of pathophysiologic, methodological, prognostic and
therapeutic aspects related to MBPS.

Keywords: morning blood pressure surge, ambulatory blood pressure monitoring, cardiovascular
risk, blood pressure variability

Introduction

Blood pressure (BP) level, whether assessed with conventional office measurements
or with out-of-office techniques, is recognized as a major risk factor for cardiovascu-
lar and renal disease worldwide.!? Introduction of methods allowing BP monitoring
prompted the search for new, potentially clinically relevant variables describing BP
variations over time, in particular, over 24 hours. Among the numerous BP patterns
and indices investigated, the behavior of BP in the morning has received significant
interest. This is because morning hours are the period of the day characterized by the
highest incidence of major cardiovascular events including myocardial infarction, sud-
den death or stroke.? They are also characterized by important neurohormonal changes
and, in most individuals, a rapid increase in BP*

It was hypothesized that the temporal relationship between morning BP surge
(MBPS) and the morning peak of cardiovascular events might have a causal character
and that MBPS might represent a new, independent cardiovascular risk factor. This
hypothesis was supported by early works linking the size of MBPS with organ damage?
and cerebrovascular complications.®’ This paper provides an overview of pathophysi-
ologic, methodological, prognostic and therapeutic aspects related to MBPS.
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Pathophysiology of MBPS

Most physiological mechanisms of the body follow a cir-
cadian pattern, determined by a complex interaction of
intrinsic biologic clock with environmental and behavioral
factors. Morning hours are a critical period in this regard,
with major changes in physiological control mechanisms
occurring around the arousal time, driven by circadian system
and modified by sensory inputs and posture. Many of these
mechanisms have a direct effect on the cardiovascular system
and contribute to BP increase. In particular, the changes in
the activity of autonomic nervous system, mainly related to
increased sympathetic activity, appear to be the key factor
underlying MBPS.

The transition from sleep to waking is determined by the
cortical arousal which is controlled by the “activating sys-
tem” projecting to the thalamus and to the cerebral cortex.?
Many subcortical components act during cortical arousal. In
particular, thalamic somatosensory neurons may be implied
in the shift from the vagal to the sympathetic components of
the autonomic nervous system.’ The release of corticotropic-
releasing hormone which mediates the hypothalamic—
pituitary—adrenal axis and the autonomic components of
responses to stressors contributes to the physiology of normal
waking,'” and, along with the release of adrenocorticotropic
hormone!! and of cortisol,'? is a potential mechanism in the
increase of BP determined by the awakening process. An
increase in secretion of epinephrine, testifying an increased
sympathoadrenal activity, is found at the awakening, while
the noradrenergic branches, determining the release of nor-
epinephrine, are activated by the subsequent orthostasis."

Circadian rhythms, the general importance of which has
recently been acknowledged also by the Nobel Prize com-
mittee, play the key role in determining MBPS. A complex
and reciprocal interplay exists between the autonomic,
hormonal and behavioral components in determining the
biologic variables displaying circadian fluctuations, includ-
ing BP. Circadian rhythms of the cardiovascular system are
coordinated by the suprachiasmatic nucleus of the hypothala-
mus,' which receives inputs from the environment (such as
light or temperature), from the cerebral cortex or from the
body, integrates these signals and synchronizes autonomic
output, hormone secretion and behavior. Activity of the
suprachiasmatic nucleus, which is also feedback-regulated
by the secretion of melatonin, is crucial in regulating the
sympathetic and parasympathetic balance and in determining
the effects of this balance to the heart and the vasculature and,
therefore, the BP."* The MBPS, which is mainly controlled by
the sympathetic neural output to the cardiovascular system,'

may be, therefore, influenced by the synchronization and
desynchronization of circadian clock.

While a moderate MBPS is a fully physiological phe-
nomenon essential for maintaining adequate blood supply in
a condition of increased activity, in some subjects, its entity
appears to be excessive. The effector vascular mechanisms
leading to excessive MBPS and its pathophysiological impli-
cations are not fully elucidated. Increased MBPS was shown
to be associated with various factors, including aging, hyper-
tension, abnormalities of glucose metabolism, alcohol intake,
smoking, psychological and physical stress.!” Considering the
role of circadian changes in sympathetic activity,'® studies
showing that sympatholytic agents effectively lower morn-
ing BP in patients in whom it is poorly controlled support
the relevance of changes in alpha-adrenergic vasoconstrictor
activity in this regard.'*' Sympathetic basal outflow, mea-
sured as muscle sympathetic nerve activity, seems unrelated
to the MBPS in patients with hypertension.?> On the other
hand, recent evidence suggests that the sympathetic “reactiv-
ity” triggered by an activation test, rather than the basal tone,
may predict MBPS.? In this context, a special role might
be played by arterial baroreflex, which buffers the fluctua-
tions in BP not only through its parasympathetic-mediated
action on the heart rate (cardiac baroreflex) but also through
modulating the sympathetic outflow to vasculature (sympa-
thetic baroreflex). In fact, reduced sympathetic baroreflex
was found to be associated with elevated MBPS both in the
elderly? and in healthy young individuals.?

The relationship between MBPS and baroreflex activ-
ity could be modified by stiffening of large arteries. The
association between the MBPS and arterial stiffness was
indeed observed, especially in elderly subjects,?* in whom
the reduction of baroreflex sensitivity is particularly evi-
dent. This impairment of baroreflex could be explained by a
reduced stretching of the arterial baroreceptors in the aortic
arch and carotid arteries caused by increased stiffness of
these large arteries.”*?* Moreover, stroke volume increase
induced by neurohumoral changes occurring in the morning
could directly favor a rapid increase of (mainly systolic) BP
when the buffering capacity of large arteries is reduced due
to increased stiffness. Considering more broadly this complex
interplay, MBPS might thus be considered as a manifestation
of the generally increased susceptibility of BP to undergo
short-term fluctuations, reflected by measures of short-term
BP variability.?” A recent study found that stiffness of large
arteries is intrinsically associated with the MBPS, but this
relationship seems to be mediated by an increased short-term
BP variability, independently from mean BP values.?
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Morning blood pressure surge

While the autonomic nervous system seems to be the key
player involved in MBPS, other neurohumoral factors which
display circadian variations, such as the renin—angiotensin
system® and the hypothalamic—pituitary—adrenal axis, could
play a role.*® Although a link between these neurohormonal
systems and the sympathetic activation is the most likely
physiological explanation,®! specific studies regarding their
role in the MBPS are lacking. While in normal subjects the
pressor effect of these mechanisms could be counterbalanced
by the vasodilating capacity of small arteries, in hyper-
tensive individuals, small arteries remodeling might limit
the capacity to buffer the increase in BP in the morning.*
Endothelial function could also be involved, considering
that it is impaired in the morning even in normal subjects.?
Overall, the physiological background of increased MBPS
is thus complex, and many intertwined mechanisms seem to
be involved. Considering the association of this phenomenon
with other unfavorable phenotypes (autonomic imbalance,
arterial stiffness, BP variability, dysfunction of microcircula-
tion), Kario proposed that MBPS might be a manifestation
of the so-called systemic hemodynamic atherothrombotic
syndrome, defined as a global alteration in circulatory func-
tion combining hemodynamic stress and vascular disease.*

The role of several environmental factors in determin-
ing MBPS was also postulated. In one study, MBPS was
enhanced by salt loading in the non-salt-sensitive essential
hypertension.’® Sympathetic activity might again be the
crucial intermediate mechanism, given that its close link
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with salt intake was demonstrated in humans and in ani-
mal models, with a derangement in mechanisms of central
sympathetic inhibition.*® The impact of differences in salt
intake may underlie the observed ethnic differences in the
degree and clinical determinants of MBPS (Figure 1),>%
with higher MBPS found in Japanese compared with the
Europeans, possibly being explained by higher salt intake
in the former population.*® Weather and outdoor temperature
might also influence both nighttime BP levels and the degree
of the MBPS.*' A cold outdoor temperature and winter time
are associated with the increased level of MBPS,*>* as the
levels of sympathetic activity are increased in response to
low temperatures.

Finally, in treated hypertensive subjects, a sharp rise in
BP in the morning hours could be caused by an inadequate
antihypertensive regimen. As medications are often taken in
the morning, short- or intermediate-acting compound could
have insufficient effect in the hours prior to the administra-
tion of the next medication dose. In these cases, the time of
administration of a specific drug could influence the control
of BP at a specific time, for example, in the morning.*

Figure 2 summarizes the factors and mechanisms
involved in the determination of MBPS.

Assessment of MBPS

MBPS is a dynamic feature of BP, strongly related with the
subject’s activity, and therefore, its appropriate definition and
standardization of its assessment are of uttermost importance.

Japanese group
P trend=0.038

European group
P trend=0.292

*

70-79 280

Age (years)

Figure | Sleep-trough morning SBP surge in two groups of Japanese (gray) and European (black) subjects, respectively.

Notes: Data adjusted for sex, body mass index, smoking, diabetes mellitus and 24-hour mean SBP. Data are separately shown for four different age groups. Values are
expressed as meanstSEM. *P<0.001 Japanese vs. European group in the same category. Hoshide S, Kario K, de la Sierra A, et al, Ethnic differences in the degree of morning
blood pressure surge and in its determinants between Japanese and European hypertensive subjects novelty and significance, Hypertension, 2015, 66, 750-756, http://hyper.
ahajournals.org/. Promotional and commercial use of the material in print, digital or mobile device format is prohibited without the permission from the publisher Wolters
Kluwer. Please contact permissions@Iww.com for further information.’’

Abbreviations: SBP, systolic blood pressure; SEM, standard error of the mean.
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Behavioral and environmental factors
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Figure 2 Pathophysiology of morning BP surge.

Abbreviations: BP, blood pressure; CV, cardiovascular; RAAS, renin—angiotensin—aldosterone system.

While several different definitions have been proposed by
different groups,>*#" currently, most researchers refer to
the definition proposed by Kario et al,® according to which

MBPS can be calculated as follows:

1. Sleep-trough MBPS, that is, the difference between
the mean systolic BP (SBP) over 2 hours following the
awakening and the average of three BP values centered
on the lowest nocturnal BP

2. Prewaking MBPS, that is, the difference between the
mean SBP over 2 hours following the awakening and the
mean SBP over 2 hours preceding the awakening

It has to be acknowledged that even with these stan-
dardized definitions, the calculation of MBPS in individual
subjects may create difficulties. In fact, some data indicate
that the intra-individual reproducibility of MBPS estimates is
poor.*® Some of the critical aspects are as follows: 1) proper
identification of the awakening point —actigraphy is the most

accurate solution,* but information from a patient’s logbook
is easier to obtain and may be acceptable; 2) the impact of
varying degrees of activity after awakening on MBPS;¥
3) movement artifacts, common after awakening when the
subject undertakes his/her morning activities and 4) in case
of sleep-trough MBPS, the limited stability of trough BP
estimate, driven by a single lowest BP measurement; more-
over, if trough BP occurs early in the night, the sleep-trough
MBPS does not fully represent the actual “surge” associated
with the awakening. Some recent studies proposed that the
assessment of MBPS slope rather than its size might represent
a more stable and clinically relevant alternative to MBPS
amplitude assessment.?>°

Apart from these methodological issues, there are also
some physiological aspects of MBPS determination which
may create interpretative difficulties not only in single sub-
jects but also in research studies. This is because the size
of MBPS is closely related to nocturnal BP fall (typically
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morning sleep BP difference is larger in “dippers”, ie, indi-
viduals with a significant drop in nocturnal BP compared
with daytime BP level).>'** Also, enhanced BP variability
may contribute to an increased MBPS?* — in particular, with
larger BP variability, one can expect to find lower trough BP
and, consequently, higher sleep-trough MBPS.

Finally, a universal cutoff for defining elevated MBPS
is missing. Although Kario et al proposed 55 mmHg cutoff,
this value, representing the top decile of the population in
study, cannot be readily generalized, considering that, for
instance, in European subjects, MBPS is on average lower.®

By definition, MBPS assessment requires nighttime BP
measurement, which currently can only be obtained with
ambulatory BP monitoring. A different approach, achievable
also with home BP monitoring, is based on the assessment of
mean morning BP.* This static parameter is, however, rather
different from a dynamic phenomenon such as MBPS and
has different determinants.

Prognostic relevance of MBPS

The temporal relationship between MBPS and the peak inci-
dence of cardiovascular events in the morning spurred the
investigators to search for the possible cause—effect relationship
with the hope of identifying in MBPS a new cardiovascular
risk factor. Indirect data in this regard were provided by studies
showing the association between MBPS and left ventricular
hypertrophy,’ vascular inflammatory response and plaque insta-
bility.**** The first solid evidence on the relationship of MBPS
with cardiovascular events became available in 2003 when
Kario et al reported an independent association between MBPS
and silent cerebral infarcts as well as with incident stroke, with
hazard ratios for each 10 mmHg increase in the sleep-trough
and preawakening MBPS being 1.22 (95% CI: 1.05-1.40) and
1.14 (95% CI: 0.99-1.31), respectively.® A few years later, a
report from the Ohasama study was published indicating the
association of MBPS with hemorrhagic stroke only.”

Further studies were performed subsequently providing
somewhat discordant results: overall, the predictive role
of MBPS was confirmed in Asian studies, while in several
other populations, independent associations with outcomes
were not found.’** The reasons behind these conflicting
findings may be multiple. First, the possible role of ethnic
differences (genetic and lifestyle related) was postulated in
this regard.’”¢ Second, the role of confounding influence
of nocturnal BP fall was hypothesized. Italian researchers
found that an independent association of MBPS with stroke
in elderly hypertensive subjects was only present in those
with preserved nocturnal fall (dippers),’”*® also if mean BP

was well controlled.” Third, the differences in the composi-
tion of populations among studies may be a relevant factor
(general population vs. middle-aged hypertensives vs. elderly
hypertensives).

Further insight into the possible factors determining the
association of MBPS with prognosis is provided by the Inter-
national Database of Ambulatory Blood Pressure Monitoring
in Relation to Cardiovascular Outcomes data. In this multina-
tional dataset, MBPS was associated with all-cause mortality
and cardiac events, but, interestingly, not with cardiovascular
mortality or cerebrovascular events (except hemorrhagic
stroke in Asian subjects, a result probably driven by the inclu-
sion of Ohasama data). Moreover, a number of these associa-
tions became evident only after adjusting for nocturnal BP
fall. The association of MBPS with cardiovascular mortality
appeared, somewhat surprisingly, to be closer in Europeans
than in Asian participants. The relationship between MBPS
and risk was not linear and worse outcome was evident only in
the upper ethnic- and sex-specific decile of MBPS and in any
case above 20 mmHg for both sleep-trough and preawakening
MBPS.® The close association with noncardiovascular deaths
in this study might suggest that MBPS, rather than being the
cause of events, is an epiphenomenon indicating generally
poor health conditions.

Most of the currently available evidence was summarized
in the meta-analysis of Sheppard et al, which, however, did not
produce conclusive results. The authors were unable to iden-
tify a significant association between elevated MBPS (as a
categorical variable) and cardiovascular disease. When MBPS
was considered as a continuous variable, a significant increase
of stroke risk (by 11% per 10 mmHg of MBPS increase) was
observed.®! Also, another meta-analysis published in parallel
by Xie et al was unable to show the association between large
MBPS and cardiovascular outcomes. On the other hand, in
line with the International Database of Ambulatory Blood
Pressure Monitoring in Relation to Cardiovascular Outcomes
data (included in this meta-analysis), a significant association
with all-cause mortality was reported.®? Unfortunately, both
these studies share the common limitations of observational
data meta-analyses related to the major heterogeneity existing
among studies in terms of outcomes, data reporting, variables
used for adjustments and so on.

Finally, a recently published study in a general popula-
tion sample in Taipei reported that a high rate (slope, ie,
amplitude/time span), rather than the amplitude of MBPS,
is associated with worse outcome. The authors found higher
all-cause and cardiovascular mortality above 95th percentile
(=11.3 mmHg/h), regardless of the presence or absence of
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morning hypertension. The results were supported by a
simulation analysis indicating that MBPS rate may be a more
stable and robust indicator of BP changes in the morning.>

A detailed overview of the evidence linking MBPS and
morning BP with outcomes can be found in the recently
published excellent review by Wang et al.*

Pharmacologic treatment and
MBPS

The effects of BP-lowering treatment in the morning hours
have two distinct (although not unrelated) aspects: the need
for adequate control of BP levels in the morning and the
impact of treatment on the dynamic BP change, that is,
MBPS. The former issue is closely related to the duration
of antihypertensive effect of drugs; given that antihyperten-
sive therapy is commonly given in the morning, the loss of
BP-lowering action in the final hours of dosing period in
case of inadequate 24-hour coverage will inevitably lead to
worsening of BP control in the morning hours, a frequent phe-
nomenon among treated hypertensive patients.®* Moreover,
a number of studies provided evidence that the use of long-
acting drugs may indeed improve BP control in the morning
hours.*¢7 Considering that the issue of hypertension control
in the morning hours and of “isolated morning hyperten-
sion” has been recently extensively reviewed elsewhere, the
following discussion will focus specifically on the effects of
treatment on MBPS.*

Several factors might be involved in the determination
of the effects of specific drugs on MBPS.

e Duration of BP-lowering action

Although for most currently used antihypertensive drugs,
the reduction of BP-lowering effect during the hours pre-
ceding the next morning dose is gradual, it is possible that,
in case of drugs providing an incomplete 24-hour cover-
age, a progressive decrease in drug concentration over the
hours when MBPS is assessed (eg, between night-trough
and postawakening) might contribute to a major morning
BP increase.

e Relationship between BP level and variability

Worse control of BP in the final hours of dosing period
with shorter acting drugs could also favor major short-time
changes in BP (such as MBPS), in line with the known direct
relationship between BP levels and BP variability.”’

e Drug intake timing
Both the above mechanisms could be relevant when con-
sidering the “chronobiological” approach based on bedtime

administration of antihypertensive drugs, especially the
shorter acting ones. %

e Pharmacodynamic aspects
Some drug classes might be more active than others against
the mechanisms driving MBPS.

While evidence on the effects of drugs on morning BP
is quite abundant, fewer studies directly address the impact
of specific drugs on MBPS. In a crossover trial performed
in nondiabetic hypertensive patients, a long-acting beta-
blocker, nebivolol, significantly lowered sleep-trough
systolic MBPS from baseline with no significant differ-
ence between morning and evening administration (MBPS
reduction by 7.5+18.2 and 11.11£31.4 mmHg, respectively,
P=0.5).7° Rosito et al found a significant reduction in sys-
tolic MBPS with a nondihydropyridine calcium antagonist,
verapamil, compared with placebo (MBPS on treatment
9.5%3.3 vs. 19.743.6 mmHg, respectively, P<0.04).4 Lack
of active control from a different antihypertensive class in
these studies did not allow concluding whether the observed
effects were class specific. Such comparison was performed
in the International Verapamil SR-Trandolapril (INVEST)
Ambulatory Monitoring Substudy, which did not reveal
significant differences in the size of MBPS between vera-
pamil and beta-blocker atenolol in patients with coronary
artery disease.”!

Another crossover study compared the effects of an
angiotensin-converting enzyme inhibitor, lisinopril, with
angiotensin receptor blocker (ARB), candesartan, in a
single morning administration. The authors found a major
reduction in MBPS with candesartan among subjects who
had large MBPS at baseline, the difference being mainly
driven by lower morning BP during candesartan treatment.”
Considering that both drugs are renin—angiotensin system
antagonists, it is unlikely that the observed difference in
MBPS was due to mechanism-specific effects. A plausible
alternative explanation in this case is a shorter duration
of BP-lowering effect reported for lisinopril than for can-
desartan (trough-to-peak ratios about 0.7 and 1.0, respec-
tively). Similarly, in a study comparing long-acting calcium
antagonist, amlodipine, with intermediate-acting ARB,
valsartan, in monotherapy, only the former significantly
reduced morning SBP, while both agents reduced the lowest
night SBP to a similar extent. Consequently, the reduction
in morning SBP surge was significantly greater in patients
treated with amlodipine (—6.1 vs. +4.5 mmHg, P<0.02).5
Also, by comparing amlodipine with another intermediate-
acting ARB, losartan, a tendency in favor of amlodipine
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was observed.” Interesting results were obtained in a study
comparing high-dose (10 mg) amlodipine monotherapy with
aliskiren/amlodipine (150/5 mg) association. In this study,
the high dose of calcium antagonist controlled the morning
BP and reduced MBPS better.™

Chronotherapeutic approach to hypertension treatment
has received attention and several studies suggested possible
benefits from bedtime dosing of antihypertensive drugs.”
Nonetheless, the available evidence does not indicate any
clear benefit in terms of MBPS reduction with evening drug
intake (Table 1).707677

Apart from the duration of action, the antihypertensive
efficacy of drugs may also be relevant. Rakugi et al compared
two long-acting ARBs, candesartan and azilsartan, and found
a significant MBPS reduction in subjects with large baseline
MBPS who received azilsartan, a more potent AT1 receptor
blocker.”

Taken together, the available evidence suggests that the
key element in controlling MBPS is the use of long-acting
drugs, which provide effective coverage in the morning hours
(Table 1), while there are no clear data supporting the use of
any specific antihypertensive drug class to that aim. Studies
demonstrating that MBPS reduction with treatment might
improve clinical outcomes are also lacking.

Conclusion

MBPS is a complex phenomenon driven by several mecha-
nisms, among which sympathetic activation plays the central
role. It is closely related with a number of physiological
variables, including arterial stiffness and endothelial func-
tion, as well as with specific patterns characterizing 24-hour
BP profile, such as nocturnal BP fall and BP variability.
Considering the limited reproducibility of current MBPS
estimates, further research is needed to refine the methodol-
ogy of its assessment.

While a number of studies demonstrated the association
of MBPS with outcomes, it is not clear whether it should
be considered a causal factor or only an epiphenomenon
of global impairment of cardiovascular function. It is also
not clear whether it may represent a target for treatment,
although the available evidence suggests that MBPS size
may be limited by strategies based on the use of long-acting
drugs, aimed at providing a stable and sustained BP control
throughout the 24 hours.
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