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In addition to physical complaints like fatigue, reduced drive, dizziness,
and cold limbs, chronic low blood pressure (hypotension) is associated with
cognitive impairments and negative mood states. This review is concerned
with autonomic and hemodynamic factors implicated in the origin of chronic
hypotension and associated symptoms. There is strong evidence of reduced
stroke volume and cardiac output, and prolonged pre-ejection period, at rest,
during mental challenge and during sleep, indicating reduced myocardial
contractility due to low beta-adrenergic drive in chronic hypotension. While
studies investigating parasympathetic cardiac control and alpha-adrenergic
vascular influences revealed inconsistent results, increased sensitivity of
the cardiac baroreflex is well-supported in chronic hypotension. Moreover,
cardiovascular stress reactivity is reduced. Low myocardial contractility
constitutes the main factor in the manifestation of chronic hypotension;
increased responsiveness of the baroreflex may play an additional role.
Diminished cardiac output leads to insufficient blood supply of the organism
and symptoms like low skin temperature and cold limbs; moreover, low beta-
adrenergic activity is involved in hypotension-related mood impairments.
Deficits in systemic hemodynamics are partly transferred to brain perfusion,
expressed as lower cerebral blood flow at rest and impaired blood flow
adjustment during cognitive activity in chronic hypotension. Blunted
cardiovascular reactivity reflects reduced autonomic flexibility, limiting the
adaptive resources of the organism.

Chronic hypotension

Chronic hypotension refers to an enduring state of inappropriately
low blood pressure independent of further pathological conditions™.
It is frequently associated with complaints including fatigue, reduced
drive, dizziness, headaches and cold limbs, which significantly reduce
wellbeing and quality oflife?3. The chronic form is distinguished from
orthostatic hypotension (i.e., circulatory problems when assuming
an upright position) and secondary (or symptomatic) hypotension,
which occurs, for example, because of blood loss or medication
use*. Although there is no generally recognized definition of chronic
hypotension, in basic and clinical research, systolic baseline values of
around 100 mmHg or lower are frequently used as an upper limit>#,

In contrast to elevated blood pressure, which constitutes a
major risk factor of cardiovascular diseases, chronic hypotension is
commonly not regarded as a clinical condition requiring treatment®.
Moreover, in specific populations such as adolescents, especially
females, or endurance athletes, low blood pressure values are
frequent and, by definition, not clinically relevant®!’. However, low
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blood pressure confers increased risk in pregnancy, and
longitudinal studies have shown associations with brain
atrophy and cognitive decline in the elderly*'*3. Clinical
research revealed a connection of hypotension with
elevated risk of chronic kidney disease and worse outcomes
in affected patients *!5; and low blood pressure has been
associated with increased occurrence of glaucoma'®'’.
In clinical practice, further medical examination and
consideration of antihypotensive treatment may only be
required in individuals with extreme symptom distress or
risk of sequela; and it should be ruled out that the symptoms
relate to an underlying disorder instead of hypotension
itself. While adrenergic agents may be a treatment
option, information about their beneficial effects remains
scarce'®!®, The same applies to alternative therapeutic
strategies, such as physical training and increased liquid
intake®.

Cognitive and affective symptoms

Various studies have compared individuals with
chronic hypotension with those with blood pressure in the
normotensive range in terms of their cognitive performance.
Individuals with chronic hypotension performed poorer,
for example, on tasks of selective, divided and sustained
attention?*?!, working and long-term memory?*?* and
higher cognitive functions, i.e. executive control?2%,
Pharmacological blood pressure elevation in chronic
hypotension led to cognitive performance enhancement,
illustrating the causal role of low blood pressure in
these deficits?*?5. Studies using electroencephalography
demonstrated smaller event-related potential amplitudes,
which constitute neural correlates of the attentional
impairments seen in chronic hypotension?®?’. Moreover, the
application of functional transcranial Doppler sonography
in chronic hypotension showed blunted cerebral blood flow
modulations during tasks requiring attentional and more
complex cognitive processes®?32%29, Positive correlations
between the alterations in cerebral hemodynamics and
performance measures implicate impaired regulation of
brain perfusion in hypotension-related cognitive deficits.

While the bodily complaints of chronic hypotension
have been confirmed using symptom checklists*?°, further
studies demonstrated associations of low blood pressure
with reduced mental wellbeing®, negative mood states?!,
elevated prevalence of depression3! and increased pain
sensitivity>.. A more recent study showed negative
correlations of affective impairments and depressive
symptoms with myocardial contractility in chronic
hypotension, suggesting that low beta-adrenergic activity
is involved in the origin of the mood impairments®’.

Physiological mechanisms in the manifestation of
chronic hypotension

Not much is known about the etiology of chronic

hypotension. Current research supports a contribution
of genetic factors to interindividual differences in tonic
blood pressure®’. While there are concerted research
efforts into the genetic mechanisms relevant to the genesis
of elevated blood pressure3*3, such research has not yet
been conducted for chronic hypotension. Insufficient
liquid intake and low body weight are considered as risk
factors of chronic hypotension, pointing toward a role of
lifestyle factors®. However, relevant empirical studies are
still lacking.

Growing evidence suggests that autonomic nervous
system dysregulation is involved in mediating the
occurrence of chronic hypotension. Alterations in
parasympathetic and sympathetic cardiovascular control,
as well as aberrant baroreflex function, have been
considered and are discussed in the following.

A. Parasympathetic cardiac control

Chronic hypotension is associated with a lower heart
rate (HR), suggestive of increased parasympathetic
outflow to the sinus node”?%%%36, Parasympathetic cardiac
influence is commonly quantified by means of heart rate
variability (HRV) analysis®’. Time domain analysis of
interbeat intervals recorded during sleep revealed a higher
root mean square of successive differences (RMSSD) in
chronic hypotension®®. In contrast, frequency domain
analysis of nocturnal HRV did not show a difference in
spectral power in the high frequency band (i.e., respiratory
sinus arrhythmia) between hypotensive and normotensive
samples®. Findings in awake individuals also remain
equivocal. While a recent study demonstrated higher
RMSSD in chronic hypotension at rest and during cognitive
stress’, earlier studies revealed negative results?3¢. Though
future research might help to clarify the sources of the
discrepancies between the findings, an essential etiological
role of increased parasympathetic cardiac tone in chronic
hypotension seems unlikely.

B. Sympathetic cardiovascular control

Using impedance cardiography, numerous studies
revealed reduced stroke volume (SV) and cardiac output
(CO), as well as a longer pre-ejection period (PEP), in
chronic hypotension at rest, during cognitive challenge and
during sleep®?23638 Similar results were obtained in studies
in which SV was derived from continuous blood pressure
recordings by means of the Modelflow method”3°4°.

As SV is positively related to myocardial contractility,
and the ventricles are mainly innervated by the beta-
adrenergic system, the SV reduction indicates diminished
cardiac sympathetic drive in chronic hypotension*'. In
this regard, it must be noted that the magnitude of SV
to some extent depends on HR, which at rest and during
light physical activity is mainly under parasympathetic
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control®’. Higher HR implies lower ventricular preload,
which, mediated by the Frank-Starling mechanism, results
in lower contractility and SV*. However, as individuals
with chronic hypotension display reduced instead of
increased HR7?23¢, and as lower HR is associated with
higher SV, a role of HR in the SV reduction is not plausible.
Nevertheless, differences in ventricular preload could be
relevant to the SV reduction seen in chronic hypotension,
given the dependency of SV on venous blood return and
overall volemia*'. Hypovolemia, for example due to reduced
hydration, is associated with lower blood return to the
right atrium and ventricular filling, which in turn reduces
myocardial contractility and SV’.

PEP is inversely related to myocardial contractility.
Moreover, this parameter is virtually independent of HR*?,
such that its higher expression in chronic hypotension can
be unambiguously interpreted as indicative of less beta-
adrenergic inotropic influence. CO varies according to
HR and SV*. Given that differences in HR at rest, during
cognitive activity and during sleep cannot be ascribed
to differences in sympathetic activity, the CO reduction
in chronic hypotension cannot be attributed to specific
alterations in one of the branches of the autonomic nervous
system.

Most studies investigating total peripheral resistance
(TPR) as an index of vascular tone did not reveal
differences between individuals with chronic hypotension
and controls®*2363% In a single study, chronic hypotension
was associated with higher TPR at rest and during mental
stress’; moreover, in contrast to controls, individuals with
chronic hypotension showed a progressive rise in TPR
during sleep, presumably as a response to decreasing CO%,
This effect may be mediated by compensatory activation
of the renin-angiotensin system and the vasculature
following CO decline’.

To conclude, the robust and replicated results regarding
SV and PEP support a crucial etiological role of diminished
myocardial contractility, mediated by reduced beta-
sympathetic activity and lower venous return, in chronic
hypotension. TPR is linked to alpha-adrenergic effects
on vasomotor tone*!; based on the small or absent group
differences for TPR in the available studies, it has been
argued that chronic hypotension is mainly caused by
cardiac factors, whereas vascular factors play a subordinate
r01e22,36,39_

C. Baroreflex mechanisms

The baroreflex consists of a negative feedback loop in
which activity changes in arterial baroreceptors, resulting
from blood pressure fluctuations, precipitate compensatory
changes in HR, myocardial contractility and vascular tone*.
The sensitivity of the reflex is most frequently quantified
within its cardiac branch by analyzing the spontaneous

covariation of systolic blood pressure and heart cycle
duration*%. Various studies showed that cardiac baroreflex
sensitivity (BRS), expressed as change in heart cycle
duration per unit blood pressure change, is increased in
chronic hypotension#23645,

It has been claimed that the baroreflex is involved
not only in the buffering of transient changes in arterial
pressure but also in the long-term setting of blood
pressure, which is supported by reduced cardiac BRS in
individuals with elevated blood pressure and an inverse
relationship between cardiac BRS and blood pressure
in the normotensive range*®*’. With respect to chronic
hypotension, increased responsiveness of the reflex
may lead to overcompensation of phasic blood pressure
increases, and thus blood pressure stabilization at lower
levels*. The arterial baroreceptors respond to mechanical
stretch of the vessel walls*; it has been shown that chronic
hypotension is associated with smaller frequency, slope
and amplitude of short-term blood pressure oscillations,
which implies reduced input to the baroreceptors’.
Permanently low activity in baroreceptor afferents may
cause reorganization of neural processing in the nucleus of
the solitary tract and other cardiovascular control units in
the brain stem. This may involve compensation for reduced
baroreceptor load and the resetting of the operating point
of the baroreflex, which in turn may contribute to the
manifestation of chronic hypotension”.2245,

D. Interplay between regulatory mechanisms

In addition to increased cardiac BRS, a very recent
study documented hypersensitivity of the vasomotor
and myocardial branches of the baroreflex in chronic
hypotension’. While the cardiac branch is the most
important generator of HRV and thus parasympathetic
chronotropic influence*?, the vasomotor and myocardial
branches respond to blood pressure fluctuations through
the alpha- and beta-adrenergic systems’. By definition,
the baroreflex subsystems do not act independent
of each other; moreover, they may contribute to low
blood pressure in interactions with other mechanisms
modulating sympathetic and parasympathetic outflow’.
In addition to the autonomic nervous system, the renin-
angiotensin system plays a role in acute and long-term
blood pressure regulation by modulating blood volume,
electrolyte balance and vascular resistance*'. While the
importance of this system in elevated blood pressure
is beyond question*®, its contribution to chronic
hypotension remains to be explored. Close interactions
of the renin-angiotensin system with the baroreflex and
adrenergic systems are well known*, supporting the
hypothesis of an interplay of multiple autonomic and
endocrinological mechanisms in the manifestation of
chronic hypotension.
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Conclusions

Altogether, the state of research suggests that reduced
sympathetically mediated cardiac contractility is crucially
implicated in the origin of chronic hypotension. Low SV
and HR cause substantially diminished CO; for example,
Duschek et al.* reported a CO reduction of 25% at rest and
of 33% during mental stress in individuals with chronic
hypotension as compared to controls. Low CO may be
associated with insufficient blood supply of the organism
and typical symptoms like low skin temperature and cold
limbs. Moreover, general sympathetic underarousal is linked
to deficient energetic state and limited adaptive resources
of the organism®®. As initially stated, low contractility
was also associated with negative emotional state and
depression symptoms in chronic hypotension®’. In line
with this, a connection between decreased beta-receptor
function and increased levels of anxiety, depressiveness
and anger was reported in healthy adults®.

In addition to reduced tonic contractility and HR,
blunted reactivity of blood pressure, HR and myocardial
contractility during acute stress was seen in chronic
hypotension, suggestive of insufficient hemodynamic
adjustment to situational requirements>?°223645_ Similarly,
the decline in cardiac BRS, which is commonly observed
during challenging conditions, is reduced in chronic
hypotension??*3, Baroreflex inhibition implies a reduced
buffering effect of the reflex, which facilitates stress-
induced blood pressure increases and enhancement of the
metabolic supply of the organism; as such, the restricted
cardiac BRS response to stress confirms the notion of
impaired autonomic cardiovascular adaptivity.

It is important to note that alterations in peripheral
hemodynamics are at least partly transferred to cerebral
blood flow®*2 Cerebral autoregulation is supposed to
ensure virtual independence of brain perfusion from
systemic blood pressure®. Mediated by metabolic and
vaso-myogenic factors, the constriction and dilation of
cerebral resistance vessels buffers systemic blood pressure
fluctuations and keeps cerebral blood flow relatively
constant®®. However, autoregulation seems to be insufficient
to fully compensate for chronic hypotension. Transcranial
Doppler sonography recordings demonstrated lower
resting blood flow in the medial cerebral arteries of both
hemispheres in individuals with chronic hypotension than
controls?®; moreover, a blunted rise in cerebral blood flow
during mental activity®?*?%?°, and increased dependence of
cerebral blood flow modulations on fluctuations of systemic
blood pressure®*, were reported in chronic hypotension.

To sum up, in addition to bodily symptoms, chronic
hypotension is associated with impairments in a wide
range of cognitive functions and an increased burden
of affective problems, which may interfere with daily

activities and quality of life. Autonomic dysregulations and
impaired cerebral hemodynamics are involved in the origin
of these symptoms. The autonomic phenotype of chronic
hypotension is mainly characterized by reduced beta-
inotropic cardiac influences, increased responsiveness of
the baroreflex and restricted autonomic adaptiveness to
situational requirements.

Future Research Directions

Prospective research could aim to more precisely define
the autonomic and hemodynamic dysregulations detected
in chronic hypotension. The divergent findings pertaining
to parasympathetic control may relate to differences in
the applied HRV parameters, especially between indices
derived in the time domain and those derived in the
frequency domain’??3%38, Future studies using multiple
analytic methods may help to clarify this issue. More
detailed knowledge about hypotension-related alterations
in SV and CO could be gained by using thermodilution or
cardiac magnetic resonance imaging; and experimental
manipulations by pharmacological methods may help to
further explore autonomic mechanisms®>*, It would also
be of interest to estimate the relative contributions of low
beta-adrenergic inotropic drive and low venous return to
the reduction of myocardial contractility seen in chronic
hypotension. The isoproterenol sensitivity test (D,.), urine
norepinephrine and bioelectric impedance analysis may
be considered to assess beta-adrenergic activity, body
liquid and volemia, respectively>®57585°, In addition, the
possible role of the renin-angiotensin system in chronic
hypotension remains to be explored.

A substantial research gap remains concerning the
involvement of genetic and lifestyle factors, and related
physiological mechanisms, in the origin of low blood
pressure. In a clinical context, the risk of possible sequela
of chronic hypotension should be further investigated.
This applies, for example, to the causal role of low blood
pressure in chronic kidney disease, glaucoma, Alzheimer’s
disease and vascular demential'13151617 Fjnally, there is
no consensus regarding the necessity of antihypotensive
treatment and optimal strategies for this purpose. Further
research is clearly needed to establish a platform from
which to develop clinical guidelines concerning the
management of chronic hypotension®’.
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