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Abbreviations and Definition

BP- Blood Pressure

Bpm- Beats per minute

CO- Cardiac Output

DBP-Diastolic blood pressure

GEE- General estimating equation

HFnu- High frequency of the heart rate variability
HR-Heart rate

HRV-Heart rate variability

HUT-Head-up tilt

LBNP-Lower body negative pressure

LFnu- Low frequency of the heart rate variability
LMM-Linear-mixed model

NaCl-Sodium chloride

NO-Nitric oxide

OH-Orthostatic hypotension

OI-Orthostatic intolerance

SBP- Systolic blood pressure

SV- Stroke Volume

TIA-Transient ischemic attack
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Abstract in German

Ziele: Das Ziel dieser Studie war es zu untersuchen, wie sich Jahreszeiten (kéltere
Jahreszeiten und wérmere Jahreszeiten) auf himodynamischen Mechanismen und die
Herzfrequenzvariabilitit wéhrend eines Sit-to-stand test bei Patienten mit einem
Schlaganfall und Nicht-Schlaganfall-Teilnehmern iiber Geschlecht und Jahreszeiten
auswirken.

Methoden: Mit einem Sit-to-stand test (5 Minuten Sitzen gefolgt von 5 Minuten Stehen)
untersuchten wir die kardiovaskulidren Aktivitdten bei Patienten mit einem Schlaganfall
(n = 16) und Probaten ohne Schlaganfall (n = 25), Alter> 55 Jahre in zwei Jahreszeiten.
Wir haben kontinuierlich {iber einen Task Force Monitor® den systolischen Blutdruck
(SBD), den diastolischen Blutdruck (DBD), die Herzfrequenz (HF), den Schlagindex (SI)
und den Herzindex (HI) sowie die Herzfrequenzvariabilitit (HFV) aufgezeichnet.
Ergebnisse: Wihrend der Ruhephase waren DBD (Delta: +15,1, SE: + 3,75, [mmHg], p
<0,05) und MBD (Delta: +14,35, SE; + 4,18, [mmHg], p <0,05) in kélteren Monaten
signifikant hoher als in warmeren Monaten und SI (Delta: -3,86, SE: + 1,43, [ml/beat/m2],
p <0,05) und HI (Delta: -0,4, SE: £ 0,11, [I/min/m2], p <0,05) waren in kélteren Monaten
niedriger als in wirmeren Monaten bei Nicht-Schlaganfall-Teilnehmern. Bei Patienten
mit einem Schlaganfall waren wéhrend der Ruhephase DBD (Delta: +19,92, SE: + 8,03,
[mmHg], p <0,05) und MBD (Delta: +19,29, SE: + 8,6, [mmHg], p <0,05) in kilteren
Monaten signifikant hoher im Vergleich zum wéirmeren Monaten und SI (Delta: -5,43,
SE: + 1,96, [ml/beat/m2], p <0,05) waren in kélteren Monaten im Vergleich zu wiarmeren
Monaten signifikant niedriger. Nach dem Stehen gab es in den warmeren Monaten eine
signifikante Abnahme des SBD (Delta: -16,84, SE: + 4,38, [mmHg], p <0,05) und in den
wirmeren Monaten einen Riickgang des DBD (Delta: -7,8, SE: + 2,30, [mmHg], p <0,05)
) und kélteren Monaten (Delta: -6,73, SE: + 1,5, [mmHg], p <0,05) bei Nicht-
Schlaganfall-Teilnehmern und Abnahme des MBD in wiarmeren Monaten (Delta: -12,5,
SE: + 2,8, [mmHg], p <0,05) und kélteren Monaten ( Delta: -8,93, SE: + 1,8, [mmHg], p
<0,05) bei Nicht-Schlaganfall-Teilnehmern und in wiarmeren Monaten (Delta: -14,54,
SE: £ 4,1, [mmHg], p <0,05) bei Patienten mit Schlaganfall. Nach dem Stehen zeigen
hdmodynamischer Parameter und Variabilitit der Herzfrequenz Unterschiede zwischen
Minnern und Frauen. Bei weiblichen Teilnehmern ohne Schlaganfall war die hohe

Frequenz (normalisiert) in wirmeren Monaten niedriger (Delta: - 20,92, SE: £+ 1,63, [%],
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p <0,05), die niedrige Frequenz (normalisiert) war in widrmeren Monaten héher (Delta:
20,93, SE: £ 1,63, [%], p <0,05). Bei weiblichen Patienten mit einem Schlaganfall war
die hohe Frequenz (normalisiert) in kélteren Monaten niedriger (Delta: -13,72, SE: + 1,61,
[%], p <0,05), die niedrige Frequenz (normalisiert) in kélteren Monaten héher (Delta:
17,72, SE: + 2,370, [%], p <0,05).

Schlussfolgerungen: Erstens zeigt unsere Studie, dass die zwei Gruppen in unsere Studie
in vergleichbarer Weise auf orthostatische Belastungen mit einem hoheren posturalen
Blutdruckabfall in wérmeren Monaten ansprechen. Trotzdem zeigen Patienten ein Jahr
nach einem Schlaganfall (leichter Schlaganfall) und ohne Behinderungen keine
Anzeichen einer orthostatischen Hypotonie, trotz eines posturalen Blutdruckabfalls in
wirmeren  Monaten.  Zweitens  berichteten  wir, dass Reaktionen der
Herzfrequenzvariabilitit auf orthostatische Belastungen Unterschiede zwischen Méannern
und Frauen zeigen. Die Ergebnisse unserer Studie deuten auf eine Saison und
Geschlechtsabhingigkeit der zugrunde liegenden hdmodynamischen Mechanismen

wihrend einer orthostatischen Belastung hin.

Schliisselworter: Schlaganfall, Geschlechtsunterschiede, Jahreszeiten,

Haltungsverdnderungen, orthostatische Intoleranz; Altern.
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Abstract in English

Purpose: The purpose of this thesis was to study how seasons (colder seasons and warmer
seasons) affects the responses of hemodynamic mechanisms and heart rate variability
during a sit-to-stand test in patients with stroke and participants without a stroke across
sex and seasons.

Methods: Participants performed a sit-to-stand test (5 min of sitting followed by 5 min of
standing). Via a Task Force Monitor® device we examined cardiovascular responses in
patients with a stroke (n= 16) and participants without a stroke (n=25), age >55 years, in
two seasons. We continuously recorded via a Task Force Monitor® device beat to beat
systolic blood pressure (SBP), diastolic blood pressure (DBP), heart rate (HR), stroke
index (SI) and cardiac index (CI), and low frequency and high frequency of the heart rate
variability (HRV).

Results: We report that during the sitting phase, DBP (delta: +15.1, SE: £3.75, [mmHg],
p<0.05) and MBP (delta: +14.35, SE; £4.18, [mmHg], p<0.05) were significantly greater
in colder months contrasted to warmer months and SI (delta: -3.86, SE: +1.43,
[ml/beat/m2], p<0.05) and CI (delta: -0.4, SE: £0.11, [/min/m2], p<0.05) were lower in
colder months contrasted to warmer months in participants without a stroke. In patients
with stroke, we report that during the sitting phase, DBP (delta: +19.92, SE: £8.03,
[mmHg], p<0.05) and MBP (delta: +19.29, SE: +8.6, [mmHg], p<0.05) were significantly
greater in colder months contrasted to warmer months and SI (delta: -5.43, SE: +1.96,
[ml/beat/m2], p<0.05) were significantly lower in colder months contrasted to warmer
months. Furthermore, we report that after standing, there was a significant reduction in
SBP in warmer months (delta: -16.84, SE: £4.38, [mmHg], p<0.05) and reduction in DBP
in warmer months (delta: -7.8, SE: £2.30, [mmHg], p<0.05) and colder months (delta: -
6.73, SE: £1.5, [mmHg], p<0.05) in participants without a stroke and decrease in MBP in
warmer months (delta: -12.5, SE: £2.8, [mmHg], p<0.05) and colder months (delta: -8.93,
SE: £1.8, [mmHg], p<0.05) in participants without a stroke and in warmer months (delta:
-14.54, SE: £4.1, [mmHg], p<0.05) in patients with stroke. After standing hemodynamic
parameters and heart rate variability responses show differences between males and
females. In female participants without a stroke, high frequency (normalized) was lower
in warmer months (delta: - 20.92, SE: £ 1.63, [%], p<0.05), low frequency (normalized)
was higher in warmer months (delta: 20.93, SE: + 1.63, [%], p<0.05) compared to males.
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In female patients with a stroke, high frequency (normalized) was lower in colder months
(delta: -13.72, SE: £ 1.61, [%], p<0.05), and low frequency (normalized) was higher in
colder months (delta: 17.72, SE: £2.370, [%], p<0.05) compared to males.

Conclusions: First, our study shows that the two groups in our study respond comparably
to orthostatic loading with greater postural blood pressure decrease in warmer months.
Nonetheless, patients one-year after stroke (minor stroke) and with no disabilities
demonstrated none of the signs of orthostatic hypotension despite postural blood pressure
reduction in warmer months. Second, we reported that heart rate variability responses to
orthostatic loading show differences between males and females. The results of our study
point for a season and sex dependency of the underlying hemodynamic mechanisms

during orthostatic loading.

Key terms: Stroke, sex differences, seasons, postural changes, orthostatic intolerance;

ageing.
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1 INTRODUCTION

1.1 THE STATE OF THE PROBLEM

Blood pressure variability is associated with development of cardiovascular
disorders and mortality. Earlier studies have reported that blood pressure variability rises
in older persons and patients with diseases of the nervous system (e.g. stroke, Parkinson’s
disease) (1, 2). In healthy and young individuals, the cardiovascular system will
compensate the pooling of the blood to the lower limbs but with progressing age the
baroreceptors become less sensitive to blood pressure changes resulting in inadequate
reactions. Irregular reduction of blood pressure during standing is associated with postural
instability, loss of consciousness and falls (3). According to various authors falls and fall-
related injuries are a main problem in the older populations.

As earlier data showed third of older adults falls each year and 10-20% of falls
cause serious injuries. The incidence of falls increases progressive with the advancing
age of the persons. Falls can lead to loss of mobility and independence and increase
overall mortality in the older population. Alongside the demographical change and the
rise of the older population, many studies have expected an increase in the incidence of
falls and general cost for the treatment of fall-related injuries also will rise (4). The
evidence suggests that there are few factors which increase the risk for falls. First, older
age is one of the main risk factors for falls. For older individuals (65- year and over) falls
are common with a greater incidence compared to younger persons (5). Second, lower
physical strength can increase the incidence for falls in the older population. Last,
orthostatic hypotension a major contributor to an increased risk for falls. Orthostatic
hypotension stands for a critical decreases of blood pressure and cerebral perfusion (6).

Several authors have defined orthostatic hypotension as a pathological decrease of
systolic blood pressure and diastolic blood pressure during 3 minutes of standing. In
persons with orthostatic hypotension reduced blood volume will inadequate trigger the
autonomic control mechanisms because of reduced baroreceptors sensitivity and/or
autonomic dysfunction. If the autonomic control mechanisms are unable to stabilise the
cardiovascular system, postural blood pressure will continuously fall which in turn will
affect the cerebral blood flow. Therefore, reduced cerebral blood flow will cause
dizziness, loss of consciousness and syncope. Syncope is causally linked to the

occurrence to falls (7).
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They are many explanations why the cardiovascular system in older persons is
unable to response effectively to orthostatic loading. Several studies analysed how the
cardiovascular system response to orthostatic loading to get a deeper understanding of the
mechanisms involved in the blood pressure regulation during standing. In the most
studies, researchers continuously investigated postural blood pressure variability via beat-
to-beat measurements during an orthostatic test. They are two types of orthostatic test, a
passive and active test. In the first place a passive test is conduct via a tilt-table test. The
tilt-table test has his advantage into clinical studies with patients who have difficulties to
stand. The active tests require that the patients move from a lying/siting to a standing
position without a help. The sit-to-stand test is one of the most used active orthostatic
tests (8).

Earlier studies reported an interaction between orthostatic hypotension and an
increased incidence of falls in older persons. Goh et al (2016) performed case-controlled
study with 25 fallers and 25 non-fallers, aged 65 year and over. The subjects of the study
conducted an active standing test. The investigators continuously observed blood pressure
variability via a beat-to-beat monitoring device. Goh et al. (2016) reported following
observation. Older fallers have larger systolic blood pressure variability during standing
compared to non-fallers. Since, cerebral blood flow links to the systemic blood pressure,
increased blood pressure variability can increase the incidence of postural instability in
older persons. Goh et al. (2016) reasoned that baroreflex dysfunction potentially causes
falls in older persons (7). A similar study came to the same conclusion. Pasma et al. (2014)
performed a cross-sectional study including 207 elderly persons with a mean age of 81.9
years. The authors assessed blood pressure changes during 3 minutes of standing. They
measured blood pressure variability intermitted via an automated sphygmomanometer
and continues with a digital photoplethysmography. The authors report following results:
1) intermittent blood pressure changes did not link to the ability to maintain standing
balance, 11) continuous blood pressure variability (blood pressure decreases after 15-60
seconds after orthostatic loading) were linked to the ability to maintain standing balance,
iii) orthostatic hypotension detected via continuous blood pressure measurements was
linked to the ability to maintain standing balance. The authors concluded that falls
likelihood increases in persons with greater postural blood pressure variability (blood
pressure decreases from 15-60 seconds after orthostatic loading or standing). Pasma et al.
(2014) reasoned that reduced postural blood pressure lead to a cerebral hypoperfusion.

Thus reduced cerebral blood flow impaired standing balance (6).
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Earlier studies have also analysed how the cardiovascular and cerebrovascular
system responses to orthostatic stress in patients with cerebrovascular diseases. Kong et
al. (2003) conducted a prospective study with 71 patients with ischemic and hemorrhagic
stroke. The patients performed a tilt-table test up to 90 degree. Kong et al. (2003) reported
following result. From the entire number of 71 patient with stroke, 37 or 52.1% patients
had orthostatic hypotension. Kong et al. (2003) reasoned that orthostatic hypotension in
patients with stroke is caused by baroreceptor hyposensitivity and muscle loss as a result
of immobilisation (9). Phipps et al. (2012) performed a secondary analysis of medical
data from outpatients with stroke. He analysed 116 patients with stroke. The authors
concluded that 27% of the patients had orthostatic hypotension. Furthermore, patients
with stroke compared to the overall population experience a greater incidence of
orthostatic hypotension. Because of the higher incidence of orthostatic hypotension falls
are a common medical problem (10).

The external factors also have an impact on the susceptibility to orthostatic
hypotension. Temperature variation causes blood pressure variability with higher blood
pressure in colder months and lower blood pressure in warmer months. Furthermore,
earlier studies did confirm an increased incidence of postural blood pressure decreases or
orthostatic hypotension in summer months (5, 11). But regarding patients with
cardiovascular diseases, we have identified a lack of studies. There is for almost no
studies which has analysed patient with cerebrovascular diseases on seasonal blood
pressure variability and how this affects postural blood pressure regulation in warmer
months. Therefore, the main aim of the study is to provide new knowledge on the
mechanisms of regulation of hemodynamic parameters depending on seasons and sex and
reveal seasonal and sex-dependent peculiarities of regulation of hemodynamic in the

patients after stroke.
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1.2 THE BLOOD PRESSURE HOMEOSTASIS

According to Chopra et al. (2011), an interplay between different physiologically
system of the human body (circulatory-cardiovascular system and neuro-endocrine
systems) is responsible for the control and maintenances of blood pressure stability (12).
There are two mechanisms which regulate local blood flow and that are vasoconstriction
and dilatation. Furthermore, blood flow and blood pressure are further determinant
through changes in cardiac output. Blood pressure increases/decreases through variations
in cardiac output which is equal to the changes in heart rate, stroke volume and resistance.
This is the short-term blood pressure control mechanism which is in connections with the

baroreceptors and the autonomic nervous system (13).

1.2.1 The autonomic nervous system

The nervous system is divided into the central and the peripheral nervous system,
which has the function to control and maintain various physiological systems of the
human body (14). It is known that the control of blood pressure regulation and heart
function is maintained by the autonomic centres in the medulla oblongata (15). The
autonomic nervous system as a part of the peripheral nervous system is responsible,
without the voluntary and conscious control of the mind, to keep homeostasis of the
cardiovascular, thermoregulatory and other systems. The autonomic nervous system has
the function to support homeostasis, regulate heart activity, control pressure in the
circulatory system and other function crucial for the functionality of the human body. The
autonomic nervous system includes the cerebral cortex, amygdala, stria terminalis
hypothalamus, and brainstem centres. Receptor of the afferent pathways arriving to the
cranial nerves via the dorsal roots are sensitive to mechanical, chemical, and thermal
stimuli. The autonomic nervous system splits into two divisions: the sympathetic division
and the parasympathetic division. First, there is the sympathetic part which contributes to
the heart activity, blood vessel constriction, and renin production and other autonomic
function. Second, the parasympathetic system will in contrast decrease heart activity.
Vasodilatation results from reduced sympathetic activity because most vessel of the
circulatory system are regulated by the sympathetic activity, during rest and sleep there

is a dominance of parasympathetic activity (16, 17).
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1.2.2 The short-term blood pressure regulation and the baroreceptor reflexes

Autonomic mechanisms are responsible for the fast responses to an abrupt blood
pressure reduction or elevation (18). The baroreceptors are an important part of the fast
blood pressure control mechanisms. The baroreceptors cells are located in the main
arteries especially in the aorta and carotid artery. The function of the baroreceptors is to
control changes in blood pressure and to keep pressure and heart functions at an average
level. As Heesch (1999). points out, when arterial pressure becomes increased
baroreceptors give afferent signals to the medulla (18). The medulla oblongata is
responsible to control and maintain arterial blood pressure (15). According to Chopra et
al. (2011), resting arterial blood pressures, represent a resting state and a reference point
for the baroreceptor activity. The baroreceptors will act in two diverse ways on the
circulatory system, which depend on an elevation or decrease in arteria blood pressure.
In the cases that blood pressure elevated, it reduces sympathetic activity to the heart and
to the circulatory system which will bring back the arterial blood pressure to a regular
level. In contrast, arterial blood pressure is maintained at an average level during a
decrease of the blood flow through a discharge of the baroreceptors, this results in an
intensified sympathetic activity that constrict the vessels and increases cardiac output (12,

19).

1.2.3 Baroreceptor resetting

Resetting of the baroreceptors refrains to changes in the pressure sensitivity of the
baroreceptors. Chopra et al. (2011) writes that resetting of the baroreceptors can be rapid,
where the receptors are under the influence of rapid changes of the blood pressure for 20
minutes or fewer or chronic resetting were the changes of the blood pressure stay over 20
minutes. In the first case the shift in pressure threshold is stable for about 30 minutes, the
receptors sensitivity does not change and is reversible. In the chronic case, the changes

reduced the baroreceptor sensitivity and are permanent (12).

18



1.2.4 Chemoreceptor reflexes

In the scientific literature described are the chemoreceptors as specialised functional
units found in the aorta and arteria carotid (two bodies in the arteria carotid bifurcation
and one - three in the aorta). The main function of the cells of the chemoreceptors in the
aorta and arteria carotid is to regulate arterial blood pressure in the case of a reduced
supply of oxygen to the tissues. They are in a close contact to the arterial blood. The
respiratory centre in the medulla is responsible to response to pH changes and to regulate
responses during disruptions in the balance between acid and base and an elevated level
of carbon dioxide in the arterial blood. Chemoreceptors are sensitive only when the
pressure falls below 80 mmHg (12, 20). The arterial pressure rises and goes back to
normal as the signals from the chemoreceptors excite the vasomotor centre. The
chemoreceptor reflex does not control arterial pressure so well once the arterial pressure
is higher than 80 mmHg, it only prevents, in case of lower pressures, a further drop in of

the arterial blood pressure (21).

1.2.5 Volume receptor or low-pressure receptors

These receptors are responsible to detect blood volume and blood pressure changes
in lower pressure zones of the circulatory system, they are to find in the walls of the two
heart atria and the pulmonary arteries. Stretch of these receptors stimulates autonomic
responses, in a way like the baroreceptor responses. Starting stimuli by the receptors goes
through the cranial nerves towards the hypothalamus where the release of anti-diuretic

hormones and renin is modulated (12, 19, 22, 23).
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1.2.6 Skeletal muscles

Blood vessels in the entire cardiovascular system become compressed as the skeletal
muscles contract. In expectation of exercise the motoric neurons, brain stem and the
vasomotor centres are excited. During exercise blood moves throughout the entire
circulatory system to the heart and increases the cardiac output which can increase
fivefold to sevenfold during heavy exercise. Increased cardiac output results in increased
arterial pressure from 130 to 160 mmHg or 30 - 40% and blood flow increases almost
twofold (24). The mechanisms by which exercises increase circulation are provided by
vasodilation of the blood vessels in the muscle. According to Laughlin (1999), an increase
in arterial blood pressure is equivalent to the increase in muscle activity (25). Contraction
of the abdominal muscle can increase venous return and cardiac output through
compression of the venous reservoirs in the abdomen. The so-called Abdominal
compression reflex, which is vital for individuals with paralysed skeletal muscles during
hypotensive incidents, make it possible for blood to move from the abdomen to the heart.
In a case of blood volume and blood pressure changes venous reservoirs of the abdomen
become compressed and blood flows from the abdomen to the heart which then increase

the arterial blood pressure (13).
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1.3 LONG-TERM BLOOD PRESSURE REGULATION

1.3.1 Renin-angiotensin system

Regulation of blood pressure over an extended period of time is maintained through
the renin-angiotensin-aldosterone system, where elimination of renal body fluids in the
kidneys has an important role. The renal elimination of fluids is crucial, when blood
pressure increases, renal elimination of fluids increases too and as a result, blood volume
decreases, cardiac output reduces, and the arterial blood pressure drops. Several humoral
factors, hormones and sympathetic renal nerves run this system. Paul et al. (2006), state
that through a formation of angiotensinogen through renin into angiotensin, renin-
angiotensin-aldosterone system regulates the stability of arterial blood pressure and

physiological sodium level (26).

Hromones of the renin-angiotensin-aldosterone system are:

e Synthesized renin (adrenal gland, brain, heart, vascular and visceral tissue), after
being collected in the juxtaglomerular cells is released inside the renal and systemic
circulation. The secretion of renin is stimulated though variations in renal
baroreceptor pressure and variations in Sodium chloride (NaCl) concentration,
stimulation of sympathetic nerve activity and increased angiotensinogen II
activity (21, 27).

e Angiotensinogen is produced through the liver and an elevation in
angiotensinogen level is related to the occurrence of hypertension (27). Angiotensin
IT is formed by hydrolysing inactive Angiotensin I through actions of Angiotensin-
converting enzyme, localized in the endothelial, epithelial and neuroepithelial cells.
Angiotensin-converting enzyme also metabolizes vasodilator peptides bradykinin
and kallidin and can increase vasoconstriction and decrease vasodilation (28).

e Synthesized in the kidney Angiotensin II activity is linked to the release of
aldosterone and catecholamines, raises the sympathetic activity and
vasoconstriction. Occurrence of hypertension and renal damage is related to an
inappropriate Angiotensin II activity. Locally produced Angiotensin (II) might

contribute to tissue injury and the pathogenesis of hypertension and renal injury (27).
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e The major function of aldosterone, which is released through a stimulation by
angiotensin from the adrenal cortex is to induce vasoconstriction by acting on
vascular smooth muscle cells (26, 27). Aldosterone a mineralocorticoid is
synthesized in the cortex of the adrenal gland. Aldosterone regulate glucose
metabolism and salt excretion, concentrations of electrolytes in the blood with a

reabsorption of NaCl, Hydrogen carbonate ions in the kidney (12, 29).

1.3.2 The importance of hormones in blood pressure regulation

Blood pressure control depends on the activity of specific hormones. It is known
that some hormones directly influence the hemodynamic control of blood pressure. For
example: 1) nitric oxide (NO), produced by endothelial cells reduces blood pressure and
a decreased activity of NO will lead to hypertension (12); ii) endothelin and endothelin 1
(highly effective vasoconstrictor functions) are produced in the endothelium which
stimulate contraction of smooth muscle cells (12, 30); ii1) stimulated by thirst and
decreased blood pressure Vasopressin is synthesised in the hypothalamus and then stored
in the pituitary gland. The main purpose of Vasopressin is to increase water reabsorption
in the kidney and to increase blood pressure (12, 29, 31); iv) adrenomedullin that can be
find in the adrenal medulla and phenochromocytoma tissue is associated with occurrence
of hypertension (12); v) as an endocrine organ, adipose tissue produces vasorelaxing
hormones adipokines and adiponectin which can increase NO production and decreased
adiponectin levels and lead to endothelial dysfunction (12); vi) produced in adipocytes
Leptin role is to elevate the pressure in the blood vessels, increase the heart activity, and

intensify sympathetic activity (12, 29).
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1.4 AUTONOMIC BLOOD PRESSURE VARIABILITY

1.4.1 Respiratory waves

Malpas (2002) noted that the “respiratory oscillation” in blood pressure of 4-6
mmHg results from disturbed venous return and cardiac output by oscillation of the
pressure in the chest cavity during breathing. The oscillation of the heart rate results from
the baroreceptor activity that controls the heart activity and responds to blood pressure
changes (28). Mechanisms responsible for these oscillations will be briefly discussed: 1)
through every respiratory cycle, signals related to breathing in the respiratory centre of
the medulla spread to the vasomotor centre; ii) during the respiratory cycle pressure in
the chest cavity decreases and as a result vasodilatation of blood vessels occurs, blood
volume in the left side of the heart becomes smaller, and arterial blood pressure drops;
iii) throughout the respiration process changes in the pressure of the vessels in the chest
cavity can provoke atrial stretch. Normal respiration typically elevates the arterial
pressure at the beginning of expiration and decreases it throughout the remaining part of
the respiratory cycle. With deep respiration, in every respiratory cycle the blood pressure

elevated and lowered by 20 mmHg (13, 32, 33).
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1.4.2 Mayer waves

According to Julien (2006), reactions to cardiovascular changes and fluctuation of
the sympathetic control of the vascular smooth musculature causes the so called “Mayer
waves”, which are detectable as the arterial blood pressure oscillates slower than the
respiration rate (frequency of 0.1 Hz). It does not relate Mayer waves to age and sex or
the position of the body. The degree of the oscillation of the Mayer waves is influenced
by the intensity of the cardiovascular and baroreflex changes. Mayer waves are
responsible to causes the release of NO in the endothelium (34, 35). Mayer waves
typically intensify during states of sympathetic activation. The baroreceptor reflex is the
main cause of Mayer waves. As blood pressure increases and triggers the baroreceptors,
the sympathetic nervous system becomes inhibited and within a few seconds the pressure
drops. Then, lowered pressure decreases the baroreceptor stimulation and reactivates the
vasomotor centre. After that, the pressure increases again. The response is delayed for a
few seconds after which the pressure starts another cycle which repeats the oscillation
continually. Chemoreceptor reflex oscillation produces the Mayer waves, too. It typically
oscillates when the baroreceptor reflex oscillates and is responsible for vasomotor waves

at arterial pressures between 40- and 80-mmHg (13).
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1.5 SEX DIFFERENCES IN BLOOD PRESSURE REGULATION

Sex differences in cardiovascular physiology result from anatomical, neuronal and
hormonal differences between the sexes. Women have anatomically a smaller heart, less
blood volume and lower blood pressure compared to men. In women the parasympathetic
nervous system control of the heart prevails while in men the sympathetic nervous system
control of the blood pressure regulation is predominant (36, 37). The incidence of
cardiovascular diseases is higher in men compared to women at the same age. Reckelhoff
et al. (2001) proposed that sex-specific characteristics in the regulation of the
cardiovascular system and the protection against cardiovascular diseases in women can
be explained by the activity of the sex hormones oestrogen, progesterone (38). Oestrogen
is a potent vasodilator-agent and prevents vasoconstriction of cerebral arteries caused by
beat-amyloid peptides (39). Furthermore, the renin-angiotensin system which handles the
blood pressure regulation over a period, is differently activated in men and women.

According to Kolar and Ostadal (2013), women are protected against angiotensin
IT mediated hypertension because of the depressor effects of oestrogen (40). Also, sex
hormones in women are responsible for the different responses to sodium intake (38). In
postmenopausal women the activity of renin is enhanced (41). It is reported that blood
pressure increases in women following the menopause and after the menopause it become
similar and over the 60-year of age the incidence become higher compared to men
because of the reduction in sex hormones. Merz et al. (2016) said that young women have
a better vascular function compared to men but through the menopausal induced vascular
changes women in the later decades experience a higher incidence of vascular dysfunction
and stiffening than premenopausal women. These changes are responsible for the higher

incidence of hypertension in postmenopausal women (42).
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1.6 BLOOD PRESSURE REGULATION AND AGEING

Aging is characterised by physiological changes that affect vascular functions.
According to earlier authors changes in arterial stiffness are associated with age-induced
increase in arterial blood pressure. In elderly over 50 years of age, increased vascular
resistance causes an increase in diastolic blood pressure. As Pinto (2007) shows,
“decreased baroreceptor sensitivity, increased responsiveness to sympathetic nervous
system stimuli, altered renal and sodium metabolism and an altered renin-aldosterone
relationship” are factors that cause an increase in blood pressure in the elderly population
(43). According to Fisher, ageing is associated with delayed maximum cardiovascular
responses to acute carotid baroreceptor loading. Gordan et al. (2015) also suggest that
slow cardiovascular responses to carotid hypertension in older individuals is a
consequence of age-related reductions in resting cardiac parasympathetic tone (16).

O’Mabhony et al. (2000) claim that decreased baroreceptor stretches cause “reduced
reflex changes in heart rate and sympathetic vascular tone for each variation in systolic
blood pressure”. Also, because of ageing being related to increased central brainstem
baroreflex gain, increased arterial stiffness causes the decline in baroreceptor sensitivity
(44). Ageing and atherosclerosis change baroreceptors function. With the development
of an atherosclerotic plaque, the vascular wall stiffens, and this causes a decreased
deformation of the receptors in response to pressure changes. Thus, efferent signalling 1s
reduced while sympathetic outflow is increased. Furthermore, changes in the heart rate
because of altered baroreceptor functions are also associated with progressing age.

According to Kougias et al. (2010) ageing causes a decline in the heart rate control
which depends on the baroreceptors, but regular exercise can reverse it. Moreover,
research has shown that hypertension and aging in humans alters the baroreceptor reflex
control of heart activity in response to vasoactive agents (19). It is reported by Edgell et
al. (2012) that women after menopause have a reduced control of the heart, decreased
baroreceptor sensitivity, increase sympathetic activity and decreased parasympathetic
activity (45). Parker et al. (2010) reported that muscle sympathetic activity increases in
aging more in women compared to men. Also, older women have a higher incidence of
hypertension (because of reduced baroreflex sensitivity), excite carotid artery stiffens,

and blood pressure increases (46).
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1.7 ORTHOSTASIS

1.7.1 Overview

As defined by Chopra et al. (2011), orthostasis represent a movement from a postural
horizontal position to a vertical position of the human body. This movement shifts blood
volume and causes the activation of the circulation controlling mechanisms (12). The
upright position of the body causes a movement of the blood to the lower body. As blood
moves to the lower limbs, baroreceptors will detect changes in blood pressure, and this
will activate autonomic centres in the brain. Through modulation of the heart rate and
vascular peripheral resistance autonomic centres will react to compensate these changes
and to keep a normal blood pressure. Skeletal muscles in the lower limbs are a crucial
factor against blood pressure changes. Through the activity of the sympathetic nervous
system, neuropeptides and the hormone of the adrenal medulla norepinephrine blood
pressure is stabilized by modulating vascular stiffens, heart rate and by controlling

endocrine and renal activity (30).

1.7.2 Orthostatic intolerance

The lack of ability to sustain the standing position because of cognitive, visual and
pain symptoms is called orthostatic intolerance (OI) (30). The most common types of OI
are:
e orthostatic hypotension,
e postural tachycardia syndrome and

e vasovagal syncope.
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1.7.3 Orthostatic hypotension

According to Gupta et al. (2007), postural blood pressure decreases during three
minutes of standing that cause characteristic symptoms of faintness and syncope is called
orthostatic hypotension. Orthostatic hypotension is a condition by which the
systolic/diastolic blood pressure falls by 20/10 mmHg during at least 3 minutes of
standing or during 60° of head-up tilt (HUT). In elderly people the following symptoms
are more common: disturbed speech, visual changes, falls, confusion, and impaired
cognition (47). This condition is mostly associated with syncope, falls, fall-related
injuries and mortality. The prevalence of orthostatic hypotension increases with age, 20%
(>65 years) or 30% (>75 years) in community dwelling individuals resident at home. In
elderly patients resident in nursing homes, orthostatic hypotension occurs oftener. The
main causes of orthostatic hypotension are: a) pathological causes (adrenal failure,
dehydration, myocardial ischemia); b) age-related causes that affect the cardiovascular
and autonomic control mechanisms for blood pressure regulation (47).

According to Takahashi et al. (2015) analysing 212 men and 303 women, from 35
to 75 years of age during postural changes, vascular stiffness is potentially a key factor
which contributes to the increased occurrence of orthostatic hypotension in the elderly
population. Furthermore, Takahashi et al. (2015) concluded that orthostatic hypotension
can be an indicator of individual susceptibility for developing cardiovascular diseases
(48). According to Gupta et al. (2007) the treatment of orthostatic hypotension involves
nonpharmacological intervention (reduction of antihypertensive medication during

summer), and pharmacological interventions (fludrocortisone) (47).
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1.7.4 Postural tachycardia syndrome

According to Sheldon et al. (2015), the term postural tachycardia syndrome refers
to a disorder characterised by an increase of the heart rate by 30 to 40 beats per minute
(greater in the morning than in the evening), without the presence of orthostatic
hypotension. Furthermore, postural tachycardia syndrome is associated with the
occurrence of faintness or pre-syncope in some persons. The cause of postural tachycardia
syndrome is a failure of the autonomic nervous system (reduction of the parasympathetic
control of the heart) which in a healthy individual slows down the heart activity.
Symptoms of postural tachycardia syndrome are light-headedness, palpitations, tremor,
generalized weakness, blurred vision, exercise intolerance, and fatigue. The prevalence
of postural tachycardia syndrome is 0.2%, between 15 and 25 years, and more frequent

in women (49).

1.7.5 Vasovagal syncope

Previously it has been noted that syncope is as a condition, caused by a deficiency
of cerebral perfusion (50% loss of blood volume and oxygen) that is characterized by a
prompt loss of awareness. The incidence of syncope during the lifetime is 40% and half
presenting during adolescence. Causes for syncope are hypotension and transient
ischemic attack (TIA) (30). Sheldon et al. (2015) note that syncope occurs during the
transition to an upright position of the body or with stress (emotional). Vasovagal syncope
1s common in older persons after the 60-year of age (women 42%, men 32%). The first
occurrence of syncope is reported to be at around the 14-years of age (49). According to
Edvardsson et al. (2014) syncope is more frequent in patients over 65-year of age with no
differences between men and women. Nevertheless, Edvardsson et al. (2014) stated that,
in their study with five hundred seventy patients (306 women and 264 men), women

experienced more often a trauma by syncope than men (41% vs 30%) (50).
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1.8 SEX-SPECIFIC DIFFERENCES IN ORTHOSTATIC (IN)TOLERANCE

Sex-based differences in orthostatic tolerance and blood pressure regulation are
well reported (51). Previously, authors have noted that premenopausal women have lower
orthostatic tolerance and experience more orthostatic hypotension and syncope than men
of the same age but after menopause these differences disappear, and women will have
the same incidence of orthostatic hypotension and syncope as in men. The main sex-based
differences at rest are that in women parasympathetic activity is enhanced, they have a
smaller heart that is less distensible, reduced blood volume, pressure and stroke volume
compared to men. Contrary, predominance of the sympathetic nervous system control is
evident in men (36, 37).

Previously, it was reported that during orthostatic stress, women responded
primarily with a reduced stroke volume and elevated heart rate. Contrary, men responded
to orthostatic stress with increased peripheral vascular resistance (51). In a study by Fu et
al. (2004), with 13 men and 10 women, during a Lower body negative pressure (LBNP)
test, is reported that LBNP tolerance was reduced in women and that the reason behind
this lies in a reduced stroke volume and cardiac filling (52). Some authors reported that
hormones are key factors responsible for sex differences in orthostatic tolerance. Wenner
et al. (2013) studied women with lower orthostatic tolerance and with higher orthostatic
tolerance during a LBNP tests. In this study, lower orthostatic tolerance in women
resulted from higher oestradiol sensitivity and lower progesterone sensitivity (51). Other
authors have note that responsible for the orthostatic sex-based differences are to find in
different responses of the autonomic mechanisms. In a study by Reulecke et al. (2016)
with 12 men and 12 women, is reported that during a head-up tilt (HUT), sympathetic
activity was enhanced, and parasympathetic activity decreased against an orthostatic
stress in men but not in women, but all other hemodynamic variables show none sex
differences during an orthostatic challenge (36). It is reported that after menopause
women respond differently to orthostatic stress compared to younger women. Edgell et
al. (2012) reported that younger women respond to orthostatic stress with greater
decreases in stroke volume and greater elevation in heart rate compared to
postmenopausal women and men. Also, according to Edgel et al. (2012), after menopause

venous return is better maintained in women (45).
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1.9 ORTHOSTATIC (IN)TOLERANCE AND THE RELATION TO FALLS IN

OLDER PERSONS

Orthostatic intolerance is the main cause of falls and falls-leaded injuries in older
people. Well known is that the incidence of orthostatic intolerance and falls are increasing
with progressing age and the most vulnerable groups are older adults (8). Orthostatic
intolerance refers to conditions that occur during standing and are reversed by lying down.
The most mentioned causes of orthostatic intolerance and syncope are conditions in which
the blood pressure recovery to orthostasis is delayed. According to Finucane et al. (2017),
in older individuals blood pressure stabilization shows impairments after standing
because stabilizations of blood pressure takes over 30 seconds compared to younger ones
(53). In the most cases orthostatic intolerance and syncope is caused by orthostatic
hypotension (54, 55). As previously stated, orthostatic hypotension is a condition by
which the systolic/diastolic blood pressure falls by 20/10 mmHg during at least 3 minutes
of standing or during 60° of HUT. But it was proposed that only systolic blood pressure
should be considered because in 95% of people with orthostatic hypotension systolic
blood pressure was reduced (56). Another condition like orthostatic hypotension is
“delayed blood pressure recovery” (53). Both conditions, orthostatic hypotension and
“delayed recovery of orthostatic blood pressure”, are associated with orthostatic
intolerance, syncope and falls (57). The main causes of orthostatic hypotension are to find
in an impaired circulatory system because of a reduced blood volume or decreased
vasoconstriction because of an impairment of the autonomic control mechanisms (57).
Takahashi et al. (2015) proposed that arterial stiffness is another main cause of orthostatic
hypotension (48).

According to Pasma et al. (2014), reduction in blood pressure during standing and
orthostatic hypotension are linked to a reduced ability of older people to standing balance
which in turn can cause falls (6). Finucane et al. (2017) previously reports that orthostatic
hypotension and related conditions are related to falls and falls-related injuries. (53). Also,
impaired orthostatic blood pressure responses and related hypotensive disorders are
important clinically which shows an individual’s predisposition for syncope and
unexplained falls. In the last decades we witness the increasing number in older persons
over 65 years of age. Aging is characterising by physiological changes that worsen the

autonomic control mechanisms that are needed to support normal cerebral blood flow and
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postural stability during standing. Postural instability and falls are the primary cause of
injuries, that will have required hospitalisation or rehabilitation care, in older persons (3,
58). Pasma et al. (2014) stated that patients that experience blood pressure reduction
during standing will have reduced standing stability (6). Goh et al. (2016), conducted a
study with 25 fallers and 25 non-fallers. The author reported that falls in older individuals
are linked to an impaired baroreflex response, and that older fallers have a larger increase
in a fluctuation in systolic blood pressure during standing compared to non-fallers.
Furthermore, this changes in blood pressure are linked to posture instability in these

individuals (7).
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1.10 SEASONAL VARIABILITY AND ORTHOSTATIC (IN)TOLERANCE

Earlier studies have reported that the autonomic nervous system is influenced by the
exposure temperature. Also, it is well known that blood pressure is higher in winter
months than in summer (blood pressure decreases with increasing temperature) (59-62).
According to various authors the proposed causes are: 1) the activation of the sympathetic
nervous system by catecholamines (secretion increases by cold temperatures), 2)
influences on vascular functions (cold alters endothelial function, NO increases with
elevated temperature) (60-62). According to Fares (2013), there are influences of vitamin
D, and hormones (Vasopressin, norepinephrine, epinephrine, angiotensin II, aldosterone
and catecholamine) on seasonal blood pressure variability. Vitamin D increases during
summer and decreases in autumn and winter. Evidences suggest that hormones are
important for the understanding of seasonal variation in blood pressure. The following
hormones were shown to be involved in seasonal variability: 1) excretion of
catecholamines and sodium is significantly higher in winter than in summer (31, 61); 2)
plasma vasopressin reduces on cold air exposure; 3) plasma aldosterone, norepinephrine,
plasma epinephrine significantly increases from summer to winter (31); 4) endothelin-1
with low values in January and peak values in July (31, 63). Authors have reported an
age- dependent difference in seasonal blood pressure. Brennan et al. (1982) reported in
his study with 17 000 men and women with mild hypertension, a higher blood pressure
in winter than in summer, and greater values in older persons than in younger persons
(64, 65). Radak et al. (2016) and Weiss et at. (2006) have reported that orthostatic blood
pressure drop was greater in the morning in summer than in winter, and orthostatic
hypotension is higher in summer (64%) than in winter. Some risk factors that are
predisposing to stroke and TIA are greater in winter than in summer (60, 62). Weiss et.
al. (2006) concluded that the seasonal variation in orthostatic blood pressure is caused by
1) hypovolemia due to excess sweating; 2) salt and fluid loss; and 2) peripheral

vasodilatation in response to high ambient temperature (62).
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1.11 STROKE

1.11.1 Overview

According to Chen et al. (2016), Cardiovascular diseases, including stroke, are a
major healthcare issue, and between 2010-2030 will cause a total direct medical cost from
273 to 818 billion dollars in the USA. Among well-known risk factors for stroke are
hypertension and diabetes (uncontrolled diabetes) (66, 67). Hypertension and elevated
blood pressure (especially systolic blood pressure) in persons over the 65-year of age, is
a significant pre-condition that can increase the risk for cerebrovascular diseases (68).
High blood pressure after acute stroke is common. Approximately 75% post-stroke
patients have high blood pressure and in 40% cases the high blood pressure stay high after
the first week (69). Panayiotou et al. (1999) reported that changes in blood pressure during
postural changes occur one or three weeks after stroke (70). Gibson et al. (2013) divided
stroke into ischemic events (85%) and cerebral haemorrhages. The main cause of
ischemic stroke is a deficiency of optimal blood flow to the brain because of thrombotic
or embolic occlusion of cerebral vessels (71). The primary clinical features of stroke are
abrupt onset focal neurologic deficit (except focal haemorrhage). According to Gibson et
al. (2013), “symptoms of ischemic stroke are: aphasia, dis-coordination, dysarthria,
diplopia, facial weakness, hemiparesis, visual disturbance, and vertigo, light-headedness,
mental status change, headache, and other neurological or non-neurological symptoms”.
Women present more non-specific (pain or altered mental status) and diffuse symptoms
(disorientation, generalized weakness, fatigue and mental status change). Contrary, in
men there is a dominance of focal neurological signs (sensory defects, ataxia, and
diplopia) (71).

Chen et al. (2016), noted that daily life routine has a major impact on the occurrence
of stroke. Persons with diabetes, hypertension and lack of daily activity have a higher risk
for developing stroke (67). Stroke is a common pathological condition among elderly
people after the 55-year of age, and more common among men (72). According to Gibson
et al. (2013) there is a sex difference in the relation to stroke. Women before the onset of
the menopause have a lower incidence of stroke because of the protective effect of female
sex hormones. The prognosis after ischemic stroke is poorer in women compared to men.
Women after the onset of stroke have an increased risk to become depressed, experience

more disability and the rate of mortality is greater compared to men (71). The mortality
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rate after 30 days of stroke is 28% (ischemic stroke 19%), and after 1-year the survival
rate is 77%. The prognosis and outcome differ from person to person and is influenced
by the difficulty and complication of the post-stroke condition and on the pre-stroke
health status of patients. To maintain a normal blood circulation and tissue functions
should be the therapy goal in acute stage of the diseases (73). Bansal et al. (2013) note
that after acute cerebral ischemia, supply of oxygen to the tissue is deficient and because
of this it is important to sustain a normal supply of oxygen to the damaged tissue through
administration of oxygen supplements. Also, antihypertensive agents should be
considered, because 24-48 hours after the onset of stroke the blood pressure increases.
Hypoglycaemia in post-stroke survivors is associated with poor outcome and can cause
focal neurological signs that mimic stroke and can lead to brain injury, the normalization
of serum glucose is important. Also increased body temperature is associated with poor

outcome and maintain normothermia can improve the outcome of patients (74, 75).

1.11.2 Orthostatic intolerance in post-stroke patients

After stroke occurs, patients often have reductions in blood pressure upon standing.
This reduction can lead to serious blood flow reduction to the brain. Condition like
orthostatic hypotension and falls occur because of reduced cerebral blood flow. Reported
is by Kong et al. (2003) and Robinson et al. (1995) that in acute post-stroke patients
orthostatic hypotension is common compared to healthy older individuals. Post-stroke
survivors have a predisposition to orthostatic hypotension because of higher resting blood
pressure, autonomic dysfunction (sympathetic hyperfunction and parasympathetic
hypofunction), and impairment baroreflex responses. Sudden falls are causal linked to
orthostatic hypotension. In post-stroke patients sudden falls are common compared to
healthy older individuals. The incidence of falls in post-stroke patient is highest when
patients returns home. Patient more often falls indoor and during changes from a sitting
to a standing position. Falls increases risks for further injuries and hospitalizations.
Reported is that orthostatic hypotension has potential predecessor and marker role for
stroke. Clinical emphasizes the importance of detecting such changes in post-stroke

patients but also in healthy individuals (9, 76).
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2 AIMS AND OBJECTIVES

The main aim of the study is to provide new knowledge on the mechanisms of
regulation of hemodynamic parameters depending on seasons and sex and reveal
seasonal and sex-dependent peculiarities of regulation of hemodynamic in after-
stroke patients to optimize care/treatment protocols of after-stroke patients. To this

aim we analysed:

» baseline hemodynamic parameters and heart rate variability differences between
non-stroke participants and stroke patients and males and females across two
seasons;

» postural hemodynamic parameter and heart rate variability changes in non-stroke
participants and stroke patients across two seasons;

» postural hemodynamic and heart rate variability changes in males and females in the
non-stroke and stroke group across two seasons;

» differences in postural blood pressure changes across two seasons.

We have hypothesized that baseline hemodynamic parameters and heart rate variability
will show significant differences in patients with stroke and participants without stroke
across sex and seasons, and hemodynamic and heart rate responses to orthostatic stress
induced by a sit-to-stand test will show significant differences between patients with

stroke and participants without stroke across sex and seasons.
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3 METHODOLOGY

3.1 LITERATURE SEARCH

We identify relevant publication by searching through Google Scholar, PubMed and
Web of Science. Our search terms include (blood pressure variability AND sex AND age
AND stroke AND seasons). The search was filtered only for the period of 2003 to 2017.
Also, we performed a manual search for relevant articles of bibliographies libraries. We
limited searches to studies on humans and in English language. Included were original
research, randomised and non-randomised controlled trials, systemic reviews that
examined the effects of sex, age, posture and seasons on the cardiovascular system and
the autonomic system, among healthy subjects and stroke patients. Searches were
conducted through 2016-2018. We first checked abstracts for completeness and accuracy.
We specified standards by which we researched abstracts and full-papers for our literature
review. We extracted and interpret data relating to: study evidence, observation period,

study design, sample size, outcome, study population, and result of the study (77).

37



3.2 SIT-TO-STAND PROTOCOL

In this section we will describe some aspects of the methodical procedure. In the
neurology department of Graz, we performed a prospective study on 41 subjects (Stroke:
n=16, Control: n=25). The mean age of stroke patients was 65.81 = 1.85, and healthy
controls 63.72 + 1.39-year-old. Men are more present in the stroke group 11 (69%). For
the purpose to eliminate confounding variables the participants were at the same age, with

no difference in height and weight (Table 1.) (78).

Table 1. Population characteristics of the studied groups (78).

Populations characteristics Stoke (n=16) Non-stroke (n=25) Sig.
Males (%) 11 (69) 11 (44)
Age (yrs) 65.81 +1.85 63.72 +1.39 p=0.371
Height (cm) 173.5+2.22 170.48 + 1.8 p=0.298
Weight (kg) 83.5+4.09 78.44 +3.24 P=0.340

Anti-diabetic medication
Biguanide 2 (12.5%) - N.f

Antihypertensive medication

ACE-inhibitor 6 (37.5%) 1 (4%) N.f.
B1-selective beta blockers 2 (12.5%) 2 (8%) N.f.
Angiotensin II receptor antagonists 1 (6.25%) 2 (8%) N.f.
Thiazide 2 (12.5%) - N.f.
Calcium channel blockers 2 (12.5%) - N.f.

In this study included are stroke patients (one-year survivors), with mild to moderate
ischemic stroke. As a control group were included age-matched healthy persons without
a history of stroke or any other pathological condition. Participants were excluded if they
had coexisting neurological illnesses (epilepsy, dementia, Parkinson’s disease), and
intracranial vessel stenosis. Also, participants were told to abstain 24 hours before the

measurements from consuming coffee and/or nicotine (78).
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Table 2. Characteristics of the patients with a stroke (78).

Stroke characteristics

Stroke aetiology

Large vessel disease
Cardio-embolic source
Cryptogenic stroke

Initial NTHSS (at hospitalization)
Non-stroke symptoms (score: 0)
Minor stroke (score: 1-4)

Baseline NIHSS (at examination)
Non-stroke symptoms (score: 0)
Minor stroke (score: 1-4)

Disability (Modified Rankin Scale)

No symptoms after stroke (score: 0)

No significant disability after stroke
(score: 1)

17%
42%

42%

33%
67%

58%

42%

67%

33%

Table 3. Vascular risk factors in the patients with stroke and participants without stroke

(78).

Vascular risk factors

Stoke (n=16)

Non-stroke (n=25)

Atrial fibrillation
Peripheral arterial disease
Coronary heart disease
Nicotine abuse

Obesity

Arterial hypertension
Dyslipidemia

Diabetes mellitus

1(6.25%)
2 (12.5%)
2 (12.5%)
2 (12.5%)
1 (6.25%)
10 (62.5%)
8 (50%)

2 (12.5%)

1 (4%)
2 (8%)

2 (8%)
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The experimental protocol started after participant arrived between 9:00AM to
11:00AM in our laboratory. We asked the participants to remove they clothe and seat
down on a chair. We placed electrodes on specific parts of the body and then started the
recording the hemodynamic parameters. We used a finger plethysmograph and an upper
arm sphygmomanometer to measure the hemodynamic responses. After the participant
sat down, we placed the finger-plethysmograph cuff on the middle finger on the right arm
at the heart level and the upper arm sphygmomanometer on the left arm. A Task Force
Monitor ® (TFM, CNSystems, Graz, Austria) recorded the hemodynamic and heart rate
variability parameters (78). The subjects remained motionless for 5 min in a sitting
position. After the first 5 min of sitting, we asked the participants to stand up. Upon
completion of the 5 min of standing, we helped the participants to the seated position.
The responses were recorded again for 5 min. All reasonable precautions such as help
during standing and medical personnel availability were in place in case of collapse or
syncope. We repeated the protocol in two different seasons, winter (November-April) and
summer (May-October). The Ethics Committee of the Medical University of Graz
approved the study. We obtained informed consent from all participating subjects in this
study. Basic neurological assessment was provided for the participating subjects (clinical
neurological examination; extra- and intracranial duplex sonography) and all subjects

received medical clearance to participate prior to performing a single sit-to-stand test (78).

SIT mm)  STAND —p sIT

Figure 1. In the figure above seen is a patient with a stroke. The patients performed a sit-
to-stand manoeuvre. We have placed the electrodes on the patient. After the electrodes
were placed, we continuously recorded hemodynamic responses during 5 minutes of

sitting and 5 minutes of standing (79).
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Groups Intervantion

Group A:
Pardcipants
without Stroke Sit-to-Stand
Procadure
Group B:
Patients with
Stroke

Devices Measurements
) Heart rats
e % TR
Stroke volume X
Task forco =) (V) I
monitor Total 1
gm —i Mean arlzial
. (PR {HR x 3V XTFR)
Transcranial Corebral Cerebral
Doppler blood flow sutoregulation

Figure 2. In the figure above, we see there were two groups which have performed a sit-

to -stand test. Following hemodynamic and heart rate variability parameters were

monitored via a Task Force Monitor ® device: arterial blood pressure (systolic and

diastolic blood pressure), heart rate (bipolar 3-lead ECQG), stroke volume (SV) and stroke

index (SI), is the amount of blood which is ejected into the aorta via each heartbeat by the

left ventricle; cardiac output (CO) is the circulating blood in a minute, and the cardiac

index (CI) is the cardiac output indexed by the body surface area; power spectral analysis

of the heart rate; sympathetic tone characterised by the low frequency (LF: 0.04-0.15 Hz);

vagal tone characterised by the high frequency (HF 0.15-0.4 Hz); power components of

the RR—interval (RRI), describe the time interval between two R-peaks in the ECG (78).
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Statistical methods

We investigated the data using MATLAB (2016b) and IBM SPSS (23) software. Six
epochs were chosen from distinct phases (sitting, standing) of the procedure (Figure 3).
The data are presented as mean = SE. The data sample was first checked for a normal
distribution and outliers. We analysed the time course of the intervention with a Linear-
mixed model (LMM). The LMM is designed for data with continuous variables in which
the residuals are normally distributed but are not independent or have constant variances
(longitudinal or repeated measures studies) (80). Furthermore, multiple-comparison test
with Bonferroni correction was used to analyse the differences between epoch 1 and
epoch 2-6. The following was analysed by the General estimating equation (GEE): i)
differences at rest between patients with stroke and participants without stroke and
between males and females, ii) seasonal differences at rest in patients with stroke and
participants without stroke and male and females, iii) differences between patients with
stroke and participants without stroke and males and females during the orthostatic
loading (sit-to-stand test). The GEE is a robust model for longitudinal data with a small
sample size and provides the population- average estimates of the population. GEE has
been applied into a clinical trial and biomedical studies (81). In both model we specified

subjects as a random factor and time course, sex and seasons as a fixed factor (78).

5 min 5 min

Standing

Figure 3. In the figure above, we see the sit-to-stand protocol with the specific time points
of 10 seconds (Epochs): 1. Epoch 1=290-300 sec; 2. Epoch 2= 0-10 sec; 3. Epoch 3=10-
20 sec; 4. Epoch 4=20-30 sec; 5. Epoch 5=180-190 sec; 6. Epoch 6=290-300 sec of
standing. The epochs were analysed with an LMM and GEE statistical method (78).

42



4 RESULTS

A total number of 41 subjects (patients with a stroke: n=16, participants without a
stroke: n=25) were between 2014 and 2015 assessed at the Department of Neurology in
Graz. The demographic characteristics are presented in the (Table 1.). The mean age of
the patients with stroke was 65.81 + 1.85-year-old, and participants without a stroke 63.72
+ 1.39-year-old (69% men). We have not found any significant differences in age, height,
or weight between the two groups (78).

41 HEMODYNAMIC AND HEART RATE VARIABILITY PARAMETERS AT REST

4.1.1 Hemodynamic and heart rate variability parameters at rest in patients with

a stroke and participants without a stroke across seasons

We report that during the sitting phase, in participants without a stroke, systolic
blood pressure stayed constant in both seasons with no significant variations (warmer
months: 126.43 + 6.31 vs colder months: 126.86 + 3.9, [mmHg], Fig. 4.a), diastolic blood
pressure was significantly greater in colder months contrasted to the warmer months
(warmer months: 69.73 £+ 3.20 vs colder months: 84.84 + 2.01, [mmHg], p <0.05, Fig.
4.b), mean blood pressure was significantly greater in colder months contrasted to the
warmer months (warmer months: 88.96 & 3.64 vs colder months: 103.31 +4.18, [mmHg],
p<0.05, Fig. 4.c). Moreover, stroke index was significantly lower in colder months
contrasted to the warmer months (warmer months: 32.64 + 1.15 vs colder months: 28.78
+ 1.43, [ml/beats/m2], p<0.05, Fig. 4.d) and cardiac index was significantly lower in
colder months contrasted to the warmer months (warmer months: 2.53 £ 0.09 vs colder
months: 2.14 £ 0.1, [/min/m2], p<0.05, Fig. 4.e). The heart rate, high frequency
(normalized) and low frequency (normalized) of the heart rate variability stayed constant

in both seasons with no significant alterations (78).
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In patients with stroke, we report that during the sitting phase, systolic blood
pressure stayed constant in both seasons with no significant variations (warmer months:
119.79 £+ 8.77 vs colder months: 133.89 + 6.05, [mmHg], Fig. 4.a), diastolic blood
pressure was significantly greater in colder months contrasted to warmer months (warmer
months: 70.70 £ 6.38 vs colder months: 90.62 + 4.52, [mmHg], p<0.05, Fig. 4.b) and
mean blood pressure was significantly greater in colder months contrasted to warmer
months (warmer months: 88.50 & 6.49 vs colder months: 107.80 = 5.08, [mmHg], p<0.05,
Fig. 4.c). The stroke index was significantly lower in colder months contrasted to warmer
months (warmer months: 32.25 + 1.28 vs colder months: 26.82 + 1.55, [ml/beats/m2],
p<0.05, Fig. 4.d). The cardiac index, heart rate, high frequency (normalized) and low
frequency (normalized) of the heart rate variability stayed constant in both seasons with

no significant alterations (78).

44



Hemodynamic parameters and heart rate variability at rest
in patients with stroke and participants without stroke across seasons
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Figure 4. In the figure above, we see hemodynamic parameters and heart rate variability
responses at rest in patients with stroke and participants without stroke. $= represent
significant differences between the colder season and warmer season. Values are mean

+SE.

45



4.1.2 Hemodynamic and heart rate variability parameters at rest in males and

females across seasons

We reported that during the sitting phase, in males without stroke, cardiac index
was significantly lower in colder months contrasted to warmer months (colder months:
2.13 £ 0.16 vs warmer months: 2.52 £+ 0.09, [I/min/m2], p<0.05, Fig. 5.e). In females
without stroke, diastolic blood pressure was significantly greater in colder months
contrasted to warmer months (colder months: 86.41 £+ 2.5 vs warmer months: 69.34 +
3.22, [mmHg], p<0.05, Fig. 5.b) and mean blood pressure was significantly greater in
colder months contrasted to warmer months (colder months: 106.86 + 2.89 vs warmer
months: 90.30 £ 4.22, [mmHg], p<0.05, Fig. 5.c).

We report that during the sitting phase, in males with stroke, diastolic blood
pressure was significantly greater in colder months contrasted to warmer months (colder
months: 92.12 + 5.90 vs warmer months: 63.73 + 2.8, [mmHg], p<0.05, Fig. 5.b), mean
blood pressure was significantly greater in colder months contrasted to warmer months
(colder months: 109.12 + 6.6 vs warmer months: 80.42 + 0.99, [mmHg], p<0.05, Fig.
5.¢), heart rate was significantly greater in colder months contrasted to warmer months
(colder months: 86.74 + 5.37 vs warmer months: 68.29 + 2.07, [bpm], p<0.05, Fig. 5.1).
In females with stroke, stroke index was significantly lower in colder months contrasted
to warmer months (colder months: 24.1 + 2.1 vs warmer months: 30.81 + 1.16,
[ml/beats/m2], p<0.05, Fig. 5.d) and cardiac index was significantly lower in colder
months contrasted to warmer months (colder months: 1.78 + 0.21 vs warmer months: 2.67

+ 0.29, p<0.05, [I/min/m2], Fig. 5.e).
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Hemodynamic parameters and heart rate variability at rest
in males and females across seasons
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Figure 5. In the figure above, we see hemodynamic parameters and heart rate variability
responses at rest in males and females. $= represent significant differences between the

colder season and warmer season. Values are mean +SE.
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4.2 POSTURAL HEMODYNAMIC AND HEART RATE VARIABILITY

PARAMETERS RESPONSES IN TWO SEASONS

4.2.1 Postural hemodynamic and heart rate variability parameters responses in

patients with a stroke and participants without a stroke

Reported are hemodynamic and heart rate variability responses to orthostatic
loading (standing) contrasted to the sitting phase. In participants without a stroke, in
warmer months, systolic blood pressure reduced significantly during 20 seconds of
standing (Epoch 1: 126.43 £ 7.29 vs Epoch 3: 109.59 &+ 7.29, [mmHg], p<0.05, Fig. 6.a),
In colder months diastolic blood pressure reduced significantly after the first 10 seconds
of standing (Epoch 1: 84.84 = 1.98 vs Epoch 2: 79.15 + 1.98, [mmHg], p<0.05, Fig. 6.c),
and reduced significantly after 20 seconds of standing (Epoch 1: 84.84 + 1.98 vs Epoch
3: 78.11 £ 1.98, [mmHg], p<0.05, Fig. 6.c) but afterwards stabilized. In warmer months
diastolic blood pressure reduced significantly after the 20 seconds of standing (Epoch 1:
69.73 £ 3.80 vs Epoch 3: 61.94 + 3.80, [mmHg], p<0.05, Fig. 6.c) and afterwards
stabilized. In colder months mean blood pressure reduced significantly after the 10
seconds of standing (Epoch 1: 103.31 £ 2.45 vs Epoch 2: 98.13 + 2.45, [mmHg], p<0.05,
Fig. 6.e), and again after the 20 seconds of standing (Epoch 1: 103.31 + 2.45 vs Epoch 3:
94.38 £2.45, [mmHg], p<0.05, Fig. 3.e) and afterwards stabilized. In the warmer months
mean blood pressure reduced significantly after the 20 seconds of standing (Epoch 1:
88.96 + 4.58 vs Epoch 3: 76.49 + 4.58, [mmHg], p<0.05, Fig. 6.e) and afterwards
stabilized. In colder months cardiac index raised significantly after 20 seconds of standing
(Epoch 1: 2.12 + 0.12 vs Epoch 3: 2.52 = 0.12, [I/min/m2], p<0.05, Fig, 7.a). The stroke
index, heart rate, low frequency (normalized) and high frequency (normalized) of the
heart rate variability stayed constant to the end of the sit-to-stand protocol in both seasons
(78).

We report that in patients with stroke, in warmer months only, mean blood
pressure reduced significantly during 20 seconds of standing contrasted to the sitting
phase (Epoch 1: 88.50 &+ 6.39 vs Epoch 3: 73.95 £+ 6.39, [mmHg], p<0.05, Fig. 6.f). The
systolic blood pressure and diastolic blood pressure stayed steady to the end of the sit-to-
stand protocol in both seasons. Also, cardiac index, stroke index, heart rate, low frequency
(normalized) and high frequency (normalized) of the heart rate variability stayed steady

to the end of the sit-to-stand protocol in both seasons (78).
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Table 4. Time course of hemodynamic parameters and heart rate variability responses in

colder months in patients with stroke and participants without stroke (78)

Parameters Groups
oy o
oo S
a0
SI [mUbeat/m2] g:’r'(:::'
Ctmana) S
i
LFnuRRI [%] gt"r';::'
HRnuRRI [%] gx::"

Epochl

126.9 (4.0)
133.9 5.73)
84.84 (1.98)
90.62 (4.29)

103.31 (2.45)

107.80 (4.71)
28.64 (1.61)
26.82 (2.15)

2.12 (0.12)

2.22 (0.21)
78.20 (3.38)
$3.43 (4.47)
58.48 (4.70)
54.17 (5.95)
41.51 (4.70)
45.82 (5.95)

Epoch2

123.3 (3.98)
138.4 (5.73)
79.15 (1.98)*
89.55 (4.29)
98.13 (2.45)
108.86 (4.71)
30.87 (1.61)
28.34 (2.19)
2.5 (0.12)
2.43 (0.22)
83.57 (3.38)
86.26 (4.64)
58.70 (4.83)
58.55 (6.18)
41.3 (4.83)
41.45 (6.18)

Epochs
Epoch3

118.77 (3.98)*
124.56 (5.73)
78.11 (1.98)*

83.7 (4.29)
94.4 (2.45)*
98.82 (4.71)
30.03 (1.61)
28.27 (2.19)
2.52 (0.12)*

2.77 (0.22

81.4 (3.38)
97.84 (4.64)

58.4 (4.75)
58.12 (6.33)

41.6 (4.75)
41.87 (6.33)

Epoch4

125.5 3.97)
135.53 (5.73)
82.8 (1.98)
90.6 (4.29)
100.71 (2.45)
107.81 (4.71)
29.12 (1.61)
26.57 (2.30)
2.24 (0.12)
2.30 (0.23)
80.09 (3.38)
87.72 (5.04)
61.86 (4.75)
58.4 (6.33)
38.13 (4.75)
41.6 (6.33)

EpochS

129.6(4.02)
138.9 (5.73)
87.77 (2.02)
90.32 (4.29)
105.95 (2.49)
109.26 (4.71)
27.14 (1.61)
26.98 (2.19)
2.13 (0.12)
2.28 (0.22)
80.87 (3.42)
85.71 (4.64)
63.60 (4.75)
56.66 (6.06)
36.4 (4.75)
43.33 (6.06)

*= p<0.05 significant time interaction between baseline and 2-6 epoch in colder months (red). Values are mean and (+SE)

Epoch6

128.1 (4.02)
135.87 (5.73)
85.29 (2.02)
90.34 (4.29)
103.8 (2.49)
107.84 (4.71)
27.13 (1.60)
27.01 (2.19)
2.13 (0.12)
2.19 (0.22)
78.98 (3.38)
82.27 (4.64)
62.19 (4.70)
63.41 (6.06)
37.8 (4.70)
36.6 (6.06)

Table 5. Time course of hemodynamic parameters and heart rate variability responses in

warmer months in patients with stroke and participants without stroke (78)

Parameters Groups
Control
SBP [mmHg]
L Stroke
Control
DBP [mmHg
[ I Stroke
Control
MBEBP [mmHg]
[ Stroke
SI [mlbeatm2] oMl
Stroke
Control
CI Vmin/m2
v m2] Stroke
Control
HR
(bpru] Stroke
Control
LFmRRI [%
(%] Stroke
HRnuRRI[%] oMol
Stroke

Epochl

126.44 (7.29)
119.8 (8.60)
69.73 (3.80)
70.70 (6.42)
88.96 (4.58)

88.5 (6.39)
32.40 (L.14)
32.25(L.52)

2.52(0.13)
2.53(0.18)

70.81 (3.90)

80.58 (5.23)

47.92 (6.54)

58.07 (10.13)

52.07 (6.54)
41.02 (10.13)

Epoch2

130.94 (7.29)
120.43 (8.60)
70.58 (3.80)
69.11 (6.42)
90.84 (4.58)
8745 (6.39)
32.96 (L16)
3333 (L52
2.75(0.13)
3.01(0.18)
8443 (4.03)
88.37 (5.23)
51.4(6.95)
56.20 (10.35)
48.59 (6.95)
43.7 10.35)

Epochs
Epoch3

109.6 (7.29)*
101.74 (8.60)
61.94 (3.80)*
60.31 (6.42)
76.5 (4.58)*
73.95 (6.39)*
32.13 (1.16)
31.97 (152)
2.55(0.13)
2.51(0.18)
81.64 (4.03)
79.42 (523)
51.7 (6.68)
60.23 (10.35)
48.20 (6.68)
39.76 (10.35)

Epoch4

128.51 (7.29)
113.60 (8.60)
71.76 (3.80)
68.12 (6.42)
88.90 (4.58)
835 (6.39)
31.53 (1.16)
3194 (L.52
2.58 (0.13)
2.41 (0.18)
821 (4.03)
76.09 (5.23)
55.15 (6.68)
61.45 (10.13)
44.84 (6.68)
38.54(10.13)

EpochS

130.14 (7.36)
122.66 (8.60)
72.81 (3.84)
74,12 (6.42)
01.31 (4.63)
91.15 (6.39)
20,47 (L14)
30.58 (L.52)
2.31 (0.13)
2.33 (0.18)
78.33 (3.02)
76.9 (5.23)
57.23(6.57)
61.31 (10.13)
42.76 (6.57)
38.68 (10.13)

*= p=0.05 significant time interaction between baseline and 2-6 epoch in warmer months (red). Values are mean and (£5E)

Epoch6

124.37(7.36)
121.11 (8.60)
70.92 (3.84)
7323 (6.42)
88.37 (4.63)
90.66 (6.39)
20.48 (1.14)
29.6 (1.52)
2.3(0.13)
2.24(0.18)
78.46 (3.02)
76.46 (5.23)
60.65 (6.57)
60.20 (10.13)
3034 (6.57)
30.7 10.13)
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4.2.2 Postural hemodynamic and heart rate variability parameters responses in

males and females

We report that in males without a stroke, in warmer months, systolic blood
pressure reduces significantly during the 20 seconds of standing related to the sitting
phase (Epoch 1: 123.60 £+ 9.50 vs Epoch 3: 104.85 + 9.50, [mmHg], p<0.05, Fig. 6.a).
The mean blood pressure, in colder months, reduces significantly during the 30 seconds
of standing (Epoch 1: 98.10 £ 3.30 vs Epoch 3: 87.95 + 3.30, [mmHg], p<0.05, Fig. 6¢).
The mean blood pressure, in warmer months, reduces significantly during the 30 seconds
of standing (Epoch 1: 89.74 = 6.67 vs Epoch 3: 74.95 + 6.67, [mmHg], p<0.05, Fig. 6.e).
In females without a stroke, in colder months, the stroke index reduces significantly
during the last 5 minutes of standing (Epoch 1: 28.89 + 1.25 vs Epoch 6: 25.87 £+ 1.253,
[ml/beats/m2], p<0.05, Fig. 7.a).

We report that in females with stroke, in colder months, heart rate raises
significantly during the 10 seconds and 30 seconds of standing (Epoch 1: 73.32 £ 8.20 vs
Epoch 2: 84.25 £ 8.20 vs Epoch 4: 83.98 + 8.20, [bpm], p<0.05, Fig. 7.f) and afterwards
stabilized.
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4.2.3 Sex differences in postural hemodynamic and heart rate variability

parameters responses

We report that in males and females without a stroke high frequency (normalized)
of the heart rate variability at 10 seconds of standing shows significant sex-specific
differences in warmer months (males: 51.48 + 8.82 vs females: 30.56 = 1.63, [%], p<0.05,
Fig. 8.a). In males and females without a stroke low frequency (normalized) of the heart
rate variability at 10 seconds of standing show significant sex-specific differences
between males and females in warmer months (males: 48.51 + 8.82 vs females: 69.43 +
1.63, [%], p<0.05, Fig. 8.c).

We report that in males and females with a stroke high frequency (normalized) of
the heart rate variability show significant sex-specific differences in colder months at 10
seconds (males: 42.52 vs females: 28.80, p<0.05, [%], Fig. 8.b) and 20 seconds of
standing (males: 40.06 = 4.10 vs females: 27.16 + 1.61, [%], p<0.05, Fig. 8.b). In males
and females with a stroke in colder months low frequency (normalized) of the heart rate
variability at 10 seconds of standing show significant sex-specific differences (males:
57.47+£6.80 vs females: 75.19 £2.37, [%], p<0.05, Fig. 8.d) and at 20 seconds of standing
show sex-specific differences (males: 59.93 £4.10 vs females: 72.83 £ 1.61, [%], p<0.05,
Fig. 8.d).
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Table 6. Time course of hemodynamic parameters and heart rate variability responses in

colder months in males and females

Parameters

SBP [mmHg]|

DBP [mmHg]

MBP [mmHg]

SI [ml/beat/m2]

CI [Vmin/m2]

HR [bpm]

LFnuRRI [%]

HRnuRRI [%]

Groups

Males (C)
Females (C)
Males (S)
Females (S)
Males (C)
Females (C)
Males (S)
Females (S)
Males (C)
Females (C)
Males (S)
Females (S)
Males (C)
Females (C)
Males (S)
Females (S)
Males (C)
Females (C)
Males (S)
Females (S)
Males (C)
Females (C)
Males (S)
Females (S)
Males (C)
Females (C)
Males (S)
Females (S)
Males (C)
Females (C)
Males (S)
Females (S)

Epochl

118.902 (5.920)
132.733 (5.420)
136.151 (8.008)

140.944 (13.597)

83.571 (2.741)
87.419 (3.328)
92.722 (5.493)
90.443 (8.035)
98.107 (3.305)
107.789 (3.734)
109.846 (6.321)
110.782 (9.621)
29.926 (3.283)
28.898 (1.259)
27.390 (2.276)
25.512 (2.986)
2.087 (0.228)
2.194 (0.130)
2.274 (0.219)
1.878 (0.313)
70.572 (3.755)
80.304 (4.365)
83.925 (4.804)
73.320 (8.202)
56.364 (6.302)
61.554 (5.883)
52.323 (7.209)
70.563 (7.949)
43.636 (6.302)
38.446 (5.883)
47.677 (7.209)
29.437 (7.949)

Epoch2

117.800 (5.920)
126.461 (5.420)
138.639 (8.008)

146.711 (13.597)

79.599 (2.741)
79.576 (3.328)
89.830 (5.493)
94.177 (8.035)
95.892 (3.305)
100.035 (3.734)
108.934 (6.321)
115.397 (9.621)
33.230 (3.283)
29.670 (1.259)
28.657 (2.352)
27.287 (2.986)
2.691 (0.228)
2.360 (0.130)
2.447 (0.228)
2.255 (0.313)
81.103 (3.755)
83.162 (4.365)
84.998 (5.015)
84.256 (8.202)*
55.551 (6.781)
61.121 (5.974)
55.588 (7.464)
73.433 (7.949)
44.449 (6.781)
38.879 (5.974)
44.412 (7.464)
26.567 (7.949)

Epochs

Epoch3

109.804 (5.920)
123.107 (5.420)
126.873 (8.008)

130.679 (13.597)

75.040 (2.741)
80.362 (3.328)
86.318 (5.493)
84.891 (8.035)
87.959 (3.305)*
98.314 (3.734)
101.123 (6.321)
102.459 (9.621)
32.158 (3.283)
28.301 (1.259)
28.483 (2.352)
26.837 (2.986)
2.746 (0.228)
2.326 (0.130)
2.830 (0.228)
2.240 (0.313)
84.604 (3.755)
79.327 (4.365)
98.922 (5.015)
83.340 (8.202)**
56.712 (6.302)
63.642 (5.923)
54.849 (7.598)
71.076 (7.949)
43.288 (6.302)
36.358 (5.923)
45.151 (7.598)
28.924 (7.949)

Epoch4

120.441 (5.920)
128.032 (5.420)
138.479 (8.008)

137.183 (13.597)

82.926 (2.741)
83.766 (3.328)
92.450 (5.493)
91.557 (8.035)
97.963 (3.305)
102.994 (3.734)
109.972 (6.321)
109.454 (9.621)
30.848 (3.283)
27.634 (1.259)
27.231 (2.522)
25.048 (2.986)
2.378 (0.228)
2.175 (0.130)
2.314 (0.247)
2.100 (0.313)
78.274 (3.755)
80.214 (4.365)
85.851 (5.500)
83.984 (8.202)*
59.361 (6.302)
66.202 (5.923)
59.684 (7.598)
67.160 (7.949)
40.639 (6.302)
33.798 (5.923)
40.316 (7.598)
32.840 (7.949)

EpochS

125.790 (6.004)
133.686 (5.497)
142.550 (8.008)

144.338 (13.597)

89.259 (2.846)
89.615 (3.375)
96.472 (5.493)
85.198 (8.035)
104.442 (3.402)
109.142 (3.795)
114.178 (6.321)
108.796 (9.621)
26.371 (3.283)
27.080 (1.259)
27.145 (2.352)
25.399 (2.986)
2.073 (0.228)
2.218 (0.130)
2.318 (0.228)
2.081 (0.313)
79.261 (3.755)
82.662 (4.400)
85.990 (5.015)
82.149 (8.202)
60.800 (6.302)
68.868 (5.923)
63.441 (7.331)
51.115 (7.949)
39.200 (6.302)
31.132 (5.923)
36.559 (7.331)
48.885 (7.949)

Epoch6

124.065 (6.004)
133.817 (5.493)
138.438 (8.008)

143.202 (13.597)

87.531 (2.846)
88.469 (3.372)
93.585 (5.493)
89.335 (8.035)
102.624 (3.402)
108.426 (3.793)
110.560 (6.321)
110.595 (9.621)
27.087 (3.362)
25.871 (1.253)*
27.033 (2.352)
26.040(2.986)
2.181 (0.228)
2.090 (0.130)
2.244 (0.228)
2.037 (0.313)
80.643 (3.755)
80.687 (4.365)
83.617 (5.015)
78.508 (8.202)
57.665 (6.302)
65.895 (5.883)
68.166 (7.331)
61.084 (7.949)
42.335 (6.302)
34.105 (5.883)
31.834 (7.331)
38.916 (7.949)

*= p<0.05 significant time interaction between epoch 1 and epoch 2-6 in colder months (red). Values are mean and (xSE)
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Table 7. Time course of hemodynamic parameters and heart rate variability responses in

warmer months in males and females

Parameters

SBP [mmHg|

DBP [mmHg]|

MBP [mmHg]

SI [ml/beat/m2]

CI [Vmin/m2]

HR [bpm]|

LFnuRRI [%]

HRnuRRI [%]

Groups

Males (C)
Females (C)
Males (S)
Females (S)
Males (C)
Females (C)
Males (S)
Females (S)
Males (C)
Females (C)
Males (S)
Females (S)
Males (C)
Females (C)
Males (S)
Females (S)
Males (C)
Females (C)
Males (S)
Females (S)
Males (C)
Females (C)
Males (S)
Females (S)
Males (C)
Females (C)
Males (S)
Females (S)
Males (C)
Females (C)
Males (S)
Females (S)

Epochl

123.602 (9.507)
125.268 (12.015)
109.243 (10.230)
128.561 (11.080)

71.963 (5.974)
68.576 (4.247)
67.761 (5.378)
71.772 (10.153)
89.745 (6.671)
88.332 (5.751)
84.648 (5.079)
96.123 (10.073)
32.633 (1.388)
32.917 (2.370)
34.514 (2.622)
30.323 (2.165)
2.465 (0.114)
2.474 (0.277)
2.318 (0.316)
2.552 (0.228)
75.980 (4.070)
78.113 (6.856)
66.835 (4.711)
86.824 (7.343)
46.858 (8.127)

51.143 (10.882)

60.198 (21.427)

57.210 (10.541)

46.858 (8.127)

51.143 (10.882)

60.198 (21.427)

57.210 (10.541)

Epoch2

126.761 (9.507)
128.648 (12.015)
107.243 (10.230)
130.822 (11.080)

72.036 (5.974)
69.994 (4.247)
63.118 (5.378)
77.929 (10.153)
90.387 (6.671)
90.707 (5.751)
80.726 (5.079)
96.494 (10.073)
33.505 (1.485)
34.900 (2.370)
37.403 (2.622)
31.754 (2.165)
2.773 (0.121)
2.783 (0.277)
2.786 (0.316)
3.079 (0.228)
84.976 (4.229)
80.214 (6.856)
73.986 (4.711)
94.463 (7.343)
43.858 (8.127)

58.126 (10.993)

60.138 (21.427)

50.744 (11.196)

43.849 (8.778)
58.126 (10.993)

60.138 (21.427)

50.744 (11.196)

Epochs

Epoch3

104.854 (9.507)*
112.006 (12.015)
92.0 (10.230)
112.796 (11.080)
61.330 (5.974)
63.972 (4.247)
56.435 (5.378)
69.586 (10.153)
74.957 (6.671)*
79.283 (5.751)
69.506 (5.079)
83.728 (10.073)
31.603 (1.485)
33.112 (2.370)
36.458 (2.622)
34.537 (2.165)
2.616 (0.121)
2.689 (0.277)
2.722 (0.316)
2.811 (0.228)
81.752 (4.229)
80.745 (6.856)
74.223 (4.711)
84.199 (7.343)
43.447 (8.494)
59.713 (10.882)
61.271 (21.427)
56.773 (11.196)
43.447 (8.494)
59.713 (10.882)
61.271 (21.427)
56.773 (11.196)

Epoch4

121.450 (9.507)
130.305 (12.015)
97.769 (10.230)
125.618 (11.080)
70.776 (5.974)
72.998 (4.247)
61.942 (5.378)
78.212 (10.153)
86.610 (6.671)
91.108 (5.751)
75.769 (5.079)
94.098 (10.073)
31.706 (1.485)
32.451 (2.370)
36.318 (2.622)
32.388 (2.165)
2.653 (0.121)
2.498 (0.277)
2.568 (0.316)
2.548 (0.228)
83.979 (4.229)
76.855 (6.856)
70.243 (4.711)
80.909 (7.343)
48.194 (8.494)
60.847 (10.882)
60.674 (21.427)
60.336 (10.541)
48.194 (8.494)
60.847 (10.882)
60.674 (21.427)
60.336 (10.541)

Epoch5

120.352 (9.507)
133.490 (12.255)
113.871 (10.230)
131.098 (11.080)

70.826 (5.974)
76.724 (4.331)
71.105 (5.378)
81.440 (10.153)
87.286 (6.671)
95.450 (5.847)
87.916 (5.079)
98.445 (10.073)
29.250 (1.396)
28.897 (2.370)
31.989 (2.622)
30.164 (2.165)
2.316 (0.115)
2.353 (0.277)
2.349 (0.316)
2.346 (0.228)
78.415 (4.095)
80.284 (6.856)
73.422 (4.711)
79.387 (7.343)
53.474 (8.212)

59.308 (10.882)

63.100 (21.427)

61.154 (10.541)

53.474 (8.212)

59.308 (10.882)

63.100 (21.427)

61.154 (10.541)

Epoch6

119.292 (9.507)
126.361 (12.255)
116.081 (10.230)
128.592 (11.080)

70.123 (5.974)
75.608 (4.331)
72.681 (5.378)
80.685 (10.153)
86.369 (6.671)
92.814 (5.847)
90.310 (5.079)
97.881 (10.073)
29.416 (1.396)
28.526 (2.370)
31.386 (2.622)
29.630 (2.165)
2.300 (0.115)
2.299 (0.277)
2.238 (0.316)
2.340 (0.228)
77.825 (4.095)
79.905 (6.856)
70.948 (4.711)
80.840 (7.343)
57.573 (8.212)

63.501 (10.882)

63.075 (21.427)

62.951 (10.541)

57.573 (8.212)

63.501 (10.882)

63.075 (21.427)

62.951 (10.541)

*= p<0.05 significant time interaction between epoch 1 and epoch 2-6 in warmer months (red). Values are mean and (=zSE)
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Systolic, diastolic and mean blood pressure responses to orthostatic loading in patients
with stroke and participants without stroke across sex and seasons
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Figure 6. Line-plot with error-bars for Systolic blood pressure, diastolic blood pressure
and mean blood pressure in patients with stroke and participants without a stroke across
sex and seasons. $=significant seasonal differences at rest in patients with stroke and
participants without stroke; (@= significant seasonal differences at rest in males with and
without stroke; X= significant seasonal differences at rest in females with and without
stroke; *= significant time interaction between baseline and 2-6 epoch in cold seasons,
#= significant time interaction between baseline and 2-6 epoch in warm seasons. 9=
significant time interaction between epoch 1 and epoch 2-6 in females; J= significant
time interaction between epoch 1 and epoch 2-6 in males; A= significant sex differences
in postural hemodynamic parameters and heart rate variability responses. p< 0.05

significance. Values are mean and + SE (78).
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c}

Heart rate (bpm)

Cardiac index, stroke index and heart rate responses to orthostatic loading in patients
with stroke and participants without stroke across sex and seasons
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Figure 7. Line-plot with error-bars for cardiac index, stroke index and heart rate in

patients with stroke and participants without a stroke across sex and seasons.
$=significant seasonal differences at rest in patients with stroke and participants without
stroke; (@= significant seasonal differences at rest in males with and without stroke; X=
significant seasonal differences at rest in females with and without stroke; *= significant
time interaction between epoch 1 and 2-6 epoch in cold seasons, #= significant time
interaction between epoch 1 and 2-6 epoch in warm seasons. 9= significant time
interaction between epoch 1 and epoch 2-6 in females; J'= significant time interaction
between epoch 1 and epoch 2-6 in males; A= significant sex differences in postural

hemodynamic parameters and heart rate variability responses. p< 0.05 significance.

Values are mean and + SE (78).
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High frequency and low frequency of the heart rate variability responses to orthostatic
loading in patients with stroke and participants without stroke across sex and seasons
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Figure 8. Line-plot with error-bars for high frequency and low frequency of the heart rate
variability in patients with stroke and participants without a stroke across sex and seasons.
A= significant sex differences in postural hemodynamic parameters and heart rate

variability responses. p< 0.05 significance. Values are mean and + SE (78).
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S DISCUSSION

The aim of this study was to analyse seasonal variations in postural blood pressure
changes and differences in postural blood pressure change between patients with a stroke
and participants without a stroke across sex and seasons. The main findings of our study
are: 1) we saw seasonal hemodynamic parameters and heart rate variability differences at
rest: a) baseline diastolic blood pressure and mean blood pressure were greater and stroke
index was lower in both groups in colder months; b) cardiac index was lower only in non-
stroke participants in colder months; 2) we reported following sex differences in baseline
hemodynamic parameters and heart rate variability: a) in females without a stroke, resting
diastolic and mean blood pressure were greater in colder months contrasted to warmer
months, b) in males without a stroke, only cardiac index was lower in colder months
contrasted to warmer months, c) in females with a stroke, cardiac index and stoke index
was lower in colder months contrasted to warmer months, d) In males with a stroke,
baseline diastolic, mean blood pressure and baseline heart rate was greater in colder
months contrasted to warmer months 3) standing up (from 10 to 30 seconds) resulted in:
a) reductions in systolic blood pressure in warmer months in participants without a stroke;
b) reductions in diastolic blood pressure, mean blood pressure in warmer and colder
months in participants without a stroke; ¢) reductions in mean blood pressure in warmer
months in patients with stroke; d) rises in cardiac index in colder months in participants
without a stroke only; 4) we observed responses to standing (from 10 to 30 seconds) in
males and females: a) in males without a stroke, systolic blood pressure showed
reductions in warmer months, mean blood pressure reductions in both seasons, b) in
females without a stroke, during the last 5 minutes of standing, stroke index showed
reductions in colder months, ¢) in females with stroke, during 10 to 30 seconds of
standing, heart rate rises were seen in colder months, 5) heart rate variability responses to
orthostatic loading show differences between males and females, 6) no significant
differences at baseline for hemodynamic parameters and heart rate variability were
detected between stroke patients and non-stroke participants in both seasons; 7) no
significant differences for hemodynamic parameters and heart rate variability during the
sit-to-stand test were seen between the stroke patients and non-stroke participants in both

s€asons.
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5.1 BLOOD PRESSURE VARIABILITY

Our results could not confirm the hypothesis that hemodynamic parameters and heart
rate variability show differences between patients with stroke and participants without a
stroke. We report that at rest blood pressure, stroke index, cardiac index, heart rate and
heart rate variability do not show significant differences between patients with stroke and
participants without a stroke. Healthy individuals maintain blood pressure homeostasis
through specific autonomic reflexes (baroreflex, and renal fluid regulation). But with
progressing age these autonomic reflexes become less effective causing chronic elevation
of blood pressure or hypertension (82, 83). High blood pressure or hypotension represent
an important risk factor for some of the common cardiovascular and cerebrovascular
diseases. The risk for cerebrovascular diseases and stroke increases in the older
population with hypertension (84). Hypertension is a changeable risk factor, and
physicians recommend to lower high blood pressure below 140 mmHg which reduce the
risk for stroke (85). The intake of antihypertensive medication is a crucial tool to reduce
high blood pressure but do not fully end the risk for stroke (86, 87).

According to earlier reported studies at admission patients with a stroke have elevated
blood pressure, which during the first ten days decreases without antihypertensive
therapy. The aetiology of elevated blood pressure is multifactorial, altered sympathetic
and parasympathetic activity, raised catecholamine in the circulation and raised
natriuretic peptide in the brain. Qureshi et al. (2007) argue that the elevated blood pressure
is a protective mechanism which improve the blood flow to the brain in stroke patients
but if in the acute stage remain uncontrolled can worsen the long-term prognosis (88).
Carlsson et al. (1992) report that the blood pressure elevated in two third (69%) of the
patients with a stroke (89). Kohok et al. (2017) reported in a retrospective cohort study
with 265 patients that blood pressure stays elevated in patients with high blood pressure
during one year at discharge (90). Also, reported is that patients with stroke have an
increased heart rate, stroke volume and cardiac output during 24 hours at admission, but
it stabilizes quickly. As reported previously by Treib et al. (1996), cardiac output and
stroke volume changes seen in acute stroke patients lead to elevations of blood pressure
(91, 92).

Patients with stroke have alterations of vascular functions (increased vascular stiffens

and endothelial dysfunction) which negatively influence the long-term prognosis after
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stroke. Xu et al. 2017 point out that in elderly individuals and patients with stroke the
renin-angiotensin system is intensified. Also, some hormones of the renin-angiotensin
system, especially enhancement of Angiotensin II activity alter vascular function via
inflammatory effects. These inflammatory factors via arterial stiffens and endothelia
dysfunction cause alteration of cerebral blood flow regulation in patients with a stroke
(93). We have hypothesized that hemodynamic responses will show differences between
patients with stroke and participants without stroke. However, our result could not show
any alterations of cardiovascular functions in patients one-year after stroke occurred.
Thus, patients with stroke during our study did receive an antihypertensive therapy which
could have influenced the results. Our finding supports the earlier mentioned stabilization

of blood pressure and other hemodynamic parameters after the acute phase of stroke.
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5.2 SEX AND BLOOD PRESSURE VARIABILITY

We rejected our hypothesis that at rest hemodynamic parameters and heart rate
variability show differences between males and females. Our results do not support this
hypothesis, as we saw none sex-differences on hemodynamic parameters and heart rate
variability at rest. In our study men and women without stroke had similar baseline blood
pressure, cardiac index, stroke index, heart rate and lower frequency and a higher
frequency of the heart rate variability. Furthermore, our results show that sex of the
participants had no-significant impact on these parameters in patients with stroke.

Sex differences in cardiovascular physiology are because of anatomical, neuronal and
hormonal differences. The differences in cardiovascular and blood pressure regulation
become noticeable after the puberty, thus afterwards blood pressure become higher in
men. The evidences are not jet clear if the androgens promote high blood pressure and
cardiovascular diseases. Some authors point out that both testosterone and oestradiol
promote protection against inflammation processes. But through the interaction with the
immunes system (T cells) and the renin-angiotensin system (angiotensin II) men are more
prone to inflammatory processes. The renin-angiotensin system differently regulated
blood pressure in men and women. In men testosterone production decline over the life
spam. Evidence suggest that lower testosterone level have a negative effect on the
cardiovascular system, promoting endothelium dysfunctions, arterial stiffening (93).
Hormonal factors protect women against pathological cardiovascular changes.
Premenopausal women tend to have a lower incidence of cardiovascular diseases and
hypertension than men (39, 94). The incidence of hypertension changes in women over
time after the menopause it become similar and over the 60-year of age the incidence
become higher compared to men. Postmenopausal women are more affected by vascular
changes because of hormonal decline. A loss of oestrogen causes higher plasma renin
activity, increased oxidative stress, sympathetic activation, reduce autonomic activity,
reduced baroreceptor sensitivity and arteria stiffness which are responsive for the higher
incidence of hypertension in postmenopausal women (41). Because women in our study
were postmenopausal, we realise that the physiological changes which occur after the
menopause would explain the similar blood pressure, hemodynamic parameters and heart
rate variability responses at rest in both sexes. Moreover, women after the menopause and

age-matched men have a similar incidence of atherosclerosis, carotid intima-media
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thickening and coronary artery calcification. For instance, the incidence of obstructed
coronary disease is lower in women prior the menopause but after the menopause
increases up to 79% (42).

Stroke is the third leading cause of mortality worldwide in women. In younger and
middle-aged adult there is a higher incidence of stroke in men but in the older population
(over 80) women are more affected by stroke (95, 96). Evidence suggest that hormonal,
but also physiological factor play a significant role in the higher incidence of stroke in
males. Testosterone is known to has a negative effect on the infarcted brain, increasing
the size of the infarct. The male brain, and especially neurons of the male brain are known
to produce more neurotoxicity. Also, the genes of the males are known to promote
hypertension. Hypotension is the main risk factor for stroke. With the influence of the sex
hormone it become clear why men are more prone to stroke. But after the menopause
women are more affected. Female sex hormones play a significant role in the handling of
injuries after stroke. Stroke induced injuries can be reversed with admission of oestrogen
and progesterone and oestradiol. These hormones protect the brain after the ischemic
infarct against inflammatory processes, tissues injuries and damage. But after the
menopause, hormonal change causes a higher testosterone level in females. Hormonal
changes are key factor which are responsible for the higher incidence of hypertension and
stroke in postmenopausal females (97).

The difference between males and females is also clear regarding the outcome and
prognosis after stroke. Women are more likely to suffer long-term difficulties after stroke
(97). The most common causes of stroke in women are atrial fibrillation and diabetes
(95, 96). When women experience their first stroke, they are much older than men (98).
Earlier studies have noted that age, physical abilities prior the stroke and post-stroke
morbidities are factors which can worsen the prognosis after stroke. The recovery after
stroke depend on physical abilities prior the stroke which is minor in women than in men.
Because of the minor physical abilities prior the stroke most women have difficulties to
perform independently activities of daily living six months after stroke (95, 96, 99).
Unfortunately, we have none data about physical abilities or health status before and after
stroke but regarding hemodynamic parameters one-year after stroke; we saw none
significant differences between males and females which is supported by earlier studies.
Nonetheless, a limitation of the results is the structure of the groups, with a larger number

of' male participants enrolled in the stroke group due to the fact that the incidence of stroke
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is higher in men compared to women. Thus, we see that in our study most patients with

stroke were males, which earlier studies supported (100).
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5.3 SEASONS AND BLOOD PRESSURE VARIABILITY

We confirmed our hypothesis that at rest hemodynamic parameters and heart rate
variability show differences between warmer months and colder months. Our result
shows significant seasonal difference at rest of hemodynamic parameters in patients with
stroke and participants without a stroke. We report that at rest diastolic blood pressure
and mean blood pressure were higher in colder months compared to warmer months in
both groups. At rest the heart rate was similar in both seasons, but stroke index was lower
in colder months in both groups and cardiac index was lower in colder months only in
participants without a stroke. We report that in females without a stroke at rest diastolic
blood pressure and mean blood pressure were higher in colder months compared to
warmer months. In males without a stroke at rest cardiac index was lower in colder
months compared to warmer months. At rest in females after a stroke cardiac index and
stoke index were lower in colder months compared to warmer months. In post-stroke
males at rest the diastolic blood pressure, the mean blood pressure and the heart rate were
higher in colder months compared to warmer months.

It is known that the cardiovascular system behaves different in winter and summer in
both sexes. The main reason for seasonal differences in cardiovascular regulation are
higher sympathetic activity, increased hormone activity in winter and increased
peripheral vasodilation in summer (31). Earlier studies have reported about the effects of
seasons on the cardiovascular system in healthy participants. Sega et al. (1998) and
Brennan et al. (1982) reported that blood pressure was lower in summer and higher in
winter. Heart rate was similar over the four seasons (23, 66). Radak and Tanaskovic
(2016), explained the seasonal differences in blood pressure by higher sympathetic tone,
an elevated level of catecholamines in colder months and the effect of heat on blood
pressure regulation (vasodilatation), reduced peripheral resistance, dehydration in
summer, and by an increased sympathetic tone in winter (21, 59, 64). Iwahori et al. (2018)
and Kunutsor et al. (2010) reported that seasonal variation of blood pressure, higher
systolic and diastolic blood pressure values in winter and lower in summer, have been
associated with seasonal variation of cardiovascular diseases with a higher incidence of
hypertension, stroke and myocardial infarction in winter than in summer. Furthermore,
the authors conclude that reduction in blood pressure, during the months in which the

blood pressure is higher, will reduce the incidence of mortality of stroke and coronary
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heart diseases (101, 102). But, some authors noted that the intake of antihypertensive
medications can lead to orthostatic hypotension in summer (103).

We saw that in our study the systolic blood pressure stayed unaffected. We assume
that the constant systolic blood pressure and decreased diastolic and mean blood pressures
in the warmer months might be due to the constant interior temperature in the laboratory
and the cooler Austrian climate. Since, systolic blood pressure changeability is more
common in countries with warmer climate and less in countries with a colder climate (5).
In the case of elevated diastolic blood pressure and less frequent with elevated systolic
blood pressure physicians will prescribe antihypertensive medication (96). However, our
results confirm the influence of physiological responses caused by seasonal temperature

changes on blood pressure and other hemodynamic parameters.
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5.4 POSTURAL BLOOD PRESSURE VARIABILITY

We have theorised that hemodynamic and heart rate responses to orthostatic stress
induced by a sit-to-stand test will show significant differences between non-stroke
participants and stroke patients across seasons. Our result shows that orthostatic loading
started by a sit-to-stand test results in cardiovascular adjustments to compensate the blood
pooling to the lower body. We report that in non-stroke participants systolic blood
pressure decreased in warmer months (a -16.83 mmHg) but not in colder months, diastolic
blood pressure decreased in warmer months (a -7.83 mmHg) and colder months (a -6.74
mmHg), mean blood pressure decreased in warmer months (a -12.5 mmHg) and colder
months (a-8.91 mmHg), cardiac index increased, during 20 seconds of standing, in colder
months. In stroke patients mean blood pressure, during 10-20 seconds of standing,
decreased in warmer months (a -14.55 mmHg). It is known that when humans stand up,
blood moves from the upper body to the lower limbs. Baroreceptors in the large arteries
(aorta and the carotid artery) will respond to the reduction in blood volume and blood
pressure and send impulses to the central nervous system. Autonomic responses mediated
by the central nervous system will increase heart rate and peripheral resistance to stabilise
blood pressure (13). Some authors have earlier mentioned that the decreases in blood
pressure during standing is more pronounced in warmer seasons, because of the effects
of a higher environment temperature which induces an increased sweating, salt and fluid
loss, hypovolemia and peripheral vasodilatation (62). The sympathetic nervous system
will act to keep blood pressure by increasing heart rate and cardiac contractility and
reducing blood in non-cutaneous areas. This will prevent a collapse of the systemic blood
pressure and cerebral perfusion (104). Sometimes the autonomic reflexes cannot
responses efficiently to the blood pressure reductions. Blood pressure will further fall and
causes a decrease in cerebral blood flow.

Orthostatic hypotension is a widespread problem in the elderly population. Evidence
suggests that the incidence of orthostatic hypotension increase with the age which has
also an impact on the mortality rate. Fedorowski et al. (2011) conducted a screening
procedure to assess cardiovascular diseases among middle age adults (mean age: 45
years). Overall analysed were 32.068 participants during a sit-to-stand test. The authors
concluded that participants with orthostatic hypotension were more likely to be older and

with hypertension. The main finding of the authors was that thus with orthostatic
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hypotension had a higher mortally rate (due injuries and neurological diseases) compared
to participants without orthostatic hypotension (105).

Older persons are more affected by higher incidence of orthostasis hypotension
because of physiological changes during progressing age. Autonomic dysfunction,
baroreceptor hyposensitivity which causes hypertension are also involved in the ethology
of orthostatic hypotension (106). Hiitola et al. (2009) performed a cross-sectional study.
The investigators analysed home-dwelling participants (n=653), mean age 81 during a
sit-to-stand test. Hiitola et al. (2009) reported following results. Participants with a resting
systolic blood pressure above 160 mmHg are at a 20% higher risk to have systolic
orthostatic hypotension than those with lower blood pressure (106). Authors also reported
an interaction regardless the number of used medications. Participants with a higher
number of regular used medications had a higher incidence of orthostatic hypotension.
But antihypertensive medication did not influence the incidence of orthostatic
hypotension (105, 106).

Persons with a higher incidence of orthostatic hypotension have also an increased
incidence of falls and related injuries. Shaw et al. (2015) conducted a cross-sectional
study, on 59 elderly subjects (long-term dwelling). The subjects performed a passive
orthostatic test. The authors measured cerebral blood perfusion and systolic blood
pressure via a beat-to-beat method. The authors reported following results. Elderly
subjects diagnosed with a susceptibility to falls had a reduced postural systolic blood
pressure. The systolic blood pressure reduction during standing was higher compared to
non-fallers. Also, reduction of the cerebral perfusion during the orthostatic test was higher
than in the control group. The authors conclude that orthostatic regulation mechanisms in
fallers show alteration compared to non-fallers (107).

According to an earlier study, patients with stroke have a higher incidence of
orthostatic hypotension and falls compared to persons of the same age. Phipps et al.
(2012) performed a secondary analysis of medical data from outpatients with stroke. He
analysed 116 patients with stroke. The authors concluded that patients with stroke
compared to the overall population experience a greater incidence of orthostatic
hypotension. Because of the higher incidence of orthostatic hypotension falls are a
common medical problem (10). We saw none differences between patients with stroke
and elderly healthy persons. We guess that this results from the similar health conditions
in both groups. The both groups had similar blood pressure at rest and similar health status

(no disabilities and immobilization). Previously mentioned studies reported that higher
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blood pressure at rest and disabilities and immobilizations showed a higher probability
for orthostatic hypotension. This could explain why we did not saw cases of orthostatic

hypotension and differences between the groups
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5.5 SEX AND POSTURAL BLOOD PRESSURE VARIABILITY

Our results confirmed the hypothesis that hemodynamic parameters and heart rate
variability responses to orthostatic stress induced by a sit-to-stand test will show
significant sex differences across seasons. In our study orthostatic loading (sit-to-stand
test) results in hemodynamic responses in both sexes. We reported that in non-stroke
males, during 20 seconds of standing, systolic blood pressure decreased in warmer
months (-18.75 mmHg), mean blood pressure, during 30 seconds of standing decreased
in warmer months (-14.8 mmHg) and colder months (-10.15 mmHg). In females without
a stroke, during the last 5 minutes of standing, stroke index decreased in colder months (-
3.0), heart rate, during 10-30 seconds of standing increased in colder months (+10.6 bpm).

In the literature reported is that there are sex differences in postural blood pressure
variability which is a normal physiological phenomenon. During standing to compensate
the blood pressure changes, males response with increases in peripheral vascular
resistance while females response with increases in stroke volume and heart rate. Women
have lower orthostatic tolerance than men of the same age. Because of lower orthostatic
tolerance, younger women experience more syncope. In the later years post-menopausal
women experience less orthostatic hypotension compared to younger women (45). Our
results shown sex differences in hemodynamic responses to orthostatic loading (sit-to-
stand test). Females without a stroke had a lower high frequency (normalized) and a
higher low frequency (normalized) values of the heart rate variability during 10 seconds
of standing in warmer months compared to males without a stroke. Also, females with a
stroke had significant higher mean blood pressure during 30 seconds of standing in
warmer months compared to males with a stroke. Low frequency (normalized) of the
heart rate variability during 10-20 seconds of standing were higher in females with a
stroke in colder months compare to males with stroke.

Our study is in contrast to two earlier published study by Barantke et al. (2008) on
362 subjects (206 women, and 156 men) age from 10 to 88 years, reported that during
standing: 1) the heart rate was higher in women compared to man; ii) and the systolic and
diastolic blood pressure shows no significant sex differences, iii) lower frequency of heart
rate variability was higher in men, iv) and high frequency was higher in women (108).
Also, reported is by Sarafian et al. (2017), analysing 23 healthy young adults (10 women

and 13 men) during a graded incremental tilting test, that there were no sex differences in
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heart rate and blood pressure. The lower frequency of the heart rate variability during
tilting were lower in women compared to men (109). We see that there are differences in
the results between these two studies and our study; we assume that this is particularly a
consequence of the differences in the age profile of the included participants. In the first
study we see that included are women of all ages without any age differentiation and in

the second study included are only younger women.
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5.6 SEASONAL POSTURAL BLOOD PRESSURE VARIABILITY

We confirm our hypothesise that hemodynamic responses to orthostatic stress will
show significant seasonal difference in patients with stroke and participants without
stroke. We saw a greater blood pressure decreases in patients with stroke and participants
without stroke, in warmer months compared to colder months. However, we cannot report
any case of orthostatic hypotension or syncope in this study because of the less effective
orthostatic loading protocol (sit-to-stand test) or the health status in both groups. Our
patients had a minor stroke at hospitalization and overall no disability after stroke. Some
authors have earlier reported that orthostatic intolerance is common in patients with pre-
stroke morbid condition, a severe stroke, post-stroke disability and prolonged
immobilisation (9, 10, 95, 110). We realise that our patients had tendencies to orthostatic
hypotension, because of the older age, autonomic dysfunction and/or stroke, but our
patients were healthy and cardiovascular and autonomic mechanisms where able to
response effectively to orthostatic stress (sit-to-stand test). We assume that in patients
with severe stroke and disability and immobilisation changes between seasons were much
more dramatically and orthostatic hypotension and syncope would occur.

Several researchers have earlier reported an influence of seasonal temperature
variations on blood pressure reduction caused by upright standing. Radak and Tanaskovic
(2016) and Wiess et al. (2006) noted that blood pressure drop upon standing was higher
in summer than in winter, and that the incidence of orthostatic hypotension is higher in
summer (64%) than in winter (60, 62). Additionally, Wiess et al. (2006) reported faster
heart rate upon standing in winter, which they explained with increased sympathetic
activity (62). In persons with pathological conditions (aging, autonomic dysfunctions,
cerebrovascular diseases) or which use blood pressure lowering medication responses to
standing will not be adequate which in turn reduced cerebral blood flow and result in a
lose of consciousness and syncope (111). It has been reported that in patients after a stroke
because of endothelial dysfunctions, autonomic dysfunction and impairment of the
baroreflex responses blood pressure regulation during standing is impaired. Patients after
a stroke have a higher incidence of orthostatic hypotension and falls compared to healthy
older persons. Furthermore, Korpelainen et al. (1994) reported in his study during a tilt
table test with 40 patients with acute stroke, that responses of the heart rate to tilting

stimuli is suppressed and this remains up to 6 months after the first measurement
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(parasympathetic hypofunction) (110). Kong et al. (2003) performed a tilt table study
with 71 patients (74.6% infarcts and 25.4% haemorrhages) during 4-months
rehabilitations program. They reported that orthostatic hypotension was common in
52.1% patents because of older age, muscle weakness and prolonged immobilisation or
bed rest (9). We could not find any study related to seasonal variability of postural blood
pressure on patients with stroke which make our study unique.

Nevertheless, in our study we could not observe any significant differences in
hemodynamic parameters and heart rate responses to orthostatic loading (sit-to-stand test)
between patients with stroke and participants without a stroke. We assume that because
our patients with stroke had minor stroke at hospitalization, not at all post-stroke
disabilities and immobilization we saw none differences between the two groups. Still a
main limitation of the study is the small sample size and the composition of the two
groups (more males than females in the stroke groups). Nevertheless, studies which
examine hemodynamic responses to orthostatic loading in patients with stroke across
seasons are rare, this study can be a good basis for further studies with a larger sample
size. Our results underline the importance to a further study with much more patients,
with severe stroke and post-stroke disabilities. Furthermore, patients with severe stroke
should be checked for changes in postural blood pressure variability since these changes

are linked to the prevalence of falls due orthostatic hypotension (62).
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5.7 CONCLUSION

In this thesis we examined hemodynamic responses to orthostatic loading and
differences in hemodynamic responses to orthostatic loading between patients with a
stroke and participants without a stroke and between males and females. At first, our
observation shows that resting blood pressure values in patients with a stroke and in
participants without a stroke depend on season, being higher in colder months. Second,
standing up leads to a significant decrease in systolic blood pressure in warmer months,
a significant decrease in diastolic blood pressure in both seasons in non-stroke
participants and a significant decrease in mean blood pressure in warmer months in both
groups. Our study shows that patients with stroke and older participants without stroke
respond comparably to orthostatic loading with greater blood pressure decrease in warmer
months. Since our patients were one-year after stroke, with a lesser stroke at
hospitalization and with no additional disability or immobilization reported is no case of
orthostatic hypotension even with blood pressure reduction in warmer months. At last,
heart rate variability responses to orthostatic loading show differences between males and
females. Females had a lower high frequency (normalized) and a higher low frequency
(normalized) values of the heart rate variability during standing. To our knowledge this
is the first study that examined the seasonal postural hemodynamic responses during an
orthostatic loading (sit-to-stand test) in patients with a stroke. The results of our study
point for a season and sex dependency of the underlying mechanisms that needs to be

considered within the rehabilitation procedures of patients with stroke.
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