
Original Contribution

Z Gerontol Geriat 2020 · 53:145–155
https://doi.org/10.1007/s00391-019-01525-3
Published online: 13 March 2019
© The Author(s) 2019

Irhad Trozic1 · Dieter Platzer2 · Franz Fazekas3 · Alexander I. Bondarenko4 ·
Bianca Brix1 · Andreas Rössler1 · Nandu Goswami1,5
1 Gravitational Physiology, Aging and Medicine Research Unit, Physiology Division, Otto Loewi Center of
Vascular Biology, Immunity and Inflammation, Medical University of Graz, Graz, Austria

2 Gottfried Schatz Forschungszentrum, Biophysik, Medical University of Graz, Graz, Austria
3 Department of Neurology, Medical University of Graz, Graz, Austria
4 Bogomoletz Institute of Physiology of NAS, Kiev, Ukraine
5Medical University of Graz, Graz, Austria

Postural hemodynamic
parameters in older persons have
a seasonal dependency
A pilot study

Introduction

It is well known that blood pressure is
elevated in winter compared to summer
[1, 9]. Specifically, systolic blood pres-
sure decreases with increasing tempera-
ture and the exposure temperature has
been reported to influence the autonomic
nervous system [25]. Orthostasis means
upright standing, which induces redis-
tribution of blood to the lower body (by
gravitational force) and blood pressure
reduction. The reduction in blood pres-
sure during standing ismorepronounced
inwarmer seasons as a result of the effects
of higher ambient temperature, hypov-
olemia (increased sweating, salt andfluid
loss), and peripheral vasodilatation [38].
The sympathetic nervous system reacts
by increasing heart rate and cardiac con-
tractility thus preventing a collapse of
the systemic blood pressure and cerebral
perfusion [32].

Aging is characterized by physio-
logical changes that reduce the ability
in older people to maintain an upright
posture and increase the risk of postural
instability, falls, hospitalization andmor-
tality [3, 4, 12–14, 18, 24, 27]. Stroke
is a common pathological condition
among older people characterized by
elevated blood pressure, autonomic dys-
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functions, altered baroreflex responses
and impaired cerebral autoregulation [8,
28, 39]. Since patients with stroke have
a higher incidence of orthostatic hy-
potension and falls compared to healthy
persons, which can worsen the outcome
after stroke, it is of importance to acquire
more evidence regarding the underlying
mechanisms inbloodpressure regulation
during standing in colder and warmer
months [34, 37].

The purpose of this study was to ex-
amine how temperatures in two seasons
(colder months and warmer months) af-
fect the responses of hemodynamic pa-
rameters and heart rate variability dur-
ing a sit-to-stand test in stroke and non-
stroke participants.

Methods

Study population

A prospective observational pilot study
was carried out at the department of neu-
rology of the Medical University of Graz
following the methodological guidelines
for pilot studies by Thabane et al. 2010
[35]. The STROBE statement checklist
and the EQUATOR guidelines were used
to report this observational study [11].
This study included patients 1-year after
stroke (mild stroke) and an age-matched
control group without history of stroke.
Participantswere excluded if theyhad co-

existing comorbidities (referring to the
modified Rankin scale >2), neurologi-
cal illnesses (e.g. epilepsy, dementia and
Parkinson’s disease) and intracranial ves-
sel stenosis (. Table 1).

The ethics committee of the Medical
University of Graz approved the study.
The experimental protocol was per-
formed following the recommendations
of the World Medical Association [40].
Informed consent was obtained from all
participants in this pilot study follow-
ing the Declaration of Helsinki. Basic
neurological assessment was provided
for the participating subjects (clinical
neurological examination; extracranial
and intracranial duplex sonography) and
all subjects receivedmedical clearance to
participate prior to performing a single
sit-to-stand test.

Sample size calculation

The selection criteria and the number
of participants required to show statis-
tical significance were based on previ-
ously published studies regarding hemo-
dynamic responses to orthostatic loading
(sit-to-stand test) in patients with stroke
[7, 10, 28, 31]. It was estimated that
using a sample size calculator with an
error probability (a) of 0.05, power (1-β)
of 0.80 and an average effect size (d) of
0.5, the number of participants needed
to achieve statistical significance was 37.
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Table 1 Population characteristics

Characteristics Stoke group
(n=16)

Non-stroke
group (n= 25)

Sig.

Population characteristics

Male (%) 11 (69) 11 (44) N. t.

Age (years) 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

Antidiabetic medication

Biguanide 2 (12.5%) N. t.

Antihypertensivemedication

ACE inhibitor 6 (37.5%) 1 (4%)

β1 selective beta blockers 2 (12.5%) 2 (8%)

Angiotensin II receptor antagonists 1 (6.25%) 2 (8%)

Thiazide 2 (12.5%) N. t.

Calcium channel blockers 2 (12.5%) N. t.

Vascular risk factors

Atrial fibrillation 1 (6.25%) N. t.

Peripheral arterial disease 2 (12.5%) N. t.

Coronary heart disease 2 (12.5%) N. t.

Nicotine abuse 2 (12.5%) 1 (4%)

Obesity 1 (6.25%) N. t.

Arterial hypertension 10 (62.5%) 2 (8%)

Dyslipidemia 8 (50%) 2 (8%)

Diabetesmellitus 2 (12.5%) N. t.

Stroke characteristics

Stroke etiology

Large vessel disease 17%

Cardioembolic source 42%

Cryptogenic stroke 42%

Initial NIHSS (at hospitalization)

Non-stroke symptoms (score: 0) 33%

Minor stroke (score: 1–4) 67%

Baseline NIHSS (at examination)

Non-stroke symptoms (score: 0) 58%

Minor stroke (score: 1–4) 42%

Disability (modified Rankin scale)

No symptoms after stroke (score: 0) 67%

No significant disability after stroke (score:
1)

33%

N. t. Not testified

Experimental protocol

Initially after arriving in the laboratory
the subjects were asked to sit down on
a chair. Then following placement of the
electrodes, the hemodynamic recording
was started. The subjects remained mo-
tionless in this position for 5min (rest-
ing phase) and then the participants were
asked to stand up. On completion of the

5minperiodof standing, theparticipants
were assisted to the seated position. The
data were recorded again for 5min. All
reasonable precautions such as assistance
in standing and medical personnel avail-
ability were in place in case of collapse
or syncope.

All investigations were performed be-
tween 7:00 a.m. and 11:00 a.m. inside
a quiet roommaintained at 23–25 °C and

50–55% humidity. Subjects were asked
not toeaton themorningof the test and to
refrain from consuming coffee and other
stimulants (nicotine, thein, etc.) 24h be-
fore the studyprotocol. Thisprotocolwas
repeated in two seasons, in cold months
(November–April) and in warm months
(May–October). In . Table 2. the tem-
perature and humidity levels during the
1-year examination in the City of Graz
are summarized (. Table 2).

Equipment used and measure-
ments performed

Throughout the study a finger plethys-
mograph and an upper arm sphygmo-
manometer were used to measure the
arterial blood pressure. After the par-
ticipant sat down a finger plethysmo-
graph cuff was placed on the middle fin-
ger on the right arm at the heart level.
The upper arm sphygmomanometer was
placed on the left arm. The following
hemodynamic and autonomic parame-
ters were measured with a Task Force
Monitor® (TFM, CNSystems, Graz, Aus-
tria): blood pressure (systolic and dias-
tolic blood pressure), heart rate (bipolar
3-lead electrocardiograph, ECG), stroke
volume (SV), which by definition is the
quantity of blood that is ejected into the
aorta by each heart beat by the left ven-
tricle and stroke index (SI), which is the
stroke volume indexed by the body sur-
face area, cardiac output (CO) which is
the volume of circulating blood in 1min,
and cardiac index (CI) which is the car-
diac output indexed by the body surface
area, power spectral analysis of the heart
rate, sympathetic tone characterized by
the low frequency of the heart rate vari-
abilityand thehigh frequencyof theheart
rate variability (LF: 0.04–0.15Hz), where
LF (normalized) is the relationship to the
low frequency (absolute) and difference
between very low frequency and total
power, and by this it reduces the influ-
ence of very low frequency variations and
indicates the sympathetic activity, vagal
tone characterized by the high frequency
(HF 0.15–0.4Hz), where HF (normal-
ized) is in relation to the high frequency
(absolute) and difference between very
low frequency and total power, and by
this it reduces the influence of very low
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Abstract
Aims. It is known that blood pressure regulati-
on differs seasonally. It is unknown, however,
how the cardiovascular system in patients
with a stroke reacts to postural changes in
different seasons. The aim was therefore to
investigate how different temperatures in cold
and warm seasons influence the reactions of
haemodynamic mechanisms as well as heart
rate variability during a sit-to-stand test in
patients with stroke and a control group.
Methods. Hemodynamic responses were
assessed in both groups during a sit-to-stand
test (5min sitting followed by 5min standing)
beat to beat within two different seasons.
Systolic blood pressure (SBP), diastolic blood
pressure (DBP), mean blood pressure (MBP),
heart rate (HR), stroke index (SI), cardiac index
(CI) and heart rate variability (HRV) were
continuously monitored.

Results. During the sitting baseline period
delta values of DBP (+15.1 [Standard
error (SE) 3.75]mmHg, p< 0.05) and MBP
(+14.35 [SE 4.18]mmHg, p< 0.05) were
significantly higher in colder months
compared to warmer months whereas SI
(–3.86 [SE 1.43]ml/beat/m2, p< 0.05) and
CI (–0.4 [SE 0.11] l/min/m2, p< 0.05) were
lower in colder months compared to warmer
months in non-stroke participants. In patients
with stroke during sitting, baseline period
delta values of DBP (+19.92 [SE 8.03]mmHg,
p< 0.05) and MBP (+19.29 [SE 8.6]mmHg,
p< 0.05) were significantly higher in colder
months compared to warmer months but
SI (–5.43 [SE 1.96]ml/beat/m2, p< 0.05) was
significantly lower in coldermonths compared
to warmer months. After standing, there
was a significant decrease in SBP in warmer

months (–16.84 [SE 4.38]mmHg, p< 0.05) and
a decrease in DBP in warmer months (–7.8
[SE 2.3]mmHg, p< 0.05) and colder months
(–6.73 [SE 1.5]mmHg, p< 0.05) in non-stroke
participants and a decrease in MBP in warmer
months (–12.5 [SE 2.8]mmHg, p< 0.05) and
colder months (–8.93 [SE 1.8]mmHg, p< 0.05)
in non-stroke participants and in warmer
months (–14.54 [SE 4.1]mmHg, p< 0.05) in
patients with stroke.
Conclusion. Elderly with and without stroke
respond to orthostatic stress with a greater
drop in blood pressure in the warmer seasons.

Keywords
Cardiovascular diseases · Postural blood
pressure variability · Orthostatic intolerance ·
Hemodynamic changes · Meteorological
changes

Posturale hämodynamische Parameter von älteren Personen zeigen eine Saisonabhängigkeit. Eine
Pilotstudie

Zusammenfassung
Ziele. Bekanntermaßen ist die Blutdruckre-
gulation saisonal unterschiedlich ausgeprägt.
Unbekannt ist jedoch, wie das Herz-
Kreislauf-System bei Patientenmit einem
Schlaganfall auf posturale Veränderungen
in unterschiedlichen Saisonen reagiert.
Ziel war es daher zu untersuchen, wie
unterschiedliche Temperaturen in kalten
und warmen Saisonen die Reaktionen
hämodynamischer Mechanismen sowie die
Herzfrequenzvariabilität während eines Sit-to-
stand-Tests bei Patientenmit Schlaganfall und
einer Kontrollgruppe beeinflussen.
Methoden. Hämodynamische Reaktionen
wurden in beiden Gruppen während eines
Sit-to-stand-Tests (5min Sitzen gefolgt von
5min Stehen) beat to beat innerhalb zweier
verschiedener Jahreszeiten untersucht. Der
systolische Blutdruck (SBD), der diastolische
Blutdruck (DBD), der Puls, der mittlere
Blutdruck (MBD), Herzfrequenz (HF), der
Schlagindex (SI), Herzindex (HI) sowie diverse

Parameter der Herzfrequenzvariabilität (HFV)
wurden gemessen.
Ergebnisse. Während der Ruhephase
waren in der Kontrollgruppe DBD (+15,1
[Standardfehler (SE) 3,75]mmHg; p< 0,05)
und MBD (+14,35 [SE 4,18]mmHg; p< 0,05)
in kälteren Monaten signifikant höher als in
wärmerenMonaten, und in kälteren Monaten
waren SI (–3,86 [SE 1,43]ml/Schlag/m2;
p< 0,05) und HI (–0,4 [SE 0,11] l/min/m2;
p< 0,05) niedriger als in den wärmeren
Jahreszeiten. Bei Patientenmit Schlaganfall
waren während der Ruhephase die DBD-
Werte (+19,92 [SE 8,03]mmHg; p< 0,05)
und MBD-Werte (+19,29 [SE 8,6]mmHg;
p< 0,05) signifikant höher als in den
wärmeren Monaten und die SI-Werte (–5,43
[SE 1,96]ml/Schlag/m2; p< 0,05) im Vergleich
zu den wärmeren Monaten in den kälteren
Jahreszeiten signifikant erniedrigt. Nach
dem Stehen gab es in der Kontrollgruppe
einen signifikanten Rückgang des SBD in

wärmeren Monaten (–16,84 [SE 4,88]mmHg;
p< 0,05), einhergehend mit einem Rückgang
des DBD sowohl in den wärmeren (–7,8
[SE 2,30]mmHg; p< 0,05) als auch den
kälteren Monaten (–6,73 [SE 1,5]mmHg;
p< 0,05). Auch konnte eine Abnahme des
MBD in den warmen (–12,5 [SE 2,8]mmHg;
p< 0,05) und kälteren Monaten (–8,93
[SE 1,8]mmHg; p< 0,05) sowohl in der
Kontrollgruppe als auch in der Gruppe der
Patientenmit Schlaganfall in den wärmeren
Monaten (–14,54 [SE 4,1]mmHg; p< 0,05)
beobachtet werden.
Schlussfolgerung. Ältere Personen mit und
ohne Schlaganfall reagieren auf orthostatische
Belastungmit einem stärkeren Blutdruckabfall
in den wärmeren Jahreszeiten.

Schlüsselwörter
Herz-Kreislauf-Erkrankungen · Posturale
Blutdruckvariabilität · Orthostatische Into-
leranz · Hämodynamische Veränderungen ·
Meteorologische Veränderungen

frequency variations and indicates the
parasympathetic activity, power compo-
nents of the RR interval (RRI), describe
the time interval between two R peaks in
the ECG. For details of the methodology

relatedtotheseparameters, seereferences
([15, 16, 21, 22]; . Fig. 1).

Statistical analysis

The data analysis was performed using
IBM SPSS (version 23; IBM, Armonk,
NY, USA) software. Data points (10s)
were chosen fromdistinct phases (sitting,
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Table 2 Temperature andhumidity for eachmonthduring the assessment in the City of Graz

Months/Parameters Temperature °C
(7 a.m.)

Temperature °C
(day)

Humidity %
(7 a.m.)

Humidity %
(day)

Colder months

Nov 14 6.7 8.1 94 89

Dec 14 0.4 2.2 88 81

Jan 15 0.7 2.5 82 75

Feb 15 0.1 2.2 83 76

Mar 15 2.5 6.3 76 63

Apr 15 7.7 11 65 54

Mean (SE) 3.01 (1.37) 5.38 (1.5) 81.3 (4.09) 73 (5.14)

Warmermonths

May 15 13.5 15.7 75 66

Jun 15 17.3 19.7 72 62

Jul 15 20.1 22.7 74 65

Aug 15 18.7 21.9 77 65

Sep 15 13 15.2 80 72

Oct 15 7.9 9.9 91 84

Nov 15 3.5 6.8 88 77

Mean (SE) 13.4 (2.27) 16 (2.26) 79.6 (2.75) 70.14 (3)

standing) of the protocol (. Fig. 2). The
time course of the intervention was ana-
lyzed with a linear-mixed model (LMM)
statistical method that is designed for
study with continuous variables (normal
distribution), but with not independent
residuals and not continuous variances
(repeated measures) [5]. Multiple-com-
parison test with Bonferroni correction
was used to analyze the differences
between the resting phase (Epoch 1)
and epochs 2–6 (. Fig. 2). Generalized
estimating equations (GEE), a statisti-
cal method for longitudinal data with
small sample size, was used to analyze:
i) seasonal hemodynamic parameters
and HRV differences at rest and ii) dif-
ferences between patients with stroke
and non-stroke participants [36]. In
both models subjects were specified as
a random factor and time course and
seasons as two fixed factors.

Results

Through 2014–2015, a total number of
41 participants (stroke: n= 16, non-
stroke: n= 25) were enrolled. The
mean age of patients with stroke was
65.81± 1.85 years, and non-stroke par-
ticipants was 63.72± 1.39 years. There
were more men in the stroke group (11,
69%). No significant differences in age,

height or weight were detected between
the two groups (. Table 1).

Hemodynamic and HRV
parameters at rest

During the resting phase in non-stroke
participants, the systolic blood pres-
sure remained stable in both seasons
with no significant changes (warm
months: 126.439± 6.311, cold months:
126.864± 3.90, . Fig. 3a), the diastolic
blood pressure was significantly higher
in cold months compared to warm
months (warm months: 69.731± 3.202,
cold months: 84.846± 2.018, p< 0.05,
. Fig. 3c), and the mean blood pressure
was significantly higher in cold months
compared to warm months (warm
months: 88.962± 3.6422, cold months:
103.318± 4.1825, p< 0.05, . Fig. 3e).
Furthermore, the cardiac index was
significantly lower in cold months
compared to warm months (warm
months: 2.533± 0.0945, cold months:
2.142± 0.1052, p< 0.05, . Fig. 4a) and
the stroke index was significantly lower
in cold months compared to warm
months (warm months: 32.641± 1.1510,
cold months: 28.781± 1.4382, p< 0.05,
. Fig. 4c). The heart rate, RR-interval,
high frequency (normalized) and low
frequency (normalized) remained sta-

ble in both seasons with no significant
changes.

During the resting phase, in patients
with stroke, the systolic blood pressure
remained stable in both seasons with
no significant changes (. Fig. 3b), the
diastolic blood pressure was significantly
higher in coldmonths compared towarm
months (warm months: 70.704± 6.380,
cold months: 90.624± 4.522, p< 0.05,
. Fig. 3d) and the mean blood pressure
was significantly higher in cold months
compared to warm months (warm
months: 88.505± 6.499, cold months:
107.803± 5.084, p< 0.05, . Fig. 3f). The
stroke index was significantly lower
in cold months compared to warm
months (warm months: 32.258± 1.289,
cold months: 26.820± 1.552, p< 0.05,
. Fig. 4d). The cardiac index, heart rate,
RR interval, high frequency (normal-
ized) and low frequency (normalized)
values remained unchanged in both
seasons with no significant changes.

Postural hemodynamic and HRV
parameters responses in two
seasons

In this section the hemodynamic and
HRV responses to orthostatic loading
(standing) compared to the resting phase
are shown. In thenon-strokeparticipants
in the warm months, the systolic blood
pressure decreased significantly during
20sec of standing compared to the rest-
ing phase (Epoch 1: 126.439± 7.295,
Epoch 3: 109.590± 7.295, p< 0.05,
. Fig. 3a). In cold months, the diastolic
blood pressure decreased significantly
after the first 10 sec of standing (Epoch 1:
84.847± 1.987, Epoch 2: 79.151± 1.987,
p< 0.05, . Fig. 3c), and decreased sig-
nificantly after 20 sec of standing com-
pared to the resting phase (Epoch 1:
84.847± 1.987, Epoch 3: 78.113± 1.987,
p< 0.05, . Fig. 3c). In the warm months,
the diastolic blood pressure decreased
significantly after the 20 sec of standing
compare to the resting phase (Epoch 1:
69.731± 3.804, Epoch 3: 61.942± 3.804,
p< 0.05, . Fig. 3c). In the cold months,
the mean blood pressure decreased
significantly after 10 sec of standing
(Epoch 1: 103.318± 2.454, Epoch 2:
98.139± 2.454, p< 0.05, . Fig. 3e), and

148 Zeitschrift für Gerontologie und Geriatrie 2 · 2020



Fig. 18 Flow chart showingmeasured hemodynamic parameters and heart rate variability (HRV)
responses via the Task ForceMonitor®device

Fig. 28 The specific time points (epochs) relevant for the statistical analysis.Epoch 1 (resting
phase)= 290–300 sec sitting, epoch 2=0–10 sec standing, epoch 3=10–20 sec standing, epoch 4=
20–30 sec standing, epoch 5=170–180 sec standing, epoch 6=290–300 sec standing

again after 20 sec of standing as com-
pared to the resting phase (Epoch 1:
103.318± 2.454, Epoch 3: 94.385± 2.454,
p< 0.05, . Fig. 3e). In the warm months,
the mean blood pressure decreased sig-
nificantly after the 20 sec of standing
compared to the resting phase (Epoch 1:
88.962± 4.585, Epoch 3: 76.492± 4.585,
p< 0.05, . Fig. 3e). In cold months, the
cardiac index increased significantly after
20 secof standingcompared to the resting
phase (Epoch 1: 2.120± 0.128, Epoch 3:
2.525± 0.128, p< 0.05, . Fig. 4a). The
stroke index, heart rate, RR interval, low
frequency (normalized) and high fre-
quency (normalized) values remained

stable to the end of the sit-to-stand
protocol in both seasons.

In patients with stroke, the mean
blood pressure decreased significantly
in the warm months during 20sec of
standing compared to the resting phase
(Epoch 1: 88.505± 6.397, Epoch 3:
73.958± 6.397, p< 0.05, . Fig. 3f). The
systolic blood pressure and the dias-
tolic blood pressure remained stable
to the end of the sit-to-stand protocol
in both seasons. Also, cardiac index,
stroke index, heart rate, RR interval,
low frequency (normalized) and high
frequency (normalized) remained stable
to the end of the sit-to-stand protocol in
both seasons (. Fig. 5; . Tables 3 and 4).

Discussion

This study analyzed seasonal variations
in postural blood pressure changes and
differences in postural blood pressure
change between stroke and non-stroke
participants. The main findings of the
study were as follows: 1) at rest diastolic
blood pressure and mean blood pres-
sure were higher and stroke index was
lower in both groups in colder months,
2) resting cardiac indexwas lower innon-
stroke participants in colder months and
3) standing (10–30sec) resulted in:
a) Decrease in systolic blood pressure

in warmer months in non-stroke
participants.

b) Decrease in diastolic blood pressure
and mean blood pressure in both
seasons in non-stroke participants.

c) Decrease in mean blood pressure
in warmer months in patients with
stroke.

d) Increase in cardiac index in colder
months in non-stroke participants.

e) No significant differences at rest
or during the sit-to-stand test for
hemodynamic parameters and heart
rate variability were detected between
patients with stroke and non-stroke
participants in both seasons.

Earlier studies reported the effects of
seasons on the cardiovascular system in
healthy participants. Sega et al. [33] and
Brennan et al. reported that blood pres-
sure was lower in summer and higher in
winter and heart rate was similar over the
four seasons [6]. Radak and Tanaskovic
explained the seasonal differences in
blood pressure by the effect of heat on
blood pressure regulation (vasodilation)
and dehydration in summer and by an
increased sympathetic tone in winter
[30]. This is supported by the present
findings with a higher resting diastolic
blood pressure and resting mean blood
pressure in colder months compared to
warmer months in both groups. The
resting heart rate was similar in both
seasons, but the resting stroke index was
lower in colder months in both groups
and resting cardiac index was lower in
colder months but only in non-stroke
participants.
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Fig. 38 Systolic (a,b), diastolic (c,d) andmean bloodpressure (e,f) in patients with stroke andnon-stroke participants
(mean± SE), ($ significant seasonaldifferencesat rest,*significant timeinteractionbetweenthe restingphaseandepoch2–6.
# significant time interaction between the resting phase (epoch 1) and epochs 2–6 inwarmermonths, p≤0.05 significance)
a, c and e non-stroke participants;b,d and f stroke patients
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Fig. 48 Cardiac index, stroke index andheart rate in patientswith stroke andnon-stroke participants (mean±SE), ($ signif-
icant seasonal differences at rest, * significant time interaction between the resting phase (epoch 1) and 2–6 epoch in colder
months,# significant time interactionbetween the restingphase (epoch1) and2–6 epoch inwarmermonths,p≤0.05 signif-
icance) a, c and e non-stroke participants;b,d and f stroke patients
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Fig. 58 RR interval, high frequency (normalized) and low frequency (normalized) in patients with stroke andnon-stroke
participants (values aremean±SE) a, c and e non-stroke participants;b,d and f stroke patients
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Table 3 Time course of hemodynamic parameters and heart rate variability (HRV) responses in coldermonths

Epochs Sig.

Parameters Groups Epoch 1 Epoch 2 Epoch 3 Epoch 4 Epoch 5 Epoch 6

SBP [mmHg] Control 126.9 (4.0) 123.3 (3.98) 118.77 (3.98)* 125.5 (3.97) 129.6(4.02) 128.1 (4.02) p< 0.05

Stroke 133.9 (5.73) 138.4 (5.73) 124.56 (5.73) 135.53 (5.73) 138.9 (5.73) 135.87 (5.73)

DBP [mmHg] Control 84.84 (1.98) 79.15 (1.98)* 78.11 (1.98)* 82.8 (1.98) 87.77 (2.02) 85.29 (2.02) p< 0.05

Stroke 90.62 (4.29) 89.55 (4.29) 83.7 (4.29) 90.6 (4.29) 90.32 (4.29) 90.34 (4.29)

MBP [mmHg] Control 103.31 (2.45) 98.13 (2.45) 94.4 (2.45)* 100.71 (2.45) 105.95 (2.49) 103.8 (2.49) p< 0.05

Stroke 107.80 (4.71) 108.86 (4.71) 98.82 (4.71) 107.81 (4.71) 109.26 (4.71) 107.84 (4.71)

SI [ml/beat/m2] Control 28.64 (1.61) 30.87 (1.61) 30.03 (1.61) 29.12 (1.61) 27.14 (1.61) 27.13 (1.60) –

Stroke 26.82 (2.15) 28.34 (2.19) 28.27 (2.19) 26.57 (2.30) 26.98 (2.19) 27.01 (2.19)

CI [l/min/m2] Control 2.12 (0.12) 2.5 (0.12) 2.52 (0.12)* 2.24 (0.12) 2.13 (0.12) 2.13 (0.12) p< 0.05

Stroke 2.22 (0.21) 2.43 (0.22) 2.77 (0.22 2.30 (0.23) 2.28 (0.22) 2.19 (0.22)

HR [bpm] Control 78.20 (3.38) 83.57 (3.38) 81.4 (3.38) 80.09 (3.38) 80.87 (3.42) 78.98 (3.38) –

Stroke 83.43 (4.47) 86.26 (4.64) 97.84 (4.64) 87.72 (5.04) 85.71 (4.64) 82.27 (4.64)

RRI [ms] Control 823.54 (42.75) 754.50 (42.75) 824.68 (42.75) 775.18 (42.75) 782.32 (43.43) 796.8 (42.75) –

Stroke 763.07 (48.99) 836.57 (50.66) 676.9 (50.66) 726.15 (54.69) 737.09 (50.66) 759.95 (50.66)

LFnuRRI [%] Control 58.48 (4.70) 58.70 (4.83) 58.4 (4.75) 61.86 (4.75) 63.60 (4.75) 62.19 (4.70) –

Stroke 54.17 (5.95) 58.55 (6.18) 58.12 (6.33) 58.4 (6.33) 56.66 (6.06) 63.41 (6.06)

HRnuRRI [%] Control 41.51 (4.70) 41.3 (4.83) 41.6 (4.75) 38.13 (4.75) 36.4 (4.75) 37.8 (4.70) –

Stroke 45.82 (5.95) 41.45 (6.18) 41.87 (6.33) 41.6 (6.33) 43.33 (6.06) 36.6 (6.06)

* significant time interaction between baseline and epochs 2–6 in colder months. Values are mean and (±SE)

It is interesting that in this study the
resting systolic blood pressure remained
unchanged and the resting diastolic and
resting mean blood pressure showed
a reduction in warmer months. We
postulate that this could have arisen due
to the constant indoor conditions of the
room where the testing sessions were
carried out. A previously publishedwork
reported that indoor temperature mostly
contributes to the variability in systolic
blood pressure. Also, systolic blood
pressure variability is more frequent in
warmer countries than in countries with
colder climate [2]. Furthermore, antihy-
pertensive medications are mostly used
in the case of elevated diastolic blood
pressure and less frequently in the case of
elevated systolic blood pressure [26]. The
intake of antihypertensive medications
can lead to a significant reduction in
blood pressure and orthostatic hypoten-
sion in summer [17]. Some of patients in
this study were on medications (specifi-
cally, antihypertensive medication) and
this could have led to decreases in blood
pressure; however, orthostatic hypoten-
sionwas not observed in warmermonths
in the patients, which is in contrast to
the results of Huang et al. [17]. We

speculate that the stable resting systolic
blood pressure and the reduced resting
diastolic and resting mean blood pres-
sures in the warmer months could be
due to the stable indoor temperature in
the room where the tests were carried
out, the colder Austrian climate, and/or
due to the intake of antihypertensive
medication in older persons as well as
in patients with stroke.

Thereweretwoearlierstudiesthatana-
lyzedhowbloodpressureduringstanding
is influenced by different seasons. Radak
and Tanaskovic and Weiss et al. noted
that blood pressure drop during stand-
ing was higher in summer than in winter,
and that the incidence of orthostatic hy-
potension was higher in summer (64%)
than in winter [30, 38]. Additionally,
Weiss et al. reported a faster heart rate
during standing in winter which they as-
sociated with increased sympathetic ac-
tivity [38]. These earlier findings are
comparable to the present results with
a decline in systolic blood pressure after
10–30sec of standing in warmermonths,
diastolic blood pressure and mean blood
pressure after 10–30sec of standing in
both seasons but the decrease was more
pronounced in warm months in non-

strokeparticipants. Also, inpatientswith
stroke there was a significant decline in
mean blood pressure but only in warmer
months. The result differs from the ear-
lier observation in the heart rate, where
there was no increase during standing up
in both seasons. Due to the simple or-
thostatic challenge protocol (sit-to-stand
test) and the stable indoor temperature
in the laboratory, there were no cases of
orthostatic hypotension in our study. As
an individual stands up, blood moves to
the lowerbodydue the gravitational force
and this could potentially lead to reduc-
tions in blood pressure. It is well known
that thedecrease inbloodpressureduring
standing is more pronounced in warmer
season. Higher ambient temperature is
associated with increased sweating, salt
and fluid loss, hypovolemia and periph-
eral vasodilatation [38]. The sympathetic
nervoussystemactstomaintaintheblood
pressure by increasing heart rate and car-
diac contractility and reducing blood in
non-cutaneousareas. Thisprevents a col-
lapse of the systemic blood pressure and
cerebral perfusion [32].

Overall, in patients 1 year after stroke
and older participants without stroke,
greater postural blood pressure decreases
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Table 4 Time course of hemodynamic parameters and heart rate variability (HRV) responses inwarmermonths

Epochs Sig.

Parameters Groups Epoch 1 Epoch 2 Epoch 3 Epoch 4 Epoch 5 Epoch 6

SBP [mmHg] Control 126.44 (7.29) 130.94 (7.29) 109.6 (7.29)* 128.51 (7.29) 130.14 (7.36) 124.37 (7.36) p< 0.05

Stroke 119.8 (8.60) 120.43 (8.60) 101.74 (8.60) 113.60 (8.60) 122.66 (8.60) 121.11 (8.60)

DBP [mmHg] Control 69.73 (3.80) 70.58 (3.80) 61.94 (3.80)* 71.76 (3.80) 72.81 (3.84) 70.92 (3.84) p< 0.05

Stroke 70.70 (6.42) 69.11 (6.42) 60.31 (6.42) 68.12 (6.42) 74.12 (6.42) 73.23 (6.42)

MBP [mmHg] Control 88.96 (4.58) 90.84 (4.58) 76.5 (4.58)* 88.99 (4.58) 91.31 (4.63) 88.37 (4.63) p< 0.05

Stroke 88.5 (6.39) 87.45 (6.39) 73.95 (6.39)* 83.5 (6.39) 91.15 (6.39) 90.66 (6.39) p< 0.05

SI [ml/beat/m2] Control 32.40 (1.14) 32.96 (1.16) 32.13 (1.16) 31.53 (1.16) 29.47 (1.14) 29.48 (1.14) –

Stroke 32.25 (1.52) 33.33 (1.52) 31.97 (1.52) 31.94 (1.52) 30.58 (1.52) 29.6 (1.52)

CI [l/min/m2] Control 2.52 (0.13) 2.75 (0.13) 2.55 (0.13) 2.58 (0.13) 2.31 (0.13) 2.3 (0.13) –

Stroke 2.53 (0.18) 3.01 (0.18) 2.51 (0.18) 2.41 (0.18) 2.33 (0.18) 2.24 (0.18)

HR [bpm] Control 79.81 (3.90) 84.43 (4.03) 81.64 (4.03) 82.1 (4.03) 78.33 (3.92) 78.46 (3.92) –

Stroke 80.58 (5.23) 88.37 (5.23) 79.42 (5.23) 76.09 (5.23) 76.9 (5.23) 76.46 (5.23)

RRI [ms] Control 819.28 (57.21) 764.99 (58.97) 781.26 (58.97) 785.41 (58.97) 794.29 (57.41) 793.06 (57.41) –

Stroke 802.61 (41.88) 734.7 (41.88) 774.61 (41.88) 808.52 (41.88) 793.61 (41.88) 796.38 (41.88)

LFnuRRI [%] Control 47.92 (6.54) 51.4 (6.95) 51.7 (6.68) 55.15 (6.68) 57.23 (6.57) 60.65 (6.57) –

Stroke 58.97 (10.13) 56.29 (10.35) 60.23 (10.35) 61.45 (10.13) 61.31 (10.13) 60.29 (10.13)

HRnuRRI [%] Control 52.07 (6.54) 48.59 (6.95) 48.29 (6.68) 44.84 (6.68) 42.76 (6.57) 39.34 (6.57) –

Stroke 41.02 (10.13) 43.7 (10.35) 39.76 (10.35) 38.54 (10.13) 38.68 (10.13) 39.7 (10.13)

* significant time interaction between baseline and 2–6 epoch in warmer months. Values are mean and (±SE)

in warmer months compared to colder
months were observed: however, there
were no cases of orthostatic hypotension
or syncope in warmer months. In the
patient’s group, one had a minor stroke
at hospitalization and overall no disabil-
ity after stroke. Previously it has been
reported that orthostatic hypotension is
commoninpatientswithpre-strokemor-
bid condition, those with severe stroke
and/or post-stroke disability and pro-
longed immobilization [19, 20, 23, 29].
Aspatients inthis studyhaveamildstroke
it ispossible that, theircardiovascularand
autonomic mechanisms were able to re-
spond effectively to orthostatic loading
(sit-to-stand test). We speculated that
in patients with severe stroke and dis-
ability and those with prolonged immo-
bilization, orthostatic hypotension and
syncope would occur. These results em-
phasize the importance of further studies
with severe stroke and post-stroke pa-
tients.

The study has several limitations.
Firstly, the smaller number of enrolled
participants in this study compared to
similar studies that investigated seasonal
variation in blood pressure and ortho-
static tolerance is a major limitation.

Nevertheless, as studies which exam-
ine patients with stroke across seasons
are rare, this pilot study can be used
as a basis for calculating sample size
in further studies. Secondly, there are
differences in the composition of the
groups, with a larger number of males
enrolled in the stroke group due the fact
that the incidence of stroke is higher in
men compared to women. However, as
our analysis focused between stroke and
non-stroke groups, this is not seen as
a major limitation.

In conclusion, our study showed that
resting blood pressure values depend on
the season, beinghigher incoldermonths
in both groups. Furthermore, standing
up leads to a significant decrease in sys-
tolic blood pressure in warmer months,
significant decrease in diastolic blood
pressure in both seasons in non-stroke
participants and significant decrease in
mean blood pressure in warmer months
inbothgroups. Thestudyshowedthatpa-
tientswith stroke andolderpersonswith-
out stroke respond to orthostatic load-
ing in a comparable manner with greater
decrease in postural blood pressure in
warmer months. Furthermore, patients
1 year after stroke (minor stroke) and

without any disabilities showed none of
the signs of orthostatic hypotension de-
spite postural blood pressure reduction
in warmer months.

The authors suggest the need for fur-
ther studies with patients with severe
stroke and post-stroke disabilities. To
our knowledge this is the first study that
has examined the seasonal differences of
hemodynamic parameters and heart rate
variability during a sit-to-stand test in
patients with stroke.

Corresponding address

Assoc. Prof. PD Nandu Goswami, MBBS,
Post Grad Dipl (Physiol), PhD, Master Med.
Science (Med. Education)
Gravitational Physiology, Aging and Medicine
Research Unit, Physiology Division, Otto Loewi
Center of Vascular Biology, Immunity and
Inflammation, Medical University of Graz
Neue Stiftingtalstrasse 6, Graz, Austria
nandu.goswami@medunigraz.at

Author contributions. I. Trozic, D. Platzer,
F. Fazekas, A.I. Bondarenko, B. Brix, A. Rössler and
N. Goswami were involved in writing the final
version of the manuscript. I. Trozic, D. Platzer,
F. Fazekas, A.I. Bondarenko, B. Brix, A. Rössler and
N. Goswami were involved in the study design and
data collection. I. Trozic and D. Platzer analyzed the
data.

154 Zeitschrift für Gerontologie und Geriatrie 2 · 2020



Funding. Open access funding provided by Medical
University of Graz.

Compliance with ethical
guidelines

Conflict of interest. I. Trozic, D. Platzer, F. Fazekas,
A.I. Bondarenko, B. Brix, A. Rössler andN. Goswami
declare that theyhave no competing interests.

All procedures reported in this articlewere in accor-
dancewith the ethical standards of the institutional
and/or national research committee andwith the
1964Helsinki declaration and its later amendments or
comparable ethical standards. Informed consentwas
obtained fromall subjects described in this article.

OpenAccess. Thisarticle isdistributedundertheterms
of the Creative CommonsAttribution 4.0 International
License (http://creativecommons.org/licenses/by/
4.0/), which permits unrestricteduse, distribution,
and reproduction in anymedium, provided yougive
appropriate credit to the original author(s) and the
source, providea link totheCreativeCommons license,
and indicate if changesweremade.

References

1. Barkai Y, Peleg E, Rosenthal T (2003) Seasonal
variations in blood pressure. J Hypertens
21:S125–S125

2. Barnett SR, Morin RJ, Kiely DK et al (1999) Effects
of age and gender on autonomic control of blood
pressuredynamics. Hypertension33:1195–1200

3. Blain H, Masud T, Dargent-Molina P et al (2016)
A comprehensive fracture prevention strategy
in older adults: the European Union Geriatric
Medicine Society (EUGMS) statement. J Nutr
HealthAging20:647–652

4. Bousquet J, BewickM, CanoAet al (2017) Building
bridges for innovation in ageing: synergies
between action groups of the eip on aha. J Nutr
HealthAging21:92–104

5. Brady T,West KBW,Galecki AT (2014) Linearmixed
models: apracticalguideusingstatistical software

6. Brennan PJ, Greenberg G, Miall WE et al (1982)
Seasonal variation in arterial blood pressure. Br
MedJ (ClinResEd)285:919–923

7. Broadbent J, Reichmuth J, Trozic I et al (2017)
Adrenomedullin and galanin responses to or-
thostasis in older persons. Eur J Clin Invest
47:812–818

8. Carlsson A, Britton M (1993) Blood-pressure after
stroke – a one-year follow-up-study. Stroke
24:195–199

9. Charach G, Rabinovich PD, Weintraub M (2004)
Seasonal changes inbloodpressureandfrequency
of related complications in elderly Israeli patients
with essential hypertension. Gerontology
50:315–321

10. Cvirn G, Kneihsl M, Rossmann C et al (2017)
Orthostatic challenge shifts the hemostatic
system of patients recovered from stroke toward
hypercoagulability. Front Physiol. https://doi.org/
10.3389/fphys.2017.00012

11. von Elm E, Altman DG, Egger M, Pocock SJ,
Gøtzsche PC, Vandenbroucke JP et al (2007) The
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) Statement:
Guidelines for Reporting Observational Studies.

PLoS Med 4(10):e296. https://doi.org/10.1371/
journal.pmed.0040296

12. Goh CH, Ng SC, Kamaruzzaman SB et al (2016)
Evaluation of two new indices of blood pressure
variability using postural change in older fallers.
Medicine95:e3614

13. Goswami N (2017) Falls and fall-prevention in
older persons: geriatricsmeets spaceflight! Front
Physiol. https://doi.org/10.3389/fphys.2017.
00603

14. Goswami N, Blaber AP, Hinghofer-Szalkay H et al
(2017) Orthostatic intolerance in older persons:
etiology and countermeasures. Front Physiol.
https://doi.org/10.3389/fphys.2017.00803

15. Goswami N, Lackner HK, Papousek I et al (2010)
Rate of cardiovascular recovery to combined or
separate orthostatic andmental challenges. Int J
Psychophysiol75:54–62

16. Grote V, Kelz C, Goswami N et al (2013) Cardio-
autonomiccontrolandwellbeingduetooscillating
color lightexposure. PhysiolBehav114:55–64

17. Huang JJ, Sharda N, Bin Riaz I et al (2014) Summer
syncopesyndrome. AmJMed127:787–790

18. KilbyMC,SlobounovSM,NewellKM(2014)Postural
instability detection: aging and the complexity
of spatial-temporal distributional patterns for
virtually contacting the stability boundary in
humanstance. PLoSONE9:e108905

19. KongKH, ChuoAM (2003) Incidence andoutcome
of orthostatic hypotension in stroke patients
undergoing rehabilitation. ArchPhysMedRehabil
84:559–562

20. Korpelainen JT, Sotaniemi KA, Suominen K et al
(1994) Cardiovascular autonomic reflexes in brain
infarction. Stroke25:787–792

21. Lackner HK, Goswami N, Hinghofer-Szalkay H
et al (2010) Effects of stimuli on cardiovascular
reactivity occurring at regular intervals during
mental stress. JPsychophysiol24:48–60

22. Lackner HK, Goswami N, Papousek I et al (2010)
Time course of cardiovascular responses induced
by mental and orthostatic challenges. Int J
Psychophysiol75:48–53

23. Lai S-M, Duncan PW, Dew P et al (2005) Sex
differences in stroke recovery. Prev Chronic Dis
2:A13–A13

24. Lee Y (2013) Orthostatic hypotension in older
people. JAmAssocNursePract25:451–458

25. Louis J, Schaal K, Bieuzen F et al (2015)Headexpo-
sure to cold during whole-body cryostimulation:
influence on thermal response and autonomic
modulation. PLoSONE10:e124776

26. Mancia G, Bombelli M, Lanzarotti A et al (2002)
Systolic vs diastolic blood pressure control in the
hypertensive patients of the PAMELA population.
Arch InternMed162:582–586

27. Murata J,MurataS,Horie J et al (2012)Relationship
between orthostatic blood pressure changes and
postural sway when standing up from a chair in
olderadult females. Int JGerontol6:182–186

28. Panayiotou B, Reid J, Fotherby M et al (1999)
Orthostatic haemodynamic responses in acute
stroke. PostgradMedJ75:213–218

29. Phipps MS, Schmid AA, Kapoor JR et al (2012)
Orthostatic hypotension among outpatients with
ischemicstroke. JNeurolSci314:62–65

30. Radak D, Tanaskovic S (2016) “Summer dizziness”
as a neglected phenomenon of antihypertensive
drug overuse in patients with carotid disease: a
hypothesis. Angiology67:797–798

31. Rodriguez J, Blaber AP, Kneihsl M et al (2017)
Poststroke alterations in heart rate variability
duringorthostaticchallenge.Medicine96:e5989

32. Schlader ZJ, Wilson TE, Crandall CG (2016)
Mechanismsoforthostatic intoleranceduringheat
stress. AutonNeurosci196:37–46

33. Sega R, Cesana G, Bombelli M et al (1998)
Seasonalvariations inhomeandambulatoryblood
pressure in the PAMELA population. J Hypertens
16:1585–1592

34. Simpson LA, Miller WC, Eng JJ (2011) Effect of
stroke on fall rate, location and predictors: a
prospective comparison of older adults with and
withoutstroke. PLoSONE6:e19431

35. Thabane L, Ma J, Chu R et al (2010) A tutorial on
pilotstudies: thewhat,whyandhow. BMCMedRes
Methodol. https://doi.org/10.1186/1471-2288-
10-1

36. WangM (2014) Generalized estimating equations
in longitudinal data analysis: a review and recent
developments. AdvStat. https://doi.org/10.1155/
2014/303728

37. Weerdesteyn V, De Niet M, Van Duijnhoven HJR
etal (2008)Falls in individualswithstroke. JRehabil
ResDev45:1195–1213

38. Weiss A, Beloosesky Y, Grinblat J et al (2006)
Seasonal changes in orthostatic hypotension
among elderly admitted patients. Aging Clin Exp
Res18:20–24

39. WillmotM, Leonardi-Bee J, Bath PMW (2004) High
blood pressure in acute stroke and subsequent
outcome – a systematic review. Hypertension
43:18–24

40. World Medical Association (1997) Declaration of
Helsinki: Recommendations guiding physicians
in biomedical research involving human subjects.
JAMA 277(11):925–926. https://doi.org/10.1001/
jama.1997.03540350075038

Zeitschrift für Gerontologie und Geriatrie 2 · 2020 155

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fphys.2017.00012
https://doi.org/10.3389/fphys.2017.00012
https://doi.org/10.1371/journal.pmed.0040296
https://doi.org/10.1371/journal.pmed.0040296
https://doi.org/10.3389/fphys.2017.00603
https://doi.org/10.3389/fphys.2017.00603
https://doi.org/10.3389/fphys.2017.00803
https://doi.org/10.1186/1471-2288-10-1
https://doi.org/10.1186/1471-2288-10-1
https://doi.org/10.1155/2014/303728
https://doi.org/10.1155/2014/303728
https://doi.org/10.1001/jama.1997.03540350075038
https://doi.org/10.1001/jama.1997.03540350075038

	Postural hemodynamic parameters in older persons have a seasonal dependency
	Abstract
	Zusammenfassung
	Introduction
	Methods
	Study population
	Sample size calculation
	Experimental protocol
	Equipment used and measurements performed
	Statistical analysis

	Results
	Hemodynamic and HRV parameters at rest
	Postural hemodynamic and HRV parameters responses in two seasons

	Discussion
	References


