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Summary

B-adrenergic receptors (B-ARs) play a pivotal role in the
cardiovascular regulation. In the human heart B;- and B,-ARs
dominate in atria as well as in ventricle influencing heart rate and
myocardial contractility. Some single nucleotide polymorphisms
(SNPs) of B-ARs might influence cardiovascular function.
However, the influence of B-AR genes SNPs on hemodynamic
parameters at rest and their reactivity under stress is still not well
known. We aimed to explore the associations between four
selected B-ARs gene polymorphisms and selected cardiovascular
measures in eighty-seven young healthy subjects. While in ;-AR
rs1801252 no
observed, second B;-AR polymorphism rs1801253 was associated

polymorphism significant  association was
with decreased cardiac output and cardiac index during all
phases and with decreased flow time corrected and ejection time
index at rest and during mental arithmetics. Polymorphism
rs1042713 in B,-AR was associated with alterations in blood
pressure variability at rest and during head-up-tilt, while
rs1042714 was associated predominantly with decreased
parameters of cardiac contractility at rest and during mental
arithmetics. We conclude that complex analysis of various
cardiovascular characteristics related to the strength of cardiac
contraction and blood pressure variability can reveal subtle
in cardiovascular

differences sympathetic nervous control

associated with B-ARs polymorphisms.
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Introduction

B-Adrenergic receptors (B-adrenoceptors,

B-ARs) play apivotal role in the cardiovascular
control. Three different B-adrenoceptor subtypes have
been identified pharmacologically: f;-, p,- and
Bs-adrenoceptors (Bylund et al. 1994). In the human
heart, both B; and B,-AR coexist, with f;-AR subtype
predominates in atrial as well as in ventricular tissue
(Brodde and Michel 1999), influencing heart rate and
contractility. B-ARs are polymorphic and several single
nucleotide polymorphisms (SNPs) might influence the
receptors function potentially resulting in altered
cardiovascular control and development of cardiovascular
disease (Leineweber and Brodde 2004, Ahles and
Engelhardt 2014).

Previous in vitro studies revealed that two
common polymorphisms in B;-AR — rs1801252
(Serd49Gly), rs1801253 (Arg389Gly) — and two in the
B-AR — 151042713 (Argl6Gly), rs1042714 (GIn27Glu) —
appear to influence receptor function (e.g. Ahles et al.
2011, Chong et al. 2000, Levin et al. 2002, Zhang and
Steinberg 2013). Clinical studies found associations of
these B-AR polymorphisms with hypertension (e.g.

Ge et al. 2005, Johnson et al. 2011) increased incidence
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of cardiovascular events (Li et al. 2019), obesity
(Aradillas-Garcia et al. 2017) and insulin resistance
(Mitra et al. 2019). Moreover, pharmacogenomic studies
observed altered responses to B-agonists and antagonists
associated with B-AR polymorphisms (e.g. Johnson et al.
2003, Bruck et al. 2005). Despite the fact, that some of
the adrenoceptor variants range among the most
frequently studied polymorphisms assessed to date, their
functional impact still remains unclear. To demonstrate
their effect on cardiovascular control as a possible link
SNPs and an

pathological states, several studies were conducted on

between various increased risk of
healthy subjects focused on the association between
selected SNPs and indices reflecting cardiac chronotropic
and inotropic control. Up to the present, polymorphisms
of B-AR have been associated with altered heart rate (e.g.
Eisenach et al. 2012, Atala et al. 2015), blood pressure
(Masuo et al. 2005, Tikhonoff et al. 2008), heart rate
variability (Matsunaga et al. 2007a, Yang et al. 2011,
Atala et al. 2015), cardiac contractility measures (e.g.
La Rosée er al. 2004, Kindermann et al. 2011) and
selected hemodynamic parameters, including cardiac
output, stroke volume and ejection fraction (e.g. Tang et
al. 2003, Wittwer et al. 2011).

Above mentioned studies suffer from several
limitations, including smaller study size, limited number
of assessed measures not encompassing the complexity of
sympathetic cardiac control, the relatively wider age
range, and evaluation of parameters mostly at rest or
during one selected stressor application. To date, there is
no study performed on a sufficiently large group of young
healthy
measurement  of

subjects with a simultaneous continuous

variety of cardiovascular and
hemodynamic parameters reflecting cardiac chronotropy
and inotropy not only at rest, but also their reactivity
during the application of standardized stressors.
Therefore, the aim of our study was to find
B-AR
polymorphisms with a set of cardiovascular measures in a

potential  association of four selected
group of healthy young subjects in the relatively narrow
age range. In addition to resting state, protocol included
two challenges separated by a recovery phase -
orthostatic stress and cognitive load enabling to reveal

potential effect of SNPs on cardiovascular reactivity.

Methods

Subjects
Eighty-seven healthy adolescents and young
adults (53 female, 34 male) with age ranging from 16 to

24 years were recruited for our study. All subjects were
instructed not to use substances influencing autonomic
nervous system or cardiovascular activity before the
examination. We excluded subjects with any current or
previous infectious disease (at least three weeks prior to
the examination date), cardiovascular disease including
hypertension (diagnosed using 24-h ambulatory blood
pressure monitoring following examination), diabetes
mellitus, psychiatric disorders, and hypothyroidism. All
female subjects were examined in the proliferative phase
(6™-13™ day) of their menstrual cycle. All participants or
parental guardian (in subjects below 18 years of age)
gave their written informed consent prior to examination.
Ethics
Committee of Jessenius Faculty of Medicine, Comenius

The study was approved by the
University in accordance with the Declaration of
Helsinky (2000) of the World Medical Association.
During recordings, the volunteers were asked to avoid
disturbing movements and speaking.

Genetic analysis

DNA was isolated from whole blood by
aQIlAamp DNA Blood Midi Kit (Qiagen, Hilden,
Germany). Two polymorphisms of B;-AR in gene ADRBI
(rs1801252, rs1801253) and two of B,-AR in gene
ADRB?2 (rs1042713, rs1042714), located in exons were
genotyped. They cause missense mutation — a sequence
variant, that changes one base, resulting in a different
amino acid sequence with the preserved length. All of
studied, with different
conclusions, but majority of studies indicated altered

them were functionally
receptor function and regulation.
detected by
(RT-PCR) by TagMan single nucleotide polymorphism

Genotypes were

real-time polymerase chain reaction

Genotyping Assays.

Study protocol

Participants were examined under standardized
conditions in a quiet room from 8 to 12 AM. All of them
were instructed to lie comfortably in the supine position
and not to speak or move unnecessarily. The whole
protocol was divided into five phases as follows (for
more details see: Javorka et al. 2018, Krohova et al.
2018).

Phase 1 (Rest): the subjects were lying in supine
position at rest for 15 min.

Phase 2 (Head up tilt — HUT): the subjects were
tilted up to 45 degrees on the motor driven table for 8 min
to evoke mild orthostatic stress. The lower degree of tilt
compared to more often used 60 degrees was chosen to
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increase tolerability of subjects to study protocol while
still shifting autonomic nervous system activity towards
an increased sympathetic and decreased parasympathetic
activity.

Phase 3 (Rest): the subjects were lying in supine
position to recover for 10 min.

Phase 4 (mental arithmetics — MA): the subjects
performed cognitive challenge — a non-verbal mathema-
tical task displayed on the ceiling of the examination
room by data projector in the supine position for 6 min.
During MA, the subject was disturbed by the rhythmic
sound of a metronome and instructed to perform the task
as quickly as possible with a minimal error rate.

Phase 5 (Rest): the subjects were lying supine to
recover for 10 min.

Data acquisition

We measured cardiovascular parameters during
whole study protocol. Continuous finger arterial blood
pressure (BP) was measured by photoplethysmographic
method FMS,
Netherlands) and ECG signal was recorded from bipolar
lead (Cardiofax ECG-9620, NihonKohden,
Japan). Both signals were digitized at a sampling rate of
1000 Hz. After detection of R waves from the ECG signal
and systolic and diastolic BP (SBP and DBP) values from
the reconstructed brachial BP signal, beat-to-beat time

volume-clamp (FinometerPro,

thoracic

series consisting of SBP, DBP values and RR intervals
were generated. Impedance cardiography (CardioScreen
2000, Medis, Germany) was used for a beat to beat
recording of hemodynamic parameters stroke volume
(SV), stroke index (SI), cardiac output (CO), cardiac
index (CI) and indices related to left ventricular
contractility, including selected systolic time intervals:
velocity index (VI), acceleration index (ACI), preejection
period (PEP), left ventricular ejection time (LVET),
ejection time index (ETI) and flow time corrected (FTc).

Data analysis

We analyzed 300 heart beats long segments
selected from each phase. For the 1¥ phase the analyzed
segment started 8 min after the beginning of the
measurement, for 2" phase it started 3 min after the
change of position from supine to tilt, for the 3 phase we
analyzed segment starting 3 min after the subject was
tilted back to supine position, for the 4™ phase it started
2 min after the beginning of the cognitive task. In the last
phase, the analyzed segment started 3 min after its
beginning. From all beat to beat measures we calculated

mean values. RR, SBP and DBP oscillations underwent
linear time and frequency domain analysis of heart rate
(HRV) and systolic or diastolic blood pressure variability
(BPV), respectively. Measures describing the magnitude
of HRV or BPV are partially influenced by sympathetic
cardiovascular control.

Heart rate variability (HRV) analysis

In the time domain, we calculated two most
commonly used measures: standard deviation of normal
RR intervals (SD RR), reflecting the overall variability
magnitude; and the root mean square of successive beat-
to-beat (RMSSD RR),
magnitude of instantaneous RR intervals changes. In the

differences reflecting the
frequency domain, spectral analysis was performed using
fast Fourier transform to obtain spectral powers in
low-frequency (LF ~ HRV:  0.04-0.15Hz) and
high-frequency (HF HRV: 0.15-0.5 Hz) bands.

Blood pressure variability (BPV) analysis

From SBP and DBP oscillations, we have also
calculated standard deviation of systolic blood pressure
values (SD SBP), standard deviation of diastolic blood
pressure values (SD DBP) — measures reflecting overall
magnitude of BP oscillations and root-mean-square of
successive differences of SBP or DBP values (RMSSD
SBP, RMSSD DBP) — respectively quantifying beat-to-
beat variability.

Using spectral analysis, we obtained spectral
powers in low-frequency (LF) and high-frequency (HF)
bands for both systolic and diastolic BPV. As a result,
four indices were calculated for each analyzed segment:
LF SBP, HF SBP, LF DBP and HF DBP.

Statistics
For statistical analysis we used the software
SYSTAT 13 (Systat Software Inc., USA). Due to the
non-Gaussian distribution of assessed variables, the
Mann-Whitney U-test was used for between-groups
comparison. Two groups were defined based on the
presence of one selected allele within given SNP.
Statistical significance was considered at values p<0.05.
Correction for multiple testing was completed
using the Benjamini-Hochberg correction to decrease the
false discovery rate (FDR) (Benjamini and Hochberg
1995). Since previous studies (Bondar et al. 2017,
Lu et al. 2018, Maisano Delser et al. 2018) pointed that
the original

methodology is too conservative for

genomics applications and results in a substantial loss of
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statistical power, we used a more relaxed -criteria
(FDR=0.1) in our study.

Results

We genotyped four polymorphisms of B-ARs in
our population of 87 healthy Slovak Caucasian subjects
with basic characteristics presented in Table 1. Genotypes
and allele frequencies for each polymorphism determined
in the study are shown in Table 2. In the entire study
sample, allele and genotype frequencies were concordant
with the Hardy-Weinberg equilibrium (p>0.05) and
genotypes frequency distributions and allele frequencies
of SNPs were similar to previously published data. There
were no significant differences in sex, age, height, body
weight or body mass index between genotypes. For each
comparison of assessed cardiovascular measures, we

selected two groups based on the presence one of allele
e.g. for rs1042714
polymorphism, we compared subjects with presence of

within given polymorphism.

allele C (aggregated groups CC with CG) with subjects
without allele C (homozygotes GQ); alternatively, we
also tested for this polymorphism effect of the presence
of allele G (aggregated groups GG and CG) with subjects
without allele G (homozygotes CC). From intended
8 tests for each cardiovascular measure (two for each
SNP) we did not perform two tests due to a small
frequency of minor allele occurrence (testing of the effect
of allele A presence for rs1801252 (with only 1 subject in
GG group) and testing of the effect of allele C for
rs1801253 (with only 4 subjects in GG group)). In total,
6 tests were performed for each cardiovascular measure
to test the effect of four selected -ARs SNPs.

Table 1. The main characteristics of subjects. Values are presented as median (interquartile range).

Study subjects

Age (vears)

Height (cm)

Body weight (kg)

Body mass index (kg/mz)

Fat mass (%)

Waist-to-hip ratio

Baseline heart rate (bpm)

Baseline systolic blood pressure (mm Hg)
Baseline diastolic blood pressure (mm Hg)

18.5 (17.5 - 20.7)
172.3 (164.9 - 180.1)
61.6 (55.4 - 71.5)
21.2(19.8 - 23.0)
20.2 (15.9 - 24.7)
0.76 (0.72 - 0.80)
65.2 (60.8 - 70.6)
117.5(111.3 - 123.3)
80.0 (73.8 - 82.5)

Table 2. Genotypes and allele frequencies of the studied polymorphisms.

Polymorphism Genotypes Allele frequencies

rsl1801252 AA (64) AG (21) GG (1) A-87% G-13%
rs1801253 CC (49) CG (33) GG 4) C-76% G-24%
rs1042713 GG (39) AG (39) AA (10) G-66% A-34%
rsl1042714 CC (22) CG (49) GG (16) C-53% G-47%

Associations of cardiovascular measures with [-AR
SNPs — effects of rs1801252 and rs18012153

No significant  effect of  rs1801252
polymorphism on assessed measures was found.
In polymorphism rs1801253, although no

significant associations were observed for HR and BP
derived measures, we found significant associations with

several hemodynamic  parameters derived from

impedance cardiography. Carriers of allele G (GG or GC)
had decreased CO and CI during all phases of study
protocol and decreased FTc and ETI at rest and during
MA compared with non-carriers of allele G (i.e. in
homozygotes CC). After Benjamini-Hochberg correction,
the significant differences in CO during phase 3 and in
CO and CI in phase 5 were considered as nonsignificant

(Fig. 1).
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Fig. 1. Cardiac output (CO), cardiac index (CI), ejection time index (ETI) and flow time corrected (FTc) during all phases of study
protocol in relation to presence of allele G in polymorphism rs1801253. Bar corresponds to median value, error bars illustrate
interquartile range. * denotes statistically significant difference with p<0.05; # denotes statistically significant difference after Benjamini-

Hochberg adjustment.

Associations of cardiovascular measures with AR
SNPs — effects of rs1042713 and rs1042714

In polymorphism rs1042713, we found significant
associations with BPV indices (Fig.2). In more details,
carriers of allele G (GG or GA) had increased BPV
magnitude in LF band (LF SBP and LF DBP) and overall
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Fig. 2. Blood pressure variability indices — comparison between G allele carriers and noncarriers in polymorphism rs1042713. LF SBP
and LF DBP — spectral powers in low frequency band of systolic or diastolic blood pressure variability, respectively. HF SBP and HF DBP
— spectral powers in high frequency band of systolic or diastolic blood pressure variability, respectively. Bar corresponds to median
value, error bars illustrate interquartile range. * denotes statistically significant difference with p<0.05; * denotes statistically significant

difference after Benjamini-Hochberg adjustment.
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In polymorphism 1s1042714, we found
decreased SI and decreased contractility measures (VI,
ACI) and increased PEP in carriers of allele C (CC or
CG) compared to GG homozygotes at rest and during
MA phase. Although association with variable PEP in

phase 1 did not survive correction for multiple testing, the

rest of them survived the Benjamini-Hochberg correction
(Fig. 3). No significant difference between G allele
carriers compared to non-carriers in this SNP was found.
Furthermore, no significant association between [,-AR
SNPs and HR or HRV indices were found.
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Fig. 3. Stroke index (SI), cardiac contractility related indices velocity index (VI), acceleration index (ACI) and preejection period (PEP)
during all phases of study protocol in relation to presence of allele C in polymorphism rs1042714. Bar corresponds to median value,
error bars illustrate interquartile range. * denotes statistically significant difference with p<0.05; *denotes statistically significant

difference after Benjamini-Hochberg adjustment.

Discussion

In our study we tested the hypothesis that
B-AR polymorphisms influence cardiovascular measures
noninvasively recorded using ECG, volume-clamp
plethysmography and impedance cardiography in a group
of healthy young subjects monitored at rest, during HUT
representing orthostatic stress and while performing MA
as a cognitive load. We selected parameters potentially
influenced by sympathetic nervous system activity
changes and our study protocol was developed to evoke
sympathetic stimulation by two different ways.

In the following text, we report the results of
previous studies describing functional effects of given
polymorphism in f-AR in healthy subjects and compare
them with our observations.

In p;-AR
rs1801252,
association with resting HR with varying results. While

coding gene, polymorphism

only few previous studies found its

in one study (Ranade e al. 2002) an increased HR was
associated with allele A, in another study (Kumar et al.
2014) the same effect was connected with allele G. Only
few other findings related to the effect of rs1801252 on
cardiovascular parameters can be found in literature —
allele G was associated with a change in SI from baseline
to HUT (Wittwer et al. 2011). Our results did not confirm
these rare previous observations and indicate that the
effect of this polymorphism is not significant considering
both HR, BP and contractility related measures.

Polymorphism rs1801253 was up to now
associated with increased HR in individuals carrying the
allele C (Bruck et al. 2005) and a decreased risk of
hypertension in carriers of allele G (Johnson et al. 2011).
Previous studies focused on the influence on average BP
yield only conflicting results (e.g. Gjesing et al. 2007,
Tikhonoff et al. 2008).

In our study we did not confirm SNP related
differences in HR or in BP, but we found consistently
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decreased CO and CI during all phases of our protocol in
the carriers of allele G. CO is the amount of blood the
heart pumps in 1 min, and is dependent on the HR,
contractility, preload and afterload. Increased contractility
of the heart muscle, resulting in increased CO and the
other hand impaired contractility, will reduce CO
(Vincent 2008). Our observation can suggests, that
decreased CO and even more importantly decreased CI
could be related to decreased pumping activity of the
heart in the carriers of allele G. Other two parameters,
FTc and ETI were also decreased in the presence of
allele G at rest and during mental stress. Both FTc and
ETI are measures of normalized LVET — a decrease in
them supports an assumption of a decreased cardiac
pumping activity in the -carriers of allele G. Our
observations are in concert with previous studies
effect of
allele C during dobutamine stress echocardio-graphy
(e.g. La Rosé et al. 2004, Kindermann ef al. 2011). We

confirmed

demonstrating more enhanced inotropic

these results only indirectly showing
a negative effect of G allele on contractility.
Polymorphism rs1042713 of (,-AR was in
previous studies associated with BP changes. Carriers of
allele G had increased BP values (Masuo et al. 2005,
Snyder et al. 2006) and several studies demonstrated also
increased risk of hypertension in this subgroup (Pereira
et al. 2003, Ge et al. 2005). Our results did not confirm
alterations in average BP wvalues, but we observed
an increased BPV associated with G allele in this
polymorphism. In more details, overall BPV (SD SBP,
SD DBP) and LF power of BP oscillations (LF SBP, HF
SBP) were increased at rest and during HUT in the
carriers of allele G. In contrast to our results, no
significant association between BPV and rs1042713
polymorphism was demonstrated in previous study
recruiting subjects with a wider age range 18-30 years
(Atala et al. 2015). To the best of our knowledge, our
study is the first to demonstrate significant associations of
polymorphism rs1042713 with increased BPV. The
B>-ARs could contribute to short-term regulation of BP
by mediating cardiac chronotropy and peripheral
vasodilation. Several studies have reported that increased
BPV s

cardiovascular disease (Stergiou et al. 2014). One of the

associated with an increased risk of
possible explanation of the increased BPV could be
a decreased ability of the baroreflex to buffer BP
perturbations (Elstad et al. 2001, Wray et al. 2001).
Consequently, impaired BP control can contribute to the

development of hypertension in future. However, this

hypothesis requires further study.

Several previous studies regarding the effect of
rs1042713 polymorphism demonstrated differences in
HR or HRV (e.g. Matsunaga et al. 2007b, Yang et al.
2011) and in hemodynamic parameters (CO, SV,
systemic vascular resistance, ejection fraction) (Tang
et al. 2003, Wittwer et al. 2011). However, we did not
find any significant association of hemodynamic or HR
derived measures in our group of healthy young subjects
during any phase of study protocol.

The effect of the polymorphisms rs1042714 was
studied in several previous studies, but only in a few of
them authors found significant associations. Several
studies associated this SNP with alterations in average
BP, but their results are conflicting (Masuo et al. 2005,
Binder et al. 2006). However, two studies agreed on the
results, that allele G is associated with an increase in
HRV in LF band (Matsunaga et al. 2007a, Atala et al.
2015). Our results did not confirm these associations. On
the other hand, we found decreased SI, together with
decreased cardiac contractility related indices derived
from impedance cardiography — VI and ACI — and
increased PEP at rest and during MA phase in the allele C
carriers compared to GG homozygotes. It is interesting,
that SI, VI and ACI were constantly decreased during
whole study protocol except for HUT, where the SNP
related differences related disappeared. Our results
suggest a possible effect of the presence of allele C in
rs1042714 SNP on decreased cardiac contraction force.
To compare our results with previous studies, no
significant association of this SNP with SI at rest and
during HUT was found (Wittwer et al. 2011), so the
conclusions are still ambiguous. One of the possible
explanations of this difference include a different
methodology for SV and SI estimation (pulse contour
method from blood pressure curve in previous study vs.
impedance cardiography in our study) and much wider
age range in above mentioned study (18-40 years).

Cardiovascular system control can be evaluated
by diverse methods. In the studies aimed to find
associations with SNPs, HR and HRV were analyzed
most often. In other studies, BP or (not often) BPV was
employed. However, to more comprehensively analyze
changed sympathetic control including its chronotropic
and inotropic components we assume that a simultaneous
recording of various cardiovascular measures using
diverse methodological approaches should be preferred.
Having in mind that specific SNPs influenced different
aspects of sympathetic cardiovascular control while
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leaving others without a significant change, our results
underline the appropriateness of this approach. Most
previous studies in this field evaluated cardiovascular
parameters only at rest. Our results suggest that the subtle
effects of genetic variations can be demasked by
application of standardized stressor(s). We provide a new
aspect into understanding of the B-AR SNPs effects
taking into considerations a complexity of sympathetic
cardiovascular control. Taken together, the effects of
SNPs with in vitro demonstrated functional consequences
on AR function are not always obvious on the level of
whole human organism. These — when analyzed
separately often subtle — effects can mutually interact or
interfere with other risk factors finally resulting in the
clinically important consequences including development
of pathological states.

Autonomic nervous control assessment by
evaluation of various cardiovascular and hemodynamic
measures provides an important information on cardiac
and vascular control state. Changes in these parameters in
relation to various genotypes could indicate the
potentially clinically important influence of the given
genotype on autonomic nervous system function.
A recognition of significant relations between gene
polymorphism and resulting phenotype represents
a progress in the better understanding of various disorders
pathogenesis. In future, genotyping of individuals can
contribute to the improved cardiovascular risk estimation
with the perspective of earlier and more effective
therapeutic intervention. It could represent an important
step forward in the personalized medicine.

Several limitations to the interpretation of our
findings should be considered. First, the sample size of
our study was relatively small given the complexity of
methodology, but it was higher than in the majority of
previous studies on this topic. Because of small number
of minor alleles in our sample size, we did not compare
effects of two alleles presence: rs1801252: (AA+AG) vs.

GG and rs1801253: (CC+CQG) vs. GG. Second limitation
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measures suggesting possible effect on the cardiac
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