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Abstract

Streszczenie

Age is one of the main known risk factors for cardiovascular diseases. The ageing of the body and arterial hypertension are
associated with progressive dysfunction of the autonomic nervous system, which may be one of the mechanisms underlying an
increased cardiovascular risk. The aim of the paper was to assess heart rate variability parameters in the age subgroups of patients
with arterial hypertension. The heart rate variability parameters were compared in a total of 139 patients with untreated arterial
hypertension (mean age 45.2 + 10.5 years, men - 69% of the study group) in the following subgroups distinguished by age:
245 years (n = 72) and <45 years (n = 67). A temporal analysis of the heart rate variability parameters in 24-hour Holter ECG
(SDNN, rMSSD, pNN50) was conducted for 24 hours, and for the day and night periods. In addition, a spectral analysis (LE, HE,
TP, LE/HF ratio) was performed. The recorded values of SDNN, rMSSD, pNN50, TP as well as night-time HF were lower in the
group of patients aged 245 years compared to the younger group. The results confirm that in patients with arterial hypertension
older age is associated with a shift of the autonomic balance towards sympathetic activity, which may translate into an additional
increase in cardiovascular risk.
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Wiek jest jednym z gtéwnych czynnikéw ryzyka choréb ukladu sercowo-naczyniowego. Zaréwno starzenie si¢ organizmu, jak
i nadci$nienie tetnicze wigza si¢ z postepujaca dysfunkcjg autonomicznego ukladu nerwowego, co moze by¢ jednym
z mechanizméw wzrostu ryzyka sercowo-naczyniowego. Celem pracy byla ocena parametréw zmiennoéci rytmu serca u chorych
z nadci$nieniem tetniczym w podgrupach wyréznionych pod wzgledem wieku. U 139 chorych z nieleczonym nadci$nieniem
tetniczym ($redni wiek 45,2 + 10,5 roku, mezczyzni - 69%) dokonano poréwnania parametréw zmiennosci rytmu serca
w podgrupach wyréznionych pod wzgledem wieku: 245 lat (n = 72) i <45 lat (n = 67). Przeprowadzono analize czasowa
parametréw zmiennosci rytmu serca w 24-godzinnym EKG metodg Holtera (SDNN, rMSSD, pNN50), odpowiednio dla calej
doby, dnia i nocy, oraz analize spektralng (LF, HE, TP, stosunek LF/HF). W grupie pacjentow 245 lat w poréwnaniu z osobami
mliodszymi zaobserwowano nizsze wskazniki SDNN, rMSSD, pNN50, TP, a takze HF z okresu nocy. Uzyskane wyniki
potwierdzaja, ze u chorych z nadci$nieniem tetniczym dojrzaly wiek wiaze si¢ z przesunieciem réwnowagi autonomicznej
w kierunku aktywnosci wspoélczulnej, co moze si¢ przeklada¢ na dodatkowo wyzsze ryzyko sercowo-naczyniowe.

Stowa kluczowe: starzenie si¢, zmienno$¢ rytmu serca, dysfunkcja ukladu autonomicznego
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INTRODUCTION

geing is a multifactorial process characterised by
Agradual changes at the molecular, cellular and

tissue levels. It involves multiple pathomecha-
nisms such as oxidative stress, systemic inflammation,
mitochondrial dysfunction, autophagy deregulation,
telomere shortening, and metabolic disorders-*. The
processes listed above may be accelerated by the long-
term impact of environmental factors including smok-
ing, environmental pollution, unbalanced diet, and sed-
entary lifestyle, all of which may play a contributory
role in ageing®. The effects may include a progressive
deterioration of heart function and vascular remodel-
ling, resulting in accelerated development of cardiovas-
cular diseases which are the leading cause of mortali-
ty worldwide*-*). Ageing is accompanied by myocardial
hypertrophy, left ventricular diastolic dysfunction and
impaired left ventricular systolic function during exer-
cise. These phenomena are also observed in the course
of arterial hypertension (AH)*®. Furthermore, numer-
ous studies indicate progressive dysfunction of the auto-
nomic nervous system (ANS) in the elderly, which also
contributes to an elevated risk of mortality from cardio-
vascular causes”).
The aim of the paper was to assess heart rate variability pa-
rameters as indirect markers of ANS balance in the age sub-
groups of patients with AH.

MATERIAL

The analysis included the data of patients who were
recruited for the statutory project with the acronym
FINEPATH conducted at the Department of Cardiology
and Internal Diseases, Military Institute of Medicine
in Warsaw, in 2011-2014. The study enrolled a total
of 144 patients with untreated AH defined as elevat-
ed blood pressure (BP) values - 2140/90 mm Hg - per-
sisting for at least 3 months. The basic characteristics
of the study subjects are presented in one of the au-
thors’ earlier publications?. It was a prospective ran-
domised controlled trial aimed primarily at assess-
ing a new treatment for AH patients. The exclusion
criteria were as follows: 1) confirmed secondary AH;
2) confirmed chronic renal failure [estimated glomer-
ular filtration rate eGFR <60 mL/min/1.73 m? calcu-
lated using the MDRD (Modification of Diet in Renal
Disease) formula]; 3) other severe comorbidities (sys-
tolic heart failure, cardiomyopathies, significant cardiac
arrhythmias, significant valve disease, chronic obstruc-
tive pulmonary disease, previously diagnosed diabetes
mellitus, polyneuropathy, peripheral vascular diseases);
4) age <18 years and >75 years; 5) BMI (body mass index)
>40 kg/m?% 6) mental conditions preventing full patient
compliance; 7) non-sinus heart rhythm (including, inter
alia, continuous pacing). The study protocol was approved
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by the Bioethics Committee at the Military Institute of
Medicine in Warsaw (Approval No. 21/WIM/2011), and
all participants gave their written consent to take part in
the study. The project was entered in the ClinicalTrials.gov
database (NCT01996085).

METHODS
Medical history and physical examination

Medical history was collected and physical examination
was conducted with a special emphasis on cardiovascu-
lar risk factors including age, sex, office measurement of
mean systolic blood pressure (SBP [mm Hg]) and diastol-
ic blood pressure (DBP [mm Hg]) as well as smoking, and
family history of cardiovascular diseases, BMI [kg/m?].
All patients were subjected to the following evaluations:
fasting glucose [mg/dL], creatinine [mg/dL], cholesterol -
high-density lipoproteins (HDL [mg/dL]), low-densi-
ty proteins (LDL [mg/dL]), and triglycerides [mg/dL] as
well as eGFR (eGFR, calculated with the MDRD formula
[mL/min/1.73 m?]).

24-hour Holter ECG recording

24-hour Holter ECG recording was performed in all pa-
tients using LifeCard CF 3-channel digital Holter record-
ers (Del Mar Reynolds Medical - Spacelabs Healthcare,
USA), evaluating the presence of arrhythmias; mini-
mum, average and maximum heart rate (HR); and heart
rate variability (HRV). The time and frequency parame-
ters of HRV were assessed with the aid of the Impresario
Symphony Holter Analyzer system (Del Mar Reynolds
Medical - Spacelabs Healthcare Ltd., UK). Preliminary
analysis of the ECG record included correction of mis-
classified beats, elimination of artefacts, and evaluation
of arrhythmias and ST-segment changes. The RR inter-
vals between normal QRS waveforms were extracted as
normal-to-normal (NN) intervals. The RR intervals be-
fore and after additional beats were not considered.
An extended analysis excluded records with >300 addi-
tional beats and artefacts.

Temporal analysis of heart rate variability
Automatically performed temporal analysis included
HRYV parameters recorded during day time (variable_day),
during night time (variable_night), and over the entire
24-hour period (variable_24h). Temporal HRV analysis
provides mainly quantitative data, describing the scale
of variability. The assessment of total HRV was based
on SDNN (standard deviation of the average of NN in-
tervals [ms]). The parasympathetic component of the
ANS was evaluated on the basis of rMSSD (square root
of the mean of the sum of the squares of differences be-
tween adjacent NN intervals, [ms]) and pNN50 (per-
centage of differences between adjacent NN intervals
exceeding 50 ms [%])!".
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Parameter Mean =+ SD/n (%)

Age [years] 45.18 +10.54
Age >45 years 72(51.8)

Men 96 (69)

HR [L/min] 73.4+10.7
0SBP [mm Hg] 141.2+13.1
ODBP [mm Hg] 90.2+9.3

MS IDF 81(58.3)
(reatinine [mg/dL] 0.83+0.16
eGFR [mL/min/1.73 m?| 99.9+18.4
Glucose [mg/dL] 98.6+11.2
HDL [mg/dL] 57.8+18.5

LDL [mg/dL] 144.3 +34.6

TG [mg/dL] 155.2+76.8

BMI [kg/m?] 29.1+£4.2

BMI —body mass index; eGFR — estimated glomerular filtration rate;

HDL - high-density lipoproteins; HR — heart rate; LDL — low-density lipoproteins;
MS IDF — metabolic syndrome according to the criteria of the International
Diabetes Foundation; ODBP - office diastolic blood pressure; 0SBP — office systolic
blood pressure; SD— standard deviation; TG — triglycerides.

Tab. 1. Basic clinical data (whole group)

HRV parameters Mean + 5D
SDNN_24h [ms] 140.8 +36.6
SDNN_day [ms] 114.4+30.0

SDNN_night [ms] 92.6+28.4
rMSSD_24h [ms] 346+ 143
rMSSD_day [ms] 29.7+11.7

rMSSD_night [ms] 444+22.0
pNN50_24h [%] 8.6+8.0
pNN50_day [%] 59+6.3

pNN50_night [%] 158+ 145

LF/HF_day [-] 41+32
LF/HF_night [-] 25+23

LF_day [n.u] 70.5+13.34
LF_night [n.u.] 58.5+18.0

HF_day [n.u.] 23.5+10.9
HF _night [n.u.] 353+16.8

HF - high frequency; LF — low frequency; n.u. — normalised units;

PNN50 — percentage of differences between adjacent NN intervals exceeding
50 ms [%]; rMSSD — square root of the mean of the sum of the squares

of differences between adjacent NN intervals [ms]; $D — standard deviation;

SDNN — standard deviation of the average of NN intervals [ms].

Tab. 2. Heart rate variability parameters (whole group)

Frequency analysis

The HRV frequency analysis was performed using the fast
Fourier transform (FFT). Based on the total frequency spec-
trum, normalised values of the low frequency (LF) compo-
nent, high frequency (HF) component, total power (TP) of
the spectrum, and the LF/HF ratio were extracted for fur-
ther study. A frequency analysis was performed for each
hour of the 24-hour period. In the next step, the day/night
average and the day/night ratio were determined. The HF
component is considered to be a marker of the parasym-
pathetic system. The LF values are affected both by the va-
gus nerve and the sympathetic nervous system. The mutual
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Parameter Age(nz :57)§ars Age(n< ::?gars p
Age [years] 533%6.3 36.5%6.5 0.0000
HR [L/min] 73.6 +10.1 73.1+38.2 0.4710
0SBP [mm Hg] 141.6+£12.9 1408+ 13.4 0.559
ODBP [mm Hg] 89.4+89 91.1+9.7 0.396
SDNN_24h [ms] 133.4433.6 148.8 £38.2 0.013
SDNN_day [ms] 109.8 + 28.6 119.4 +£30.8 0.031
SDNN_night [ms] 86.1+24.7 99.5+30.6 0.011
rMSSD_24h [ms] 299498 39.6+16.5 0.0001
rMSSD_day [ms] 26.0+7.7 33.7+138 0.0003
rMSSD_night [ms] 378+ 164 51.5+25.1 0.0001
pNN50_24h [%] 58+52 11.5+94 <0.0001
pNN50_day [%] 3.8+36 81+76 0.0001
pNN50_night [%] 1M5+13 20.5+16.2 0.0001
LF/HF_day [-] 45+3.6 3.8+26 0.228
LF/HF_night [-] 27+24 23423 0.105
LF_day [n.u] 709+ 134 700+ 13.3 0.721
LF_night [n.u.] 59.9+18.3 57.0+17.7 0.280
HF_day [n.u.] 21.7+9.7 254+11.9 0.108
HF _night [n.u.] 329+16.2 38.0+17.2 0.046
TP_day [ms?] 2,369.6 +2,098.6 | 3,680.3+2,778.0 | 0.0001
TP_night [ms?] 2,470.2+1,821.9 | 3,673.1£3,100.6 | 0.022
HF — high frequency; HR — heart rate; LF — low frequency; n.u. — normalised
units; ODBP - office diastolic blood pressure; 0SBP — office systolic blood
pressure; pNN50 — percentage of differences between adjacent NN intervals
exceeding 50 ms [%]; rMSSD — square root of the mean of the sum of the
squares of differences between adjacent NN intervals [ms]; SDNN — standard
deviation of the average of NN intervals [ms]; TP — total power of the
spectrum [ms?].

Tab. 3. Comparison of HRV parameters in the age subgroups

relationships between the LF and HF components (LF/HF
ratio) reflect the sympathetic-parasympathetic balance?.

Statistical analysis

Statistical analysis was performed using the Statistica 12.0
package (StatSoft Inc.). The distribution and normality
of data were assessed visually and using the Kolmogorov-
Smirnov test. Continuous variables were presented as means
+ standard deviation (SD), and categorical variables — as ab-
solute and relative values (percentages). The comparative
analysis was performed for 2 subgroups distinguished on
the basis of median age (45 years): 245 years and <45 years.
Student’s t-test was used for variables with a normal distri-
bution, and Mann-Whitney’s U test was applied for data
with distribution other than normal. The Wilcoxon signed-
rank test was used for the evaluation of the therapeutic effect.
The results were considered significant at p < 0.05.

RESULTS
ECG Holter monitor tests were conducted in 139 patients

(out of 144 patients included in the FINEPATH study) to
acquire data for HRV analysis.
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Basic characteristics

Men accounted for 69% of the study group. The mean age
was 45.2 + 10.5 years, the mean HR - 73.4 + 10.7 L/min, and
the mean arterial pressure - 141.2 + 13.1/90.2 + 9.3 mm Hg.
More than half (58.3%) of the participants met the criteria
of metabolic syndrome (MS) (Tabs. 1, 2).

Comparison of baseline HRV values

Compared to the younger group, among patients over 45
years of age the values of the SDNN, rMSSD, pNN50 and
TP parameters over the entire measurement period as well
as night-time HF, were lower (Tab. 3), with comparable car-
diac rhythm and blood pressure levels in both groups.

DISCUSSION

The findings of this study indicate an age-related change in
the ANS activity profile in hypertensive patients. Compared
to the younger group, patients aged over 45 years exhibit-
ed features of a shift of the autonomic balance towards the
sympathetic nervous system. The results obtained in the
HRYV parameter analysis are consistent with the data report-
ed in the literature, which, despite differences in the meth-
odology, confirm a progressive age-related decrease in HRV
parameters'?-'”. This effect is likely to add to a decrease in
HRV associated with AH per set8-20,

However, the available study findings on the addition-
al effect of AH on progressive autonomic dysfunction
in the elderly are not consistent. In their 2003 study,
German researchers showed a statistically significant de-
crease in all HRV parameters assessed by 24-hour Holter
ECG recording, and their strong negative correlation with
age (p < 0.001)"?. Similar conclusions were reached by
Fukusaki et al."®. A Brazilian study conducted in 2016
analysed a total of 1,743 patients aged 40 to 100 years, di-
vided into 5 age groups. The study found a linear age-re-
lated decrease in SDNN, SDANN (standard deviation of
the averages of NN intervals in 5-min segments of the en-
tire recording) and SDNN-index (mean of the standard
deviations of the averages of NN intervals in all 5-min
segments of the entire recording). In women, the indi-
cators were shown to be lower than in men (p < 0.001).
The graph representing the rMSSD and pNN50 parame-
ters was U-shaped, with the lowest point corresponding to
the age bracket of 6069 years. The lowest values for all the
variables were obtained in the group of patients with non-
insulin-dependent (type II) diabetes mellitus. There was
no identified effect of AH or dyslipidaemia on the stud-
ied variables"¥. In an Indian study conducted in 2013,
Abhishekh et al. assessed the effects of age and sex on
the ANS regulation in a group of 189 healthy volunteers.
A negative correlation was found between SDNN, rMSSD
and TP, and age (SDNN: r = —0.444, p < 0.01; rMSSD:
r=-0.552, p < 0.01; TP: r = —0.474, p < 0.01). Similarly,
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spectral analysis revealed the following parameters to be
correlated with age: HF (r = -0.167, p = 0.02) and the LF/HF
ratio (r = 0.19, p < 0.01), suggesting a relative increase
in sympathetic activity with age. Moreover, multivariate
analysis showed a statistically significant reduction in LF
(B = —-6.64; p < 0.01), while HF showed an upward trend
(B =4.47; p = 0.053)"). De Andrade et al., comparing the
HRV parameters in physically active, healthy individu-
als aged >65 years and their peers with AH, showed low-
er HRV values in the latter group (statistical significance
was achieved for the SDNN parameters: p = 0.030 and HF:
p =0.002)"9. In the ARIC study (n = 11,061 participants
aged 45-54 years), lower HRV in normotensive individu-
als (n = 7,099) was associated with an elevated risk of AH
over a 9-year follow-up period’”. However, a compari-
son of normotensive individuals and patients with base-
line AH found that AH did not contribute to a change in
HRYV associated with ageing. Furthermore, the differenc-
es between the two groups were blurred. On that basis, it
was concluded that the ANS was involved in the develop-
ment of AH, while differences in the autonomic profile of
AH patients and individuals with normal blood pressure
did not increase over time"”.

Importantly, the advantages of the study included high
homogeneity of the study group and the absence of sig-
nificant comorbidities other than AH. This fact reduced
the potential impact of comorbidities on the relationship
between the ANS and age. Another crucial aspect is the
elimination of the effects of pharmacotherapy which was
achieved by selecting individuals with untreated AH for
the study.

LIMITATIONS

A limitation of the study is the small size of the study
group, and hence the small size of the subgroups under
analysis. Also, the findings require verification in a larger
cohort, preferably in relation to healthy controls. The dis-
cussion should take into account the difficulty involved
in comparing different studies because of dissimilarities
in the study protocols and the duration of the analysed
ECG records.

CONCLUSIONS

The results show that older age in AH patients is associated
with a shift of the autonomic balance towards sympathetic
activity, which may translate into an additional increase in
cardiovascular risk.
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