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Abstract

Objective: Evaluation of the gender difference in the activity of the autonomic
nervous systems of healthy and hypertensive patients in Russia.

Materials and Methods: The methods of heart rate variability (HRV) and gas
discharge visualization (GDV or electrophotonic Imaging/EPI) were used to
assess subjects. Analysis of data from 138 patients with different stages of arterial
hypertension, aged 20 to 70 years, and 37 healthy ones was carried out.

Results: The differences in the activity of the autonomic nervous system in men
and women, both healthy subjects and those suffering from arterial hypertension
were detected. The offset of autonomic balance toward the predominance of
the sympathetic nervous system was observed in most healthy men and women
suffering from arterial hypertension, regardless of their age.

Conclusion: The difference in parameters was not due to hyperactivity of the
sympathetic center, but due to a lower parasympathetic activity. For the majority
of hypertensive and healthy women, the autonomic balance shifted toward
predominance of the parasympathetic nervous system.
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Introduction

The idea of arterial hypertension (AH) as a neurogenic disease
was put forward in 1922 by the Soviet scientist Lang GF Till date; a
large amount of evidence about the role of autonomic disorders in
the development and formation of AH has been collected. Special
attention is paid to the increase in the tone of the sympathetic
nervous system [1-3]. The results of one of the largest studies on
this topic (Tecumseh Blood Pressure Study [4]) provided strong
evidence that activation of the sympathetic link of the autonomic
nervous system (ANS) is important not only in the early stages of
the development of hypertension, but contributes to the formation
of cardiovascular risk in the future. At the same time, there are
indications of gender dimorphism in the autonomic regulation of
a healthy body [5-10], which, in turn, determines the peculiarities
of the development of hypertension in men and women. With
a high predisposition to hypertension in healthy men, blood
circulation at rest is determined primarily by increased influence
of the sympathetic division of the ANS. But among apparently
healthy women having a high predisposition to hypertension,

blood circulation depend to a lesser extent on the specifics of the
autonomic regulation compared to men [11]. However, despite
existing data, which indicate different mechanisms of formation
and establishment of hypertension in men and women, the amount
of experimental data is not yet sufficient [12]. In this connection,
the aim of this work was to evaluate the gender-specific state of
the autonomic nervous system of healthy people and hypertensive
patients, using the methods of heart rate variability (HRV) and gas
discharge visualization (GDV).

Materials and Methods

To assess the state of the autonomic nervous system of
patients, the methods of heart rate variability (HRV) [13] and gas
discharge visualization (GDV or Electrophotonic Imaging) [14-16]
were applied. In the HRV method, the heart rhythm is recorded,
with a subsequent mathematical analysis of its structure. Main
HRV indexes are presented in Table 1. The index of regulatory
systems tension (stress index SI) is calculated based on histogram
of distribution of cardio intervals as random variables. The
amplitude of every bar of the histogram is equal to the amount
of RR intervals with particular duration. From the histogram
its basic characteristics: mode Mo, mode amplitude (AMo) and
variation range (VR) are determined. When during mental or
physical loading we have increase of the sympathetic regulation it
leads to stabilization of the heart rhythm caused by participation
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in the cardiac activity of the higher (central) levels of regulation,
which leads to a decrease in the distribution of cardio intervals
durations, i.e. increase of number of intervals of similar duration
(AMo increases). The shape of the histogram is changing its
constriction occurs with a simultaneous increase in height. The
stress index Sl is calculated in accordance as following:

SI = AMo* VR / 2Mo
The normal range of SI'is 80-150 units.

People were recommended for 1.5-2 hours before the
examination do not eat, do not smoke, do not drink coffee, strong
tea, during the HRV measurement do not take a deep breath,
coughing, swallowing. A survey of patients was conducted
in the morning in a darkened room, with the elimination of
emotional arousal factors, including conversation and phone calls.
Women were measured in the inter-menstrual period. Before
measurement patients rested for 5-10 minutes in a horizontal
position. The HRV study included a 5-minute ECG recording (no
less than 300 cardiocycles) in the supine position during quiet
breathing. After this GDV testing was performed this lasted about
5 minutes. GDV bioelectrography (Electrophotonic Imaging EPI
[14,15]) is already utilized in 62 countries, with great success.
This effect occurs when an object is placed on a glass plate and
stimulated with a high-intensity electrical field; a visible glow
occurs, produced by the gas discharge. This glow is detected by a
sensitive CCD camera and processed in the computer as a digital
image. In the EPI technology, images captured of all 10 fingers on
each human subjectprovide aset of quantitative parameters, which
may be used for statistical analysis and practical applications. EPI
applications in different areas are being developed [14-30].

The parameters of the image generated from photographing
the finger surface under electrical stimulation create a

Table 1: HRV indicators.
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neurovascular reaction on part of the skin, influenced by the
nervous-humoral status of organs and systems. Owing to this, the
images captured on the GDV/EPI register an ever-changing range
of states. In addition, the EPI readings of most healthy people vary
only 8-10% over many years of measurements, indicating a high
level of precision in this technique [14,15]. A total of 138 people,
aged 20 to 70 years were surveyed. Among them, 37 healthy ones,
between them 15 men mean age 50.5+ 9.0 and 22 women mean
age 50.1% 11.2 comprised the control group, and 101-AH patients,
between them 50 men mean age 55.0# 15.0 and 51 women
mean age 56.0% 6.0. In hypertensive patients, 34 persons had
hypertension Stage I (blood pressure: Sys 120-139; Diast 81-89),
46-AH Stage II (Sys 140-159; Diast 90-99) and 21-AH Stage III
(Syst>160; Diast>100). Some 70% of patients with hypertension
constantly took medications to lower blood pressure. On the day
prior to the study, medications were canceled.

HRV and GDV readings were carried out for each patient
sequentially, in the first half of the day, not earlier than 1.5-2
hours after food. The time interval between the methods was 5-7
min. For the HRV analysis, the device “Polispektr” (“Neurosoft,”
Russia www.neurosoft.ru/eng/) was used. The entry consisted of
5 minutes of ECG recording (no less than 300 cardio cycles) in the
supine position. The study included only patients with sinusoidal
rhythm without the presence of frequent extra systoles. The HRV
indexes used for statistical processing are presented in Table 1.
For the GDV analysis, the devices “GDV Pro” and “Bio-Well” were
used. Device GDV Pro and Bio-Well use the same hardware, and
the difference that in the GDV Pro device data processing is done
by software installed to the computer, while in the Bio-Well device
data processing is done by more sophisticated software on server.
Special experiments demonstrated that parameters measured by
these two devices at the same time on the same subjects generate
similar parameters.

Name Index Characteristics
Total spectral power TP (ms?) The sum activity of neuro-humoral influences on heart rate
The relative importance of the power of high- HF (%) The activity of the parasympathetic center of the autonomic
frequency waves 0 nervous center
The relative importance of the power of low LF (%) The activity of the sympathetic centers of the autonomic
frequency waves 0 nervous center (cardio -stimulating and vasoconstrictor)
The relative importance of the power of very low VLF (%) The activity of the Central and humoral-metabolic mechanisms
frequency waves ° of heart rate regulation
Vegetative sympathetic index LF/HF The ratio of sympathetic -parasympathetic effects
Mode Mo (sec) The dominant level of the cardiac rhythm functioning
The mode amplitude- the relative number of cardio AMo (%) The stabilizing effect of centralization of heart rhythm
intervals, corresponding to this mode 0 regulation
Variation Range VR (relative units) The degree of variability of RR intervals
The index of regulat(i);}(li:))(r)stems tension (stress SI (relative units) The degree of centralization of heart rhythm regulation
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In this paper we are using two main parameters

The integral area is an amount of light quanta generated by
the subject in computer unit’s pixels (the number of pixels in the
image having brightness above the threshold). We are using both
the total area of all 10 fingers and the area of fingers of the left
and right hands separate (Table 2). Stress coefficient is calculated
as the ratio between the total area of the particular subject
and the total area of the ideal healthy person, calculated from

Table 2: GDV indicators.
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statistics of 8000 people [14-16]. Statistical processing of the
results was done in Excel, SPSS Statistics 17.0 and Statistica 7.0
programs. Statistical distribution of the HRV and GDV parameters
tested with the Kolmogorov Smirnov test did not follow normal
law. Therefore, non-parametric Mann Whitney U-criterion was
used for data analysis. The Institutional Review Board approval
for the study of the Pirogov Russian National Research Medical
University, Moscow, Russia was obtained.

Name

Index Characteristics

The total area of the image

S (pixels) The functional reserves of the body

Stress coefficient

A (relative units) Stress level

The integral area of luminescence of fingers of the right hand

JSR (relative units)

The integral area of luminescence of fingers of the left hand

The activity of the autonomic nervous system

JSL (relative units)

Results and Discussion

At the beginning, a comparison was made of the control
group (37 people) with a group of patients with hypertension
(101 people) without gender difference. Averaged indicators are
presented in Table 3. The data of the above table demonstrate that
the values of the LF/HF index both in the control group and in
the group of patients with hypertension, when analyzed without
gender difference, are within normal limits, and no significant
difference between groups in relation to this indicator was
found. However, it was revealed that the hypertensive patients
differed from the control group in the stress index (SI), and, for
AH patients, it exceeded the normal value. The same result was
found for the GDV stress index. Furthermore, groups of healthy
people and patients with hypertension were divided on the basis
of gender, and compared differently. Table 4 shows the HRV and
GDV indexes, with marked difference (p< 0.05). As a result of this
comparison, the difference on many indexes in both men and
women were found.

Table 3: Comparison of the control group and the group of patients
with hypertension on the autonomic sympathetic index and stress index
without gender difference.

Group LF/HF 3 Hl; SI SI norm*
norm
Control 1.68+0.8 86.31+50.2
1.5-2.0 80-150
AH patients | 1.80+1.3 183.70 + 126.6

The values of a norm is given in accordance with the “Standards of
measurement, physiological interpretation and clinical use of heart
rate variability” developed by experts of the European Association of
cardiology and the North American Association of rhythmology and
electrophysiology.

In accordance with [2,3], hypertensive patients unlike healthy
subjects have a high degree of centralization of heart rhythm
regulation, i.e, the predominance of the central contour of
the heart rhythm regulation (cerebral cortex, hypothalamus-
pituitary and autonomic subcortical centers), on the autonomous

contour (lungs, sinus node, the nucleus of the vagus nerve).
Both for healthy men and men with hypertension, the LF/HF
index values exceeded the normal values (LF/HF> 2), indicating
a shift in autonomic balance toward the predominance of the
sympathetic nervous system. For healthy women and women with
hypertension LF/HF index was below the norm (LF/HF< 1.5),
indicating a shift of autonomic balance toward the predominance
of the parasympathetic system [8-10].

Thus, differences in LF/HF index in healthy men and women,
as well as in patients with hypertension, whether men or women,
indicate the necessity of considering gender when examining
the patients, and subsequently choosing the treatment tactics. It
is also important to note that for men, the relative values of the
power of high frequency (HF) waves were significantly reduced
compared to women. The difference in the HF indicator in men
and women leads to the conclusion that for men both healthy ones
and patients with hypertension the autonomic balance are shifted
toward the predominance of the sympathetic nervous system.
Apart from the difference in HRV indexes between men and
women, significant differences in GDV parameters were revealed.
The integral area of luminescence of the fingers of the right and
left hands (JSR, JSL), and the total area of the image (S) had lower
values in men compared to women, which also indicates a bias in
men’s autonomic balance toward the sympathetic nervous system
[4]. Comparison between healthy men and men patients, as well
as between healthy women and women patients, confirmed the
data of higher values of the stress index, presented in Table 3, for
patients compared with healthy people.

In addition to the high stress index, patients with
hypertension, both men and women, had the higher values of
the mode amplitude AMo, indicating a high stabilizing effect of
centralization of heart rhythm regulation and decrease of the
total spectral power (TP), indicating decrease in neuro-humoral
influences on heart rate (Table 4). For women with hypertension,
unlike healthy women, the relative value of the power of the low
frequency waves (LF) was reduced (Table 4), which differentiates
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them from men with hypertension (Table 4). Also, the relative

values of the power of high frequencies waves (HF) were N of people
reduced, while the relative power of very low frequency waves 30
(VLF) was increased. These frequency ratios may indicate a less
pronounced regulation of the heart rate by reflex autonomic level 257
in women with hypertension and more pronounced regulation

by low humoral-metabolic level, which is not able to provide 207
homeostasis fast. However, despite lower activity of sympathetic

(LF) and parasympathetic (HF) centers of the medulla oblongata 157
in women with hypertension (compared with healthy women),
autonomic balance shifted toward parasympathetic activity of the
ANS (Table 4). Hypertensive women differed from healthy ones
by lower GDV parameters, indicating the decrease in functional
reserves of the organism and autonomic imbalance [4]. The final
phase of the study was to test the frequency of occurrence of 40 80 so Age
high index LF/HF> 2 (Figure 1) and increased index of tension of B Men B Women

regulatory systems (SI> 150) (Figure 1) among men and women,
depending on age.

Table 4: HRV and GDV indices for healthy men and women (control
group) and patients with hypertension.

10—

Figure 1: Frequency of occurrence of increased index of tension of
regulatory systems for men and women depending on age.

It is evident from the graphs that the rate of LF/HF in all age

Gender Index Control AG patients groups, in most cases, is higher for men than for women. Thus, of
LF/HF* 334409 225413 all men surveyed, 62.1% had high index LF/HF> 2. Among women,
/ T T only 25.0% had high LF/HF value. To understand the reason for
LF (%) 34.8+ 4.6) 293+83 the increased index for 62.1% of men (healthy individuals and
patients) and 25.0% of women (healthy individuals and patients),
HF (%) 11.70+ 6.6 13.0£5.7 a comparative analysis of a group of men with normo-tone (LF/HF
VLF (% 517428 644112 values from 1.5 to 2) and a group of men with sympathetic tone
(%) o o (LF/HF> 2), as well as groups of women with normo-tone and
SI* 80.61 + 80.2 190.42+132.4 groups of women with sympathetic tone, was conducted (Table
Men 5). It was found that for men and women with a sympathetic tone,
AMo (%)* 46.70 £ 0.9 60,80+ 9.5 the relative values of the power of high frequency waves (HF) is
Tp* 2157 + 1820 854 + 720 significantly lower (p< 0.05) compared with men and women with
- - normo-tone. Thus, the LF/HF index for people with sympathetic
g* 1.57 + 0.51 32408 tone of both genders is higher in comparison with normo-tone
people due to the lower parasympathetic activity of the autonomic
JSL* 0.51+0.09 0.36+0.14 nervous system, but not at the expense of increased activity of the
SR+ 049+ 0.8 040011 sympathetic one. The frequency of high SI index was practically
J R B the same for men (51.5%) and women (52.8%) (Figure 2).
LF/HF* 1.21+0.6 1.1+£1.0
| Nof people
LF (%)* 29.35+4.8 20.75 + 6.0 40
35
HF (%)* 26.95+8.9 19.2+7.2
30
VLF (%)* 41.15+4.3 59.5+9.0 25—
Wi SI* 89.70 + 48.1 179.14 + 121.4 20
omen
AMo (%)* 4485+ 45 56.80 + 8.1 157
10
TP* 1947 + 811 859 + 530
5
S* 2.1£0.62 3.6+x1.2
JSL¥ 0.66 + 0.25 0.51+ 0.12 20 3o 40 s0 e 70 80 Age
I Men Bl Women
JSR* 0.65+ 0.2 0.49+ 0.15 Figure 2: Frequency of occurrence of increased stress index for men

and women depending on age.
*significant difference at p < 0.05
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Table 5: HRV Indices for men and women with normo-tone and sympathetic tone.
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Men with Normo- Men with Sympathetic | Women with Normo- Women with Sympathetic
Index
Tome Tone Tone Tone
No. of people 12 42 13 18
LF/HF* 1.81+0.13 34009 1.66 + 0.04 332+0.8
LF (%) 27.70 £12 3290+10.4 26.80 0.9 29.00+0.8
HF (%)* 14.80 £ 2.7 9.04 +3.1 16.60 £ 5.0 10.25+£4.0
Conclusion 2. (2006) Manual of hypertension. In: Chazov EI, et al. (Eds.),

L

IL.

I1L

IV.

VL

Men had a shift in the autonomic balance toward the
predominance of the sympathetic nervous system (62.1% of
studied population), while in women the autonomic balance
is shifted toward predominance of the parasympathetic
nervous system (75% of studied population).. This is valid
both for healthy and hypertensive people. Moreover, for
men lower activity of the parasympathetic center of the
autonomic nervous center was observed.

There were significant differences in GDV indexes. The
integral area of luminescence of fingers of right and left
hands (JSR, JSL), and the total area of the image (S), had lower
values for men compared to women, which also indicates a
bias in men of autonomic balance toward the sympathetic
nervous system, and confirms the dependence of the GDV
indexes on the activity of the autonomic nervous system.

Hypertensive women differed from healthy ones by lower
GDV parameters, which indicate the decrease in functional
reserves of the organism and autonomic imbalance.

For hypertensive women, unlike healthy ones, regulation
of heart rate by autonomic reflex was less pronounced
compared to regulation by low humoral-metabolic level.
Similar changes in the regulation of cardiac rhythm for men
with hypertension have been identified.

For patients with hypertension, regardless of gender, a high
degree of centralization of heart rhythm regulation was
found, which reflects the high activity of the sympathetic
regulation mechanisms. However, this was not due to the
increased activity of the sympathetic center, but due to the
lower activity of the parasympathetic cardio-inhibitory
center.

More than half of studied population had high degree of
centralization of heart rhythm regulation (51.5% of men and
52.8% of women in all age groups).
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