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Summary
 Background: The aim was to evaluate the interactions between the effects of vagal stimulation by sham feeding 

(nonbaroreflex) and deep breathing (baroreflex) on heart rate variability (HRV) and gastric myo-
electrical activity (GMA) in pre- and postmenopausal women with essential hypertension.

 Material/Methods: One hundred five post- and premenopausal women with hypertension and 60 premenopausal nor-
motensive women were observed. The study protocol consisted of 5 min of resting HRV followed 
by 5 min of deep breathing (DB), then 6 min of sham feeding (SF) with 30-min electrogastrogra-
phy (EGG) before and after SF. The fasting plasma level of noradrenalin was measured.

 Results: The HRV parameter values at rest in the hypertensive group were half those in the control group 
(p<0.05). There were notably higher HRV parameter values in the premenopausal women. Plasma 
noradrenalin level was higher in the postmenopausal women (p=0.0009). The effect of DB was sim-
ilar before and after menopause; however, HRV parameters in response to DB were lower in the 
hypertensive women than in the controls (p<0.05). In the controls there was a marked increase 
in the main HRV parameters in response to DB. In fasting electrogastrography the lowest normo-
gastria percentage was observed in the postmenopausal women. EGG showed that only SF signif-
icantly affected the period dominant power (PDP) in all groups and the bradygastria percentage 
in the postmenopausal women.

 Conclusions: This study suggests that the interactions that occur between the effects of non-baroreflex and baro-
reflex vagal stimulation in hypertensive women may contribute to gastric motility disorders and 
dyspeptic symptoms.
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Background

Arterial hypertension is one of the major risk factors for car-
diovascular disease. Age-induced neuro-endocrine changes 
are closely associated with metabolic disturbances and are 
commonly involved in the development of hypertension. In 
addition, increased noradrenalin spillover-induced vascular 
resistance, renal hypoperfusion, and rightward shift in the 
pressure-natriuresis relationship are major precipitating fac-
tors of hypertension [1]. Morbidity and mortality from cardio-
vascular diseases increase rapidly in women after menopause. 
Various humoral and nervous factors have been proposed, 
such as changes in estrogen/androgen ratios, increases in 
endothelin concentration and oxidative stress, and activation 
of the renin-angiotensin system (RAS), which are all present 
in postmenopausal women [2]. Some evidence suggests that 
after menopause, autonomic nervous system (ANS) dysfunc-
tion is the cause of inappropriate regulation of all visceral sys-
tems and augments susceptibility to environmental factors. 
Despite remarkable advances in hypertension research over 
the past ten years, the pathogenesis underlying hypertension 
in women is still not completely understood.

Numerous intensive studies revealed blunted sensitivity of 
the vagal nerves in hypertension [3]. Changes in vagal ac-
tivity may also exert unfavorable effects on visceral function, 
such as secretion and motility of the gastrointestinal tract, 
which are under the strong influence of vagal nerves. On 
the other hand, autonomic nerve dysfunction with enhanced 
vagal modulation of heart period has been described in du-
odenal ulcer and achalasia patients [4,5]. Abnormalities of 
esophageal motility after sham feeding in reflux esophagi-
tis are closely associated with a lower heart rate coefficient 
of variation at rest (CVR-R) [6]. Lack of autonomic balance 
in hypertensive women could also affect gastric myoelectric 
activity (GMA). Nevertheless, the effects of vagal stimulation 
on GMA have not been addressed in hypertensive patients. 
In this context there should be a continuous relationship 
between spontaneous and stimulated heart period and gas-
tric myoelectric activity fluctuations occurring on the basis 
of neurally mediated coupling mechanisms. It is well known 
that afferents from the heart and gastrointestinal tract excite 
neurons in the nucleus tractus solitarii (NTS). The NTS re-
ceives convergent excitatory input from the viscera, which 
results in an additive effect or, in some cases, facilitates an 
interaction and is considered to be the main area of viscer-
al sensation In this study, the interaction of the environmen-
tal factors of baroreflex, i.e. deep breathing (DB), and non-
baroreflex, i.e. sham feeding (SF), on cardiac and gastric 
myoelectric functions was examined in hypertensive women.

Material and Methods

Subjects

The clinical characteristics of the examined patients are pre-
sented in Tabless 1A and 1B. One hundred five women with 
mild essential hypertension (EH) aged 50.73±1.82 years and 
60 normotensive controls aged 50±6.1 years participated in 
this study. Arterial hypertension was confirmed in the hy-
pertensive women by 24-hour arterial blood pressure mon-
itoring (SpaceLabs 90207; Spacelabs Healthcare, Issaquah, 
WA, USA). The hypertensive subjects were divided into two 
subgroups: postmenopausal (n=58, mean age: 51.03±1.39 

years) and premenopausal (n=47, mean age: 50.37±2.19). 
All the controls were premenopausal. Post- and premeno-
pausal status was based on anamnesis and verified by the 
evaluation of plasma 17b-estradiol and follicle-stimulating 
hormone (FSH) activities, with the menopausal criteria of 
17b-estradiol <50 pg/ml and FSH >30 U/1. All of the post-
menopausal women experienced natural menopause. The 
defining criteria for the subjects to have entered meno-
pause was lack of menstruation for at least 12 months pri-
or to the investigation. In the premenopausal women the 
procedures were carried out in the follicular phase of the 
menstrual cycle. None of the patients received hormonal 
replacement therapy, oral contraceptives, and/or antihy-
pertensive drugs (e.g. beta-blockers, centrally acting anti-
hypertensive drugs). All had normal values of the main bio-

Normotensive Hypertensive p

Age [years]  50±6.1  50.73±1.82 NS

BMI [kg/m2]  26±2.5  26±2.6 NS

SBP [mmHg]  115±9  152.5±11 0.001

DBP [mmHg]  73.4±6  94.6±5 0.001

LVMI [g/m2]  90.4±11  92.2±8 NS

Table 1A. Clinical characteristic of examined women.

Table 1B.  Clinical characteristic of the subgroups of hypertensive 
women.

Postmenopausal
(n=58)

Premenopausal
(n=47) p

Duration of 
hypertension 

[months]
 15.30±5.54  12.80±5.65 0.02

Duration of 
menopause 

[months]
–  8.61±6.54 –

Body weight [kg]  71.78±8.92  69.65±8.95 0.21

Height [cm]  162.93±5.00  162.65±5.89 0.78

BMI [kg/m2]  26.85±2.68  26.22±2.82 0.22

Waist [cm]  87.40±7.27  82.12±7.75 0.0003

Hip [cm]  106.79±6.80  104.33±7.84 0.08

Waist-hip ratio  0.81±0.05  0.78±0.05 0.0005

% FAT Omron  35.79±5.88  34.8±5.87 0.92

% FAT Maltron  32.30±6.98  32.28±7.08 0.99

kg FAT Maltron  23.57±6.91  22.83±7.09 0.58

SBP [mmHg]  93.21±2.79  92.59±2.78 0.24

DBP [mmHg]  152.16±3.94  150.0±4.63 0.58

LVMI [g/m2]  91.9±9.75  88±15.2 0.13
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chemical parameters. The duration of hypertension was 
15.30±5.54 months in the postmenopausal and 12.8±5.65 
months in the premenopausal group.

All the hypertensive women were diagnosed and treated in 
the outpatient clinic of the 1st Department of Cardiology 
and Hypertension of the Institute of Cardiology, Jagiellonian 
University Medical College in Krakow. The exclusion crite-
ria were left ventricle hypertrophy, left ventricle failure with 
pulmonary congestion, coronary artery disease, increased in-
tima-media score (≥0.9 mm), obesity with BMI ≥30 kg/m2, 
diabetes mellitus, cigarette smoking within three months, 
and either acute or chronic inflammation. All the partici-
pants were informed of the study and provided written con-
sent. The baseline examination consisted of a structured in-
terview and physical examination at the research center. In 
addition, body mass index (BMI), waist-to-hip ratio, and per-
centage of total and trunk fat mass (using dual photo X-ray 
absorptiometry) were calculated. All examinations were per-
formed in the morning in a quiet room with a temperature 
of 22–24°C. The subjects were examined after an overnight 
fast with the condition of alcohol and tobacco abstinence for 
at least three months prior to the study. Heart rate (HR) and 
sphygmomanometric blood pressure (BP) were measured 
after 10 minutes of rest. The women were subjected to heart 
rate variability (HRV) measurement and electrogastrography 
(EGG). The study protocol was approved by the local bio-
ethics committee according to Good Clinical Practice rules.

Recorded Variables

Heart rate variability measurement

The HRV parameters were analyzed by electrocardiograms 
(ECGs). All the ECG recordings were obtained via a precar-
dial lead (V5). The application of 2002 HRV hardware and 
software (Proster, Poland) allowed obtaining numerous time 
and spectral parameters. Time- or frequency-domain anal-
yses are the methods of HRV assessment. The time-domain 
method estimates fluctuations of RR intervals on the ECG 
curve and the frequency-domain method serves to create an 
HRV power spectrum. It allows the graphic presentation of 
autonomic and other poorly defined influences on ECGs. 
This permits the calculation of values showing the activities 
of the sympathetic and parasympathetic divisions of the ANS. 
In an HRV spectrum, very-low-frequency (VLF, ≤0.055 Hz), 
low-frequency (LF, 0.05–0.15 Hz), and high-frequency (HF, 
0.15–0.5 Hz) components can be distinguished. LF reflects 
the functional state of the sympathetic division of the ANS, 
while HF represents parasympathetic activity. The LF/HF 
ratio is an indicator of the autonomic sympatho-vagal bal-
ance. The meaning of the VLF spectral component has not 
yet been fully described. The time parameters that this study 
considered were the mean length of the RR interval (mean 
RR) and the standard deviation of the RR intervals (SDNN). 
Spectral analysis of the HRV was based on fast Fourier trans-
formation (FFT). The analyzed parameters consisted of the 
total power of the HRV spectrum (TP), VLF, LF, and HF 
spectra, and the normalized LF (nLF) and HF (nHF) values.

Gastric myoelectrical activity measurement

Gastric myoelectrical activity (GMA) was recorded as a trans-
cutaneous electrogastrogram using a Digitrapper III EGG re-

corder (Synectics, Sweden). Ag-AgCl cutaneous electrodes 
were placed at the proper skin location and in the standard 
position above the upper abdomen along the axis of the an-
trum. One of the active electrodes was placed halfway between 
the xiphoid process and the navel and the other active elec-
trode was placed below the left costal arch 1 cm to the left 
of the midclavicular line. The third, passive, electrode was 
placed on the antral axis, with the first two electrodes. Motion 
artifacts produced by the interference of a patient’s cough 
and/or movement were recognized at the baseline elevation 
in all of the frequency spectra and manually removed. After 
inspection and elimination of the artifacts, computer-based 
analysis of recordings was carried out using a Hamming win-
dow of 111 sec (Electrogastrogram 6.4; Synectics, Sweden). 
The procedure allowed us to obtain the percentage of nor-
mogastria (2–4 cycles per minute, c.p.m.) and dysrrhythmia 
(bradygastria <2 c.p.m., tachygastria >4 c.p.m.), dominating 
GMA frequencies in the analyzed periods, called period dom-
inant frequencies (PDFs), and the amplitude of the domi-
nant frequency, called the period dominant power (PDP).

Procedures

Sham feeding (SF)

Women were sham fed using mint chewing gum (Wrigley’s 
Orbit Spearmint, Wrigley, Poland). Each woman chewed 
successively three pieces of gum for a duration of 2 min-
utes per piece. SF resulted in obtaining the cephalic phase 
of vagal stimulation in the subjects.

Experimental protocol

Each procedure commenced at 8 a.m. with the patients, 
who had fasted for a period of 24 hours. After a short pre-
liminary physical examination, including the measurement 
of arterial blood pressure, the experimental protocol was 
applied. All the procedures were carried out at room tem-
perature within the range of 22–24°C, under resting con-
ditions and in a supine position, with the exception of the 
SF procedure, in which the subjects were sitting. The ex-
perimental protocol consisted of:
1.  5 min of resting HRV, followed by 5 min during deep 

breathing (DB);
2.  30-minute EGG recording with simultaneous 5-minute 

ECG recording;
3. 6-minute SF with EGG and ECG recordings;
4.  30-minute EGG recording with simultaneous 5-minute 

ECG recording after SF.

Biochemical assays

Blood samplings were taken during the follicular phase of 
the menstrual cycle in the premenopausal women and ar-
bitrarily in the postmenopausal women. The blood sam-
ples were collected in the morning by an intravenous can-
nula after an overnight fast and in the supine position after 
30 minutes of resting. The blood samples were centrifuged 
(3800 × g, 8°C, 10 minutes) within 2 h of blood collection 
and stored at 2–8°C. The supernatant was then aspirated 
and stored for a period of 6 h to 1 month at 20°C until anal-
ysis. The plasma noradrenalin concentration was measured 
by a solid-phase sandwich enzyme-linked immunosorbent 
assay (ELISA, EIA-2049 DRG MedTek).
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Statistical analysis

The results were compared among the groups of patients. 
Values are reported as the mean ± standard deviation (SD). 
The Statistica 7.0 statistical package was used to evaluate 
statistical significance. Analyses were performed using 
Student’s t test, with p<0.05 considered to be statistically 
significant. Correlation between values was determined 
with Spearman’s test. Correlations between HRV param-
eters, EGG parameters, and plasma noradrenalin were 
evaluated by analyzing the relationship between the HRV 
power-spectrum parameters (LF, nLF, HF, nHF), plasma 
noradrenalin levels, and EGG parameters (percentage of 
dysrhythmias, PDF, PDP).

results

Resting HRV

Comparison of the hypertensive and control groups did not 
reveal considerable differences in the analyzed resting-time 
parameters, i.e. mean RR and SDNN. The absolute values of 

the spectral parameters were two times lower in the essen-
tial hypertension (EH) group. Normalized LF (nLF) did not 
notably differ between the EH group and controls, whereas 
nHF was significantly lower in the EH group. Within the EH 
group, higher spectral HRV parameters were observed in 
the premenopausal women except for HF and nHF, whose 
values were considerably lower (Table 2).

Effect of DB on HRV

In response to DB in the controls, increases in the HRV 
parameters SDNN, TP, LF, and nLF and decreases in HR, 
HF, and nHF were observed. The effect of DB was similar 
in both hypertensive groups; however, the HRV parameters 
in response to DB were lower in the women with hyperten-
sion than in the control group (p<0.05) (Table 3, Figure 1).

Effect of DB on EGG

None of the EGG parameters changed significantly in re-
sponse to DB in both control and EH women and were 
therefore not included in further analysis.

Normotensive
(n=60)

Hypertensive
(n=105) p1 Post-menopausal

(n=58)
Pre-menopausal

(n=47) p2

Mean RR [mmHg]  894±148  896±135 NS  915±124  872±146 0.05

SDNN  40±19  38.4±18 NS  38±18  38.5±17 NS

Mean HR  68±10  68.6±10 NS  66.9±9  70±11 0.05

TP [ms2]  2543±2010  1117±1404 0.0003  872±920  1419±1799 0.047

LF [ms2]  840±753  394±840 0.0008  241±272  582±1200 0.038

HF [ms2]  800±711  237±342 0.00001  254±417  217±220 NS

nLF  51±11  56±20 NS  53±21  61±17 0.05

nHF  48±11  43±20 NS  46±21  38.8±17 0.05

LF/HF ratio  1.32±0.87  2.0±1.8 0.007  1.86±1.83  2.18±1.85 NS

Table 2. Time and spectral HRV parameters analysis in resting conditions in the investigated groups.

Normotensive
(n=60)

Hypertensive
(n=105) p1 Post-menopausal

(n=58)
Pre-menopausal

(n=47) p2

Mean RR [mmHg]  869±138  885±134 NS  907±124  857±152 NS

SDNN  60±34  54±26 NS  54±28  52±23 NS

Mean HR  71±11  69±10 NS  66.9±8.2  72±11 0.01

TP [ms2]  6050±12612  2704±2996 0.01  2539±2826  2907±3213 NS

LF [ms2]  3623±5487  1816±2099 0.0029  1660±1830  2001±2389 NS

HF [ms2]  503±984  414±896 0.01  409±930  419±416 NS

nLF  85±11  82±17 NS  81±17  82±16 NS

nHF  14±11  17.7±17 NS  18.2±17  17±16 NS

LF/HF ratio  11±8.7  10±9 NS  9.02±6.9  11±11 NS

Table 3. Time and spectral HRV parameters analysis during deep breathing in the investigated groups.
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Effect of SF on HRV

After SF there was an increase in all the analyzed time and 
spectral parameters in the normotensive controls (SDNN, 
TP, HF; p<0.05). In the post- and premenopausal EH groups 
there was a notable similarity in the effect of SF on HRV pa-
rameters, except for a decrease in nHF in the postmeno-
pausal women and a decrease in nLF in the premenopaus-
al women (Table 4, Figure 4).

Effect of SF on EGG

Fasting EGG revealed a lower percentage of normogastria 
with a higher percentage of tachygastria and an approx-
imately twofold increase in the period dominant power 
(PDP) in the EH group (Tables 5, 6, Figure 3). The lowest 
percentage of normogastria was visible in the postmeno-
pausal women. After SF, PDP remained unchanged in the 
normotensive controls, whereas in the EH group it is in-
creased twofold. Of the analyzed EGG parameters, SF sig-
nificantly affected only PDP in all the investigated groups 
and bradygastria percentage in the postmenopausal EH 

group. In these patients, however, a decrease in normogas-
tria percentage was observed.

Noradrenalin level

The plasma level of noradrenalin was higher in the post-
menopausal (487.58±170.32) than in the pre-menopausal 
EH group (382.57±153.40 pg/ml, p=0.0009). In the control 
group it was 342.67±138.72 pg/ml.

Correlations

In the hypertensive women there was a small positive corre-
lation between the plasma level of noradrenalin and log(LF) 
(r=0.21, p=0.04, Figure 4). No correlation in the subgroups 
was observed. There were also no correlations between the 
EGG parameters and noradrenalin level in any of the groups.

discussion

The main risk factor for cardiovascular disease and the lead-
ing cause of female death in the developing world is hy-
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Figure 1.  Changes in the HRV parameters in response to deep 
breathing in the two groups. The changes are expressed as 
the percentage of the initial values (*p<0.05).
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Figure 2.  Changes in the HRV parameters in response to sham feeding 
in the groups. The changes are expressed as the percentage 
of the initial values (*p<0.05).

Normotensive
(n=60)

Hypertensive
(n=105) p1 Post-menopausal

(n=58)
Pre-menopausal

(n=47) p2

Mean RR [mmHg]  934±134  918±122 NS  1055±117  887±123 0.02

SDNN  44±19  47±21 NS  38±22  46.5±20 NS

Mean HR  65.5±8.58  66±7 NS  65±8.5  66±8 0.01

TP [ms2]  2798±2017  1883±3139 0.04  602±1512  2332±34361 NS

LF [ms2]  931±769  630±976 0.04  270±690  767±1287 NS

HF [ms2]  931±705  410±706 0.0001  124±609  876±966 0.045

nLF  49.8±9.2  60±17 0.0009  60±16  58±22 NS

nHF  50±9.2  39±11 0.0009  39±16  41±18 NS

LF/HF ratio  1.29±0.68  2.12±1.56 0.0002  2.15±1.72  2.04±1.39 NS

Table 4. Time and spectral HRV parameters analysis after sham feeding in the investigated groups.
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pertension. The relationship between menopause and the 
development of hypertension has been the main topic of 
numerous studies in the last few years. Unfortunately, the 
pathogenesis of this phenomenon remains unknown. Past 
longitudinal and cross-sectional studies have not supplied 
clear data indicating that hypertension is more common in 
postmenopausal women. Longitudinal studies suggest that 
menopause is not associated with increased blood pressure 
and a higher incidence of hypertension. The results of the 
cross-sectional studies, however, show a higher incidence of 
hypertension after menopause [7,8]. The highest increase 
in blood pressure in women is observed after 62 years of 
age, which suggests the roles of factors other than estro-
gen in the pathogenesis of hypertension in postmenopaus-
al women. In this period, the most common type of hyper-
tension is isolated systolic hypertension.

The heart is regulated by feedback mechanisms which in-
clude the sinus node (pacesetter), baro- and chemorecep-
tors, and afferent and efferent neural pathways that give rise 
to complicated dynamics. Baroreflex sequences are mostly 
vagally modulated, whereas non-baroreflex sequences are 
modulated by sympathetic and parasympathetic autonom-
ic outflows [9–11]. Therefore, different results of interac-
tion between baroreflex and non-baroreflex vagal stimula-
tion were expected in this study.

ANS disorders are suggested to contribute to the pathogen-
esis of essential hypertension. Several authors observed re-
ductions in all spectral HRV parameters in hypertensive 
patients [12–15]. Contrary to these findings, Dąbrowska 
et al. [16] observed a simultaneous increase in the LF do-

140
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Figure 3.  Changes in the EGG parameters in response to sham 
feeding in the two groups. The changes are expressed as the 
percentage of the initial values (**p<0.05).

Figure 4.  Positive correlation between plasma level of noradrenalin 
and log(LF) in the hypertensive women.

The control
(n=60)

Hypertensive
(n=105) p1 Post-menopausal

(n=58)
Pre-menopausal

(n=47) p2

% of bradygastria  7.8±13  4.42±3.36 NS  5.4±2.9  4.2±2.8 NS

% of normogastria  83.7±17  74±29 0.04  68.3±25  77±25 0.05

% of tachygastria  8.6±14  13.6±8.63 0.05  12±6.5  13.2±7.94 NS

PDF [cpm]  2.39±1.13  1.71±0.98 0.01  1.8±1.5  1.7±1.1 NS

PDP [µV2]  1483±2072  2976±1356 0.01  2599±1863  3415±1205 0.05

% change of PDP  104±98  198±132 0.05  468±422  114±132 0.05

Table 5. Gastric myoelectrical activity parameters of in fasted subjects.

Before SF After SF p

The control (n=60)

% of normogastria 83.7±17 80±22 NS

PDP [µV2] 1483±2072 1656±1758 0.05

Postmenopausal (n=58)

% of normogastria 68.3±25 64.5±28 NS

PDP [µV2] 2599±1863 3565±1892 0.05

Premenopausal (n=47)

% of normogastria 77±25 75.2±25 NS

PDP [µV2] 3415±1205 2850±1137 0.05

Table 6.  Comparison of the EGG parameters before and after sham 
feeding in all groups.
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main with a decrease in the HF spectrum, suggesting an 
increased output of the sympathetic component and with-
drawal of the vagal parasympathetic tonus in these patients. 
Increased LF and LF/HF ratios are associated with an in-
creased left ventricular mass index [13]. On the other hand, 
in the Kawecka-Jaszcz et al. study [17], patients with arteri-
al hypertension did not have increased LF. In both studies 
the authors noted significant decreases in the HF spectrum 
in the hypertensive patients. Similar changes in the HRV 
spectra were visible not only in advanced hypertension, but 
also in normotensive subjects [18]. The results presented 
in this study confirm the presence of autonomic dysfunc-
tion in arterial hypertension. Resting HRV parameters in 
the hypertensive women were half those in the normoten-
sive women; however, in the postmenopausal patients the 
LF/HF ratio was higher than in the premenopausal patients. 
Increased sympathetic output in this group was confirmed 
by the increase in noradrenalin plasma level. In our previ-
ous study of “dipper” hypertensive patients we demonstrat-
ed decreased day/night HRV spectra changes [19]. These 
changes could be attributed to an increase in RAS activity 
in postmenopausal women [2].

Autonomic dysfunction in hypertensive patients may result 
in decreased ANS reactivity to either sympathetic or para-
sympathetic stimulation. It is reported that baroreflex activ-
ity could be enhanced by slow breathing, as demonstrated 
by a decrease in BP, with slower and deeper breaths corre-
lating with a relative increase of vagal activity, a decrease in 
sympathetic activity, and a reduction in afterload [11,20]. 
In this study, the effect of DB on the HRV parameters was 
similar in the hypertensive and control groups; however, in 
response to DB the HRV parameters exhibited lower values 
in the women with hypertension than in the control group. 
TP, LF, and HF were increased in the hypertensive wom-
en and the postmenopausal women were less sensitive to 
DB-induced vagal stimulation. These results are in accord 
with other studies demonstrating that suppressed LF and 
LF/HF response to baroreceptor sympathetic stimulation 
in the tilt-table test is caused by a decrease in baroreceptor 
sensitivity in hypertensive subjects [20–22].

Non-baroreceptor vagal stimulation by SF resulted in increas-
es in both LF and HF by 20% in the normotensive group. 
In the hypertensive women the spectral response to SF was 
different. The LF spectrum remained unchanged, where-
as the HF spectrum increased mostly in the premenopaus-
al women, and these values were higher than in the con-
trols. These results suggest a specific pattern of interaction 
occurring at a central level in the nucleus tractus solitarii 
between barororeflex and non-baroreflex vagal stimuli. 
Cardiac sympathetic and parasympathetic afferents have a 
spontaneous impulse activity. Generally, SF-induced afferent 
activity increases the sensitivity of baroreceptor reflexes by 
increasing vagal input to the heart. These observations are 
in accord with the general hypothesis of suppressed arterial 
baroreceptor reflex activity in essential hypertension [23].

GMA may also reflect ANS dysfunction [24,25]. In both the 
analyzed groups it could be observed that the similar resting-
time values of normogastria, PDF and PDP, were within the 
normal range; however, the GMA response to SF was differ-
ent in the two groups. In the controls, DB- and SF-induced 
vagal stimulation resulted in unchanged GMA parameters, 

whereas in the hypertensive subjects they decreased. The 
decrease in the dominant frequency of the slow waves below 
the ranges of normogastria was distinct in the postmeno-
pausal women. In healthy subjects, Stern found an increase 
in 3-c.p.m. amplitudinal waves after SF lasting for only two 
minutes [26]. In a study by Chen et al. [27], in which lon-
ger time effects (30 minutes) were reported, changes in the 
postprandial EGG parameters DP, DF, and the percentage 
of regular slow waves positively correlated with those after 
sham feeding. Chen et al. demonstrated excitatory and in-
hibitory effects of sham feeding on GMA. Approximately 
half of the studied subjects showed a decrease in DP. GMA 
may be also be influenced by the magnitude of gastric se-
cretion induced by SF. The lack of DB effects on EGG in 
this study may result from a low sensitivity of the Synectics 
monitoring system. It should also be taken into consider-
ation that the supraspinal control of the sympathetic inner-
vation of the stomach, in contrast to the heart, is weak. Lu 
et al. showed no changes in GMA in patients with cervical 
spinal cord injury [28].

conclusions

There were two major findings in this study: 1) there is in-
teraction between the stimulation of cardiac vagal and vis-
ceral afferents, both of which increase vagal input to the 
visceral autonomic system, and 2) visceral interactions are 
strongly affected in hypertensive postmenopausal women, 
resulting in not only cardiac, but also gastric electrical ac-
tivity disturbances.
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