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Abstract
AIM: To evaluate gastric motility using electrical bio-
impedance (EBI) and gastric changes as a result of 
stress induced by psychological tests. 

METHODS: A group of 57 healthy women, aged 40-60 
years, was recruited, and a clinical history and physi-
cal examination were performed. The women were free 
from severe anxiety, chronic or acute stress, severe de-
pression, mental diseases and conditions that affect gas-
tric activity. The women were evaluated under fasting 
conditions, and using a four-electrode configuration, the 

gastric signals were obtained through a BIOPAC MP-150 
system. The volunteers were evaluated using the follow-
ing paradigm: basal state, recording during the Stroop 
Test, intermediate resting period, recording during the 
Raven Test, and a final resting period. We analyzed the 
relative areas of the frequency spectrum: A1 (1-2 cpm), 
A2 (2-4 cpm), A3 (4-8 cpm), and A4 (8-12 cpm), as well 
as the median of area A2 + A3. The data were analyzed 
by an autoregressive method using a Butterworth filter 
with MatLab and Origin. Analysis of variance (ANOVA) 
and Friedman ANOVA (for nonparametric variables) were 
performed; in addition, pairs of groups were compared 
using the T dependent and Wilcoxon T tests. 

RESULTS: The results of the main values of area A2 
were not significantly different comparing the five steps 
of the experimental paradigm. Nevertheless, there was 
a tendency of this A2 region to decrease during the 
stress tests, with recuperation at the final resting step. 
When an extended gastric region was considered (1-4 
cpm), significant differences with the psychological 
stress tests were present (F  = 3.85, P  = 0.005). The A3 
region also showed significant changes when the stress 
psychological tests were administered (F  = 7.25, P  < 
0.001). These differences were influenced by the chang-
es in the adjacent gastric region of A2. The parameter 
that we proposed in previous studies for the evaluation 
of gastric motility by electrical bio-impedance (EBI) 
was the median of the area under the region from 2 to 
8 cpm (A2 + A3). The mean values of these frequen-
cies (median of the A2 + A3 area) with the stress test 
showed significant changes (F  = 5.5, P  < 0.001). The 
results of the Wilcoxon T test for the A4 area parameter, 
which is influenced by the breathing response, changed 
significantly during the Raven stress test (P  < 0.05). 

CONCLUSION: We confirm that the gastric response 
to acute psychological stress can be evaluated by 
short-term EBI.
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INTRODUCTION
The relationship between emotions and gastric motility 
has been documented since the beginning of  the last 
century by Cabanis and Beaumont and thereafter by 
Pavlov and Canon, who were the pioneers in determin-
ing the gastric response after an emotional stimulus in 
animal models[1-3]. In 1934, Hall described the autonomic 
response of  rats exposed to unfamiliar events[1,4]. The 
effects of  stress on the gastrointestinal (GI) tract have 
been reported since the first studies on the general adap-
tation syndrome by Selye[5] in 1936, who confirmed the 
physical, physiological and psychological responses of  a 
living organism due to stress. In healthy humans, anger, 
fear, labyrinthine stimulation, painful stimuli, preopera-
tive anxiety and intense exercise are some of  the causes 
of  slow gastric emptying[1,6,7]. The inhibition of  gastric 
emptying and stimulation of  colonic motor function are 
the most commonly encountered patterns induced by 
various stressors[1]. 

In the study of  psychological stress as a risk factor 
for human health, there are few scientific reports in rela-
tion to the GI system, and most of  the studies in hu-
mans have focused on the cardiovascular system because 
there is a clinical association of  psychological and physi-
cal stress with a high risk for stroke and cardiovascular 
events, as well as with increased morbidity and mortality 
of  the population. However, the evaluation of  gastric 
function, particularly gastric motility and emptying, dur-
ing psychological stress has not been given sufficient 
scientific attention despite the high prevalence of  gastric 
problems due to psychological stress, such as gastritis, 
abdominal pain and gastroenteritis[8]. The alterations in 
the GI motility pattern by various stressors have been 
documented, although scarcely, with the development 
of  quantitative techniques to monitor GI motility and 
transit in experimental animals and humans[9,10]. The gold 
standard technique accepted for gastric activity evalu-

ation is scintigraphy, although this technique measures 
gastric emptying as the main consequence of  gastric mo-
tility[11]; however, this technique is invasive. For the direct 
assessment of  gastric motility, there are other invasive 
methods, such as manometry, which uses a probe placed 
at a specific point in the GI tract to record directly the 
frequency and amplitude of  the GI movements[12]. 

Electrogastrography (EGG) is considered an invasive 
procedure when placing the electrodes in the GI cavity 
to record the myoelectrical activity of  a specific inner 
surface of  the tract[13,14]. However, EGG is a noninvasive 
technique in which the electrodes are placed on the skin. 
Another similar technique is the use of  electrical bio-
impedance (EBI), which also uses cutaneous electrodes 
in the gastric region[15-17]. In these last two techniques, 
the main challenge is the interpretation of  the signal due 
to the overlapping information from different regions 
in the gastric system, particularly with respect to lung 
region movements in the case of  EBI; in both cases, dif-
ferent motility frequencies are involved[16,18]. In general 
terms, gastric clinical research requires a strong link be-
tween the accuracy and reliability of  the method and the 
comfort of  the patient[14]. Thus, from this point of  view, 
noninvasive EGG and EBI assessments have advantages 
over other techniques[19]. Therefore, the use of  short-
term EBI can be a good tool to evaluate the gastric re-
sponse to psychological stress.

Furthermore, the possibility of  permanent monitor-
ing at a low cost is the preamble for a feedback program 
to be used in stress treatment and control. Gastric signals 
are not frequently used for this purpose, although this 
physiological function is definitively affected by stress. 
Gastric waves occur at a rate of  3 cpm on average and 
up to 12 cpm in the intestinal region, therefore, a long 
recording period is likely needed to assess gastric motility 
accurately, which contrasts with the need for short, acute 
stress tests and hence the need for short-term gastric 
motility recordings. Our hypothesis is that by observ-
ing the relative changes of  the entire GI activity in the 
window of  frequencies from 1 to 8 cpm, gastric motility 
can be used to monitor the responses to acute stress that 
results from the application of  psychological tests that 
last < 10 min, such as the Stroop[20,21] and Raven tests[22].

MATERIALS AND METHODS
Subjects
A group of  57 healthy women, aged 40-60 years (mean 
± SD: 48.19 ± 5.98 years), was recruited after the pro-
tocol was approved by the Division of  Health Sciences 
Campus Leon at the University of  Guanajuato, Mexico. 
Written informed consent was obtained from all par-
ticipants, and the study was conducted according to the 
guidelines outlined in the Declaration of  Helsinki (World 
Health Organization, 1996)[23]. 

Clinical evaluation
Before starting the experiment, clinical assessments were 
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conducted for all participants. These assessments in-
cluded the following: (1) general information, including 
name, age, sex, and occupation; (2) clinical history, with 
a clinical evaluation of  GI-related diseases; (3) physi-
ological data, anthropometric measurements, and body 
mass index; (4) lifestyle information, including exercise, 
sleep habits, and substance abuse (tobacco, alcohol, 
medication); and (5) additional information obtained by 
a physical examination. For the purpose of  this study, 
this information was used to assure the internal validity 
of  the study (homogeneity of  the study group and the 
absence of  health problems related to the GI tract). To 
participate in the study, the women had to have met the 
following criteria: 40-60 years of  age, no prior GI dis-
ease, and no prior disease that may affect the GI system 
(diabetes, Parkinson’s disease, amyloidosis, myotonic 
dystrophy, polymyositis, human immunodeficiency virus 
infection or cytomegalovirus infection). The women 
were required not to have been taking any treatment that 
could interfere with gastric activity, have any other endo-
crine disorder, or have had significant weight loss within 
3 mo prior to the study. In addition to these physical 
criteria, the women had to be free from psychological 
problems, such as severe anxiety, chronic or acute stress, 
severe depression and mental disease, because these 
conditions could potentially affect gastric activity though 
endocrine and central nervous system modulation[1]. 

Gastric EBI recordings 
Prior to the evaluation, each woman was asked to arrive 
under fasting conditions (more than 8 h). In addition, 
the women refrained from smoking, alcohol consump-
tion, strenuous exercise and caffeine for 24 h before 
the evaluation. The women were evaluated while in the 
semi-Fowler supine position to enable them to observe 
a screen on the wall with the projection of  the psycho-
logical test (Stroop and Raven tests). For this experi-
ment, we used the four-electrode configuration. This 
configuration consisted of  two electrodes placed on the 
abdomen and two on the back. One pair (one electrode 
placed on the back and the other placed on the anterior 
part) was used for the current injection, and the other 
pair was used for voltage recording. The first electrode 
was placed near the rib cage using the midline of  the ab-
domen as a reference. The second electrode was placed 
approximately 5 cm from the first, 45 degrees down and 
left of  the umbilicus. The back electrodes were placed at 
2.5 cm off  the spine at the level of  both electrodes on 
the abdomen. The electrode configuration used in this 
study was similar to that used in previous studies, which 
has shown good results[24]. The gastric signals were ob-
tained through a BIOPAC MP-150 system and the cor-
responding EBI module[24]. The rough data mainly show 
oscillations due to breathing and a slower oscillation due 
to gastric movements (Figure 1).

Paradigm of the stress test
The gastric function for all volunteers was evaluated be-

fore, during and after being subjected to two psychologi-
cal tests that have been shown to produce psychological 
stress: the Stroop and Raven tests[20-22]. The Stroop Test 
consisted of  a 3-min session during which words in 
color were projected upon a screen at the rate of  one 
word per second. The participant was asked to say the 
color of  the word. During the first 40 s, words that 
name several objects were projected on a screen, fol-
lowed by 1 min of  words that name colors. The written 
color sometimes corresponded to the color of  the word 
and sometimes did not[20]. Finally, words that named 
several objects but not colors were shown[21]. The Raven 
Test is a psychological test to determine the intelligence 
quotient (IQ), which consists of  solving sequences and 
completing figures or truncated shapes. This test was 
performed without a time limit because the purpose was 
not the evaluation of  IQ but simply to induce a state of  
psychological stress in the participant[22].

The following paradigm was used in this study: (1) 10 
min of  basal gastric motility (BGM) recording by EBI 
(before the test); (2) EBI recording during the Stroop 
Test, lasting 3 min; (3) an intermediate resting period 
(IRP) of  3 min; (4) EBI recording during the Raven 
Test, lasting approximately 4 min; and (5) the final rest-
ing period (FRP), lasting 3 min. 

Data analysis
In general, the parameter used to evaluate gastric motil-
ity is the position of  the main peak in the region from 2 
to 4 cpm of  the frequency spectrum of  gastric activity. 
In this study, we proposed alternative parameters when 
EBI was used[16] to examine the gastric motility changes 
due to psychological stress. We proposed the analysis of  
the relative area under the frequency domain curve in 
different regions of  the spectrum as a relative measure 
of  the gastric global activity in each frequency region. 
The frequency range was divided into four regions: the 
first (A1) included frequencies from 1 to 2 cpm and de-
fined the low frequencies; the second (A2) included the 
frequencies from 2 to 4 cpm and defined the main fre-
quency range of  the gastric region activity according to 
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Figure 1  Raw data of the gastric bio-impedance signal showing mainly 
the breathing oscillations (fast oscillations) and the gastric contribution 
(2-4/min), which are shown by the dashed curve. AU: Arbitrary units.
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the literature[1,7,9] (although some authors define a more 
restricted region for gastric motility as 2.5 to 3.75 cpm); 
the third (A3) included the frequencies from 4 to 8 cpm 
and contained the frequencies for the regions where 
bowel movements were important, which was mainly 
from the ileum (7-8 cpm)[1] or when tachygastria was 
present; and the fourth (A4) included the frequencies 
from 8 to 12 cpm and accounted for duodenum motility, 
breath frequency and tachygastria. The latter region, due 
to the strong contribution of  the respiratory system, was 
not considered useful for gastric activity analysis because 
stress causes the breath frequency to change to higher 
values, diminishing the contribution of  this area. A typi-
cal frequency spectrum and gastric changes occurring 
during the stress tests is shown in Figure 2. 

We recorded the areas relative to the total area AT 
from 1 to 12 cpm. In addition, the median of  the area 
from 2 to 8 cpm (frequency for which the area under 
the spectrum was divided into two equal regions) was 
considered for analysis. This median changed when 
the relative areas of  2-4 cpm and/or 4-8 cpm changed, 
providing a good indication of  the importance of  the 
gastric motility compared with the adjacent frequency re-
gion. The advantage of  these parameters was that small 
changes in the frequency spectrum, due to small varia-
tions in the data or data analysis, did not significantly af-
fect these global parameters.

Statistical analysis
The data were analyzed by an autoregressive method us-
ing a Butterworth filter in the frequency range from 1 to 
12/min (or cpm), i.e., 0.017-0.2 Hz. Particular attention 
was given to the region from 2 to 4/min (0.033-0.066 
Hz) and from 4 to 8/min (0.066-0.132 Hz). In addition 
to this range, we analyzed the adjacent region, from 1 
to 2 cpm, presented as the integrated region from 1 to 
4 cpm, which is viewed as an extended gastric region. 
These analyses were performed using MatLab 6.5 and 
Origin 6.0 according to previous studies[16,24].

The comparison analysis within and between the 

experimental paradigm steps (BGM, Stroop Test, IRP, 
Raven Test, FRP) was performed using analysis of  vari-
ance (ANOVA) and post-hoc analysis for variables with a 
normal distribution (A2, A1 + A2, A3, and the median 
under A2 + A3) and using the Friedman ANOVA for 
variables with a non-normal distribution (A4). Consid-
ering that the same women were evaluated before and 
after the psychological stress tests, we compared the de-
pendent variables in the different experimental paradigm 
steps (BGM, Stroop Test, IRP, Raven Test, FRP) using 
the T dependent test on the normally distributed data 
(A1, A2, and A3 regions and the median of  the area un-
der the A2 + A3 region), and the T of  the Wilcoxon test 
when non-normal distribution was found (A4 region). 
The statistical analyses were performed using STATIS-
TICA 7 (Stat-Soft, Inc. Tulsa, OK, United States). We 
considered a P value ≤ 0.05 to be significant.

RESULTS
The results of  the gastric activity A2 area, indicated by 
the main range from 2 to 4 cpm, are presented in Figure 
3A. We observed that none of  the mean values of  this 
A2 region changed significantly by ANOVA (F = 1.46, 
P = 0.22), even when we compare pairs of  steps from 
the experimental paradigm (BGM, Stroop Test, IRP, Ra-
ven Test, FRP). However, a tendency towards a decrease 
in this A2 region during the stress tests was observed 
with a remarkable recovery during the FRP.

The results of  the ANOVA for A1 + A2, A3 and the 
median under A2 + A3 had significant differences among 
the steps of  the experimental paradigm (F = 3.85, P = 
0.005, F = 7.25, P < 0.001, and F = 5.5, P < 0.001, re-
spectively). Pairs for the group data analysis are presented 
in Figure 3B, which shows the results for the region from 
1 to 4 cpm (referred to as the extended gastric region). 
We observed significant changes from the BGM step to 
the Stroop Test (P = 0.02), from the BGM step to the 
IRP (P = 0.003), and from the BGM step to the Raven 
Test (P < 0.001). In addition, we found significant chang-
es from the IRP and Raven Test to the FRP, with P = 
0.01 and P = 0.007, respectively. Similar results to the A1 
+ A2 region were observed in the A3 region (4-8 cpm), 
which showed significant changes when the stress psy-
chological tests were administrated from BGM to Stroop 
Test, IRP, and Raven Test (P < 0.001, P = 0.002, and P < 
0.001, respectively) (Figure 3C). There were also signifi-
cant changes from the IRP to the Raven Test (P = 0.043) 
and from the Raven Test to the FRP (P = 0.001) (Figure 
3C). These differences were influenced by changes in 
the adjacent gastric region, A2 (2-4 cpm), and the higher 
frequency region, A4 (8-12 cpm), but not as much by the 
decreased ileum activity. As we described in the method-
ology, one of  the parameters that we have proposed in 
previous studies[16,24] as a useful parameter for EBI gastric 
studies is the median of  the area under the region from 
2 to 8 cpm (A2 + A3); namely, the frequency that divides 
this area into two equal parts. The mean values of  these 
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parameters (median of  the A2 + A3 area) are presented 
in Figure 3D, which also shows the statistical changes 
when the stress psychological tests were administered, 
with significant variations from the BGM step to the 
Stroop Test, IRP and Raven Test (P < 0.001, P = 0.002, 
and P < 0.001, respectively). We also observed significant 
changes from the Raven Test to the FRP (P = 0.014). 

The results of  the A4 (8-12 cpm) Friedman ANOVA 
did not show a significant difference (χ 2 = 8.44, P = 
0.077). The comparisons among the groups of  variables 
are presented in Figure 4, which gives the results of  the 
Wilcoxon T test for the A4 area. This region, which was 
influenced by the breathing response, changed signifi-
cantly during the Raven Test, with significant changes 
from the IRP step to the Raven Test and from the IRP 

to the FRP (P = 0.018 and P = 0.033, respectively).  

DISCUSSION
We used the short-term EBI technique to evaluate the 
physiological changes in gastric activity due to psycho-
logical stress caused by the Stroop[20,21] and Raven[22] 

Tests in healthy women. Several studies have shown that 
gastric motility alterations are good clinical indicators of  
diseases[18,25-28]. Using EGG and EBI as noninvasive tech-
niques for assessing gastric motility, we can ensure that 
the accuracy and reliability of  the test and the comfort 
of  the patient are the prevailing conditions under which 
each patient is assessed[29-32].

As described above, the most widely used parameter 
for the assessment of  gastric motility is the highest peak 
of  activity in the region from 2 to 4 cpm of  the frequen-
cy spectrum. This parameter could not be trusted in our 
case because the EBI recorded information from other 
parts of  the GI tract and other systems (breathing)[33-35] 
strongly interfered with the desired signal. In addition, 
the short-term EBI recording prevented us from relying 
on a parameter as being punctual in the low frequency 
region (2-4 cpm). The area under a specific frequency 
region is expected to give the relative level of  activity 
in that frequency region without needing the details of  
the spectrum. An alternative to the EBI gastric motility 
measurement of  two or more areas is the recording of  
the median of  the entire area. In this study, the changes 
found in gastric motility, as measured by the relative ar-
eas, were considered to have statistical significance when 
P was ≤ 0.05, and in other cases, we included the graph 
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only to present the tendencies that were physiologically 
compatible with what we expected as a response to gas-
tric stress[24].

Taking the basal gastric measurement as a reference, 
we observed that the Stroop Test induced changes in the 
A1 + A2, A3 and the median of  the A2 + A3 param-
eters (Figure 3B-D), in agreement with the inhibition of  
gastric activity during psychological stress. We hypoth-
esized that the decrease in the activity in the gastric re-
gion produced the increase in the A3 region (Figure 3C). 
The region from 8 to 12 cpm did not show significant 
changes during the Stroop Test. 

In the intermediate resting period, we observed a 
slight recovery in the A3 and A4 regions and in the me-
dian of  the A2 + A3 region; the A1 + A2 region showed 
a continuing effect of  the Stroop Test. None of  these 
changes were statistically significant. During the Raven 
Test, the A3 region changed significantly by a strength-
ened effect of  the stress caused by the Stroop Test. This 
effect was also observed in the A4 region. The final rest-
ing period change was highly significant in the regions 
A1 + A2 and A3 and in the median of  A2 + A3. 

Some general observations should be addressed at 
this point. All of  the parameters consider relative areas 
under the whole region from 1 to 12 cpm or the median 
frequency of  a relative area; thus, a change in any of  
these parameters is not only due to the local change, but 
is also influenced by the changes in the other parameters. 
The apparent stability of  the relative area of  A4, which 
represents approximately 15% of  the total area and which 
includes the breathing frequency, is the result of  the 
breath going beyond the higher frequency limit (12 cpm) 
and the real decrease in the GI activity (A1 + A2). We be-
lieve that the continuing effects of  stress after completing 
the Stroop Test were due in part to the knowledge of  the 
participants that they would receive a second test, which 
predisposed them towards having a continuous stress 
response (Figures 3B-D and 4). The immediate recovery 
of  the participants at the end of  the Stoop and Raven 
Tests, as shown by the evaluated parameters reaching the 
basal values, was likely affected by the knowledge of  the 
participants that the test was complete (Figure 3B-D). 

Changes due to stress vary between participants. 
Typically, the stress starts at the beginning of  the psy-
chological test, with a variable reaction time, duration 
and intensity[24]. Gastric motility changes, with an accept-
able physiological explanation, give a clear indication 
that short-term gastric EBI recording could be useful in 
routine studies of  the response to psychological stress. 
Further research should address alternative signal analy-
sis approaches, validation, movement discrimination, 
limitations, variability factors, the normal range of  sig-
nificant parameters, and assessment protocols. 

Psychological stressors may have different patterns, 
accompanied by increases in the sympathetic nervous sys-
tem activity and total blood vessel peripheral resistance[36]. 
Therefore, more cardiovascular activity is involved in a 
specific task that requires active action (as in the Stroop 
Test) than in those that are considered passive, maintain-

ing a close similarity to the response to a real situation. 
After using the Stroop Test as a stressor, there was an 
increase in anxiety, heart rate, respiration, electrodermal 
activity, muscle tension and the levels of  catecholamines, 
among other psychophysiological variables. The Stroop 
Test includes complex neuropsychological processes re-
lated to the ability to classify information, act selectively, 
and block non-requested information linked to frontal 
lobe functions. It is based on the observation that nam-
ing colors occurs noticeably slower than reading words. 
This test assesses some cognitive functions, such as at-
tention, mental flexibility, and the inhibition of  automatic 
responses, related to executive functions associated with 
the frontal lobes. The other test that has been certified 
widely in the literature for its usefulness is the Raven Test; 
however, it is limited by the verbal and cultural influences, 
level of  schooling, economic level, and age. Taken to-
gether, the results presented here indicate that short-term 
gastric EBI has great potential to become a user-friendly 
methodology to assess gastric motility, particularly with 
respect to the evaluation of  the acute stress response.

In conclusion, the results from this study, which was 
performed in healthy women, clearly demonstrated that 
using different parameters, such as the relative areas un-
der the frequency spectrum and the analysis of  the me-
dian of  those areas, in short-term recordings of  gastric 
EBI may be useful for the evaluation of  the sympathetic 
nervous system response to acute psychological stress. 
The relatively simple signal analysis required for the 
gastric EBI could make this technique a good candidate 
for a basic clinical evaluation and even an ambulatory 
method to assess gastric motility. One of  the main ad-
vantages of  this technique is that it can be implemented 
using small and inexpensive devices once the frequency 
and amplitude of  the stimulation are known. 
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COMMENTS
Background
The relationship between emotions and gastric motility has been documented 
since the last century. Likewise, psychological stress produces alterations 
in gastrointestinal tract response in humans. There are several methods for 
measuring gastric response to stress, but many of these methods are invasive. 
In this study, authors proposed a novel technique, which was inexpensive and 
easy to manage, to measure the gastric response to psychological stress by 
electrical bio-impedance (EBI).
Research frontiers
In healthy humans, anger, fear, painful stimuli, preoperative anxiety and intense 
exercise are some of the causes of slow gastric emptying. The principal nonin-
vasive techniques to evaluate the gastric motility response during psychological 
stress are electrogastrography (EGG) and the EBI. In these two techniques, 
the main challenge is the interpretation of the signal due to the overlapping 
information from different regions in the gastric system, particularly with respect 
to lung region movements in the case of EBI; in both cases, different motility 
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frequencies are involved.
Innovations and breakthroughs
The authors confirm that the gastric response to acute psychological stress can 
be evaluated by short-term EBI. 
Applications
The short-term technical EBI is useful for measuring the gastric response to 
psychological stress. Besides, it may be useful for frequent monitoring of health 
status of patients with gastric disorders; being an easy-to-use method of clinical 
monitoring and diagnosis.
Terminology
EGG is a technique to record the myoelectrical activity of a specific inner sur-
face of the gastrointestinal tract. EGG is a noninvasive technique, in which the 
electrodes are placed on the skin. EBI records the motility of the stomach using 
cutaneous electrodes placed in the gastric region. Stroop and Raven Tests are 
valid and reliable tests to produce psychological stress.
Peer review
This study clearly demonstrated that short-term EBI may be useful for evaluat-
ing the gastric activity response to acute psychological stress.
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