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ABSTRACT

To evaluate the effect of psychophysiological stress on the gastric electrical activity, the cutaneous electrogas-
trography (EGG), a non-invasive technique, was performed in ten healthy subjects. Three different stressful (cold
pressor test, arithmetic task, and Stroop color-word test) tests and a non-stressful (reading a booklet) task were
administered, and EGG parameters (dominant frequency, coefficient of variation of dominant frequency, and
gastric power) were recorded during baseline, task and rest periods.

Neutral task did not affect EGG parameters. During stressful stimulations, a slight decrease in the dominant
frequency and an increase in the coefficient of variation of the dominant frequency were found. During arithmetic
task, the gastric power significantly increased (baselmstimulus P=0.008; stimuluss rest P=0.015; baseline
vsrest P=0.011), and a statistically significant difference beween gastric power during arithmetic and neutral
task was observed (P = 0.007). During Stroop test, the gastric power showed only a trend toward significance
(baselinevs stimulus P=0.018; stimuluss rest P=0.018). A wide interindividual variability was recorded during
the stress period. Therefore, the individual susceptibility to psychological stress may influence the EGG response
and gastric electrical activity. In conclusion, cutaneous electrogastrography may be used as a non-invasive
technique to study the effects of acute stressors on the gastric electrical activity.

KEYWORDS Cutaneous electrogastrography, psychophysiology, stgesdric electrical activity, man.

INTRODUCTION in subjects which may interfere with the induced
experimental stress and limit the interpretation of
Several previous studies have shown that stress agsults. For this reason, attempts have been made to
fects gastrointestinal motility (Creed, 1985; Bassstudy gastrointestinal motility by means of non-in-
1986; Steptoe, 1991). In the last decades a largasive methods (Bolondit al, 1985; Holtmann &
number of controlled and uncontrolled experimentdEnck, 1991).
studies have been performed to elucidate these ef-Cutaneous electrogastrography (EGG) is a relia-
fects (Holtmann & Enck, 1991). ble technigue of non-invasive recording used to study
Different techniques are now available to recorthe gastric electrical activity in patients with func-
the gut motility. Invasive methods, such as intralutional disorders of the digestive tract (Abell &
minal recording tubes, generally cause discomforfdalagelada, 1988), notably the relationship between

Correspondence: Giuseppe Riezzo, MD, Laboratorio (ﬁcute stress and motility in patients as well as in
Fisiopatologia Sperimentale, Istituto Scientifico Gastro- ealthy subjects (Stern, 1983). EGG studies frequently

enterologico “S. de Bellis”, Via Valente 4, I-70013 Cas-Use cold pressor test (Thompsenal,, 1982; 1983;
tellana Grotte (Bari), Italy. Stanghelliniet al, 1983; 1984; Fonet al, 1990;
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Sternet al.,1991) and mental arithmetic task (Davigective tension (Mc Dowell & Newell, 1987). Before
et al., 1969; Holzlet al., 1979; Thompsoret al., the starting of the stress protocol, subjects were gi-
1983) as acute stressors, but Stroop colour-word tesn time (20 min) to adapt themselves to the experi-
has never been used. mental setting. After the adaptation period, subjects
The aim of this study was to evaluate the effect afflere administered a 5 min neutral task which con-
different acute stressful stimulations on the electrisisted in reading a booklet on animal life. It was
cal activity of stomach in healthy subjects by meanadministered in order to control the spontaneous var-
of cutaneous EGG. iability of EGG and the unspecific attention effects.
After that period, three different stressors were ran-
domly administered to each subject in order to avoid
a sequence stressor bias. A 5 min baseline period
Subjects preceded a stressful stimulation lasting 5 min which

Ten healthy volunteers (5 men and 5 women, med/fS .fo.IIowed by a rest per-iod of 10 min. VA_S was
age: 31.% 4.7 yrs) entered the study. The criteria oftdministered after adaptation and stress periods. At

inclusion were: age 20-40 yrs; absence of cardial’® €nd of this sequence, a 20 min recovery period

psychiatric, metabolic, and gastrointestinal disease¥2S recorded (see Fig. 1).

no previous participation in experimental stress studies o

and no drug consumption for 3 days before experR€Scription of the stressors _
ment. Cold Pressor Testlt is a physical irritating stimu-

The experiment protocol was approved by thliis, based on the unpleasant stimulation of afferent

Scientific Committee of our Institute. Subjects prol€rve endings obtained with the immersion of non-

vided a written informed consent before the start dfominant hand into cold water at@for 30 s, with
test. rewarming intervals of 15 s. This sequence was re-

peated for 5 min according to Wolff (1951).

MATERIAL AND METHODS

Procedure

Subjects were asked to abstain from alcohol arstroop Colour-Word TesA table with the names of
smoking, and to be fasted at least for 12 hours befotelours written in a colour ink which is different
the study. All examinations started at 9.00 a.m. Sulfrom the meaning of word (i.e. the word “blue” is
jects comfortably laid in the supine position in awritten in red ink). Subjects were asked to nhame the
quiet, silent room, and EGG was continuously recolor of ink and to ignore the word meaning. The
corded. The perceived stress was assessed by a vistness experience arises from the conflict between
al analogue scale (VAS). Subjects were asked to ratelor perception and cognitive naming of stimuli
their actual psychological state: they put a mark on(&troop, 1935). This so-called Stroop stressor period
10 cm line with two labels printed at the two enddasted for 5 min. An effort was made to drive the test
“extremely relaxed” and “extremely tense”, respecin a stressful way in order to highlight the emotional
tively. The distance between the mark and the lefiondition of subjects. They vocalized their answers
end of line (0 mm) represented the score of the subnd were frequently urged to increase the speed of

Resting BL Resting BL Restin;
Adaptation € 82 & S3 ¢

TIME  ————— D- - -

(min) 0 20 10 20 25 30 40 45 50 60

Recovery

A

A
4

EGG
RECORDING

Fig. 1. SHEME OF THE sTUDY DESIGN A 20 min adaptation period preceded the stress protocol. After the adaptation period, a 5 min
neutral task (NT) which consisted in reading a booklet on animal life, was administered. Three different stressors (cold pressor
test, arithmetic task, and Stroop color-word test) were randomly administered. Each stressor (S1, S2, S3) lasted 5 min. It was
preceded by a 5 min baseline period (BL) and followed by 10 min rest period. A 20 min recovery period was recorded after the
experiment.
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their performance since they were told that the peRESULTS
formance was very poor.

] ) ] During the adaptation period, FC was 268.13,
Mental Arithmetic TaskSubjects were asked to pro-~y, 37 19+ 6.06, and PW 21.5 4.9. During the

gressively subtract a seven- and seventeen—digi;jgcovery period, FC was 2.46 0.1, CV 33.38+
number from a given number over a 5 min period3_09, and PW 15.& 4.5. No significant difference
The arithmetic task was conducted in the same stregs. . v <o od in EGG parameters between adapta-

ful way as the Stroop test. tion and recovery periods. EGG data showed a pro-
EGG recording technique file characterized by a slight decrease in FC, and an

The cutaneous electrodes of the same type as usedfifféase in CV.and PW. Particularly, during the cold
electrocardiography were usegd Dot2249 3M). test a high increase in CV was found, though it was
The location of the electrodes on the cutaneous sur-
face, previously scrubbed with diethyl ether, was 4.-
described in Chiloircet al. (1994). The electrical baseline
activity was recorded on a paper ch&eéga Mini- f;;issgiod
huit TR Alva) for the visual inspection. Simultane- b
ously, the signal was amplified and filtered (bioelec-
tric Amplifier 8811A Hewlett Packard; cutoff
frequency filter set at 0.6 and 30 cpm) and then digis 251 § §

quency (cpm)
(9]
w

c fre

talized (sampling frequency at 5 Hz) and fed into &
computer (Vectra RS 28ewlett Packarl Ampli- 2.0
fier sensitivity was the same for the 10 subjects. Data &0,
filtering and processing were performed by mears o
of RedtechGiPC software. Since motion artifact ap-§ L
peared to increase the amplitude of the EGG signaﬂg,
all recordings were visually inspected; only artifact<
free periods were selected for analysis.

Spectral analysis is currently the most commonly
method used to analyze the EGG (Linkens, 1978% ']
Van der Scheet al.(1982) have described a method 0
to make both frequency and time analysis possible, ;s,.

ient o

the running spectral analysis (Fig. 3). < 1
The following parameters were evaluated in eachk | L .
subject for each period of the protocol, as reported "%

in a previous paper (Riezzt al., 1992): 1/ mean . ]
gastric frequency (FC); 2/ coefficient of variation of &
the gastric frequency (CV) which reflects subtleg
changes of the gastric slow wave; 3 power contenf 2°1 ﬁ ﬁ
of the dominant gastric frequency (PW). 0 H [ ﬁ

.. . Cold Arithmetic  Stroo
Statistical analysis P

All values are expressed as mea8EM. Data were _.
] ) . Fig. 2. FROFILES OF THE MEAN DOMINANT FREQUENCY (FC), COEF
analyzed by using Wilcoxon’s signed-rank test. The FICIENT OF VARIATION OF THE GASTRIC FREQUENCY (CV),

level of statistical significance of EGG parameters AND SPECTRALPOWER (PW)FOREAGH STRESSFULSTIMULA-
TIoN. EGG parameters were calculated from baseline, stres-

was adjusted for multiple comparisawg) by means sors, and rest periods. A slight decrease in dominant fre-

of the Bonferroni procedure. R value <0.017 was quency, an increase in the coefficient of variation of gastric
. .. . frequency, and an increase in spectral power during each

considered to be statistically significant. The com- acute stress (Arithmetic: baselins stimulusP=0.008;

parison of VAS scores between pre- and post-expe- stimulusvsrestingP=0.015; baselingsrestingP=0.011.
: - T Stroop: baselings stimulusP=0.018; stimulus/sresting
rimental protocol was considered significant & a P=0.018) can be observed. Data expressed as mé&dh
value <0.05. * indicate significant changes.
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POWER Previous studies have demonstrated that acute stress
affects gastric motility, considered as gastric empty-
ing time, antral motility, and gastric electrical acti-
vity (Holtmann & Enck, 1991). Sterat al. (1991)
have studied fed and fasted healthy subjects. They
REST have found that cold stress significantly decreased
PERIOD the power of normal 3 cpm EGG activity in fed sub-
jects whereas fasted subjects showed a great varia-
ITxEerTHMEnc bility in their responses, including paradoxical in-
PERIOD creases in power. Moreover, in Stern’s study no
i subject has shown gastric dysrhythmia. We studied
only fasted subjects showing a similar EGG pattern
to cold stress as the fasted subjects in Stern’s study.
50 120 160 180 210 240 270 300 Other studies have demonstrated that the mean am-
FREQUENOY {evcles per minute plitude of EGG increases in healthy subjects per-
Fig. 3. RUNNING SPECTRAANALYSIS OF A SUBJECT Spectral power forming mental arithmetic tasks and decreases dur-
5 the hrd dimension hat appears o s rom ¢ P5fhg the rest period (Thompsat al. 1983; Davise
clearly seen. al., 1969; Vandecreekt al., 1985). We found that
EGG power increased also during the Stroop stimu-
lation. To our knowledge, no study has used the Stroop
not statistically significant. Mental arithmetic cause@olour-Word test in the EGG recording, so we are
a significant increase in PW (baselimestimulus: not able to compare our results with those of the
P=0.008; stimulusgsrest:P=0.015; baselingsrest: literature.
P=0.011). A clear trend toward significance was ob- A profile of responses was obtained by compar-
served also during the Stroop test (baseliasti- ing EGG data recorded during baseline, stressors,
mulus:P=0.018; stimuluysrest:P=0.018) (Fig. 2) and rest periods. Stress caused an increase in PW
During the neutral task, EGG parameters werand CV. Particularly, EGG data showed a statistical-
not significantly affected; FC was 2.840.36, CV ly significant increase in PW during mental arithme-
26.75% 6.80, and PW 18.8 3.27. EGG parameters tic task. Subjects did not seem to have completely
were not significantly affected by the neutral task. Aecovered during the 10 min rest period following
statistically significant difference was observed irthe mental task, and power value was higher than at
PW between mental arithmetic and neutral taskaseline. We can state that the mental arithmetic task
(P=0.007), and a trend toward significance was olis the most stressful condition compared to cold and
tained between Stroop and neutral taBk(Q.018). Stroop stimuli. These effects were due only to the
There was a significant difference in VAS score bestressful stimulation because an unspecific effect of
tween pre- and post-experiment assessment ¢.1Qhe subjects’ attention to the experimental condition
0.22vs3.44+ 0.82;P=0.04). can be excluded. Indeed, stress induction was de-
Figure 3 shows the running spectra obtained frommonstrated by a significant increase in subjective
a subject. The plot shows the changes in FC and PMérceived stress (difference in VAS score recorded
over the time. After mental arithmetic, an increasbefore and after the stress protocol), and EGG gas-
in PW can be observed. No subject had gastrointegic power during the neutral task was significantly
tinal discomfort during the experiment. different from that during arithmetic task.
Only the arithmetic task showed a statistically sig-
nificant increase in gastric power. It is likely that the
DISCUSSION lack of statistical significance during the other pe-
riods of the experiment was due to the low number
Our findings confirm that the response to stress abf samples and/or the great interindividual variabili-
fects gastric electrical activity; in particular, a sigty. During the recording sessions, we observed a great
nificant increase in gastric spectral power has beeamriability in the psychological reactions of each sub-
observed. ject to stressors. For example, during arithmetic test,
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those subjects who were able to perform the mental rimental psychosomatics: a new method and some data.

task without any difficulty, showed no variation in  Behav. Anal. Modificatior8, 77-79.

EGG values, while subjects very irritated and emoL-'NK.ENS’ D-A. (1978.) Methods of ‘."’maly.s'ng rhythmic elec-
trical potentials in the gastrointestinal tract. Gas-

tionally distressed showed the greatest variation in i gintestinal motility in health and diseasBUTHIE,
the gastric electrical parameters. Therefore, this de- H.L. Ed. University Park Press. Baltimore. pp. 235-
monstrates that the individual ability and emotional 248.

susceptibility influence the gastric responses to psyAC DOWELL, I. & NEweLL, C. (1987) Measuring health: a
chological stressors guide to rating scales and questionnaires. Oxford Univ-

. . erisity Press. New York.
In conclusion, the present study has shown that Bes70 G RezzoLLA. F. DARCONZA G. & GIORGIO. |

a sample of healthy subjects fasting EGG activity is (1992) Gastric myoelectrical activity in the first tri-
affected by different psychological stressors. The mester of pregnancy. A cutaneous electrogastrographic
study has also demonstrated that a non-invasive tech-study.Am. J. Gastroentero87, 702-707 .

nique as the cutaneous EGG may be a useful tool $ANGHELLINI, V., MALAGELADA, J.R., ANSMEISTER A.R.,

analyze the effects of acute psychological stressors Go, V.L.W. & Kao, .P'C' (1983.) Stress-ln.duced' gas-
. . . troduodenal motor disturbance in humans: possible hu-
on gastric electrical activity.

moral mechanismsGastroenterologg5s, 83-91.
STANGHELLINI, V., MALAGELADA, J.R., ANSMEISTER A.R.,
Go, V.L.W. & Kao, P.C. (1984) Effect of opiate and
adrenergic blockers on the gut motor response to cen-
trally acting stimuli.Gastroenterology87,1104-1113.
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