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Abstract

We evaluated the effects of two laboratory stresgspeech preparation and isometric handgadp gastric myoelec-

trical and autonomic cardiac activity, and the extent to which autonomic responses to these stressors and somatization
predict reports of motion sickness during exposure to a rotating optokinetic drum. Both stressors prompted a decrease
in preejection periodPEP and respiratory sinus arrhythmiRSA), and an increase in a dysrhythmic pattern of gastric
myoelectrical activity, termed gastric tachyarrhythmia. Stressor-induced decreases in RSA and higher somatization
scores predicted increased reports of motion sickness during drum rotation. These results demonstrate that laboratory
stressors concurrently affect gastric myoelectrical activity and autonomic control of the heart, and that stressor-induced
decreases in RSA and higher levels of somatization predict motion sickness susceptibility.

Descriptors: Electrogastrography, Impedance cardiography, Motion sickness, Parasympathetic, Somatization, Stress,
Sympathetic

Individuals often report epigastric symptoms during stressful ex- For example, the earliest work to document the effects of stress
periencegStern & Higgins, 1962 These symptoms are reflected and negative affect on gastric activity was conducted with indi-
in such expressions as “a nervous stomach” and may range ividuals whose stomachs were exposed with a fistelg., Beau-
severity from a simple awareness of gastric activity to a sensatiomont, 1833; Wolf & Wolff, 1947. More recently, gastric intubation
that disrupts ongoing behavior. Although recent epidemiologicaland intraluminal pressure recording techniques have been used to
findings indicate that there is an increased prevalence of gastroirshow that stressors such as electric sh@&milleri, Malagelada,
testinal symptoms among individuals with affective disordetsch- Kao, & Zinsmeister, 1984, 1986challenging cognitive problems
strasser & Angst, 1996; Lydiard et al., 1994; Marten et al., 1993 (Holtman, Singer, Kriebel, Stacker, & Goebell, 198@rigation of

and an increased prevalence of negative affect and stressful lifitne tympanic membrane, and cold pressor stinflifiompson,
events among individuals with functional gastrointestinal disordersRichelson, & Malagelada, 1982a, 1982b, 1p88lay gastric emp-
(Bennett et al., 1997; Bennett, Tennant, Piesse, Badcock, & Kellowtying and decrease gastric motility. Two limitations of these stud-
1998; Whitehead, 1992, 1996; Whitehead, Crowell, Robinsonjes, however, are that both subjective distress and gastrointestinal
Heller, & Schuster, 1992 the effects of stressful experiences on responses that are independent of experimental manipulations may
the human stomach have been studied infrequently over the lask elicited by the invasive procedures employ8tern, 1988 To
several decades. One reason for the relative dearth of research date, few studies have used electrogastrogrdyG) to study
gastric reactivity to stress is that most gastrointestinal measurehe effects of laboratory stressors on gastric myoelectrical activity.
ment procedures are invasive. The advantages of EGG over other gastrointestinal procedures are
that (a) noninvasive EGG recording does not interfere with the
activity of the stomach, antb) specific patterns of gastric myo-
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and gastric tachyarrhythmiéd—9 cpm; Koch, 1998 Whereas would also expect to observe a decrease in 3-cpm activity and an
gastric bradyarrhythmia has not been reliably associated with &ncrease in gastric tachyarrhythmia. Such findings from each task
specific behavioral state or clinical outcome, gastric tachyarrhythwould parallel prior motion sickness research and would provide
mia has been associated with the experience of nausea durirg@pnverging evidence that this pattern of gastric myoelectrical re-
motion sicknessge.g., Stern et al., 1985; Stern, Koch, Stewart, & activity is associated with a reciprocal increase in sympathetic and
Lindbald, 1987, gastroparesige.g., Liberski, Koch, Atnip, & decrease in parasympathetic autonomic activation as measured at
Stern, 1990 pregnancye.g., Koch, Stern, Vasey, & Dwyer, 1990 the level of the heart.
functional dyspepside.g., Koch, 1998 and gastric ulceration A secondary aim of the present study was to determine whether
(e.g., Geldof et al., 1989Furthermore, several studies have shownindividual differences in motion sickness susceptibility could be
that the expression of gastric tachyarrhythmia during the experipredicted by autonomic cardiac reactivity to the laboratory stress-
ence of nausea is associated with an increase in sympathetic ands and trait levels of somatization. Prior research suggests that
decrease in parasympathetic activatigioch & Stern, 1996; Stern  susceptibility to motion sickness may be predicted by both auto-
& Koch, 1998. Prior research, for example, has shown that motionnomic (e.g., Cowings, Suter, Toscano, Kamiya, & Naifeh, 1986;
sickness-induced gastric tachyarrhythmia is associated with dekohl & Homick, 1983; Money, Lackner, & Cheung, 1996; Parker,
creased parasympathetic cardiac activityu, Grant, Stern, & 1971; Stern & Koch, 1996and personality(e.g., Wilding &
Koch, 1991; Uijtdehaage, Stern, & Koch, 1992, 1998creased Meddis, 1972 variables. For example, Parker demonstrated that
skin conductancéHu et al., 1991; Miller, Sharkey, Graham, & skin conductance responses to a film, which depicted a car trav-
McCauley, 1993 and increased plasma catecholamine le{f&beh, eling along a circuitous road, predicted later reports of sea sickness
Stern, Vasey, Seaton et al., 199Brior experiments investigating elicited by a sail boat. Uijtdehaage et @992 also demonstrated
the effects of laboratory stressors on gastric myoelectrical activitythat increases in RSA following meal ingestion correlated nega-
have shown that 3-cpm activity decreases in response to the cotiely with motion sickness symptoms that were later induced by
pressor tes{Riezzo, Porcelli, Guerra, & Giorgio, 1996; Stern, a rotating optokinetic drum. In that study, meal-induced increases
Vasey, Hu, & Koch, 1991land viewing aversive filmge.g., imb  in RSA also correlated positively with 3-cpm gastric myoelectrical
mutilation; Stewart, 1987 and that 3-cpm activity decreases and activity and negatively with gastric tachyarrhythmia elicited by
gastric tachyarrhythmia increases during shock avoidékheh, drum rotation. These results suggested that changes in RSA may be
Koch, Stern, & Thayer, 1999Neither sympathetic nor parasym- used to predict both behavioral and gastric myoelectrical responses
pathetic activity, however, was evaluated in these experimentdo vection-induced motion sickness. It is currently unknown, how-
Thus, it is not possible to evaluate whether these stressor-inducesler, whether environmental challenges that elicit other patterns
changes in gastric myoelectrical activity corresponded to particuef autonomic responsée.g., decreased parasympathetic cardiac
lar patterns of autonomic activity. activity) may be used to predict behavioral or physiological

In the present study, we evaluated whether two laboratoryesponses to a nauseogenic stimulus. According to a recent model
stressors that elicit a reciprocal increase in sympathetic and desf motion sickness susceptibility proposed by Stern and Koch
crease in parasympathetic cardiac activity also elicit a decrease 1996, reciprocal changes in autonomic driiie., increased sym-
3-cpm activity and increase in gastric tachyarrhythmia. We em-pathetic and decreased parasympathetic activaliming stress may
ployed a psychological stress@peech preparatiprand a physi-  indeed predict one’s susceptibility to nausea or motion sickness. In
cal stressofsustained isometric handgyjpvhich have been shown the present study, we tested this prediction by exposing partici-
previously to increase sympathetic and decrease parasympathepants to a rotating optokinetic drum following the completion of
cardiac activity(Berntson et al., 1994; Cacioppo et al., 1994; Kino, the speech preparation and isometric handgrip tasks. If reciprocal
Lance, Shahamatpour, & Spodick, 1975; Pollack & Obrist, 1988;changes in autonomic activity during stress predict motion sickness
Saab, Matthews, Stoney, & McDonald, 1989For each task, susceptibility, then concurrent decreases in RSA and PEP during
subjective reports of nausea, measures of 3-cpm activity and gathe speech preparation and isometric handgrip tasks should predict
tric tachyarrhythmia, and noninvasive estimates of sympathetigreater reports of motion sickness during vection. The extent to
(preejection period; PBRand parasympathetigespiratory sinus  which changes in RSA and PEP to the laboratory stressors predict
arrhythmia; RSA cardiac activity were obtained. Lower values of changes in normal 3-cpm activity and gastric tachyarrhythmia
PEP reflect greater myocardial contractility due to increased symeluring exposure to the rotating optokinetic drum was also examined.
pathetic (specifically B-adrenergit outflow to the myocardium In addition to autonomic responses, neuroticism has been used
under conditions of little change in preload or afterl@¢@acioppo  frequently to predict motion sickness susceptibility. It is thought
et al.,, 1994; Lewis, Leighton, Forester, & Weissler, 1974; Sher-that higher levels of neuroticism relate to increased motion sick-
wood et al., 1990 Higher values of RSA indicate a greater ness susceptibility; however, results in this area are mifed
parasympathetically mediated variation in heart period that coreview, see Kennedy, Dunlap, & Fowlkes, 1998 limitation of
incides with inspiration and expiration after controlling for signif- the research on motion sickness susceptibility and neuroticism is
icant respiratory adjustmentd8erntson, Cacioppo, & Quigley, that few investigators have provided a hypothesis that would ex-
1993b; Berntson et al., 1997; Grossman, Karemaker, Wielingplain a relationship between the two constructs. One possible
1991; Porges & Bohrer, 1990If the speech preparation and explanation is that heightened attention to physical symptoms may
isometric handgrip tasks elicit a decrease in PEP and RSA, then wae related to reports of motion sickness. Kennedy et al., for
instance, recently suggested that “being concerned with bodily
complaints may encourage one to redonbtion sicknesksymp-

!In addition to eliciting reciprocal changes in autonomic activity, these toms” (p. 183. An individual’s tendency to report distress from
tasks were chosen because they yielded very few movement artifacts in t ysical symptoms is referred to as somatizati@erogatis,

electrogastrogram. In prior pilot work, we employed laboratory stressors,: . . _—
(e.g., speech delivery, mental arithmetic, ethat required vocalization or ickels, & Rock, 1976 Strong relationships between somatiza

repeated movements; however, these tasks elicited a substantial numbert#?n and ne_u!’oticism ha\(e been documented i_n a number of clinical
EGG artifacts. and non-clinical populations; however, neuroticism scores may not
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necessarily reflect an individual’s level of somatizati@osta &  disposable AgAgCI electrodes that were positioned in a modified
McCrae, 1987; Watson & Pennebaker, 198khus, whereas neu- Lead Il configuration. Aluminum-coated, Mylar band electrodes
roticism represents a broad personality trait, somatization is dlnstrumentation for Medicine, Greenwich, ©Were used to record
narrower construct relating specifically to the tendency to reportasal thoracic impedand@,), the first derivative of the pulsatile
distress from physical symptoms, which may be a more relevanthange in thoracic impedancdZ/dt), and the integrated ddt
predictor of motion sickness symptomatology. The fact that somasignal (AZy). Voltage electrodes were placed circumferentially
tization and neuroticism are partially correlated could explain prioraround the base of the neck and around the thorax over the
mixed results when the broader construct, neuroticism, is used agphisternal junction. Current electrodes were attached at least
a motion sickness predictor. In the present study, we hypothesize8 cm above(neck or below (chesj the voltage electrodes and
that greater levels of somatization would be related to increasegassed a 4-mA 100-kHz AC current. ECG and impedance cardio-

reports of vection-induced motion sickness. gram signals were digitized at 1000 Hz using a 12-hiDAboard.
Prior to analysis, the ECG and dd@ signals were decimated to
Method 500 Hz;Z, andAZy (impedance pneumogramignal_s were dec_-
o imated to 250 Hz. All impedance- and electrocardiogram-derived
Participants waveforms(Z,, dZ/dt, AZy, ECG were acquired and processed

Participants were 59 undergraduate studéddswomen aged 18  off-line using a customized software packd@éNS Suite 6.1, The

to 34 years, who were recruited from psychology courses at Th@hio State University, Columbus, QH

Pennsylvania State University. Participants received extra credit Heart period was derived from the ECG signal as the interval
for participation and all procedures were approved by the Instituin milliseconds between sequential R spikes. Interbeat intervals
tional Review Board of The Pennsylvania State University. Indi-were examined and edited for artifacts using the artifact detection
viduals with(a) cardiovascular, gastrointestinal, or respiratory iliness,procedure developed by Berntson, Quigley, Jang, and Boysen
(b) a body mass 35% above or below normal body weightan  (1990. Less than 1% of the heart period data contained artifacts.
exercise routine exceeding 20 hours per weekdpbasal blood  Average heart periods for each minute of the baseline and exper-
pressure greater than 150 mmHg systolic or 90 mmHg diastoligmental epochs were then calculated using a weighted-beat algo-
were excluded from participation. The mean body surface aregithm (Berntson, Cacioppo, & Quigley, 199%ne-minute ensemble
(BSAin meters$ = weight(kg)>4?*x height(cm)®72>x .007184  averages of PEP were calculated as the interval in milliseconds

was 1.68 for women and 1.98 for men. between the Q wave of the electrocardiogram and the B-point of
_ _ the dz/dt waveform.
Psychophysiological Measures RSAwas used as an estimate of parasympathetic cardiac control

ElectrogastrographyThree disposable ABCI electrodes were  and was calculated for each minute of the baseline and experimen-
used to record the EGG signal. Active electrodes were positionegh| periods. Prior to calculation, artifactsapid transitionsin the
(a) on the abdominal midline, just above the umbilicus dbfl  heart period time series were identified and then removed with a
approximately 6 cm to the left and 3 cm superior to the midlinesmoothing function. The percentage of rapid heart period transi-
electrode. A reference electrode was positioned approximatelyions corrected in the present data set was 0.068%. The weighted
10 cm to the right of the midline and 3 cm above the umbilicus. heart period time series was then linearly detrended, mean-centered,
Field effect transistor electrodéBetrodes; UFI Corporation, Morro  gnd tapered using a Hamming window. FFTs of the 60-s heart
Bay, CA) were attached to the active EGG leads to increase thgeriod time series were then used to calculate the spectral power
signal-to-noise ratio. The EGG signal was passed through a URlin milliseconds squared per hertin the respiratory frequency
Fetrode bioamplifietModel 2121FT) before being sentto a Gould - pandwidth(0.12—-0.40 Hx The natural log of the spectral power in
recorder(Model 3000, Cleveland, OKwhich was equipped with  the respiratory bandwidth was then taken as the estimate of RSA.
a modified Universal coupleibandwidth: 0.008 to 0.30 HzThe Respiration was obtained using the impedance pneumography
EGG signal was digitized at 4.267 Hz using a 12 bfttAcon-  procedure described by Ernst, Litvack, Lozano, Cacioppo, and
verter and was stored for off-line processing using Labtech NOteBerntson(lQQQ. Specifically, the integrated ddt signal (AZq)
book 6.3(Laboratory Technologies, Wilmington, MA from impedance cardiographic recordings was used to derive a
Spectral analyses using fast Fourier transfoffiETS were  respiratory signal. The mean respiratory rate and amplitude were

performed on 5-min epochs of EGG data from all baseline andhen derived from FFTs of the respiratory time series for each
experimental epochs. Prior to spectral analysis, the EGG timgninute of the baseline and task periods.

series for each 5-min epoch was linearly detrended and mean-
centered. A Hamming window was then used to taper the EGGyotion Sickness Induction

signal. After windowing, spectral density estimates were deriveda rotating optokinetic drum was used to elicit motion sickness

from FFTs in 0.25-cpm-wide bins within the frequency range Ofsymptoms(see Muth, Stern, & Koch, 1998, for complete discus-

2.5-15 cpm. The percentage of total power was calculated for thgjon of the rotating optokinetic drumThe drum is a cylinder

3 cpm(2.5-3.75 cpmand gastric tachyarrhythmigl—9.75 cpm  91.5 cm in height and 76 cm in diameter. Alternating 3.8(51)

bandwidths using the following equations: % 3-cpm actiity  plack and 6.2 cn(9.3°) white vertical stripes line the interior of

(2.5-3.75 cpm powgR.5-15 cpm powerx 100; % gastric tachy-  the drum. The participant was seated in the center of the drum as

arrhythmia = (4-9.75 cpm powei2.5-15 cpm powerX 100 it rotated about her or him at a rate of’¢§. During drum rotation,

(Uijtdehaage et al., 1992 all participants reported vectide., illusory self-motiol; 5 par-

ticipants did not report any symptoms of motion sickness.

Electrocardiography and impedance cardiographilectro-

cardiogram(ECG), impedance cardiogram, and impedance pneu-Symptom Assessment and Dispositional Measures

mogram signals were obtained using a Minnesota Impedanc&he Nausea ProfileNP; Muth, Stern, Thayer, & Koch, 199&as

CardiograpiModel 304 B. ECG signals were obtained from two administered to participants after the baseline, task, and drum
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rotation periods. The NP provides a total nausea score as well @&y to the roommate. The participant was asked to give a well-
subscale scores for the following symptom dimensions that wereleveloped speech and was told that the speech would be video-
derived from prior factor analyses: gastrointestinal dist{eg, taped and evaluated. A video camera was positioned approximately
queasy, ill, stomach awarengdscomfort, vomiting, somatic dis- 90 cm in front of the participant during the speech preparation
tress(shaky, lightheaded, sweaty, tirddtigued, weak, warspand  period. During the preparation period, participants were informed
negative affectupset, worried, hopeless, panicked, nervous, s¢aredof the remaining time each minute. After the preparation period,
afraid). The total NP score was calculated as the percentage of 158articipants were instructed that speech delivery was not required
total possible points on the NP; each of the 17 questions had and no actual video recordings were to be made. During the
maximum possible score of 9. Similarly, gastrointestinal distressgebriefing session following the experiment, participants were
somatic distress, and negative affect scores were calculated as theked to refrain from discussing the fact that speech delivery was
percentage of possible points for each subscale; thus, all NP scorest required with other people who might later be participants in
ranged from 0 to 100%. Prior to statistical analyses, all NP scorethe study(e.g., friends, classmates, ¢tc.
were square root transformed to correct distributional violations.
Subjective symptoms of motion sickness were obtained during Isometric handgrip taskin the isometric handgrip task, the
drum rotation using the Pensacola Diagnostic Inde®l; Gray-  participant was asked to grip a hand dynamoméblodel PL
biel, Wood, Miller, & Cramer, 1968 PDI scores reflect a com- 3030J1, Jamar, Jackson, M&t 20% of her or his maximum
posite rating of several symptoms of motion sickn@igziness,  strength for a 5-min period. Maximum strength was determined
headache, warmth, sweating, drowsiness, salivation, and nauseafter the informed consent procedure. Specifically, each participant
and range from O to 63. was instructed to squeeze the device as hard as she or he could
Somatization was assessed using the somatization subscale tofice for 2 s; each trial was separated by a 10-s rest period. The
the SCL-90(Derogatis, 197Y. This subscale was administered to mean of the two trials was taken as the participant’s maximum
each participant during the electrode stabilization pefsmk be-  force and 20% of this mean was calculated. During the 5-min task,
low). Somatization scores were obtained from the participant'san experimenter monitored the participant’s performance and in-
mean rating of the extent to which she or he had been distressed Isyructed her or him to squeeze harder if performance fell beneath
the following symptoms in the last month using a 4-point Likert- the 20% mark. Participants were informed each minute of the
type scalgl0 = not at all, 3 = extremely: faintness or dizziness, remaining time for this task.
pains in the heart or chest, nausea or upset stomach, trouble

breathing, hot or cold spells, numbness, weakness. Rotating optokinetic drumFollowing the recovery period of
the second task, the band electrodes were removed and the par-
Design and Procedure ticipant was escorted to another testing room, which housed the

All participants were instructed to fast for a minimum of 3 hr prior rotating optokinetic drum. In this phase of the experiment, the

to the experiment. Upon arrival at the laboratory, the participantparticipant was seated within the drum for a 6-min resting base-

was given a verbal briefing on the nature of the study, the recordline. The baseline period was followed by a maximum of 16 min

ing procedure, and electrode attachment. After informed conseraf drum rotation. During the rotation period, subjective symptoms

was obtained, the participant completed a health questionnaire tof motion sickness were obtained using the PDI approximately

determine eligibility and electrodes were attached. Electrode atevery 3 min.

tachment was followed by a 10-min electrode stabilization period

and an 8-min “vanilla baselinetJennings, Kamarck, Stewart, Data Quantification

Eddy, & Johnson, 1992; see belpWwollowing the baseline period, Prior to statistical analyses, 1-min estimates of heart period, PEP,

participants were exposed to a speech preparation task and &SA, and respiratory parameters were averaged for the baseline

isometric handgrip task in a pseudorandom, counterbalanced ordemd task periods. The effects of each stre¢speech preparation,

An 8-min vanilla recovery period followed each task. isometric handgripon physiological and NP data were evaluated

using 2(Gendey X 2 (Task Ordey X 3 (Period: Baseline, Speech

Vanilla baseline and recovenDuring the baseline and recov- Preparation, HandgripMultivariate Analyses of VarianddMANO-

ery periods, participants performed a neutral color counting tasi/As). The Pillai-Bartlett trace was used as the multivariate test

(Jennings et al., 199Zor 8 min. At the beginning of the period, statistic. No main effects or interactions involving task order were

the participant was instructed to count the number of times dound for any variable; therefore, this factor was removed prior to

specified 8X 10 cm colored rectangle appeared on a computeisubsequent analyses. Physiological variables that were highly cor-

monitor that was positioned approximately 90 cm in front of therelated (rs > .60) were included in the same MANOVA and

participant. During the counting task, a different colored rectanglesubsequent repeated measures ANOVAs were performed on each

(blue, brown, green, purple, or whjtavas presented every 15 s. dependent measure with Greenhouse—Geid#59 corrections

The participant reported how many times she or he observed th&) for inflated degrees of freedom. Main effects of Period were

designated color at the end of each baseglieeovery period. followed with three planned pairwise comparisons betweeltghe

Feedback about task performance was not provided, and a diffebaseline and speech preparati@,baseline and handgrip, ac)

ent color was counted during each vanilla baseline and recovergpeech preparation and handgrip tasks using Bonferroni-corrected,

period. within-subjectt tests. A Type | error rate of .05 was adopted for all

statistical analyses. This experimentwise Type | error rate was

Speech preparationA modified version of the speech stressor maintained at .05 for post hoc comparisons involving overall task

developed by Saab et d11989 was used in the present study. effects by setting the of each of the three comparisons to .017.

Specifically, each participant was asked to imagine that a roombegrees of freedom in the statistical analyses varied because of

mate had stolen $300.00 from her or him. The participant was themissing data due to movement artifacts in the EGG re¢ord 5),

given 5 min to prepare a 5-min speech about what she or he woultinpedance cardiography acquisition fail{re= 16), and experi-
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menter error in the administration of the NR = 3) during the 130
vanilla baseline, speech preparation, or isometric handgrip tasks. -
A hierarchical linear regression analydi€ohen & Cohen, g 125
1983 was used to predict participants’ motion sickness scores et T
from somatization scores and basal and average task estimates of -8 120 1
RSA and PEP. Specifically, participants’ motion sickness scores &
were regressed hierarchically upon two sets of independent vari- § 115
ables, which were entered in the following order: Set basal §
levels of RSA and PEP; Set=2 average task levels of RSA and g)? 110 [ T
PEP and somatization scores. We evaluated the proportion of &
variance in motion sickness scores accounted for by the first set of 105
predictors(R?), and the increment in the proportion of variance
accounted for by the second set of predict@iR?). We also 100
examined the partialpr), semipartial(sr), and zero-order corre- Baseline Speech Grip
lation coefficients for each variable. Similar hierarchical regres-
sion analyses were used to predict drum rotation levels of the 8.0 ' '
percentages of gastric tachyarrhythmia and 3-cpm activity after C— Males
partialling drum rotation basal levels of gastric myoelectrical ac- 757 BN Females |
tivity in the first step. o)
E 707
Results E (sl
. <
Heart Period ﬁ
The effects of speech preparation and the isometric handgrip task 6.0 1
on heart period are shown in Figure 1. Heart period differed
significantly between the vanilla baseline, speech preparation, and 557
handgrip tasks, Pillai-Bartlett trace .704,F (2,40 = 47.62,p <
.001. The main effect of Gendd¥(1,41) = 1.00, and the Gendet 5.0
Period interactionf (2,40 = 1.01, did not reach statistical signif- Baseline  Speech Grip

icance. Compared to baseline, heart period decreased significantg(gure 2. Preejection period PEP; upper pangland respiratory sinus

Quring _SpeeCh p_reparatiorh(SO) = 11.23,p < -001_,_ and the  ;hythmia(RSA; lower panel during the vanilla baseline, speech prepa-
isometric handgrip task(44) = 7.28,p < .001. In addition, heart  yation (Speech, and isometric handgrifGrip) tasks. Error bars represent
period was lower during speech preparation compared to the hanghe standard error of the mean.

grip task,t(42) = 4.09,p < .001.

Pre-ejection Period and Respiratory Sinus Arrhythmia statistical significance. Compared to baseline, both speech prepa-

The upper panel of Figure 2 illustrates the task-induced changes fftion, t(50) = 11.24,p < .001, and isometric handgrip44) =
PEP. A main effect of Period, Pillai-Bartlett trace. 73, F (2,40 = 7.44,p < .001, gllClted S|gn|f|_cant decreases in PEP;_ however,
52.91,p < .001, on PEP suggested a changg-adrenergic drive speech preparation resulted in a greater decrease in PEP than

to the heart across the tasks. Neither the main effect of GendelSOMetric handgript(42) = 6.26,p < .001. _
F < 1, nor the Gendelx Period interactionF < 1, reached The lower panel of Figure 2 illustrates RSA levels as a function

of the vanilla baseline, speech preparation, and isometric handgrip
tasks for males and females. A GendePeriod interaction, Pillai-
Bartlett trace= .15, F(2,40 = 3.47,p = .04, modified the main
effect of Period, Pillai-Bartlett trace .54,F (2,40 = 23.12,p <

1000 .001, on RSA. The main effect of Gender, however, did not reach
9501 statistical significancelr < 1. Whereas females showed a statis-
. %00T - ) tically significant change in RSA across the three time periods,
é’ 850 | 1 Pillai-Bartlett trace= .71, F(2,26 = 32.20,p < .001, the main
.‘5’ 800 I ] effect of Period on RSA for males was marginal, Pillai-Bartlett
-8 750 | = trace = .34, F(2,13 = 3.36, p = .07. Post hoc comparisons
& indicated that females showed a significant decrease in RSA dur-
g 7007 ] ing both speech preparatiari31) = 7.63,p < .001, and isometric
:"E 650 [ 1 handgrip,t(28) = 6.22, p < .001, compared to baseline. For
600 1 females, RSA was lower during speech preparation compared to
5501 the handgrip task,(27) = 2.23,p = .03; however, this difference
did not reach the Bonferroni-corrected level of statistical signifi-

500 Baseline Speech Gri cance. In contrast, males showed a significant decrease in RSA in
p P response to the speech preparation tgdl8) = 3.10,p = .006, and
Figure 1. Heart period during the vanilla baseline, speech preparation® marginal decrease in RSA tf) the isometric handgrip t4$k) =
(Speech, and isometric handgrigGrip) tasks. Error bars represent the 2.03,p = .06; however, no difference in RSA was observed be-
standard error of the mean. tween the handgrip and speech preparation tasks for niateg,
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Respiratory Parameters Average Autonomic Response Vectors
A MANOVA, which included respiratory rate and amplitude in the 3 T . ; w x
same model, revealed a main effect of Period, Pillai-Bartlett trace Coactive '
.25,F (4,38 = 3.12,p = .03, and Gender, Pillai-Bartlett trace
.37,F(2,40 = 11.73,p < .001; however, the Gendet Period
interaction did not reach statistical significané€€4,38 = 1.91.
Separate repeated measures ANOVAs on respiratory rate and an§
plitude revealed a main effect of Period on respiratory rate,
F(2,82 = 3.29,p = .04, e = .99, but not respiratory amplitude,
F < 1. The main effect of Gender in the multivariate analysis was &
due to a greater respiratory amplitude across all tasks among,
females compared to males(1,41) = 19.44,p < .001; no main ;
effect for Gender was found for respiratory rafe< 1. Gender | Hand Grip
differences in respiratory amplitude derived from the impedancey i Speech Preparation
pneumography procedure likely were due to greater overall Ievels§ f
of thoracic impedance among females, who, on average, are morg 2r 7
likely to have smaller thorax volumes than mal@&assett-Frey, ¢ |
Doerr, & Miles, 1982.
Post hoc comparisons of respiratory rate revealed a significant -3
increase from baselindyl = 15.60 (breaths per minute; bpm
SE= .33, to speech preparatidd,= 16.39 bpm SE= .35;1(50) =
3.79, p < .001, but no differences between baseline and the
isometric handgrip taskyl = 15.93 bpm SE= .38;1(44) = 1.58, Figure 3. Mean autonomic response vectors representing the standardized
or between speech preparation and isometric hand@#ip),= 1.75.  change in preejection peri¢@EP and respiratory sinus arrhythniRSA)
Because centrally mediated changes in RSA may be confrom baseline. Standard errors of the mean standardized PEP response are
founded with those reflecting peripheral contributions from task-represented by the length of the arrowheads; standard errors of the mean
induced alterations in respiratory rat&rossman et al., 1991; standardized respiratory sinus arrhythmia response are represented by the
Berntson, Cacioppo, & Quigley, 1993avithin-subject regression  Width of the arrowhead.
analyses were used to derive residualized RSA values using cor-
responding respiratory rates as predictors. Concordant with the
analyses of nonresidualized RSA, a main effect of Period, Pillai-
Bartlett trace= .355,F (2,40 = 14.22,p < .001, but not Gender, (see Figure # PEP and RSA did not correlate within the speech
F < 1, was observed for respiration-corrected RSA. In addition, aPreparationpr = .02,ns or isometric handgrip taskpy = —.023,
marginal Gendeix Period interaction was also obtained, Pillai- NS after partialling baseline levels. In addition, between-task cor-
Bartlett trace= .115,F (2,40 = 2.61,p = .08. Given the consis- relations for heart periogyr = .27, p = .08, and RSApr = .31,
tency of these findings with those of the prior analyses, it isPp < .05, were modest, whereas the between-task correlation for
unlikely that changes in respiratory rate substantially altered taskPEP, pr = .20, ns did not reach statistical significance after
induced changes in RSA. Therefore, uncorrected RSA values wereartialling basal levels.
used in subsequent analyses.
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Gastric Myoelectrical Activity
Individual Differences in Autonomic Response The upper and lower panels of Figure 5 show that both speech

Figure 3 displays the average autonomic cardiac response elicitgfeparation and the isometric handgrip task prompted a decrease in
by the speech preparation and isometric handgrip tasks using atiCPM gastric myoelectrical activity and an increase in gastric
autonomic space depictigBerntson, Cacioppo, & Quigley, 1991, tachyarrhythmla. A MANOVA, which mclud_ed_the percentages of
1993h. The procedures used to derive these figures were adaptedt®Pm activity and gastric tachyarrhythmia in the same model,
from those developed by Berntson, Cacioppo, & Fieldsta866 .2 revealed a main effect of Period, Pillai-Bartlett trace.194,

At the group level, both tasks appear to have elicited a reciprocal (4,49 = 2.96,p = .03, suggesting that the tasks affected gastric
increase in sympathetic and decrease in parasympathetic cardiyoelectrical activity. Neither the main effect of Gender, nor the
control. Within and between the two tasks, however, individualsGender X Period interaction reached statistical significance,

differed in both the magnitude and pattern of autonomic respons&S < 1. Repeated measures ANOVAs on the percentages of 3-cpom
activity and gastric tachyarrhythmia revealed significant main ef-

fects of Period on both variabldpercentage of 3-cpm activity:
2PEP and RSA responses to the speech preparation and isometrfe[2,104] = 6.18,p = .003, e = .98; percentage of gastric tachy-
handgrip tasks were first standardized by dividing each change &gre  arrhythmia:F[2,104 = 5.66,p = .005, e = .99). Post hoc com-

APEP= Speech Task PEP Basal PEPby the standard deviation of that UES‘HSO“S of 3-cpm activity revealed differences between baseline

change score. Heart period responses to each task were then regressed . - _
the corresponding standardized PEP and RSA responses to determine Qd speech preparatiof56) = 2.90, p = .005, and between

appropriate spacing of the abscissa and ordinate of the bivariate autonomizaseline and handgrip(53) = 2.90, p = .005, but not between
plane. Together, standardized PEP and RSA responses accounted fothandgrip and speech preparatiors 1. Similarly, post hoc com-
moderate amount of the variance in task-induced heart period Changeﬁarisons of gastric tachyarrhythmia revealed significant differ-

R? = .52, F(1,40 = 48.77,p < .001. Because the standardized slopes - - _
relating changes in heart period to changes in R&A; .485,p < .001, ences between baseline and speech preparaii),= 2.71,p =

and PEPB = .495,p < .001, were similar, the sympathetic and parasym- -009, and between baseline and handgi3) = 2.91,p = .005,
pathetic axis lengths were equated in the bivariate depictions. but not between handgrip and speech preparatien,1. These
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Figure 4. Individual autonomic response vectors for 43 participants. Data from the same randomly chosen subset of 22 participants
are presented in the top and bottom panels on the left; the remaining participants are presented in the right panels. As illustrated in these
panels, notable individual differences in autonomic response magnitude and autonomic mode of cardiac control are apparent both
within and between tasks. Note that the sign of the values along the abscissa is reversed as in Figure 3, indicating that more negative
values correspond to greater decreases in PEP.

data demonstrate that both tasks decreased normal 3-cpm gastiideraction,F (2,54 = 2.75, reached statistical significance. Com-
myoelectrical activity and increased gastric tachyarrhythmia. pared to the vanilla baseline task, total NP scores were greater
Within the speech preparation task, no statistically significantduring speech preparation(56) = 9.29,p < .001, and the iso-
partial correlations were observed between EGG activity and PERnetric handgrip task,(56) = 8.49,p < .001. Also, total NP scores
(percentage of 3-cpm activitygr = .07, ns percentage of tachy- were greater during speech preparation compared to the isometric
arrhythmia:pr = .08, ns) or RSA (percentage of 3-cpm activity: handgrip task{(58) = 3.11,p < .005.
pr = .20, ns percentage of tachyarrhythmigr = —.08, ns) after Although scores from the somatic subscale of the NP differed
baseline levels of these variables were partialled. Similarly, EGGacross task periods, the main effect of Period, Pillai-Bartlett trace
activity elicited by the isometric handgrip task did not correlate .624,F(2,54 = 44.72,p < .001, was modified by a Gendet
with PEP(percentage of 3-cpm activitpr = —.12,ns percentage  Period interactionF (2,54 = 3.17,p = .05. The main effect of
of tachyarrhythmiapr = .19, ns) or RSA (percentage of 3-com Gender, however, did not reach statistical significaidd, 55 =
activity: pr = .07, ns percentage of tachyarrhythmigr = —.06, 2.12. Compared to males, females reported a higher level of
ns) after partialling basal levels. These data suggested that gastrgomatic symptoms during speech preparatimales:M = 9.34,
myoelectrical reactivity to the laboratory stressors did not correlateSE= 2.06; femalesM = 17.51,SE= 2.85), t(57) = 2.26,p = .03.

with concurrent estimates of autonomic cardiac reactivity. Males and females did not differ in somatic symptom reports
during the baseline periognales:M = 4.80,SE= 1.14; females:
Nausea Profile Scores M = 9.25,SE= 1.48 or during isometric handgrigmales:M =

Table 1 displays NP scores associated with each experiment24.31,SE= 3.46; femalesM = 21.33,SE= 2.78). Thus, although
period. Total NP scores differed significantly between the taskspoth speech preparation and the isometric handgrip task elicited an
Pillai-Bartlett trace= .680,F (2,54 = 57.37,p < .001. Neither the  increase in somatic NP scores, females reported a greater level of
main effect of Genderf: (1,55 = 2.25, nor the Gendex Period  somatic symptoms during speech preparation than males.
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> 65 ; ' " Table 2. Hierarchical Regression Analysis Predicting
5 60t Motion Sickness Scores from Preejection Period,
'§ Respiratory Sinus Arrhythmia, and Somatization
550 I
8 T Variable B pr sr r t
mn 507 1
g | ] Set 1
g 4 T Baseline PEP  -20 -20 -20 —.19 -1.28
v | Baseline RSA .10 .10 .10 .08 0.66
= 40
o Set 2
v 35 1 Task PEP .13 .04 .04 -.18 -0.31
N Task RSA —-.76 —-.37 -.32 —-.15 —2.41*
‘\2 30 1 Somatization 38 39 34 51 2.56*
(=]
25
Baseline  Speech Grip Note: PEP= Preejection Period; RSA Respiratory Sinus Arrhythmia.
Set 1R? = .05; Set 2AR? = .32.
65 *p < .05.
2
2 607
Q
< 557
8 sof As expected, negative affect ratings differed across task peri-
m ods, Pillai-Bartlett trace= .711, F(2,54 = 66.46,p < .001.
g 451 i 1 Compared to baseline, greater levels of negative affect were ob-
o T served during the speech preparatigbf) = 12.15,p < .001, and
ut\‘f 40 ] isometric handgrip period$(56) = 4.88,p < .001. In addition,
S a5t 1 greater levels of negative affect were reported during the speech
s | ] preparation period compared to the isometric handgrip tés8), =
X 30 9.22,p < .001. Males and females did not differ in overall reports
25 of negative affectF (1,59 = 1.14, nor did males and females
Baseline Speech Grip differentially report affective symptoms during the tasik3en-
. _ ‘ . der X Period interactionF[2,54] = 1.58).
Figure 5. Percentages of 3-com gastric myoelectrical actifiyper panel Mean NP scores obtained following drum rotation are dis-

and gastric tachyarrhythmidower panel during the baseline, speech ,aveq in Table 1. Each drum rotation NP score differed signifi-

preparationSpeech, and isometric handgrifiGrip) tasks. Error bars rep- oy from corresponding NP scores observed during the baseline

resent the standard error of the mean . . . '
speech preparation, and handgrip periodgps# .005. The mean
maximum motion sickness score obtained during drum rotation, as
assessed by the PDI, was 12(&E= 1.18) out of a possible total

Gastrointestinal subscale scores of the NP also differed aCrossf 64. No differences between males and females were observed

task periods, Pillai-Bartlett trace .180,F (2,54 = 5.94,p=.005.  for any of the drum rotation NP or PDI scores.

Neither the main effect of Gendd¥(1,55 = 3.34, nor the Gen-

der X Period interactionF (2,54 = 1.56, reached statistical sig- Motion Sickness Prediction

nificance. Gastrointestinal subscale scores were greater during t

speech preparation period compared to basel{66) = 3.89,p < hﬁ1e results of the hierarchical regression analysis predicting mo-

. . : ion sickn r re presented in Table 2. In the fir I

.001, and the isometric handgrip tasig8) = 3.71,p < .001. In tion sickness scores are prese ted able . _t_e ststep, pasa
. . . . . levels of PEP and RSA did not account for a significant proportion

contrast, gastrointestinal scores reported during the isometric handx . . ; . -

of the variance in motion sickness scor&, = .05, F < 1. In

grip task did not differ from baseling(56) = 1.20. These data . S o
. . . contrast, the second set of variables, which included somatization
show that only the speech preparation period prompted an increase . '
; . . Scores along with average task estimates of RSA and PEP, ac-
in gastrointestinal symptoms. N ) o . )
counted for a significant proportion of the remaining variance in
motion sickness scoreaR? = .32,F(3,37) = 6.31,p = .001. In

this set, somatization and average task levels of RSA emerged as

Table 1. Mean Nausea Profile (NP) Scores by Period unique and significant predictors of motion sickness scores, after

partialling baseline levels of autonomic cardiac activity. These
Nausea profile scores data indicate that higher levels of somatization and greater task-

induced decreases in RSA predict an increased severity of motion

Period Total Somatic Gl NA sickness symptonts.

Baseline 3.750.56  7.54(1.04  1.48(0.5)  1.66(0.52

Speech prep. 17.52.16 14.18(1.99 8.32(2.03 29.03(3.01) 3 . . . . o

Handgrip 1146157 22.54(2.159 2.86(1.32  8.54(1.80 A multiple regression analysis was also conducted using somatization

Drum rotation  27.472.54 32.57(2.76 36.55(3.90 14.82(2.00 and average Task Baseline change scores for RSA and PEP as predictors.
The results of this analysis paralleled those of the hierarchical analysis:
Somatizationp = .42,pr = .43,sr = .38,r = .53,t = 2.95,p = .005, and
Note: Gl = Gastrointestinal; NA= Negative Affect. Scores represent the ARSA,B8 = —.30,pr = —.33,sr= —.28,r = —.46,t = —2.16,p = .04,
percentage of total points possible for each NP dimension. Values in  but notAPEP,8 = —.03,pr = —.03,sr = —.03,r = .04,t < 1, were found
parentheses represent standard errors of the mean. to uniquely predict motion sickness scorg,= .36, p = .001.
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Although no correlations were observed between somatizatiofaboratory stressors does not predict motion sickness susceptibility.
scores and basal= .14, ns or task levelsf = —.02,ns, of RSA, These results contrast with a prior suggestion by Cowings et al.
somatization did correlate with task levels of RSA after partialling (1986 that sympathetic reactivity is an important predictor of
baseline RSApr = —.36, p = .02. This finding suggests that future motion sickness symptomatology. In that study, Cowings
greater decreases in RSA to the laboratory stressors are relatedebal. relied upon increases in heart rate during the early minutes of
higher levels of somatization. exposure to a rotating chair as markers of sympathetic activation;

Hierarchical regression analyses were also used to predidiowever, those observed changes in heart rate may have arisen
vection-induced changes in gastric tachyarrhythmia and 3-cpnfrom coupled, reciprocal, or independent changes in the activity of
gastric myoelectrical activity. None of the regression models conthe two autonomic branché8erntson et al., 1991, 1998a
taining somatization, PEP, or RSA, however, reached statistical In addition to autonomic predictors, personality traits, such as
significance, allFs < 1. neuroticism, have been used to predict motion sickness suscepti-
bility (e.g., Collins & Lentz, 1977; Reason & Brand, 197%he
results of these studies, however, were often mixed and no studies
had examined the relationship between somatization and motion
In the present study, both the speech preparation and isometrgickness susceptibility. In the present study, the hypothesis that
handgrip tasks elicited an overall reciprocal increase in sympahigher levels of somatization would predict symptoms of motion
thetic and a decrease in parasympathetic cardiac activity. As exsickness upon exposure to a rotating optokinetic drum was sup-
pected, these patterns of autonomic response were observed fported. These results indicate that reports of motion sickness
conjunction with a decrease in 3-cpm gastric myoelectrical activityappear to be related to an individual’s tendency to report distress
and an increase in gastric tachyarrhythmia. These findings arfom somatic symptoms across a number of contexts. Further,
consistent with prior motion sickness research showing that similamcreased somatization was correlated modestly with task-induced
patterns of gastric myoelectrical reactivity are observed in condecreases in RSA; however, we are unaware of previous studies
junction with a reciprocal pattern of autonomic respofidasler  reporting a similar finding.
et al., 1995; Hu et al., 1991; Koch, Stern, Vasey, Seaton et al., Although somatization scores and task-induced changes in RSA
1990; Money et al., 1996; Uijtdehaage et al., 199%e do not  predicted motion sickness symptoms, none of these variables pre-
recommend, however, that inferences regarding gastric autonomiicted vection-induced changes in gastric myoelectrical activity.
activity be made from PEP or RSA. Indeed, no correlations be-There are at least two possible explanations for this pattern of
tween these estimates of autonomic cardiac activity and gastricesults. First, changes in gastric myoelectrical activity, specifically
myoelectrical activity were observed within the speech preparatiorincreases in gastric tachyarrhythmia, are not invariant markers of
or handgrip tasks. Moreover, whereas the autonomic origins ofhe experience of nausea. That is, prior work has shown that the
RSA and PEP have been well documentedy., Berntson et al., expression of gastric tachyarrhythmia may be dissociated from the
1993a; Cacioppo et al., 1994the autonomic contributions to report of nause#e.g., Levine, Chillas, Stern, & Knox, 2000as
gastric myoelectrical activity in humans are less clear. was observed in the isometric handgrip task of the current study.

Another goal of the present study was to evaluate the effects oBecond, these findings may reflect a relatively weak relationship of
these laboratory stressors on subjective reports of somatic, gastr&SA and PEP to gastric myoelectrical activity. Indeed, neither PEP
intestinal, and emotional symptoms related to nausea. Severalor RSA correlated with EGG activity during the speech prepara-
studies have shown that decreased normal gastric myoelectricibn or isometric handgrip tasks. It is noteworthy that Uijtdehaage
activity and increased gastric tachyarrhythmia are associated witht al. (1992 also failed to observe correlations between RSA and
the experience of nausea under a variety of clinical and nonclinicagjastric myoelectrical activity in a fasted group of participants;
conditions(for reviews, see Koch & Stern, 1996, and Stern et al.,however, Uijtdehaage et al. did report moderate correlations in
2000. In the present study, the speech preparation task promptetthose participants who were fed a small breakfast. In the present
a decrease in 3-cpm activity, an increase in gastric tachyarrhythstudy, all participants were fasted for at least 3 hr prior to exper-
mia, and reports of somatic, emotional, and gastrointestinal sympmentation. Taken together, these findings suggest that autonomic
toms. In contrast, the isometric handgrip task elicited a similaractivation of the gut during a fed state may correspond with
decrease in 3-cpm activity and increase in gastric tachyarrhythmiaghanges in autonomic drive to the heart, which could contribute to
however, participants reported somatic and emotional, but notorrelated patterns of gastric myoelectrical and autonomic cardiac
gastrointestinal, symptoms during this task. Thus, although mildactivity within a given experiment.
subjective symptoms related to the experience of nausea were Several lines of future inquiry are encouraged by the present
reported during speech preparation, some dissociation betweestudy. First, the use of ambulatory EGG monitoring may help to
reports of nausea and gastric myoelectrical activity was observedetermine whether the gastric myoelectrical responses observed in
during the isometric handgrip task. This dissociation may be due téhe present study are also elicited by stressors encountered in daily
differences in stimulus quality between the two stressors; howevetife. Second, to evaluate the generality of somatization and vagal
future work is needed to explore this possibility. reactivity as predictors of motion sickness susceptibility, future

The extent to which stressor-induced changes in autonomiinvestigations should evaluate whether these variables predict symp-
cardiac activity and somatization scores predict responses to @matology elicited by other nauseogenic contexts. Finally, stress
nauseogenic stimulus was also evaluated. The results indicated thaactivity is thought to play an important role in the development,
task-induced decreases in RSA to the stressors predicted increase@intenance, and exacerbation of symptoms related to functional
reports of motion sickness during illusory self-motion. These re-gastrointestinal disorderdayer, 1999; therefore, it may prove
sults complement prior findingdJijtdehaage et al., 1992howing  useful to examine the relationship between a current or future
that increased cardiac vagal activity following a meal predictsclinical outcome and gastric myoelectrical reactivity to—or recov-
lower reports of motion sickness. Further, the results of the preserdgry from—Ilaboratory stressors that are similar to those employed
study also indicate that prior sympathetic cardiac reactivity tohere.

Discussion
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