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The menstrual cycle and susceptibility to
coriolis-induced sickness
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Abstract: Survey studies on motion sickness susceptibility suggest that females tend to report greater severity in illness and higher
incidence of vomiting than males. Menstruation is said to be a contributing factor. A recent study suggested that females were least
susceptible to seasickness during ovulation in a “round the world” yacht race. Sixteen subjects (18–36 years old) were exposed
to Coriolis cross-coupling stimulation in the laboratory. They were tested once during permenstruation (Day 1–5), ovulation
(Day 12–15) and premenstruation (Day 24–28), based on a normalized 28-day cycle, in a randomised design. Physiological
measurements of motion sickness included forearm and calf cutaneous blood flow. Subjective evaluation of sickness symptoms
was based on Graybiel’s diagnostic criteria and Golding’s rating method. Our results indicated that under controlled laboratory
conditions, different phases of the menstrual cycle appear to have no influence on subjective symptoms of motion sickness or on
cutaneous blood flow increase in the forearm and calf. The lack of commonality between the types and levels of hormones that
are released during motion sickness and those that are involved in different menstrual phases appears to support our findings.
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1. Introduction

A number of survey studies have suggested that
females are more susceptible to seasickness than
males [1,21,27,37]. Women rate themselves as more
likely to suffer from motion sickness on all major forms
of transport and in different motion situations, such as
carnival devices and gymnastics [23]. Furthermore,
women rate themselves as having greater vomiting in-
cidence and more severe sickness [22]. A recent survey
by Dobie et al. [6] concluded that greater motion sus-
ceptibility of females does not vary significantly with
age and cannot be accounted for by differences in ex-
posure to motion or physical activity. It was suggested
that this difference in susceptibility may be attributable
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to males being less inclined (or females more inclined)
to admit illness. In contrast, Levy and Rapaport [24]
reported that there was no difference in seasickness
susceptibility between males and females participating
in drug trials aboard large sailing yachts. Similarly,
Turner [36] found no significant gender differences in
motion sickness ratings or incidence of different symp-
toms during coach (tour bus) journeys. In animal stud-
ies, under controlled laboratory conditions, the inci-
dence of emesis in male monkeys was essentially the
same as that of the female monkeys [28]. The emetic
response frequency was significantly greater in males
and the emetic response latency was also significantly
shorter which suggested that male monkeys may be
more susceptible to motion sickness. With the excep-
tion of a few studies into gender differences in the sus-
ceptibility to visually induced sickness about the yaw
axis [16,30] there are few laboratory investigations into
gender differences in motion sickness susceptibility.

When greater female susceptibility is reported, it
tends to be attributed to the influences of the female
endocrine system. Specifically, menstruation has been
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reported as a possible contributing factor. However,
this statement has never been substantiated conclu-
sively. Schwab [33] described “. . . a nurse in the army
medical corps who successfully crossed the Atlantic
on a small vessel during rough weather without being
ill, but who became nauseated and vomited in calm
sea of the Mediterranean when her menstrual period
began.” (p. 636). More recently, during the 1996–
97 “BT Global Challenge Yacht Race”, Grunfeld and
Gresty [15] reported that there was a slight increase
in the number of sickness events reported during the
premenstrual (Days 25–28) and permenstrual phases
(Days 1–5) based on a normalized 28-day cycle. There
were fewer complaints of sickness reported before and
around the time of ovulation (Days 11–14). Grunfeld
and Gresty’s findings suggested that it might be impor-
tant to classify each female’s susceptibility to motion
sickness according to her particular menstrual phase.
This may be useful in situations where increasingly
more women are being employed such as the military,
offshore oilrigs, civilian aircraft and ocean liners. With
the exception of Jones’ study [17], which reported that
menstruation has no influence upon nausea induced by
Caloric irrigation following yaw rotation, there appears
to be no published laboratory studies of motion sick-
ness susceptibility in females over the different phases
of their menstrual period. In Jones’ study there was
no attempt made to classify the non-menstrual group
into different phases of the menstrual cycle. Therefore,
the purpose of this study is to investigate whether the
premenstrual, permenstrual and ovulatory phases of the
menstrual cycle have an influence on the susceptibility
of female subjects to motion sickness.

2. Materials and methods

2.1. Subjects

Sixteen healthy subjects between the ages of 18
and 36 participated in the study. Recruitment was
from local universities and personnel from the labo-
ratory. Approval for this study was obtained from
the DCIEM (Defence and Civil Institute of Environ-
mental Medicine) Human Ethics Committee. All sub-
jects gave informed consent after obtaining medical ap-
proval to participate from a DCIEM physician. They
had no known history of ophthalmologic, oculomotor
or vestibular disorders, and they had no spontaneous
nystagmus nor Romberg’s sign with eyes opened or
eyes closed. Subjects reported that they had no known

history of menstrual cycle abnormalities. All subjects
were instructed to strictly abstain from alcohol, to-
bacco, and over the counter and prescribed medication
for at least 24 hours prior to the experiment. None
of the subjects had previous experience with Coriolis
stimulation.

2.2. Apparatus

The motion device is a rotating platform (1.8 m in
radius). It is driven by a motor of maximum torque
(12.2 N-m) to produce a rotating force environment.
The subject was positioned at the centre of rotation.
Attached to the back of the seat is a motor-driven head-
rest, which was designed to assist the subjects to place
their heads in a predetermined position. The head-
rest also served to guide the forward and downward
movements of the head through an angle of 45◦ in
the sagittal plane relative to the seated subject. All
head movements were guided active head movements
beginningwith a head down movement from the natural
head erect position.

2.3. Physiological measurements

Continuous cutaneous forearm and calf blood flow
(BF) changes were monitored using the Perimed Peri-
flux 5001 laser Doppler system in combination with two
Perimed # 413 integrating probes (Perimed Inc., Stock-
holm, Sweden). With the subject seated and hands rest-
ing on a flat surface, palms facing down, the forearm
integrating probe was positioned on the lateral surface
of the left forearm in the region of largest circumfer-
ence. The second integrating probe was positioned on
the dorsal surface of the left calf, left of the midline in
the region of largest circumference. Ambient tempera-
ture of the laboratory was maintained between 22 and
24◦C and subjects were instructed to wear light-weight,
loose fitting clothes. Subjects were instructed to relax
and avoid active movement during the measurement
period.

2.4. Symptom measurements

The procedure used to quantify the subjective sever-
ity of sickness before and after each trial was modi-
fied from Graybiel et al. [14] to include consideration
of pallor, nausea and vomiting. During the exposure
of Coriolis cross-coupling stimulation, the subjective
rating scale by Golding and Kerguelen [13] was used.
Subjects rated their degree of motion sickness after
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each head movement on the following scale: 1= No
symptoms; 2= Any symptoms, however slight; 3=
Mild symptoms, e.g. stomach awareness but no nau-
sea; 4= Mild nausea; 5= Mild to moderate nausea;
6 = Moderate nausea but can continue; 7= Moderate
nausea, want to stop. Subjects memorized this scale
before the commencement of the trial. They were in-
formed that although the scale was ordinal, they did not
have to follow the scale in the written sequence, but
rather to pair symptoms they experienced at a particular
instant with a specific level on the scale. The motor
driven head-rest was stopped when the subject reported
a rating of 7 or after 15 minutes, whichever came first.

2.5. For indication of anxiety level

The S-anxiety scale [34] was used as a sensitive
indicator of change in transitory anxiety experiencedby
subjects. It was administered before and after each trial.
This scale has been used extensively to assess the level
of State anxiety induced by the stressful experimental
procedure.

2.6. Design and procedure

A repeated measures factorial design was employed,
each of the subjects was exposed once during her pre-
menstrual (Days 25–28), permenstrual (Days 1–5) and
ovulatory (Days 14–18) phase. The order of exposure
was randomised. Some subjects started their first trial
while in their ovulation phase while others started their
first trial in their premenstrual or permenstrual phase.
The distinction for the three phases was based on a
normalised 28-day cycle with the first day of menstru-
ation designated as Day 1. The mid-point of the cycle
(typically day 14) was taken as the period of ovulation.
Four subjects who were on oral contraceptives were
also tested at the mid point of their cycles. Since not
every subject has a 28-day cycle, the exact dates of the
three menstrual phases of each subject were calculated
according to the subject’s history (past 2 months) of
menstruation. Calculations for each subject were based
on the subject’s last menstrual cycle date in combina-
tion with the first day of the next period. In order to
ensure that our calculation of the subject’s menstrual
phase was as accurate as possible, one of the investiga-
tors (RH) maintained frequent contact with the subjects
to ensure that each motion sickness test was performed
on the intended day within the specific menstrual phase
of each subject. It has been shown that self observa-
tion (cyclic changes of cervical mucus, sensation of

wetness and lubrication of the vulva) allows a reliable
detection of the time ovulation and correlate with ther-
mic nadir day and the day or the period of echographic
ovulation [29].

The motion stimulus started with the subjects ro-
tating about the yaw axis at 120◦/s. After 180 sec-
onds of rotation, the subjects began moving their heads.
Subjects pitched their heads forward and downward
by 45◦ within 2 seconds. Next, they paused for 12
seconds before returning their heads to upright. After
another 12 second pause, the sequence was repeated.
This manoeuvre produces an unusual stimulation of the
vestibular organs that elicits disorientation and motion
sickness.

2.7. Statistical analysis

Prior to the analyses, artifacts from raw BF data dur-
ing each trial were reviewed and excluded from fur-
ther analyses. Artifacts constituted less than 1% of
the recorded data. With the exception of the period of
Coriolis stimulation during the Coriolis trials, the mean
of the last 60 seconds of BF data during identical mo-
tion stimuli, in all trials, was used in the final analyses.
The time for peak forearm and peak calf blood flow
for each Coriolis trial were identified, and 30 seconds
before and after each peak were also used in the anal-
yses of BF. Data were analysed by repeated measures
ANOVA using Statistica by Statsoft, with the signifi-
cance levelα set to� 0.01. All post hoc testing was
completed using planned comparisons. P-values for
factors with more than two levels were adjusted using
Greenhouse-Geisser’s epsilon correction factor.

3. Results

Of the 16 subjects, three did not complete their sec-
ond and third trials due to the severity of sickness ex-
perienced. Two of these subjects were tested during
their ovulation phase and one was tested during her
premenstrual phase. Results of the subjective and ob-
jective evaluation of motion sickness on the remaining
13 subjects are described as follows.

3.1. Blood flow measurements

Forearm and calf blood flow records for each men-
strual phase from one subject are displayed in Fig. 1.
A 2 (blood flow measurement location) x 3 (men-
strual phase) repeated measures ANOVA was per-
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Fig. 1. Forearm and calf cutaneous blood flow during each menstrual phase as a function of time.

formed on the cutaneous forearm and calf blood flow
(BF) data. There was a significant main effect for lo-
cation(F (1, 12) = 31.99, p � 0.01. The magnitude
of forearm blood flow as measured by perfusion unit is
higher than that of calf blood flow. This finding is con-
sistent with previous reports which state that forearm
and calf cutaneous blood flow increases during motion
sickness [5] and that head movements or yaw rotation
alone did not result in blood flow changes. The main
effect for location, illustrated in Fig. 2, reveals that fore-
arm blood flow is significantly greater than calf blood
flow in each of the three menstrual phases. This main

effect for location of blood flow (forearm versus calf)
is maintained during head movements while stationary
and during yaw rotation alone [5]. The different phases
of the menstrual cycle did not have an effect on Coriolis
induced BF increases(F (2, 24) = 1.14, p = 0.34).

3.2. Symptom measurements

Friedman non-parametric ANOVA of ranks was per-
formed on each of the pre-Coriolis and post-Coriolis
evaluations of state anxiety, the severity of motion
sickness measured using the Graybiel Diagnostic Cri-
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Fig. 2. Mean percentage of cutaneous blood flow 30sec before and
after peak flow as a function of time (Error bars represent SEM).
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Fig. 3. State-Anxiety score before and after Coriolis stimulation
(Error bars represent SEM).

teria, and subjective evaluation of motions sickness
symptoms. The results were similar for each anal-
ysis. Differences between pre-Coriolis and post-
Coriolis evaluations were evident for state anxiety at
p < 0.001(x2 = 31.60714, df = 13) Graybiel Diag-
nostic Criteria atp < 0.001(x2 = 49.91, df = 13)
and subjective evaluation of motions sickness symp-
toms atp < 0.001(x2 = 42.54, df = 13). Using
Wilcoxon signed ranked tests significant contrasts were
found between pre-Coriolis and post-Coriolis evalu-
ation in each phase for each symptom measurement
(p < 0.004) with the exception of the pre-Coriolis and
post-Coriolis state anxiety difference during the ovula-
tion phase wherep = 0.015. However, no significant
contrast effects were observed within pre-Coriolis and
within post-Coriolis evaluations that is, there were no
significant difference across all three menstrual phases.
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Fig. 4. Graybiel diagnostic criteria score before and after Coriolis
stimulation (Error bars represent SEM).
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Fig. 5. Subjective symptoms of motion sickness score before and
after Coriolis stimulation (Error bars represent SEM).

3.3. Head movements

Subject susceptibility as measured by the Coriolis
test can be expressed in terms of total additional head
movements made or the percentage change in head
movements performed between experimental condi-
tions. The utility of this approach in evaluating changes
in motion sickness resistance or total Coriolis stress en-
dured by the subject in reaching a predetermined level
of symptomatology was shown by Miller and Gray-
biel [25,26] where Coriolis stress is directly propor-
tional to the number of head movements made. A one
way repeated measures ANOVA was performed on the
number of head movements tolerated in each of the
three menstrual phases. No significant effects were ob-
served(F (1, 24) = 1.54, p = 0.23, power estimate is
0.8 at anα level of 0.05). We were unable to identify
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any difference in the number of head movements toler-
ated among the three phases of the menstrual cycle.

4. Discussion

It should be noted that most of the studies that have
investigated motion sickness susceptibility differences
in males and females relied on either questionnaires
(measurement of sickness during or immediately af-
ter stimulation) or past motion sickness history (mea-
surement of susceptibility as a characteristic of an in-
dividual over past experiences). Although proportion-
ately more females than males report motion sickness,
whether this reported sex difference in susceptibility is
based on physiological or psychological differences, or
on a combination of the two, is unknown. It has been
proposed that it is merely a reflection of a socialization
process in which it is more acceptable for women to re-
port illness, including motion sickness. Questionnaires
and self-reports may themselves be subject to a sex bias.
There is no evidence that women show a greater sen-
sory response to nauseogenic motion stimulus [31] and
similarly there is no reason to assume that women adapt
less readily than men [32]. Among women, there is
no physiological reason to believe that their vestibular
system sensitivity is different between the three men-
strual phases. However, endocrine changes may well
affect the sensory and associated autonomic responses.
It was reported that women are more likely to be sick
during the time of menstruation [15,33] and that there
was a reduction of motion sickness around the time of
ovulation [15]. However, our results do not support the
above findings. Both physiological and psychophys-
ical measurement of the severity of sickness induced
by Coriolis cross-coupling across the three menstrual
phases did not reach significance. Two of the three
subjects who withdrew from the study due to severity
of sickness in their first trial were tested during their
ovulation phase. The lack of effect of menstrual phases
on sickness susceptibility remains the same when the
four subjects who were taking oral contraceptives were
removed from the analysis.

Is there a common denominator in endocrine re-
sponse as a result of Coriolis-induced sickness and hor-
mones that are released during different phases of the
menstrual cycle? Our review of the literature fails to
find a relation between hormones released during mo-
tion sickness and during the different phases of the
menstrual cycle. It has been reported that stressful
Coriolis-induced sickness in the laboratory leads to the

release of arginine vasopressin (AVP), cortisol (CORT),
prolactin (PRL), growth hormone (GH), adrenocorti-
cotrophic hormone (ACTH), norepinephrine (NE) and
epinephrine (EPI) [8,18,38]. Among the hormones
described above, the release of arginine vasopressin
(AVP) was the earliest and most pronounced endocrine
marker for motion sickness [8]. Antidiuresis has long
been reported as a measure of motion sickness [35].
Specific and highly potent vasopressinergic antagonists
were found to be effective in abolishing emesis and
the development of significant symptomatology of mo-
tion sickness in the squirrel monkey [4]. The secretion
of vasopressin varies during normal menstrual cycle
with the highest plasma concentrations around the time
of ovulation and the lowest at the onset of menstrua-
tion [11]. Based on this evidence it would appear that
the susceptibility to motion sickness might be higher
during ovulation; however, a survey conducted during
a yacht race suggested that female sailors were least
sensitive to seasickness during ovulation [15].

The ability of AVP to release ACTH is well
known [3]. In considering the possibility that certain
hormonal responses to stressful motion might serve
an adaptive role, individual susceptibility to stressful
Coriolis stimulation was found to correlate with normal
resting levels of ACTH, and with the responsiveness of
ACTH, epinephrine, and norepinephrine [19,20]. Indi-
viduals with low susceptibility were found to possess
higher endogenous levels of ACTH. Similarly, subjects
with low susceptibility reportedly display greater ele-
vations of epinephrine and norepinephrine after expo-
sure to provocative motion than do highly susceptible
subjects. On the other hand, basal concentrations of
ACTH [12] and norepinephrine [10] were found to be
similar across all three menstrual cycle phases.

Similarly, there appears to be a lack of correlation
between prolactin and growth hormone release during
motion sickness and the cyclical release of these hor-
mones during different menstrual phases. Prolactin and
growth hormone were found to increase by 400% and
115% within motion sickness affected subjects and to
a lesser degree 120% and 40% increases respectively
in the control group [7]. The secretion of prolactin is
minimal during permenstrual phase with maximum re-
lease during pre-ovulatory and an intermediate release
during the premenstrual phase [2]. On the other hand,
the mean serum Growth hormone concentration in late
follicular phase women was higher than observed in
early follicular phase women. The GH concentration
for mid-luteal phase women was intermediate between
but not statistically different from that observed in the
early and late follicular phase women [9].
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It is difficult to compare observations made under op-
erational environments and experimental results from a
controlled laboratory study due to the different stimuli
involved. The fluctuations in sex hormones that occur
during menstrual cycle have an effect on electrolyte and
water metabolism that may trigger pathophysiological
changes in the central nervous system. However, there
is no relation between the different levels of hormones
being released, especially AVP, during motion sickness
and during different phases of the menstrual period.
In summary, our study suggested that susceptibility to
acute motion sickness is not influenced by different
menstrual phases.
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