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Abstract: This study examined the differences in psychophysiological responses during men-
tal task performance between women with (Group S) and without (Group A) menopausal hot
flashes. Twelve women who reported experiencing daily moderate or severe menopausal hot
flashes (Group S) and twelve women who reported having no hot flashes (Group A) partici-
pated in a mental arithmetic (Task) and a control (Non-task) experiment that occurred twice
during 30 min. Although Group S experienced frequent hot flashes during mental arithmetic
task, no significant differences between the two groups emerged for the percentage of correct
responses and reaction time, and cardiovascular and thermoregulatory responses. However,
the STAI state anxiety score was significantly higher in Group S than in Group A during both
rest and mental tasks, and stress-related cortisol secretion showed a tendency to increase in
Group S compared with Group A after task. The present study indicates that there were no
significant differences in physiological responses and cognitive performance between women
with and without menopausal hot flashes during mental arithmetic, but women with meno-
pausal hot flashes might perceive higher psychological stress during rest and mental arithmetic

tasks than asymptomatic women.
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Introduction

In Japan, middle-aged and elderly women are a pre-
cious labor source in a country where labor force has
been decreasing due to the effects of the declining
birthrate and the growing elderly population. However,
many of middle-aged and elderly women experience
various menopausal symptoms, such as hot flashes,
night sweats, general fatigue, and shoulder stiffness,
caused by estrogen withdrawal. The most common
symptom of menopause is hot flashes: the sensation
of sudden flushing and sweating, followed by chills.
Previous studies have reported that isoflavone phy-
toestrogen derived from soybeans may decrease the
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number of daily hot flashes in menopausal women!'=3).

Although Japanese women have a relatively high intake
of soybeans, the prevalence of menopausal hot flashes
was still approximately 22-40%% ).

Utian has reported that all menopausal symptoms may
lead to work-related impairment, which significantly
decreases the overall quality of life®. Previous studies
associated with hot flashes have reported some evidence
related to the effect of estrogen therapy on cognitive
functioning” ®. These studies showed that hot flashes
do not impair cognitive functioning dependent on the
hippocampus and prefrontal cortex. Polo-Kantola et al.
also reported that there was no relationship between the
presence of menopausal hot flashes and decline of cog-
nitive capacity?). However, these studies did not exam-
ine how cognitive performance was influenced while
actual hot flashes occurred. Recently, our research
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group found that the performance of most women who
experienced hot flashes during mental task was not
affected by hot flashes, but work-related difficulties due
to cognitive disturbance during hot flashes might arise
in some women!?. In addition, the studies mentioned
above did not examine whether psychophysiological
stress perceived by women with menopausal hot flashes
during mental cognitive task, is equal to that of asymp-
tomatic women. In reality, female workers with hot
flashes may face many work-related difficulties includ-
ing safety problems and low quality of life in the work
place since they usually continue their work without
stopping, even during a hot flash. Utian reported that
physiological changes associated with menopausal symp-
toms often lead to increased anxiety and stress®. These
effects indicate that menopausal symptomatic women
may have higher or more sensitive responses related to
psychological stress than asymptomatic women during
cognitive performance. If they perceive higher psycho-
physiological stress in regard to work performance, it
is necessary to give appropriate health care in order to
increase quality of life and reduce stress caused by hot
flashes for symptomatic females at work.

Therefore, the goal of this study is to examine the
differences in psychophysiological responses during
mental arithmetic tasks between women with and with-
out moderate and severe menopausal hot flashes.

Methods

Subjects

Subjects were twelve women (Group S; four peri-
menopausal, eight post-menopausal) who reported
experiencing daily moderate or severe menopausal hot
flashes and twelve women who reported having no hot
flashes (Group A; six peri-menopausal, six post-meno-
pausal) recruited for experiments via advertisements
and fliers at community centers. Menopausal status
was defined on the basis of self-reporting of menstrual
bleeding. Women with menstrual bleeding in the last
12 months, but not in the last 3 months or with less
regularity compared to the previous year, were classified
as peri-menopausal. Those who reported no menstrual
bleeding in the last 12 months were classified as post-
menopausal. The Kupperman Kohnenki Shogai Index
(KKSD') was used to assess climacteric complaints in
the subjects. The respective mean values of Groups S
and A in terms of age (52.6 3.1 vs. 52.0+4.1 yr),
height (155.4+3.5 vs. 153.9+5.6 cm), body weight
(552+£7.9 vs. 58.8+6.7 kg) and BMI (22.8 £2.5 vs.
24.9 +3.5) were not significantly different. KKSI levels
were significantly higher in Group S than in Group A
(21.1 £8.7 vs. 12.3 £ 7.2, respectively; p=0.013).

None of the subjects had been previously treated
with hormone replacement therapy, nor were they tak-
ing any medication known to affect hot flashes 7 d
prior to testing. All subjects were informed about the
aim and scope of the study and gave written informed
consent according to procedures approved by the Ethics
Committee of the University of Occupational and
Environmental Health. They were paid 6,000 yen for
their participation in each experiment.

Measurements and data analysis

Various physiological responses were measured: heart
rate (HR), blood pressure (BP), skin potential level (SPL),
skin temperature, and cortisol in saliva. Perceived
workload was assessed using the NASA Task Load
Index (TLX). The psychological stress was examined
using the Japanese form of the STAI state anxiety!? 13,
The STAI state anxiety scale assesses how subjects feel
“right now, at this moment” with respect to each of the
20 different items. Symptom status of the subjects was
monitored by video camera.

From the electrocardiography (LEG-1000, NIHON
KOHDEN, Japan), data with a sampling frequency of
1 KHz, HR was derived. We continuously monitored
BP using the Finapres cuff (Ohmeda, 2300 Finapres,
U.S.A.) placed on the middle phalange of the left mid-
dle finger with infrared diodes positioned on the sides
of the phalange and the hand supported comfortably by
the subject’s side, at heart level. Finapres provides non-
invasive continuous beat-by-beat measurements of BP,
based on the vascular unloading technique.

SPL was recorded via DC amplification (Skinos-Giken,
Japan) by setting an exploring electrode on the hypothe-
nar and the reference electrode on the upper third of the
inside of the forearm, and then the changes in voltage,
positive or negative, which occurred during a 1 s inter-
val, were analyzed. SPL was used as a main parameter
to predict hot flashes.

Skin temperature was recorded at 1 s intervals on a
personal computer (mate NX, NEC) through an analog
digital converter (Remote Scanner DE1200, NEC) using
thermocouples placed on the forehead, chest, forearm,
hand, thigh, leg, foot and finger. Mean skin tempera-
ture was calculated using the Hardy-DuBois formula'®.

The NASA-TLX was used to assess mental work-
load for cognitive performance!'> 9. This index is a
multi-dimensional rating scale (0-100) that provides an
overall workload score based on six subscales: mental
demand (MD), physical demand (PD), temporal demand
(TD), performance (OP), effort (EF), and frustration (FR).
In this study, the Adaptive Weighted Workload (AWWL)
proposed by Miyake and Kumashiro was used for the
overall evaluation points!?,
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Measurement of cortisol in saliva

The steroid hormone, cortisol, has been extensively
monitored as a stress index. Previous studies have
demonstrated increased cortisol levels in populations
having increased distress'® 19, Previous studies have
also reported that salivary cortisol significantly cor-
relates with plasma cortisol concentrations2: 21, In
this study, salivary cortisol was used as a physiological
marker of stress in responding during mental arithmetic
task!2 22, In addition, cortisol concentrations typically
display high levels in the morning and a decrease in
the evening, indicating circadian variations typical of
humans?® 24, In consideration of this circadian pattern,
the experiments were conducted between 13:00-18:00 h.

Saliva samples were collected by placing 2 pieces of
Salivette (Sarstedt Ltd.) at the sublingual site for 3 min.
After collection, saliva was extracted from the cotton
by centrifugation (KUBOTA 2700) at 3.5 x 103 rpm
for 15 min before storage at —30°C. Cortisol levels
were determined using a Cortisol ELISA Kit (Oxford
Biomedical Research, Inc. U.S.A.).

Procedures

Experiments were conducted in a climatic cham-
ber maintained at 28°C with a relative humidity of
50 £ 10% which is a standard temperature setting in
Japanese workplaces in the summer. The subjects par-
ticipated in a day of mental arithmetic (Task) experi-
ments and a day of control (Non-task) experiments.
The order of Task and Non-task was randomized and
counterbalanced across subjects in each group. During
Non-task, subjects were asked to leisurely read a book
about garden design prepared in advance.

Figure 1 shows the experimental procedure. The
subjects filled out the STAI state anxiety inventory in
a resting state for 17 min (Restl), followed by Taskl
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or Non-taskl for 30 min. After the subjects filled out
a NASA-TLX, STAI state anxiety inventory, frequency,
and intensity of hot flashes after Taskl or Non-taskl,
they rested for 5 min (Rest2), followed by Task2 or
Non-task2 for 30 min. Finally, the subjects filled out
the above psychological indices and subjective assess-
ment of hot flashes after Task2 or Non-task2, followed
by rest state for 5 min (Rest3). HR, SPL, and skin
temperature were continuously recorded from the onset
of the experiment to its end, and saliva was sampled at
the onset and the end of the experiment. BP was con-
tinuously measured at rest and during each task.

Subjective and objective hot flash measures

The subjects were required to recall frequency of hot
flashes and intensity using a visual analog scale (ranked
0-10, with zero representing “no sensation” and ten
representing “the most intense hot flash imaginable”)
after each task or when hot flashes occurred during
rest time. Freedman has reported that increased ster-
nal skin conductance, an electrical measure of sweat-
ing, is the best objective marker of menopausal hot
flashes?>. Skin conductance rises sharply from baseline
at the onset of a hot flash, and then slowly returns to
baseline. Surwillo notes that both skin conductance
and skin potential are reflections of sweat gland activ-
ity20). In this study, skin potential level (SPL) was
used as an objective marker of hot flashes. Maximum
levels of SPL vary among individuals depending on the
degree of sympathetic sweating on the palm. Thus, hot
flash occurrence was chiefly predicted by remarkably
increased SPL, and secondly by chest skin temperature
and subjective self-reported hot flashes.

Mental arithmetic task
Previous study has suggested that elevated brain

Task 1 Task 2
or or
Rest 1 Non-task 1 Rest 2 Non-task 2 Rest 3
Smin 30min Smin 30min Smin
0 12 17 47 52 59 89 94 99min
A A A
| | | | | |
BP I I | [ I 1
HR B T e »
SPL
Skin temperature
NASA-TLX A STAI
= { Subjective assessment ofhot flashes [ ] Saliva

Fig. 1. Experimental procedure.
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noradrenaline activity at central a2-adrenoceptors is
involved in the initiation of hot flashes?®, and men-
tal arithmetic tasks lead to brain activation in both the
prefrontal and parietal cortex?’-2%). Thus, mental arith-
metic tasks that are commonly used to assess cognitive
functioning3-32 may be effective in creating a task
environment that triggers hot flashes in this study. In
this study, the subjects performed the mental task used
by Park et al'?.

A mental arithmetic task was presented on a com-
puter screen, and the subjects were instructed to give
the last digit of the sum after adding two single-digit
numbers. The task questions were shown for 0.5 s,
followed by an equal sign (=) shown for 0.5 s. The
answers were divided into three groups: [0-3-6], [1-4-7],
[2:5-8]. Subjects were then asked to click the number
group containing the last digit of the correct sum as
quickly as possible within a 2 s interval. For example,
the answer of “74+3=" is 10. O is the last digit of the
sum; therefore, the subject should click the group [0-3-6]
as quickly as possible. The answer numbers from each
group were adjusted to appear evenly at 5 min intervals.
The percentage of correct responses and the reaction
time were expressed as the mean for 5 min. To mini-
mize the effect of individual differences in math abil-
ity and boredom by repetition, the task only included
single-digit addition with time pressure and step selec-
tion of answers from among three groups. The viewing
distance between the subject’s eyes and the computer
screen was approximately 70 cm, and the top of the
display screen was at eye level so that the screen work
area was slightly below the horizontal plane. Subjects
were instructed to adjust the seat height so that their
feet rested on the floor, adjust the backrest of their
chairs to push the lower back forward slightly, and to
keep their thighs parallel to the floor.

Statistical analysis

All data were expressed as the mean value + standard
deviation (SD). Physiological parameters, NASA-TLX,
STAI state anxiety, percentage of correct responses, and
reaction time were analyzed using three-way repeated
measures ANOVA (Huynh-Feldt correction applied) with
group (Group S and Group A), subgroup (Peri- and
Post-menopausal women), and time factors. Post-hoc
comparisons of the mean values were performed using
Bonferroni. The incidence of hot flashes between Task
and Non-task in Group S was analyzed using a non-
parametrical test (Wilcoxon signed rank test). p<0.05
was considered significant (SPSS 11.5J, SPSS Japan
Inc.).

Meanwhile, all the data, including some women in
Group S who did not experience hot flashes during
the experiment and two subjects in Group A who did,
were included in the analysis because the aim of this
study was to examine the differences in mental task
performance and psychophysiological responses between
women with and without daily moderate or severe
menopausal hot flashes. If their data were excluded
from the analysis, this study could induce a selection
bias.

Results

The incidence of hot flashes in Group S was
observed 26 times in ten women during Task com-
pared with 11 times in five women during Non-task
(Table 1). Four of the 26 hot flashes which were trig-
gered in Group S occurred at the rest time immediately
after each task. On the other hand, the number of hot
flashes in Group A was reported 4 times in two women
during Task, and one of the two women also triggered a
hot flash during Non-task. The intensities of hot flash-
es during Task and Non-task in Group S were 4.4 + 1.8
and 4.5 £ 1.8, respectively, but were not significantly

Table 1. Total frequency of hot flashes during Task and Non-task in Group A and Group S

Group A

subject
task A0l | AO2 | AO3 | A04 | AO5 | AO6 | AO7 | AO8 | A09 | AI0 | ALl | Al12 || Total
as

Task — — — — — — — — — — 1 4
Non-task — — — — — — — — — — — 1
Group S

subject
task S01 | S02 | SO03 | S04 | SO5 | SO06 | SO7 | SO8 | S09 | S10 | Si1 | S12 | Total
as

Task 1 — 2 2 5 3 1 5 1 1 5 26
Non-task — — 1 — 4 — 4 — — 1 — 11
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Table 2. Comparisons of the percentage of correct responses and reaction time between women without (Group A)
and with (Group S) moderate and severe menopausal hot flashes during mental arithmetic tasks

Percentage of Task 1
Correct Responses 5 min 10 min 15 min 20 min 25 min 30 min
Group A 95.6+3.0 96.0+3.1 954+39 96.0+3.5 96.2+3.3 96.5+2.5
Group S 93.9+7.0 93.8+6.1 948 +£5.0 909 +13.4 90.5 +12.1 92.1+8.5
Percentage of Task 2
Correct Responses 5 min 10 min 15 min 20 min 25 min 30 min
Group A 97.5+2.1 973 x2.1 96.6 +2.4 95.6+3.0 96.1£29 94.7+3.4
Group S 94.6 6.0 93283 95342 94.6 6.4 95.6 4.5 952+5.0
Task 1
Reaction Time (sec)
5 min 10 min 15 min 20 min 25 min 30 min
Group A 899.6 £ 153.3 | 872.3£160.3 | 870.0+164.9 | 850.1 +171.2 | 853.9+153.1 | 834.5+157.2
Group S 9448 £ 167.4 | 914.1 £180.1 | 904.0 + 144.0 | 902.5 +168.7 | 881.9+158.3 | 881.9+172.0
Task 2
Reaction Time (sec)
5 min 10 min 15 min 20 min 25 min 30 min
Group A 826.2+167.5 | 813.5+152.1 | 812.1 +132.1 | 826.1 +134.8 | 830.7 £ 126.0 | 848.0+99.4
Group S 832.7+177.5 | 800.5+171.3 | 8142+ 186.8 | 806.5+172.4 | 814.4+182.2 | 829.4+167.8

The individual mean values of the percentage of correct responses and the reaction time are shown at 5 min intervals. The val-

ues show the mean = SD.

different between the two conditions.

ANOVA analyses neither indicated significant main
effects of time, group, and subgroup factors nor detect-
ed significant interactions in the percentage of cor-
rect responses. As illustrated in Table 2, a significant
group X time interactions (F(11, 220) = 2.95; p<0.05)
was observed in reaction time, which was shorter at
Task 2 than at Task 1 in both Group S and Group A;
however, there was no significant difference between
groups.

Significant main effects of time emerged for both
systolic blood pressure (SBP) and HR in both Task
and Non-task, but there were no significant differences
between groups or subgroups. SBP was significantly
higher during the mental task than at rest (F(14, 280)
= 9.59; p<0.01). HR was significantly higher during
Task 1 than at rest and showed a significant decrease
during Task 2 compared with Task 1 (F(14, 280) =
11.09; p<0.01).

A significant main effect of time (p<0.01) was indi-
cated for all skin temperatures in Non-task, but there
was no significant difference between Group S and
Group A. In addition, the significant group x subgroup
interaction (F(1, 20) = 20.60; p<0.01) was observed in
foot skin temperature, which was significantly lower in

peri-menopausal women than in post-menopausal women
in Group A, but was lower in post-menopausal women
than in peri-menopausal women in Group S. On the
other hand, a significant main effect of time (p<0.01)
was indicated for forehead, chest, hand, thigh, and calf
skin temperatures in Task, but there were no significant
differences between Group S and Group A. Especially,
the significant group x subgroup interaction (p<0.01)
was observed in finger (F(1, 20) = 8.15; p<0.01) and
foot skin temperatures (F(1, 20) = 5.14; p<0.05), which
was significantly lower in peri-menopausal women
than in post-menopausal women in Group A. Figure 2
shows the comparisons between Group S and Group
A for chest and finger skin temperatures during Task.
Chest skin temperature (Fig.2a) continued to signifi-
cantly increase after the onset of the mental task in both
groups, and finger skin temperature (Fig.2b) sharply
decreased after the onset of Task 1.

As illustrated in Fig. 3, for AWWL of NASA-TLX,
there was no significant difference between Group S and
Group A. The significant main effects of time (F(2, 40)
= 4.31; p<0.05) and group (F(1, 20) = 7.15; p<0.05)
were observed in the STAI state anxiety score, which
was significantly higher in Group S than in Group A
during both rest state and Task (Fig.4). However, no

Industrial Health 2011, 49, 566-574
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Fig. 2. Comparisons of chest (2a) and finger (2b) skin temperatures between women without (black diamond;
Group A) and with (white square; Group S) moderate and severe menopausal hot flashes during mental arith-

metic tasks.

All subjects performed a mental arithmetic task for 30 min during both Task 1 and Task 2. The values show the mean.
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Fig. 3. Comparisons of NASA-TLX between women without (gray bar; Group A) and with (black bar; Group S) moderate and severe meno-
pausal hot flashes during mental arithmetic tasks.
The values show the mean + SD.

significant difference between the two groups emerged
for the STAI state anxiety during Non-task.

As illustrated in Fig. 5, the cortisol level after mental
task showed an increasing tendency in Group S com-

pared with Group A.
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with (Group S) moderate and severe menopausal hot flashes during
mental arithmetic tasks.

The values show the mean + SD.

Discussion

There were no significant differences between women
with moderate or severe menopausal hot flashes and
asymptomatic women for percentage of correct respons-
es and reaction time despite experiencing frequent hot
flashes in Group S (Tables 1, 2). However, the stan-
dard deviations of percentage of correct responses dur-
ing task were much larger in Group S than in Group
A. For example, at 20 min to 30 min after onset of
Task 1 and 10 min after onset of Task 2, the standard
deviations of task scores in Group S were 3 to 4 times
larger than that in Group A. A large standard devia-
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tion indicates great variability of response. This result
is consistent with our previous study that hot flashes
resulted in uneven task performance in some women!9.
Interestingly, two women in Group A who had never
had a hot flash before experienced hot flashes during
mental task. This may support the result of Park et al.
that mental workload which elevates brain noradrenaline
acting can be a risk factor for hot flashes!?). It is also
likely that hot flashes may be triggered by a stressor
such as passive electrodes attached to subjects’ bod-
ies. Deecher reported that vasomotor symptoms includ-
ing hot flashes are due to either a malfunction of the
thermoregulatory control mechanisms or a disruption in
communication between these mechanisms3?. Thus, it
is also likely that the hot flashes which occurred in the
two women of Group A were triggered by a disruption
in communication between the thermoregulatory control
mechanisms during mental arithmetic task.

On the other hand, regardless of frequent hot flashes
in Group S, this study showed similar physiological
findings in women who had hot flashes and in those
who did not. There were no significant differences for
skin temperature responses and cardiovascular activi-
ties including HR and SBP between the two groups in
both Task and Non-task. In other studies, HR and skin
temperatures of the chest, forehead, finger, cheek, and
upper arm increased during a hot flash23: 34, However,
increased heart rate and blood pressure”, and reduced
finger skin temperature3® in this study were observed
as the typical results of the vasoconstriction caused by
sympathetic activation during mental arithmetic in both
groups. In particular, there was no significant difference
in chest skin temperature between Group S and Group
A during mental task, but this index showed slight
increase in Group S compared with Group A regard-
less of frequent hot flashes in Group S (Fig. 2). These
results indicate that in menopausal symptomatic women,
the vasoconstriction responses caused by stressful condi-
tions were greater than the physiological changes due to
frequent hot flashes. Furthermore, previous study has
shown that hot flashes can be triggered by small eleva-
tions in core body temperature within a narrowed ther-
moneutral zone, which has the effect of lowering the
body temperature threshold for sweating?>).

In this study, physiological changes related to hot
flashes during mental workload were slight in Group S,
but the women with hot flashes may have perceived
higher stress than asymptomatic women. Previous
study reported that physiological changes associated
with menopausal symptoms often lead to increased
anxiety and stress®. This means that even though the
two groups had similar physiological changes during
mental task, perceived mental stress most likely differed

Industrial Health 2011, 49, 566-574



EFFECTS OF MENOPAUSAL HOT FLASHES ON MENTAL WORKLOAD 573

between Group S and Group A. In fact, although there
were no significant differences in mental arithmetic
performance and AWWL of NASA-TLX between the
two groups, the STAI state anxiety score was signifi-
cantly higher in Group S than in Group A throughout
the whole period including rest state and mental task
(p<0.01), and a mental stress-induced cortisol level
showed an increasing tendency in Group S compared
with Group A after task. These results suggest that
Group S who experienced frequent hot flashes perceived
higher stress than Group A during mental task and also
had high anxiety, even during rest state, regardless of
the occurrence of a hot flash. In other words, women
with menopausal hot flashes may have more exces-
sive or sensitive responses for work-related stress than
asymptomatic women in the work place. Therefore, it
is necessary to provide suitable health care for female
workers suffering from menopause-related hot flashes
in work-related stressful situations. For example, when
occupational physicians and nurses who provide diverse
health care services to employees make a diagnosis of
menopausal hot flashes for females in the workplace,
they first should examine risk factors for hot flash
occurrence and then give appropriate mental health care
in order to reduce high anxiety and stress caused by
mood swings and unpredictable hot flashes.

Despite several accurate findings, this study also had
several limitations. First, it was hard to clearly explain
the differences in physiological responses between peri-
and post menopausal women because we did not mea-
sure follicle-stimulating hormones and estradiol levels
in subjects’ blood. For example, the study examined
group and subgroup interactions in finger and foot skin
temperatures, but it was difficult to interpret whether
the results were due to differences of follicle-stimulating
hormones and estradiol levels or to a malfunction of
the thermoregulatory control mechanisms related to
hot flashes. However, this study objectively examined
changes in both performance and psychophysiological
responses while subjects experienced hot flashes dur-
ing mental task. Thus, we obtained novel results for
work-related stress associated with the occurrence of
hot flashes. Next, the subjects in our experiment were
instructed to perform simple mental arithmetic tasks
for only an hour because the goal of this study was to
examine the differences in psychophysiological respons-
es during mental tasks between women with and with-
out menopausal hot flashes. We succeeded in triggering
some hot flashes during the task, but the task can be
criticized for having insufficient contents and time com-
pared with real work because menopausal symptomatic
women face a variety of work problems such as time
pressure, work difficulties, and heavy workloads in the

workplace. Therefore, practical research is required to
examine psychophysiological responses associated with
hot flashes during longer periods of work as well as
using work contents closer to real work in the future.

Conclusion

The present study indicated that although symptomat-
ic women experienced frequent hot flashes during men-
tal arithmetic task, no significant differences between
women with and without menopausal hot flashes
emerged for mental task performance and physiologi-
cal responses; however, women who have moderate or
severe menopausal hot flashes perceived higher psycho-
logical stress during rest and mental tasks than asymp-
tomatic women. This suggests that it is necessary to
provide suitable health care for middle-aged and elderly
female workers suffering from menopause-related hot
flashes in work-related stressful situations.
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