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Abstract
Teaching practice is essential for students who want to be a teacher, and many students feel stress during
the practice period, but precise effects of the persistent stress on mental and physiological state are not
completely understood. To clarify the influence of persistent psychosocial stress, Cornell medical index
(CMI) score, state-trait anxiety inventory (STAI) score, and systolic and diastolic blood pressure were
measured during the teaching practice period and control period, in female college students who were
having 4 weeks of teaching practice. Autonomic and mood responses to physical (orthostatic challenge)
and psychological (Stroop color–word conflict test) stimuli were also evaluated during both periods,
using a profile of mood states and a visual analogue scale (VAS) for mood estimation, and a spectral
analysis of heart rate variability (HRV) for autonomic nervous activity estimation. Subjective symptoms
assessed by CMI, state and trait anxiety, and diastolic blood pressure were significantly higher during
the practice period, and the effect size of trait anxiety difference was the largest. Repeated measures
analysis of variance revealed significant interaction in T-A, D, F, C score in POMS, that is, pre-stimulus
basal level of these negative mood scales were higher and reduced more after the acute stimulus during
the practice period compared to those during the control period. There was some tendency that unstable
recovery in HF amplitude of HRV after the psychological stimulus during the practice period, compared
to abrupt and stable recovery during the control period, though the statistical value did not reach
significant level. These results suggest that persistent psychosocial stress in the real world would make
person more anxious and complain more subjective symptoms, along with higher basal diastolic blood
pressure and some what unstable autonomic recovery after acute psychological stimulus during the
practice period. Periodical survey of anxiety, especially trait anxiety, and precise diastolic BP monitoring
on a regular basis can become useful tools to detect persistently stressed state.
Keywords: Persistent psychosocial stress, teaching practice, heart rate variability, profile of mood states,
state-trait anxiety inventory

Introduction

Recently, many people are exposed to various psychosocial
stressors, and influences of stress, stress related diseases or
disorders have been vigorously investigated [1-4]. Mental
stress have some effects on mood, mental state, autonomic
nervous system, endocrine system and immune system [5-7].
Stress is believed to be beneficial to growth and development
when its duration is brief and its intensity is adequate, whereas
stress would be harmful when its duration is long and/or its

intensity is excessive [8,9]. However, it is still difficult to discriminate good stress from bad one. Generally, long lasting
excessive stressors are bad for health, and it is important to
know the stressed state before falling ill. Laboratory induced
acute stress usually induces sympathetic activation with parasympathetic withdrawal and hypothalamo-pituitary-adrenal
axis activation [7,10], however, the stress responses would be
different between individuals depending on their personality or the level of stressed state [7,11]. Acute stress responses
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were examined in subjects under persistent psychosocial stress
in the real world in some previous articles, but the results
were not enough to predict pre-disease stressed state [12-14].
Teaching practice is an essential practice for students who
want to be a teacher, and the practice is very different from general university classes and usually high demanding. Therefore,
many students usually feel stress during the teaching practice
period and some feel stress even after the period, but the precise
characteristic of stress response in mental and physiological
system when stressor continues for weeks are not determined.
That is, mental and physiological state including reactivity to
acute stress in persons who have been under persistent psychosocial stress in the real world is not precisely understood. As far
as I know, precise pathophysiological process of stress related
diseases or disorders under persistently stressed condition is
still complex and not completely understood. To clarify the
influence of persistent psychosocial stress in the real world on
mental state and physiological state, we studied mental state and
autonomic nervous activity of female college students during
teaching practice period, and compared them with those during the control period (after the practice period), along with
the response characteristics to physical (orthostatic challenge)
and psychological (Stroop color–word conflict test) stimuli, in
female college students who were having 4 weeks of practice
teaching in elementary schools. Mental states were evaluated
by Cornell Medical Index (CMI) [15,16], State Trait Anxiety
Inventory (STAI) [17], Visual analogue scale (VAS) [18-20],
and profile of mood states (POMS) [21], and autonomic nervous activity was evaluated by a spectral analysis of heart rate
variability (HRV), which is a powerful tool for evaluating autonomic nervous function non-invasively [22-28], and systolic
and diastolic blood pressure.
Mental stress generally induces sympathetic activation and
parasympathetic withdrawal, along with HPA (hypothalamicpituitary adrenal) axis activation. The increased sympathetic
nervous activity and decreased parasympathetic nervous activity are considered to be the major outcome in highly stressed
subjects [26,27]. Subjects who complain more symptoms under
stressed conditions may react with acute stress in a different
manner from less stressed individuals. The purpose of this study
was to clarify the influence of persistent mental stress on mental
and physiological state along with response characteristic to the
two types of stimuli.
Therefore, the responses of autonomic nervous system and
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mood to physical and psychological stimuli were examined to
clarify the response characteristic in females under persistently
high demanding situation, as well as basal mental and physiological states, and compared to those under control situation.
Orthostatic challenge and Stroop color-word conflict test (Stroop
test) were applied as a physical stimulus and a psychological
stimulus, respectively.

Methods
Subjects

The study was approved by The Ethics Committee at our university
beforehand. Participants were 21 or 22 years old female college
students who were going to have 4 weeks of practice teaching
at elementary schools. Eighteen subjects (mean age 21.07 years,
range 19-22) participated in the study after providing written
informed consents in accordance with the Declaration of Helsinki.
Experiment days were planned on Saturday or Sunday after 2 to
3weeks from the start of teaching practice period, and control
experiments were planned 4 weeks later (after 2 to 3weeks from
the end of teaching practice period) to minimize the effects of
menstrual cycle on mood and autonomic nervous system. The
day of week and time of the day, of the two experiments were
matched in each subject, to minimize circadian rhythm effects on
mood and autonomic nervous system [29]. They were asked to
abstain from eating, and drinking for at least 3 hours before the
experiment, and to sleep for more than 6 hours on the previous
night. Strenuous exercise, heavy drink and taking medicine on
the previous day were also prohibited. Blood pressure data in
both periods were not obtained in 4 cases due to mechanical
trouble, then, these data were excluded for the analysis.

Study procedures

The experimental procedure is shown in Figure 1. The subjects
entered the room and were asked to fill out CMI and STAI questionnaires. They were also asked to fill out POMS questionnaires
and to write down VAS for an evaluation of their basal mood
state. Each subject was relaxed in the semi-supine position on
a reclining chair while disc electrodes were attached for chest
electrocardiograms (ECG) with CM5 leads, and a thermistor
was attached just under one nostril for detecting respiration. A
tonometric sensor was attached on a radial artery to measure
blood pressure (BP) with the tonometric method (JENTOW,
Japan). ECG, BP, and respiration curves were recorded during
the 10-minute pre-stimulus basal period (5-minute data just

Figure 1. Sequence of experimental procedure.
Recovery period 1(in a sitting posture), and recovery period 2 were divided into 5 minute epochs named sitting 1, 2 and post 1, 2, 3,
4, 5, 6, respectively, for later analysis.
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prior to orthostatic challenge was used to evaluate basal value),
physical stimulus (orthostatic challenge) and recovery period of
10 minute, and psychological stimulus (stroop and reverse stroop
test) period of 10 minutes, and 30 minute recovery phase after
the 2nd stimulus, followed by a post-stimulus POMS and VAS
period of a few minutes. The stimuli were presented in a fixed
order. Data were stored on a personal computer equipped with
a 12-bit analog-digital converter (ADTM-98, Canopus, Kobe,
Japan) for subsequent offline analysis with a sampling frequency
of 1kHz. Each phase was divided into 5-minute epochs and
named basal, sitting1, sitting 2, stroop1, stroop2, post1, post2,
post3, post 4, post5, post6 for later analysis.
Subjects were asked to keep quiet, avoiding any disruptive
movements of their heads or hands throughout the experiments.
They were also asked to keep their eyes closed but not to fall
asleep, except for stroop test periods. Immediately after recovery
period they were asked to fill out POMS questionnaires, and
to check VAS for an evaluation of whatever mood states were
induced by the 2nd stimulus.
POMS data were summed to generate six subscales: T-A
(tension and anxiety), D (depression and dejection), A-H (anger
and hostility), V (vigor), F (fatigue), and C (confusion). These
summed raw scores were converted into T-scores for parametric
statistical analysis according to the POMS manual [21].
Subjects were exposed to orthostatic challenge by setting back
the reclining chair from 125 degree to upright position (90 degree)
which took usually 10 to 20 seconds. Computerized Stroop and
reverse stroop tests (made with SuperLab 4.5, Cedrus corporation, USA) were applied by presenting color name words (blue,
green, yellow, and red) in a color which was either congruent
or incongruent with the name on a PC display. Subjects were
asked to push “color name” button which indicates the color in
stroop test, and to push “colored” button which was indicated
by color name word in the reverse stroop test. Color name
words in a color were presented randomly for 5 minutes in each
test. They were instructed to perform the test as accurately and
quickly as possible.
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Visual analogue scale (VAS)

Subjective momentary feelings were evaluated by the VAS
which was a horizontal line, 100 mm in length, anchored by
word descriptions at each end, and a participant marks on the
line the point that they feel represents their current feeling state
[18-20]. Each score was determined by measuring the distance
from the left end to the point they marked. The VAS was applied
for the assessment of perceived stress level. Higher ratings on
each scale indicated more stressed.

HRV analyses

ECG data were digitized at a sampling frequency of 1 kHz on a
personal computer. After detecting every R-wave peak, consecutive R-R intervals on the ECG were calculated, excluding ectopic
beats and abrupt discharges in R-R intervals. Spectral analysis
was applied to the time series data of R-R intervals for each epoch,
using the maximum-entropy method (MemCalc Version 2.5,
Suwa Trust) [30]. After calculating the power-spectral density,
the magnitude of the power for HRV was obtained by measuring
areas under the spectral density curves. The values were divided
into two major bands, a low-frequency component (LF; 0.040.15 Hz) and a high-frequency component (HF; 0.15-0.4 Hz).
Thereafter, the amplitude of each frequency band was calculated
as twice the power magnitude and the square root thereof. It is
known that the HF corresponds to respiratory sinus arrhythmia
(RSA) and reflects parasympathetic nerve activity, and the LF corresponds to Mayer-wave-related sinus arrhythmia and relates to
both sympathetic and parasympathetic nerve activities [22-25,28].
Then HF amplitude (HF) was considered as an index of parasympathetic nervous function and LF/HF amplitude (LF/HF)
as a marker of relative sympathetic activity [24,29].
BP wave forms were not obtained because of the machine
trouble, therefore, BP data were read from the display once at
the beginning of the experiment for an evaluation of basal BP.
For physiological data analysis, five-minute data just prior to
the stimulus period were used to establish pre-stimulus basal
activity (basal), and 10-minute data for the recovery phase
after orthostatic challenge, and post stimulus rest period were
Data acquisition and analysis
divided into 5-minute epochs and represented as sitting 1, 2
and post 1, 2, 3, 4, 5, 6, respectively. Responses to the stimuli
Analysis of psychological indices
The Cornell Medical Index (CMI) consists of 18 sections and and recoveries from the stimuli, as well as entire trend, were
195 items. The A–L sections (144 items) represent physical analyzed separately, since there may be some differences between
state and the M–R sections (51 items) represent mental state. response and recovery.
Participants answered ‘‘yes’’ or ‘‘no’’ to indicate the presence or
absence of a symptom or disorder. If the answer was ‘‘yes,’’ it Statistical analysis
indicated that the patient had symptoms and received a score of To clarify the characteristics of subjective symptoms, mental
2. On the other hand, a ‘‘no’’ answer indicated that the patient state and basal BP during teaching practice period, student’s
had no symptoms and was scored at one point [15]. This study paired t-test was applied to clarify the difference of basal value in
used the Japanese version of the CMI, which was created by each index during the practice period and control period, along
Kanehisa and Fukamachi (1972) [16]. CMI data were manually with Spearman’s rank correlation coefficient calculation to know
scored and summed for physical, mental and C.I.J. symptoms. the correlations of basal value changes in these indices between
C (cardiovascular system), I (fatigability), and J (frequency both periods. To know the characteristics of mood responses to
of illness) scores have been found effective to assess neurotic physical and psychological stimulus during teaching practice
tendencies along with mental symptom scores.
period, interactions between period (during teaching practice
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period and during control period) and response of each subscale
of POMS and VAS were examined by repeated measures analysis
of variance (ANOVA). A repeated measures ANOVA is referred
to as a within-subjects ANOVA and is suitable to investigate
changes in values over time from the same participants, and can
examine the difference of trend of values among groups or those
obtained under different situations. To clarify the characteristics
of autonomic responses to physical and psychological stimulus
during teaching practice period, interactions between period
(during teaching practice period and during control period)
and entire time course of HF amplitude and LF/HF amplitude
were examined by repeated measures ANOVA. Furthermore,
to clarify the difference of response characteristic, repeated
measures ANOVA were applied to the autonomic responses to,
and recoveries from physical and psychological stimulus during
both periods. Student’s t-test was applied to clarify the difference
between basal value in each subscale of POMS and perceived
stress level (VAS) during the practice period and those during
control period. Effect size (Cohen’s d for student’s t-test, and
partial η2 for repeated measures ANOVA) was also calculated
to help readers better understand the importance of the findings in this study [31-33]. Statistical analysis was performed
on a personal computer using Statview Ver. 5.0 (HULINKS),
and differences with a probability value of less than 0.05 were
considered significant.
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ing the practice period were significantly higher than those
obtained during control period (state anxiety: 49.222±2.483
vs 40.278±1.627 (mean±SE), p=0.0051, d=1.033, trait anxiety:
49.722±1.715 vs 39.667±1.667(mean±SE), p=0.0005, d=1.442).

Mood response

Mood was assessed by POMS and VAS, and its responses were
examined applying two types of stimulus (physical stimulus:
orthostatic challenge, psychological stimulus: stroop tests).
Repeated measures ANOVA showed significant period× mood
response interaction in T-A subscale (F(1,17)=39.010, p<0.0001,
partial η2=0.696), D subscale (F(1,17)=5.593, p=0.0302, partial η2=0.248), F subscale (F(1,17)=17.531, p=0.0006, partial
η2=0.508), C subscale (F(1,17)=10.268, p=0.0052, partial
η2=0.377) of POMS, that is, pre-stimulus basal scores of T-A,
D, F, and C were higher and decreased more after the stimulus
during the practice period, than during control period (Figure 3).
Paired t-test revealed significantly higher pre-stimulus basal
value, during the practice period than during control period,
of T-A (63.095±1.823 vs 47.143±1.621, p<0.0001, d=2.243),
D (56.687±1.320 vs 50.717±1.971, p=0.012, d=0.863), F
(60.444±1.192 vs 49.932±2.101, p=0.0001, d=1.492), and C
(59.320±1.973 vs 49.342±2.289, p<0.0001, d=1.132) (mean±SE).
VAS showed significant period×stress level response interaction (F(1,17)=11.244, p=0.0038, partial η2=0.398), that is, prestimulus basal value of perceived stress level was higher and
Results
decreased significantly after the stimuli (mean SE: 47.056±5.468
Basal mental state
vs 31.167±5.079, p=0.0149, d=0.730) during the practice period,
Basal mental state was assessed by CMI and STAI. CMI scores while pre-stimulus basal value of the stress level was lower
and STAI scores along with BP data obtained during the prac- and increased significantly after the stimuli (17.333±3.602 vs
tice period and those obtained during control period (4 weeks 25.222±4.069, p=0.0457, d=-0.496) (mean±SE) during conlater) were represented in Figure 2. Physical, mental and C.I.J. trol period (Figure 4). Paired t-test also revealed significantly
score of CMI during the practice period were significantly higher pre-stimulus basal value of perceived stress level during
higher than those obtained during control period (physical: the practice period compared to that during control period
18.278±2.045 vs 14.944±1.969 (mean±SE), p=0.0008, d=0.403, (47.056±5.468 vs 17.333±3.602, p=0.0002, d=1.557) (mean±SE).
mental: 7.500±1.334 vs 5.056±0.944 (mean±SE), p=0.0113,
d=0.513, C.I.J.: 2.889±0.548 vs 1.944±0.514(mean±SE), p=0.0396, Basal physiological state
d=0.431). State Anxiety and Trait Anxiety score of STAI dur- Basal physiological state was evaluated by systolic and diastolic

Figure 2. CMI scores (physical, mental and C. I. J. score), STAI scores (state and trait anxiety) and Blood pressures (systolic and
diastolic BP) at basal state during teaching practice period (During) and control period (After). All values are represented as
mean±S.E. Asterisks indicate significant difference between both periods (*denotes p<0.05, and **denotes p<0.01), revealed by paired
t-test.
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Figure 3. Changes in T-scores of six subscales of POMS in both periods. Closed square: scores during practice period (During),
open circle: scores during control period (After). All values are represented as mean +/– S.E. Significant period (during teaching
practice period and during control period) × time course (pre- and post-stimuli) interactions revealed by repeated measures
ANOVA were shown in T-A, D, F and C as indicated by daggers (†denotes p<0.05, and ††denotes p<0.01). Asterisks indicate
significant difference in pre-stimulus basal values between both periods (*denotes p<0.05, and **denotes p<0.01), revealed by
paired t-test. T-A: Tension-Anxiety, D: Depression-Dejection, A-H: Anger-Hostility, V: Vigor, F: Fatigue, C: Confusion.

Autonomic nervous response

Figure 4. Changes in perceived stress level assessed by VAS in
both periods. Closed square: scores during teaching practice
period (During), open circle: scores during control period
(After). All values are represented as mean +/– S.E. Significant
period (during teaching practice period and during control
period) × time course (pre- and post-stimuli) interaction
revealed by repeated measures ANOVA was shown, as
indicated by daggers (††denotes p<0.01). Paired t-test revealed
significant difference in pre-stimulus basal value between both
periods, as indicated by asterisks (**denotes p<0.01).

Autonomic nervous activity was evaluated by HF amplitude and
LF/HF amplitude of HRV, and its responses were examined applying two types of stimulus. There was no significant period×
time course interaction or main effect of period in entire trend
of HF amplitude, while mean HF amplitudes within most 5-minute epochs were lower during the practice period, compared to
those during control period. No significant period× time course
interaction or main effect of period in entire trend of LF/HF
amplitude was revealed, while most mean LF/HF amplitudes
seemed higher on the whole during the practice period than
those during control period. No significant period× time course
interaction or main effect of period was revealed in both HF
amplitude and LF/HF amplitude, in responses to the stimuli,
or in recoveries from the stimuli (Figure 5). Recovery of HF
amplitude after the Stroop Test seems some what less stable
and to have decreasing tendency during the practice period
compared to that during control period, though the statistic
value did not reach the significance (F(6,102)=1.916, p=0.0852,
partial η2=0.10129) (Figure 5).

Correlations between changes of the basal values

Change of physical symptom score (the score during the periodthat during control period) was significantly correlated with
change of basal LF/HF amplitude (ρ=0.475, p<0.05). Change of
mental symptom score was significantly correlated with change
of basal diastolic BP (ρ=0.600, p<0.05). Change of basal systolic
BP, along with pre-stimulus basal value of HF amplitude and BP was significantly correlated with change of basal diastolic BP
LF/HF amplitude. Figure 2 represents systolic and diastolic BP (ρ=0.795, p<0.01). Change of state anxiety score of STAI was
obtained during the practice period and those obtained dur- not significantly correlated with change of trait anxiety score
ing control period, in which diastolic BP during the practice (ρ=-0.337, p>0.05).
period was significantly higher than that during control period
(55.929±2.588 vs 46.857±2.648 (mean±SE), p=0.0373, d=0.961). Discussion
Paired t-test revealed significantly higher LF/HF amplitude Subjective symptoms during the practical teaching practice pe(0.933±0.0896 vs 0.744±0.0745 (mean±SE), p=0.0257, d=0.555) riod were significantly higher than those during control period,
at pre-stimulus basal situation during the practice period, com- and the changes of physical and mental score were significantly
pared to that during control period.
correlated with changes of basal LF/HF amplitude and basal
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Figure 5. Time courses of HF amplitude and LF/HF amplitude
during both periods. Closed square: during teaching practice
period (During), open circle: during control period (After). All
values are represented as mean +/– S.E. No significant period×
time course interaction was revealed by repeated measures
ANOVA. Paired t-test revealed significant difference in prestimulus basal value between both periods, as indicated by an
asterisk (*denotes p<0.05).

diastolic BP, respectively. Persistent teaching practice would
have surely increased subjective symptoms associated with the
change of autonomic nervous activity, though the increase would
have been transient. State and trait anxiety during the practical
practice period were also significantly higher than those during control period. Cohen’s d in trait anxiety comparison was
the largest among 3 CMI and 2 STAI indices. Cohen’s d is used
to indicate standardized difference between two means, and
the larger value means stronger effect [31-33]. Trait anxiety is
considered to remain fairly consistent during usual life, while
state anxiety would represent momentary state of anxiety [17].
Quiñones et al., reported higher levels of trait anxiety in women
with endometriosis who would have been persistently under
high-stressed state, even though the levels of state anxiety in
women with endometriosis were not significantly different from
those in healthy controls [34]. Then, I considered trait anxiety
as the most important index to detect persistent stress. That is,
practical teaching practice would be highly demanding and
stressful for female college students, and consequently causes
stressed state persistently which would be reflected in relatively
high trait anxiety score during practice period.
Negative mood subscales in POMS were higher at basal state
during the practical practice period, but reduced after the stimuli
as if the participants were released from stress. Stroop test is
usually stressful and increases negative mood [35], however,
the stimulus seemed to have some relaxation effect during the
practice period. When a person is exhausted and chronically
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stressed with work, a performance of quite different type from
the work may work as a distracter, and may have a beneficial
effect on mood, though the effect might be temporary.
Basal diastolic BP was significantly higher during the practice
period compared to that during control period, though systolic
BP was not significantly different. Blood pressure is regulated
precisely by several systems, such as anti-diuretic hormone,
arterial baroreflex, renin-angiotensin-aldosterone system, and
atrial natriuretic peptide [36]. Influence of persistent stress on
systolic blood pressure might be confounded by these regulatory systems or the other factors, and could be observed only
in diastolic BP. BP can easily vary according to mental arousal
level, physical demand, circadian rhythm, room temperature or
the season. Precise diastolic BP monitoring, such as periodically
measuring BP at the same time of a day under the same situation with the same posture on a regular basis, could be helpful
to detect persistently stressed state.
Mean HF amplitudes were mostly lower and mean LF/HF
amplitudes were mostly higher throughout the experiment
during the practice period, however, the entire trends were not
significantly different between both periods. The pre-stimulus
basal LF/HF amplitude was significantly higher during practice
period. Response of HF amplitude to both stimuli were not
significantly different, however, recovery from the psychological
stimulus during the practice period seemed some what unstable with decreasing tendency. These findings would indicate
increased sympathetic activity and decreased parasympathetic
activity during the practice period, however, these changes
were slight compared to mental state changes. Teixeira et al.,
reported hyporeactivity of the autonomic nervous system to
acute mental stress (Stroop test) in male subjects with chronic
psychological stress along with impaired cognitive performance
[13]. I reported delayed recovery from acute mental stress in
females with gastrointestinal symptoms who would possibly
have more or less chronic stress [37]. It is plausible to speculate that unstable or delayed recovery from acute stress would
prolong the influence of stress and accumulate to alter basal
values, which may possibly result in blunted reactivity to acute
stress. The stress level and/or duration in this study would less
than the above study, since all the participants in this study were
attending university without any problems after the practice
period. Some what unstable recovery from the stimuli during
the practice period in this study may suggest a tiny malfunction in autonomic nervous system, and may be a sign of initial
process in autonomic exhaustion induced by persistent stress.
Change of trait anxiety score of STAI were not significantly
correlated with that of basal diastolic BP or the other basal
autonomic indices. Psychosocial stressors may influence differently to mental state and to autonomic nervous system, though
the change of subjective symptoms had some correlation with
autonomic indices. Both mental state and autonomic malfunction may contribute to the subjective symptoms.
The result of the study should be cautiously interpreted, because the sample size was small and the environments of teach-
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ing practice were different from person to person, because each
student was assigned to distinct elementary school. Furthermore,
we could not determine whether the values during control
period surely returned to their basal levels or some influences
on the values still remained after the period, since we did not
examine any values prior to the practice period.

Conclusions

More subjective symptoms, more anxiety, higher basal negative
mood, and higher basal diastolic BP were found, along with
somewhat unstable HF amplitude recovery from the Stroop
test during the practice period in female college students. Effect size of trait anxiety difference between both periods was
the largest. Therefore, trait anxiety score of STAI, as well as
diastolic BP check on a regular basis, can be a useful tool to
detect persistently stressed state in females.
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