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Abstract

OBJECTIVES: Pilots are exposed to the “stress of flight” and the chronically acti-
vated stress response may play an important role in circulatory system disease
progression. We studied the effect of an experimental mental stress on cardio-
vascular and neuroendocrine activity, in Air Force Academy cadets, before and
after one month intensive course.

DESIGN: Nine cadets were submitted to a psychometric evaluation before Stroop
test (ST), including Minnesota Multiphasic Personality Inventory, State and
Trait Anxiety Inventory (STAI X1 and X2 form) and Reaction Scheme Test.
After ST, subjects completed a STAI X1 form. Heart rate (HR), systolic and
diastolic blood pressure (SBP and DBP) were monitored and serum prolactin
(PRL), growth hormone (GH), adrenocorticotropin (ACTH) and cortisol levels
were determined, during ST. The protocol was repeated at the end of the
course.

RESULTS: No significant differences were evident in PRL, GH and ACTH levels.
Cortisol concentrations were significantly higher before the course. ST did not
modify hormone secretion. ST induced a significant and reproducible elevation
of HR and SBP. Basal HR, SBP and DBP values were significantly elevated after
the course. Two subjects presented a particular psychometric profile, a different
cardiovascular response to ST and did not pass the course.

CONCLUSIONS: acute mental stress significantly activated cardiovascular
response without modifying endocrine responses, in relation to the psychological
profiles. A significant increase of cardiovascular parameters was present after
the course, with enhanced dichotomy between the endocrine and sympathetic
system, suggesting a careful evaluation and follow-up for circulatory system dis-
eases in cadets.
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Abbreviations:
LTD = long term disability
HPA = hypothalamus-pituitary-adrenal axis
MMPI = Minnesota Mutiphasic Personality Inventory
STAI X1 and X2 = State and Trait Anxiety Inventory in X1 and X2
form
RST = Reaction Scheme Test
P = overt projection
IpP = inhibited projection
D = denial
R = rationalization
G = guilt
ST = Stroop Test
PRL = prolactin
GH = growth hormone
ACTH = adrenocorticotropin hormone
RIA = radioimmunoassay
HR = heart rate
SBP = systolic blood pressure
DBP = diastolic blood pressure
Yrs = years
Introduction

Circulatory system diseases are major causes of long
term disability (LTD) in pilots exposed to the stress of
flight and to the psychological workload associated with
combat military actions [1-2].

An interaction occurs between the hypothalamus-
pituitary-adrenal (HPA) axis and the catecholaminergic
system in response to stress stimuli, as part of the
generalized adaptation syndrome, with an important
role in the progression of circulatory system diseases
[3-5].

Psychological and biological parameters are cur-
rently evaluated during laboratory (mental arithmet-
ics, speech task, Stroop test, interview) and/or real-life
(academic examination, anticipated loss, every-day
work, parachute jumping) stress conditions [6].

The aim of the study was to investigate the effect
of experimental mental stress (Stroop test) on cardio-
vascular reactivity and neuroendocrine activity, in a
group of Air Force Academy cadets, before and after
one month of intensive course for the pilot licence.

Material and methods

Subjects: Nine healthy cadets (19-21 yrs), homo-
geneous for cultural and social factors, were evaluated.
The Academy cadets were attending a one-month
intensive course for the pilot licence, with very competi-
tive theoretical and practical trials, including simulated
and real flight experience.

The cadets were volunteers and fully informed
about the study and in particular that the result
obtained were not considered in the evaluation of the
pilot course.

Evaluation of psychological characteristics:
All subjects were submitted to a psychometric evalu-
ation, including Minnesota Multiphasic Personality
Inventory (MMPI) [7] and State and Trait Anxiety
Inventory (STAI) to evaluate trait anxiety (X2 form)
[8]. Reaction Scheme Test (RST) [9] was administered
to evaluate the subjects’s prevalent response pattern

to mildly stressful everyday life situations, in terms of
mainly overt (P) or inhibited projection (IP), denial (D),
rationalization (R ) or guilt (G). At the beginning and at
the end of every Stroop Test, the subject was requested
to complete STAI in X1 form to evaluate state anxiety.

Experimental protocol: before the one-month
course, the subjects were submitted to the experi-
mental protocol. After a 12-hour fasting and a 24-hou
withdrawal of alcohol and coffee, the cadet compiled
STAI in X1 form for the evaluation of state anxiety;
between 9:00 and 9:30 a.m., a sphygmomanometer was
placed for the continual monitoring of blood pressure
and heart rate and a heparinized cannula was inserted
to draw blood samples. The subject was permitted to
become accustomed to environmental conditions over
a period of 1 hour. Blood pressure and heart rate were
measured every 3 min. A blood sample was taken for
the determination of PRL, GH, ACTH and cortisol lev-
els, immediately before the administration of a 10 min
modified version of the Stroop Test (ST) [10]. During
the ST, blood pressure was monitored every 1 min. At
the end of the ST the subject was requested to complete
another STAI X1, and a blood sample was taken. Fur-
ther blood samples were taken 30, 60, and 90 min after
the end of the ST for the determination of PRL, GH,
ACTH and cortisol levels. Blood pressure and heart
rate was measured every 3 min after the task. An iden-
tical procedure was repeated at the end of the course,
when the cadets already knew if they were excluded or
not from the Academy.

Colour-word conflict task:

The task (based on a modified version of the Stroop
test) consists of a series of slides representing eight
colour words (red, blue, green, yellow, orange, violet,
pink, brown) randomly projected onto a screen during
a 10 min period. The colour words are written in incon-
gruous colours and the subjects are asked to state the
colour they see and to disregard the written word and
the colour given concomitantly by a disrupting voice.
The responses are recorded on a response sheet. The
speed of slide presentation is every 2 seconds.

Hormone assay: Serum PRL, GH and cortisol
were determined by RIA using kits manufactured by
Ares-Serono (Milan, Italy). ACTH was determined by
immunoradiometric assay using kits manufactured by
IFCI Clone Systems (Bologna, Italy). Normal ranges
are: 5-15 ng/ml for PRL; 0-5 ng/ml for GH; 50-250
ng/ml for cortisol; 9-100 pg/ml for ACTH. Intra- and
interassay variations in our laboratory are: 2.1 and
4.5% for PRL; 3.4 and 7.6% for GH; 5.7 and 8.9% for
cortisol; 3.5 and 6.2% for ACTH respectively.

Heart rate and blood pressure: Heart rate and
blood pressure were measured by using a non-invasive
auscultatory device (Takeda, TM2420, Japan) attached
to the subject’s no dominant arm, every 3 min in basal
and recovery period, and every min during ST.

Cardiovascular results are divided in basal, ST
(Stroop test) and recovery. Basal values are expressed
as a mean of 10 successive measurements performed
in the 30 min immediately preceding the test; ST as
a mean of the 10 measurements during the test, and
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recovery as a mean of 10 measurements in the 30 min
following the test. Statistics: The data were presented
as mean =+ standard deviation (mean *+ SD). Student’s
t-test for paired samples between tests and analysis of
variance within tests were used for hormonal evalu-
ations; Student’s ¢-fest for paired samples was used
for pressure and psychological evaluations. P values
<0.05 were assumed as significant. X2-test was applied
to evaluate the differences in subgroups of cadets.

Results

Psychological evaluations: All subjects showed
normal MMPI profiles and a normal mean STAI X2
score. Basal STAI X1 score was normal in eight sub-
jects, with not significant higher levels at the begin-
ning of the protocol (data not shown). In subject n.2,
STAI X1 score was above the normal range before the
course and reduced after ST (from 50 to 30); after the
course the score was in normal range and increased
after ST (from 36 to 41). Seven subjects showed RST
scales with an higher R score than normal population
(mean = SD, R=16.3+6.7), whereas the other scores
were lower (G=6.9+3.7, D=6.6+x3.6, P=7.3+4.9,
IP=1.0=1.1). In subject n.2 and n.3, both the R and
P score were higher in respect to normal mean (subj.2
R=14 and P=18, subj.3 R=13 and P=14, respectively).
The overall ratio R/P was 1.7 in seven subjects (n.1,
n.4-9), while in the normal population is 0.8. The ratio
R/P in subject n.2 and n.3 was 0.85, not different from
normal population value (for range in normal popula-
tion see reference 9).

Cardiovascular results: Cardiovascular results
were divided in basal, ST and recovery. Evaluating
the cardiovascular response to ST in each cadet, two
subjects (n.2 and n.3) showed cardiovascular results
different from the rest of the group (see below) and
therefore were presented separately.

Heart rate: ST induced a significant elevation of
heart rate (HR) in respect to basal values both before
(p<0.01) and after the course before (p<0.02). A sig-
nificant increase of HR basal values after the course
was evident (basal pre- vs. post-course HR, p<0.01).
Recovery values were significantly lower than ST
values both before (p<0.01) and after the course
(p<0.001) (fig.1). Systolic blood pressure: ST systolic
blood pressure (SBP) levels were significantly higher
than basal SBP values both before (p<0.02) and after
the course (p<0.05). All SBP values were significantly
elevated after the course than before the course (basal
BSPE p<0.01; ST SBE, p<0.05; recovery SBP, p<0.01).
SBP values decreased significantly during recovery
either before (recovery vs. ST SBP, p<0.02) or after
the course (recovery vs. ST SBP, p<0.05) (fig.1). Dia-
stolic blood pressure: ST diastolic blood pressure
(DBP) values showed a trend to be higher in respect
to basal DBP levels (p=0.1) before the course and were
significantly higher (p<0.05) after the course. All DBP
values were significantly elevated after the course
than before the course (basal DBP, p<0.02; ST DBP,
p<0.01; recovery DBP, p<0.02). In recovery period,

Stress response in Air Force Academy cadets

values decreased significantly either before (recovery
vs. ST DBP p<0.05) or after the course (recovery vs.
ST DBE p<0.01) (fig.1).

The HR, SBP and DBP values in seven subjects dur-
ing ST increased immediately after the beginning of
the task, with the highest values between the 15t and
the 4th minute (data not shown).
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a’=post-course basal, b’=post-course ST, ¢’=post-course recovery
ST=Stroop test, HR=heart rate, SBP and DBP=systolic and diastolic blood
pressure; mean+ standard deviation (SD).
HR: avs b=p<0.01, b vs c=p<0.01; a’ vs b'’=p<0.02, b’ vs ¢’=p<0.001;
avsa'=p<0.01, bvsb’=n.s., cvsc'=n.s.
SBP: avs b=p<0.02, b vs c=p<0.02; a’ vs b’=p<0.05, b’ vs ¢'=p<0.05;
avs a'=p<0.01, b vs b’=p<0.05, ¢ vs ¢'=p<0.01.
DBP: a vs b=n.s., b vs c=p<0.05; a’ vs b'=p<0.05, b’ vs ¢’=p<0.01;
avs a'=p<0.02, b vs b’=p<0.01, ¢ vs ¢’=p<0.02.

Fig.1. Cardiovascular response to Stroop test before and after
the course in cadets (n=7). HR=heart rate, SBP= systolic blood
pressure, DBP=diastolic blood pressure.

Neuroendocrinology Letters Nos.3/4, Jun-Aug, Vol.24, 2003 Copyright © Neuroendocrinology Letters ISSN0172-780X www.nel.edu

199



Paolo Falaschi, Antonella Proietti, Claudio De Angelis, Antonio Martocchia, Cesare Giarrizzo, Roberto Biselli, Rosaria D'Urso & Raffaele D'’Amelio

*=p<0.02, **=p<0.01, ***=p<0.001

pre-course - - - -,
post-course - -H- -
mean +standard deviation (SD)

Cortisol
(ng/mi) 2907
150 4
*
*XK
100 4
*
50 -
0 } } } } }
0 +10 +40 +70 ~ +100 min
Time
PRL 20 -
(ng/ml)
15 4
10 4
5 4
0 } t 4 { t
0 +10 +40 +70 +100 min
Time
GH 9 -
(ng/ml)
6
3 4
0 f f i i i
0 +10 +40 +70 +100 min
Time
ACTH 100-
(pg/ml)
754
504
254
n
1
0 t t t t +
0 +10 +40 +70 ~ +100 min
Time
min=minute,

Fig.2. Basal hormonal levels before and after the course and in
response to the Stroop test (ST) in cadets (n=7).

Regarding the cardiovascular results
in the two excluded cadets, subject n.2
showed a diminution of HR during ST
(both before and after the course) and a
decrease of DBP during ST (before the
course); in subject n.3 DBP during ST
after the course remained unmodified.

Hormonal results: No statistical
significant differences were evident in
PRL, GH and ACTH levels respectively
both before and after the course, and be-
fore and after ST. Cortisol levels before
the course were significantly higher than
after the course (t.0 min p<0.01, t.4+10
min p<0.001, t.+40 min p<0.02). ST did
not induce cortisol elevation, neither be-
fore nor after the course. Hormonal re-
sults of seven subjects (excluding n.2 and
n.3) were summarized in fig.2 (n="7). The
hormonal pattern in the two excluded
cadets (n.2 and n.3) were not different
from the rest of the group; in particular,
cortisol levels before the course were
higher than after the course (data not
shown).

Academic results: Seven out of nine
subjects successfully passed the one-
month intensive course for the attain-
ment of the pilot licence; two subjects
(n.2 and n.3) were excluded. In the sub-
jects who passed the course, a significant
association was present between the car-
diovascular response to ST and the par-
ticular psychological profile (high R/P
score on RST scale) (X2=4.144 with 1
degree of freedom, p<0.05).

Discussion

In this study, we investigated the
effect of experimental mental stress
(Stroop test) on cardiovascular reactivity
and neuroendocrine activity in nine Air
Force Academy cadets, before and after
one-month intensive course for the
attainment of pilot license. The psycho-
logical characteristics in seven cadets
(n.1, n.4 - 9) resulted homogeneous, and
in particular MMPI, STAI X1 and STAI
X2 scores resulted comparable to normal
subjects. As far as RST score is concerned,
the pilots showed higher values of R scale,
and lower values in P scale than general
population [9], with an R/P ratio almost
twice than normal, indicating a higher
coping behaviour in stressful situations,
that could reflect the peculiarity of this
pilot population. On the contrary, in cadet
n.2 and n.3, both R and P scores were
higher than normal and R/P ratio was
similar to normal population; STAI X1
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score was higher than normal in subj.2, reflecting an
elevation of anxiety state.

Regarding the hormonal values, cortisol levels
before the course were statistically higher than after
the course, as the result of expectation anxiety at the
beginning of the course. During ST no elevation of
stress hormones (ACTH, PRL, GH) neither before nor
after the course, was observed.

The lack of elevation of adenohypophyseal hor-
mones during ST (10 min) both before and after the
course shows that this kind of mental stress does not
induce any activations of these hormones, as previ-
ously described [11]. A strong stress stimulus or that
of longer duration (ST of 20 and 25 min) is probably
required to increase hormonal levels, with a hierarchy
of response to acute stress [12, 13].

Examining the effect of academic stress on the hor-
monal secretion, it has been reported that academic
examination stress does not influence 24-hour values
of GH and PRL [14]. The same authors indicated that
academic stress increases cortisol levels only in subjects
that showed highest scores of Perceived Stress Scale
[15]. Also in our study, cadets did not show any increase
of anxiety scale score during ST and cortisol levels were
not modified after ST, suggesting a positive coping with
the challenging contingency.

Therefore it has to be emphasized that the psycho-
sensorial strain of the modified Stroop Test was unable,
in spite of its severity (300 consecutive slides in 10
minutes, accompanied with distorting verbal stimuli),
to affect the HPA activity; on the contrary, it clearly
affected the cardiovascular activity. A significant eleva-
tion of cardiovascular parameters (HR and SBP) was
constantly present in seven subjects (n.1, n.4 -9) after
ST, either before or after the course, demonstrating
the high reproducibility of the task. It is noteworthy
that the excluded cadets showed a psychological and
biological behaviour different from the rest of the
group, when evaluated separately. In fact, these cadets
presented high P score on RST scale (n.2 and n.3), high
STAI X1 score (n.2) and showed a blunted cardiovascu-
lar response. The association between the attenuated
cardiovascular response and the particular psychologi-
cal profile of these two cadets (high R and P score on
RST scale) with negative academic performance needs
further evaluation in a larger group of subjects.

Mental stress is well recognized as a stimulus to
sympathetic nervous system and, in fact, increased
cardiovascular activity (elevation of HR, SBP and DBP)
after ST was previously described [11, 16]. The rapid
increase of hemodynamic parameters (1-4 min) sug-
gests that neuronal catecholaminergic pathways could
play a central role in the cardiovascular response to
mental stress.

The dissociation between the sympathetic nervous
system and HPA axis activity after ST suggests that
mental stress elicits behavioural response through
complex interactions between multiple cortical and
subcortical brain area, in addition to the hypothalamus
and the brain stem [3, 17-19].

Stress response in Air Force Academy cadets

Preliminary functional studies showed that ST
induces significant activation of visual cortex (Broad-
man’s area 18 and 19), left insula (involved in auto-
nomic response) and right-middle cingulate gyrus
(implicated in inhibition of response to the word name
in respect to the colour of the word), with a widespread
network of coordinated activities of anterior brain
structures (in particular, the prefrontal cortex) [17, 20]
and a preferential tonic opioid inhibition of HPA axis
activity in coping individuals [11, 21].

All cardiovascular parameters (HR, SBP and DBP)
showed a significant activation after one-month of the
intensive course, whereas the endocrine program did
not show any activation; consequently, the dichotomy
between the endocrine program and the sympathetic
program appeared enhanced. Such result needs further
studies, since chronic cardiovascular hyperactivity
may induce pathological changes [6, 16, 22] and epi-
demiological studies in pilots have demonstrated that
circulatory system diseases (essential hypertension,
ischemic heart disease and cerebrovascular disease)
are major cause of LTD and premature retirement in
pilots [2]. Subjects with parental history of hyperten-
sion and delayed recovery of baseline blood pressure
after acute mental stress may be at particular risk of
developing sustained elevated resting blood pressure
when exposed to stressful situations [23].

In conclusion, our study shows that acute mental
stress significantly activates cardiovascular response
without modifying endocrine responses in Air Force
Academy cadets. The dichotomy between the endo-
crine and the sympathetic system appeared enhanced
after one-month of the intensive course. Such findings
appear to be clinically relevant, since repeated stressful
situations and sympathetic hyperactivity could alter
control mechanisms of blood pressure inducing hyper-
tension and could influence the progression of athero-
sclerosis. Since circulatory system diseases are major
causes of LTD and premature retirement in pilots, with
consequent high cost for the community, we suggest a
careful evaluation and control of risk factors. Further-
more, our observation suggests that modifications of
cardiovascular response could be related to particular
psychological profiles. This aspect needs further stud-
ies and could be relevant during selection procedures
to flight duty.
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