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SUMMARY A number of physiological responses to the psychological stress of an oral academic
examination were observed, including heart rate, respiration rate, blood pressure, urinary 17-
oxogenic steroid excretion, and plasma corticosteroid concentration. The results were related to
body-build and to four psychological tests: Eysenck Personality Inventory, Taylor Manifest Anxiety
Scale, IPAT Anxiety Scale, and Stimulus-Response Inventory. No significant associations were
found between the psychological test results and anticipatory physiological activity just before the
examination began, including excretion of 17-oxogenic steroids. Respiration rate was not increased
by anticipatory stress, unlike the other variables, which were significantly higher than control values
taken under resting conditions three months later. The students of primarily linear physique had
significantly higher plasma corticosteroid values than the predominantly muscular subjects at the
time of the examination, as found previously. They also had significantly higher analogue measures
of the degree of anxiety experienced at the examination (assessed both by the subject and by an

observer). Therefore, linear subjects appear to experience more anxiety than muscular students in
a similar situation of psychological stress. Both the IPAT Scale and S-R Inventory results were

significantly higher for the linear group but there were no significant differences for the EPI and
TMAS scores, as used in previous studies. The importance of constitutional factors associated with
body-build in relation to at least some aspects of personality is strongly suggested by the findings.

We have previously described investigations into
possible relationships between constitutional fac-
tors and some physiological responses to a
psychological stress. For example, it was shown
that plasma corticosteroid concentrations pro-
duced by the stress were significantly related to
body-build but not to the results obtained from
some personality tests (Bridges and Jones, 1968).
However, it must be expected that the results
from suitable psychological tests, if they have
validity, should predict those subjects experi-
encing relatively more anxiety in stressful situ-
ations and thus relationships with the physio-
logical responses are to be anticipated. This was
not found to be so for the Eysenck Personality
Inventory (EPI) (Eysenck and Eysenck, 1964) or
for the Taylor Manifest Anxiety Scale (TMAS)
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(Taylor, 1953) used in previous studies. But it
remained possible that other personality meas-
ures designed for anxiety-proneness might prove
more relevant to the experimental situation and
show relationships with the physiological para-
meters. Therefore, further psychological tests
were given to another group of students in a
similar situation as before.

In the present study the opportunity was also
taken to observe possible differential associations
between responses to anticipatory anxiety, oc-
curring before the examination, and those due
to the anxiety produced during the period of the
examination itself. This report considers the
relationships between the various physiological
measures, their associations with body-build and
with some of the psychological test results.
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METHODS

The study was restricted, as in previous investiga-
tions, to male students at one medical school, all
aged about 20 years. All 46 taking the second MB
anatomy oral examination on one occasion agreed
to take part but the data were complete only for 42.

Shortly before the examination was due to begin
each student voided urine, which was discarded.
While waiting to enter the examination the student
sat quietly and immediately before it began the first
observer counted the heart rate and respiration rate,
each over one minute, and the blood pressure was
taken. It was noted that the respiration rate was

affected if the subject became aware of it being re-
corded so the wrist was palpated with apparent con-

centration on this by the observer while counting
both the pulse and respiration rates. Each examina-
tion lasted between 10 and 20 minutes and immedi-
ately at its conclusion the heart rate, respiration rate,
and blood pressure were again recorded. It had pre-
viously been found that these variables decelerated
or fell rapidly as soon as the stress was over, so
second and third observers were available. The
second took the heart rate over 30 seconds and the
respiration rate over 30 seconds, while the third ob-
server recorded the blood pressure at the same time.

Each student then drank 250 ml. water to facilitate
diuresis and sat quietly until 30 minutes after the
start of the examination when 10 ml. blood was

collected into a tube with heparin. This was immedi-
ately centrifuged and the plasma stored deep frozen
for later assay of corticosteroids. Haematocrit read-
ings were carried out in duplicate. The subject con-

tinued resting until one hour after the commencement
of the examination when the bladder was emptied and
the urine stored deep frozen for later measurement
of 17-oxogenic steroids. The weight of each student
was taken at the time of the examination.

While it would have been desirable, it was not
possible to insist that the subjects refrain from
smoking or drinking caffeine beverages before the
examination, although this would not be allowed
during the period after the examination while the
specimens were collected. However, each student was
asked about his recent smoking habits and also
whether there had been vomiting or diarrhoea in the
fortnight before the examination.

Three months after the examination, control ob-
servations were obtained. An attempt was made to
carry these out as near as possible to the same time
of day at which the examination was taken in order
to avoid effects resulting from diurnal variation in
physiological activity. The mean difference between
the time of day at which the stress and control

readings were recorded for each student proved to
be - 2-64 minutes (SD ± 109 9 minutes).
The control period began with the subject voiding

urine, which was discarded; each then drank 250 ml.
water and rested. The blood specimen was taken
30 minutes later for measurement of plasma cortico-
steroids and one hour later urine was collected for
assay of 17-oxogenic steroids. Physical measurements
were then recorded for the purpose of assessing the
phenotype by the method of Parnell (1958) and the
psychological test forms were completed. These in-
cluded the EPI, TMAS, IPAT Anxiety Scale (Cattell
and Scheier, 1963) and the Stimulus-Response (S-R)
Inventory (Endler, Hunt and Rosenstein, 1962). The
latter is a complicated test with many subscores but
only the total scores are considered here. A more
detailed analysis of the results from the psychological
tests will be reported separately (Bridges, 1973).
A visual linear analogue scale (Aitken, 1969) was

also used to assess the degree of anxiety experienced
during the examination and to quantify any anxiety
felt during the collection of control data. The ob-
servers, in taking previous stress recordings, were
aware of perceiving the degree of disturbance each
student appeared to show. It was not known how
reliable these assessments were, so it was decided
that, while no structuring of the opinion was attemp-
ted, the second observer would make a similar ana-
logue measurement of the state of each student's
anxiety as it appeared immediately after the examina-
tion. Each analogue scale was 100 mm long with an
indication of 'no anxiety' at one end and 'the most
anxiety you can imagine' at the other, a mark along
the line being the assessment of the degree of anxiety.
These scales were marked by each student and by
the second observer at the time of the stress and by
the student only on the occasion of the collection of
control data, when some anxiety was possible, especi-
ally due to the venepuncture involved.

In our previous studies corticosteroids were as-
sayed by a modification of the method of Zenker
and Bernstein (1958). More specific methods are now
available and therefore the method of Townsend and
James (1968) was used for all blood samples, control
and stress, while the stress samples were also meas-
ured by the modified Zenker and Bernstein method
for comparison. Urinary 17-oxogenic steroids were
measured by the method of Gray, Baron, Brooks,
and James (1969).

RESULTS

Tables 1 and 2 show that, using t tests of differ-
ences, all the physiological measures were signifi-
cantly higher at the time of the stress compared
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TABLE 1
PHYSICAL, URINARY AND ADRENOCORTICAL MEASURES (MEAN VALUES)

Weight Haema- Plasma corticosteroids 17-O.rogenic Urine flow
(kg) tocrit (1sg per 100 ml.) steroids (m7l./hr)

(%,) (M4g/hr)

Townsend and Zenkerand
James method Bernstein

mnethod

Con. Stress Stress Con. Stress Stress Con. Stress Con. Stress decrease

Lgroup(n=13) 6650 6777 4562 846 18-23 35-19 541 761 11692 8738 74-7
M group (n= 23) 71-57 72-00 45 61 7 96 13-74 30 77 451 586 98-87 60-17 60 9

P (L v. M) NS NS NS NS <0-01 <0 05 NS NS NS NS -

All subjects (n=42) 70-54 71-14 45 50 8-17 15 12 31-80 464 693 97 57 66 07 67-72
P (control v. stress) NS < 0 001 <0 01 < 0-02

TABLE 2
RESPIRATORY AND CARDIOVASCULAR MEASURES (MEAN VALUES)

Respiration per min Heart rate per min Blood pressure (mm Hg)

Systolic Diastolic Pulse pressure

Stress Stress Stress Stress Stress
Con. Con. Con. Con. Con.

pre- post- pre- post- pre- post- pre- post- pre- post-

L group 13-92 15-31 19-38 68-69 102-00 106-23 114-62 145-00 135 00 70-38 81-92 86 92 44-23 63-08 48 08
(n = 13)

M group 15-26 15-78 17-57 66-65 97-17 97 30 116-09 144-78 114-13 66 52 78 48 86-96 49-13 67-17 57-17
(n = 23)

All subjects 15 02 15-86 17-95 67 48 97 10 99 79 116-55 144-29 140-60 68-45 79 05 86 19 48-10 65 24 54 40
(n = 42)

P (control v.
pre-stress) NS < 0 001 < 000 <0001 <00001

(control v.
post-stress) < 0 001 < 0 001 < 0 001 < 0001 < 0-02

(pre-stress v.
post-stress) < 0-02 NS NS < 0 001 < 0-001

TABLE 3
PSYCHOLOGICAL MEASURES (MEAN VALUES)

Analogue scale (%) EPI TMAS IPAT S-R
Scale Inventory

Stress E N
Control
Subject Subject Observer

L group
n= 13 10-31 51-92 45 00 12-92 9 77 15-88 30-08 343

M group
n=23 6 22 33-43 31-00 12-13 8-13 11-78 22-22 297

P (MvL) NS < 0 05 < 0 05 NS NS NS < 0-05 < 0-01
All n=42 7-41 39-67 34-12 12-60 9 05 13-77 26-26 317
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with control values, except that urine flow was
significantly reduced.
The phenotype is a measure of body-build

expressed in terms of three components; linearity
or thinness (L), muscularity (M), and fatness (F).
Subjects were grouped into those with each com-
ponent predominant. Therefore, the results were
calculated to give separate mean values for those
of primarily linear physique (L, Lm, Lf: n= 13)
and also for the predominantly muscular students
(M, Mf, Ml: n=23). Six subjects remained out-
side these categories, of whom two were pri-
marily fat (both Fm) and four showed equal
main components (2= FL, 2= ML). The low
incidence of primary fatness among university
students has been noted before (Bridges and
Jones, 1968).

PSYCHOLOGICAL TESTS Table 3 gives the mean
results of the psychological tests for the total
group of students and also for each of the two
main phenotype groups. The subjects' analogue
assessments for all the students were highly
significantly increased at the time of the stress
compared with the control values, using a t test
of differences (t= 8-84, P < 0O001). The mean
stress analogue assessments, both subjects' and
observer's, were significantly higher for the linear
group than for the primarily muscular subjects.
All the psychological measures produced a
higher mean value for the linear subjects than
the muscular group but the differences were
significant only in the case of the IPAT scale
and the S-R Inventory. It is noteworthy that
the observer and subject analogue ratings carried
out at the time of the examination correlated
significantly together (r=0O4203; P= <001).

None of the three analogue assessments
showed significant correlations with the other
psychological tests, except that between the
subjects' stress analogue ratings and the S-R
Inventory (r=0O3721; P<005). As reported by
several other workers (Jensen, 1958), using the
closely related Maudsley Personality Inventory,
the neuroticism (N) score of the EPI correlated
highly significantly with the TMAS (r=0O8892;
P<0001). In addition, the IPAT scale results
correlated significantly both with the N scores
of the EPI (r=07417; P<0001), and the
TMAS (r=07680; P<0001). The total S-R
values also correlated significantly with the N
scores (r=06449; P<0001), the TMAS (r=
0-6355; P<0001) and the IPAT values (r=
0-6433; P<0001).

ADRENOCORTICAL RESPONSES The only signifi-
cant differences found between the two pheno-
type groups for the physiological variables oc-
curred in the plasma corticosteroid values at the
time of the stress. Measured by both methods of
assay, the linear group had significantly higher
mean values compared with the muscular sub-
jects, while the control values were closely simi-
lar. The linear subjects also showed higher mean
excretion rates of 17-oxogenic steroids in both
control and stress conditions, but the differences
were not significant. The 17-oxogenic steroid
excretion values at the time of the stress corre-
lated significantly with the control figures (r=
03988; P<001), but this was not so of the
plasma corticosteroid results, and there were no
significant relationships between the urinary and
plasma steroid results.

Significant correlations were found between

ILE 4

SUMMARY OF PRINCIPAL INTERCORRELATIONS

1 2 3 4 5 6

I IPAT Scale
2 S-R Inventory 0 6433*
3 Subject Stress Analogue 0-2728 0-3721t
4 Observer Stress Analogue 0 1243 0 2549 0 4203t
5 Muscularity - 0-3743t 0 3948t -0-1593 - 0-0986
6 Linearity 0-1675 0-2828 0 3099t 0 2065 -07115*
7 Plasma corticosteroids 0 1829 0 4586t 0-4400t 0 4363t -0 2183 0 3395t

* P<0-001. t P<0-01. t P<0-05.
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the stress plasma corticosteroid values and three
of the psychological measures (S-R Inventory,
observer's and subjects' stress analogue ratings),
as shown in Table 4. The stress plasma corti-
costeroid values measured by the two different
methods correlated together highly significantly
(r=0-6035; P < 0001) and therefore the plasma
corticosteroid results are generally comparable
with those in our previous studies. The correla-
tion coefficient between the linear phenotype
scores and the stress corticosteroid values meas-
ured by the Townsend and James method was
03395 (P<0 05), while that between the latter
and the muscularity ratings was -0O2183 (NS).

OTHER PHYSIOLOGICAL MEASURES A previous
finding (Jones, Bridges, and Leak, 1968) is con-
firmed that urine flow decreases significantly in
response to a psychological stress. The decrease
is greater for subjects of linear build than for
primarily muscular individuals, although these
differences did not reach significance. The results
for other variables are given in Table 2, from
which it is apparent that there are no significant
differences between the mean values for the two
phenotype groups.

PERSONAL VARIABLES It had been considered
possible that anticipatory anxiety over a period
of time before the examination might have led
to general metabolic changes which could in-
fluence the results. The haematocrit values were
taken as an indication of hydration and these
were all normal. Weight was not found to be
significantly different at the time of the examina-
tion compared with control values. There were
no significant differences in the reported inci-
dence of smoking, of diarrhoea, and of vomiting
between the phenotype groups.

In view of the significant relationships found
between plasma corticosteroid values and pheno-
type ratings, as well as with some of the psycho-
logical tests, it is to be expected that the pheno-
type values would correlate significantly with
some of the personality measures and this was
so as shown in Table 4.

DISCUSSION

The pre-stress recordings were considered to be
a possible indication of anticipatory anxiety, as

opposed to the post-stress values which were
more directly produced by the examination. In
the present study the urinary steroid values were
intended as a possible measure of anticipatory
stress occurring in the period before the exami-
nation, while the plasma values were regarded
as an assessment of the emotional stimulus pro-
duced by the examination and thus urinary oxo-
genic steroid excretion was not included for
direct comparison with the plasma cortico-
steroid values. The latter is a more immediate
assessment of adrenocortical activity and it is
also an assessment at a single point of time,
reflecting events about 30 minutes before. The
delay between stimulus and increased urinary
steroid excretion is a good deal longer and
depends upon various factors such as the magni-
tude of the stimulus and the method of assay,
but the interval will be more like three hours
(Doe, Vennes, and Flink, 1960). It appears that
anticipatory anxiety, as measured by urinary
steroid output, produces values which are sig-
nificantly increased over control figures. But this
particular measure of anticipation does not show
relationships with the stress responses occasioned
by the examination, as measured by plasma
corticosteroid concentration and other aspects
of physiological activity. Furthermore, none of
the psychological tests significantly correlated
with the stress 17-oxogenic steroid values and
therefore no relationships were found to differ-
entiate psychological factors associated with
anticipatory physiological activity from those
associated with the stress responses.
However, it is clear that respiration rate was

not affected by anticipatory anxiety, as the mean
rate increased significantly over control values
only after the stress. This finding probably re-
lates to the fact that respiration is not controlled
by the autonomic nervous system and it obviously
was not involved in the increased autonomic
activity before the examination. It may be that
its acceleration was more directly related to
arousal produced by the examination itself.
By contrast, all the cardiovascular variables

taken before the stress were increased signifi-
cantly over control values. Heart rate and sys-
tolic blood pressure did not significantly increase
further after the examination, compared with the
results taken just before it began. But this was
not so of diastolic blood pressure, which was
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found to be even higher at the end of the exami-
nation. This could be explained in terms of in-
creased sympathetic tone but observer error
cannot be excluded as the pre-stress values were
taken by the first observer, while the later re-
cordings were carried out by the third observer.

Adrenocortical activity is known to be related
both to parameters of body size (Borth, Linder,
and Riondel, 1957; Tanner, Healey, Whitehouse,
and Edgson, 1959) and to psychological arousal
(Martin, 1961; Levi, 1969). Rose, Poe, and
Mason (1968) and Poe, Rose, and Mason (1970)
found that the combined use of assessments of
psychological state and of body build gave the
best predictions of 17-hydroxycorticosteroid ex-
cretion rates during various activities carried out
by military recruits under training. Segraves
(1970) did not study stress responses but found
relationships between resting steroid excretion,
measures of personality, and parameters ofbody-
build. The results of our previous studies went
somewhat further in suggesting a positive rela-
tionship between linearity and plasma steroid
levels, and a negative association with muscu-
larity, indications being that the latter is the
more important (Bridges, Jones, and Leak, 1970)
but it is difficult to decide this point as muscu-
larity and linearity in any case have a highly
significant negative relationship (in the present
study r= -07115; P < 0-001). With our several
previous investigations, as well as the present
findings, there are now 122 subjects for whom
plasma corticosteroid results have been obtained
in similar stress conditions. In the case of these
122 subjects the correlations between their plasma
corticosteroid values (Zenker and Bernstein
method) and linearity was 0-2173 (P < 0 05); with
muscularity it was - 0-2007 (P < 0-05).
One explanation of the differences in stress

corticosteroid values between subjects of differ-
ent phenotype groups might be a variation in
the sensitivity of adrenocortical responsiveness
but it has been shown that the response of the
adrenal cortex of both phenotype groups to
tetracosactrin is closely similar (Jones and
Bridges, 1970). Among other explanations of the
differences is the likelihood that linear subjects
tend to experience relatively more anxiety under
stress than do muscular individuals. This was
previously suggested by some observations re-
ported by Parnell (1957) and there is now evi-

dence from the present analogue assessments
that the linear students experienced significantly
higher levels of anxiety than the muscular sub-
jects, assessed both by themselves and by an
observer. These findings also confirm the obser-
vation of Bloch and Brackenridge (1972) that
self-ratings of anxiety can be employed with
confidence in research of this kind.
Having established that there are differences

in the physiological responses between phenotype
groups under a similar stress, it is of interest to
note the psychological tests which relate to these
differences. It is apparent that the EPI and
TMAS do not, while the IPAT and the S-R
Inventory appear to do so, an aspect considered
further in the separate study (Bridges, 1973).
These tests are all relevant to anxiety-proneness
and the latter two appear to measure this with
some reliability, even to the extent, in the case
of the S-R Inventory, that scores obtained three
months later correlated significantly with stress
plasma corticosteroid values and also with the
subjects' analogue assessments of the anxiety
experienced. Thus, while our previous studies
have shown significantly different physiological
stress response patterns between subjects of
different body-builds, evidence is now available
which more clearly suggests that these physio-
logical differences are related to psychological
differences in anxiety responsiveness between
phenotype groups. This demonstration that
anxiety responses relate to body-build and,
probably as an aspect of this, that certain psycho-
logical tests correlate with body-build, has rele-
vance to frequently suggested associations be-
tween physique and temperament (Sheldon,
1942; Rees, 1960).
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sor V. H. T. James, Professor P. Venables, Dr. R. V.
Brooks, Dr. F. Imms, Mr. R. Neame, Mr. M. Piercy,
and the medical students of St. Thomas' Hospital
Medical School. The support of the Royal Free
Hospital Endowment Fund and the South East
Metropolitan Regional Hospital Board is gratefully
acknowledged.
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