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Figure 25. Results from the computerized tests Manikin, Stroop (naming
conflict), RT, and Finger Tapping (preferred hand) in HYPO 2 and HYPO 3 are
plotted against day of testing. The changes in results (response time and number
of taps) are expressed as percentage change from the baseline (21, 1); + 1SD are
plotted for some test occasions. Regression lines with 90 % confidence intervals
were calculated from the results in normoxia (HYPO 2) and hypoxia (HYPO 3).
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Figure 26. Results from the Symbol coding task in HYPO 2 and HYPO 3 are
plotted against day of testing. The changes in results (response time) are
expressed as percentage change from baseline (21, 1); £ 1SD are plotted for
some test occasions. Regression lines with 90 % confidence intervals were
calculated from the results in normoxia (HYPO 2) and hypoxia (HYPO 3).
Asterisks (*) indicates Po, shifts were paired t tests indicated significantly

Impaired performance was not seen in any parameter in any of the shifts from high
to low oxygen partial pressure and no improvement in performance was seen when
Po, was partial pressure and no improvement in performance was seen when Po, was
increased. In some tests performance even improved during the first shift from
normoxia to hypoxia. However, this may have been an effect of learning rather than
an effect of hypoxia per se.

Furthermore, none of the performance variables showed significant difference in the
overall performance at different oxygen levels (ANOVA), and, thus, did not indicate
any impaired performance in hypoxia. For one test variable (Medium Tapping,
number correct) improved performance was indicated during hypoxia.
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Figure 28. Results from PASAT (number of correct responses) are plotted
against day of testing. The changes in results are expressed as percentage
change from baseline (21, 1); * I1SD are plotted for some test occasions.
Regression line with 90 % confidence intervals were calculated from the results
in normoxia. Asterisks (*) indicates Po; shifts where paired t tests indicated
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Figure 29. Results from the paper and pencil tests Tracing, Medium Tapping,
Pursuit Aiming, and Aiming are plotted against day of testing. The changes in
results (number of correct responses) are expressed as percentage change from
the baseline (21, 1); £ 1SD are plotted for some test occasions. Regression lines
with 90 % confidence intervals were calculated from the results in hypoxia.
Asterisks (*) indicates Po; shifts where paired t tests indicated significantly
improved performance. For Pursuit Aiming and Aiming the error rate is
presented as a percentage of the number of attempts.
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Table 14. Results from the linear regression analysis on the overall duration of
the experiment.

HYPO 1 HYPO 2 HYPO 3

Computerized tests

Manikin, response time - % T ns
error rate

Stroop, response time
congruent, name color
congruent, read word
conflict, name color
conflict, read word

|
3>
(7]
*
*
-

| O I O
*
*

t
T
1.
control, name color x% T * T
control, read word xk T ns T
RT, response time - %k ; * T
error rate - * ns
Finger tapping, number of taps
preferred hand - x T x T
non preferred hand - ns ns

Symbol coding
Simple rule, reaction time

- 1 feature - % T *% T
- 2 features - w*k T *% T
Simple rule, accuracy
- 1 feature - *xk T ns
- 2 features ) - % T ns
Complex rule, reaction time
- 1 feature - *x T xx T
- 2 features - % T xk T
Complex rule, accuracy
- 1 feature - : ns ns
- 2 features - : ns ns
SPES: Swedish performance evaluation system
Symbol digit, response time %ok R -
Simple reaction time * % - -
Tapping, number of taps
- preferred hand *xx T - -
- non preferred hand *x T - -
Paper and pencil tests
Raven’s matrises - ns ns ns
Grammatical reasoning, efficiency *% T *%x T *% T
Short-term memory, number correct *x T x T *x T
PASAT, number correct *% T *x T -
Medium tapping, number correct - - x% T
error rate - - ns
Pursuit aiming, number correct - - *% T
error rate - - *% #
Aiming, number correct - - *x% T
error rate - - *% #
Tracing, number correct - - *% T
error rate - - ns
* P<0.1 %% p<0.01,

T Improved score/performance,
# Impaired score/performance
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Table 15. Results from the paired t-testing over the first shift from normoxia to
hypoxia.

HYPO 1 HYPO 2 HYPO 3

Computerized tests

Manikin, response time - ns ns
Stroop, response time

congruent, name color - ns x T

congruent, read word - ns x T

conflict, name color - ns ns

conflict, read word - ns * T

control, name color - ns * T

control, read word - ns * T
RT, response time - ns ns
Finger tapping, number of taps

preferred hand - ns ns

non preferred hand - ns ns
Symbol coding ]

Simple rule, reaction time

- 1 feature - x T ns

- 2 features - * T * T

Simple rule, accuracy

- 1 feature - ns ns

- 2 features - ns ns

Complex rule, reaction time

- 1 feature - ¥ T ns

- 2 features - ns ns

Complex rule, accuracy

- 1 feature - ns ns

- 2 features - ns ns
SPES: Swedish performance evaluation system

Symbol digit, response time ns - -

Simple reaction time ns - -

Tapping, number of taps

- preferred hand x T - -

- non preferred hand ns - -

Paper and pencil tests

Raven’s matrises ns ns ns
Grammatical reasoning, efficiency *x T * T x T
Short-term memory, number correct ns * T ns
PASAT , number correct ns ns -
Medium tapping, number correct - - * T
Pursuit aiming, number correct - - s
Aiming, number correct - - * T
Tracing, number correct - - ns

% Statistically significant change (p<0.1)
1 Improved score/performance
# Impaired score/performance
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Table 16. Results from the analysis of variance (ANOVA) for repeated
measurements.

HYPO 1 HYPO 2 HYPO 3

Computerized tests
Manikin, response time - ns ns
Stroop, response time

congruent, name color - ns ns

congruent, read word - ns ns

conflict, name color - ns ns

conflict, read word - ns

control, name color - ns

control, read word - ns
RT, response time - ns ns
Finger tapping, number of taps

preferred hand - ns ns

non preferred hand - ns ns
Symbol coding o

Simple rule, reaction time

- 1 feature - ns ns

- 2 features - ns ns

Simple rule, accuracy

- 1 feature - ns ns

- 2 features - ns ns

Complex rule, reaction time

- 1 feature - ns ns

- 2 features - ns ns

Complex rule, accuracy .

- 1 feature - ns ns

- 2 features - ns ns
SPES: Swedish performance evaluation system

Symbol digit, response time ns - -

Simple reaction time ns - -

Tapping, number of taps

- preferred hand ns - -

- non preferred hand ns - -

Paper and pencil tests

Raven’s matrises ns ns ns
Grammatical reasoning, efficiency ns ns ns
Short-term memory, number correct ns ns ns
PASAT , number correct ns ns -
Medium tapping, number correct - - * T
Pursuit aiming, number correct - - ns
Aiming, number correct - - ns
Tracing, number correct - - ns

* Statistically significant change (p<0.1)
T Improved score/performance
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4.3 SUBJECTIVE QUESTIONNAIRES AND SUBJECTIVE DATA

4.3.1 ESQ

Data from the questionnaires were evaluated separately for respiratory symptoms,
central nervous system problems, symptoms from ear nose and throat, fatigue, and
alertness. Group mean (M) and standard deviation (SD) for the different factors at
each consecutive oxygen partial pressure level are presented in Appendix H. Results
from the ESQ (respiratory and cerebral factor) in HYPO 1, HYPO 2, and HYPO 3 are
presented in Figure 30.

In HYPO 1 no consistent significant differences on the group level were found.
However, it seems as if one or two subjects in each watch were affected by the reduced
oxygen level (15 kPa), at least for the subscales cerebral and respiratory symptoms.

In HYPO 2 the weighted average for the respiratory symptoms (AMS-R) and the
cerebral symptoms(AMS-C) rose significantly when switching from normoxia to
hypoxia (13 kPaOz2 I). At that occasion three subjects exceeded the limit for acute
mountain sickness on respiratory symptoms (0.6 for AMS-R and 0.7 for AMS-C).

The weighted average for alertness factor was significantly lower in the first 13 kPa
period than in the normoxia periods. None of the three factors changed significantly
during the second period of 13 kPa. Alertness was the only factor that showed
significant variations within the day. Team B who carried out tests between 06-12 and
18-24 felt more alert in the morning than in the evening.

In HYPO 3 fatigue was the only factor that increased significant with time in the
chamber. Fatigue was the factor that exhibited the best correlation with performance
variables.

4.3.2 Mood scale

Group mean (M) and SD for the mood states activity and stress at each consecutive
oxygen partial pressure level are presented in Appendix H.

In HYPO 1 ratings for the mood state activity decreased significantly with time in the
chamber but there was no relation between mood states and change in the oxygen
partial pressure in HYPO 1 and HYPO 2. In HYPO 3 ratings for both activity and stress
decreased significantly with time in the chamber.
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The extended version of the mood scale that was added to the test protocol on the first
day of the hypoxic period in HYPO 3 did not show any significant changes in the
different dimensions that could be related to hypoxia or daily rhythm (morning vs.
evening shift or afternoon vs. night shift), even though there was a significant
difference between the two groups. In one of the dimensions, tension, ratings
increased significantly with time in confinement.

4.3.3 Sleep and alertness questionnaire

Neither subjective sleep quality nor subjective sleepiness were affected by the oxygen
level. Subjective sleepiness increased over the experiment. The reason for this is
unclear but might be explained by the long exposure to the confined and monotonous
situnation. The night watch had more difficulties waking up. However, the group
differences should be interpreted with great caution, since the numbers of subjects
were very few. For more information see Appendix C, "Sleep duration, subjective
sleep quality and sleepiness/alertness" by Mats Gillberg.

4.3.4 Personality dimensions

4.3.4.1 EYSENCK

The mean level of extraversion scores for the subjects in HYPO 1 was 14.3 and the
range was 9-20, in HYPO 2 the group mean was 14.3 and ranged from 8-20. In the
HYPO 3 group the mean was 16.0 with a range of 14-18. The mean and standard
deviation for the extro/introversion scores of a non-clinical Swedish norm group
(n=111) have been found to be 13.0 and 3.4 respectively (Bederoff-Petersson, Jagtoft,
& Astrom, 1968).

4.3.4.2 ADJECTIVES
Group mean (M) and SD for the five personality dimensions before confinement and
after 12 days of confinement are presented in Appendix H. None of the personality

dimensions changed significantly when comparing the mean before confinement with
the mean after 12 days of confinement.
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4.3.4.3 CPRS

Statistically significant changes were found in 4 out of 67 items. They were: elation,
increased sexual interest, derealisation, and assumed reliability of ratings. For more
information see Enclosure D, "Psychiatric ratings of volunteers during stay in a
pressure chamber" by Thomas Eklund, Tove Gunnarsson, and Conny Nordin.
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5 DISCUSSION

The experiments described in this report were undertaken to investigate the effects of
normobaric hypoxia on mental capacity. Results from the cognitive, psychomotor and
motor tests have also been presented in separate articles (Linde et al 1997; Gustafsson
et al 1997).

Oxygen deficiency is known to impair the mental efficiency but, as was shown in
Tables 3 and 4 the tolerable lower limit of inspired oxygen partial pressure with regard
to mental performance is still uncertain. If atmospheres low in oxygen content are to
be used to reduce fire hazard in confined spaces where people are working it is
important to know to what extent the oxygen partial pressure can be lowered without
affecting the performance of the exposed personnel. These studies were specifically
aimed towards investigating the possibility of using hypoxic gas mixtures in submarines.
Therefore the experiments were carried out in a simulated submarine environment.
Despite the fact that the CO2-concentration was kept below the hygienic threshold
value, 0.5 kPa, and the temperature and the humidity were reasonably comfortable
throughout the confinements, the environment imposed other factors such as long
term confinement in an enclosed space with relatively little physical activity, lack of
day-light, and change in diurnal rhythm which could have had an effect on the
performance of the subjects. The periods with normoxia during the confinements
allowed us at least partly to control for these confounding factors.

Although the primary concern of these experiments was the effect of hypoxia on the
mental performance it is well known that hypoxia has a wide range of systemic
physiological effects, affecting ventilation, fluid balance and acid-base status. The
physiological responses to hypoxia, both the acute effects and the physiological short-
term acclimatisation display large intraindividual differences (e.g. Reeves etal, 1993;
Savourey et al, 1994). Difference in systemic response to hypoxia may well affect the
individuals ability to cope with mental stress as well as physical work during hypoxia.
Regard et al (1991) showed a strong relationship between the severity of acute
mountain sickness (AMS) and performance on cognitive tests in a group of climbers
shortly after reaching altitude, and it is not unlikely that also less severe manifestations
of systemic physiological effects of hypoxia will affect the mental performance. The
acute physiological effects of hypoxia as well as evidence of acclimatization were
studied in the subjects, both during rest and during exercise, to be able to assess the
impact of the hypoxia and investigate if there was a correlation between physiological
effects and decrement in mental performance.

Exposure to hypoxia elicits a compensatory increase in erythrocyte concentration in
the blood which facilitates the transport of oxygen from the lungs to the tissues. The
rapid rise in red blood cell count is due to a combination of release of erythrocytes and
reticulocytes into the bloodstream and fluid shifts from the intravascular space into the
interstitial and/or the intracellular space (Rock et al, 1993). The initial increases in
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haematocrit, haemoglobin concentration, and red blood cell count seen in HYPO 1-
HYPO 3 were of the same magnitude as those reported in earlier studies (Boning,
1970; Luft, 1965).

Apart from redistribution of fluid and blood cells hypoxia also induces an increase in
erythropoiesis. The release of factors enhancing the erythropoiesis are initiated
already after very short periods of hypoxia. Knaupp (1992) showed that the plasma
concentration of erythropoietin (epo) increased when breathing an hypoxic gas
mixture (10.5 kPa O2) for only 2 hours intermittently during a 4-h period. A rapid
increase in epo was seen also during HYPO 3 when epo concentration was found to
be significantly increased after 24 hours in 14 kPa O2. The initial increase in epo
concentration seen in HYPO 1 and HYPO 3 was of similar magnitude to levels
observed during mountain sojourns at comparable oxygen pressures (Gunga et al,
1996). The decrease in epo from its maximum levels that was observed after 5-10 days
is also in agreement with previous measurements during hypobaric hypoxia (Gunga
etal, 1994; Gungaetal, 1996). The reduction in plasma concentration of ferritin which
was seen after 10 day exposure to 14 kPa Oz (HYPO 3) indicating a decrease in iron
stores is a further sign of increased erythropoiesis.

Erythropoietin is thought to exclusively increase the production of erythrocytes. The
increase in leucocyte concentration that was seen during the confinements is probably
due to haemoconcentration and reaction to upper respiratory tract infections.

The decreased oxygen concentration also causes an increase in ventilation and heart
rate. Some of the subjects noted the increased effort to move about in the chamber
system during the hypoxia periods. However, all the subjects were able to carry out
the physical work that was required of them during the hypoxia. The increase in
ventilation and the resulting decrease in end-tidal Pco, were of the same magnitude
as has been observed by other authors studying subjects at similar inspiratory Po, (e.g.
Huang et al, 1984; Reeves et al, 1993; Sato, Severingshaus, & Bickler, 1994). The
ventilation continued to increase during the hypoxia periods, and this was reflected by
a further decrease in end-tidal Pcoj. This is part of the acute acclimatization to
hypoxia (Reeves et al, 1993; Sato, Severingshaus, & Bickler, 1994).

Reeves and coworkers (Reeves et al, 1993) were the first to show that at sea-level the
minute ventilation during rest, as reflected by the end-tidal Pcoj, correlated both with
the resting ventilation at altitude and the arterial oxygen saturation (Sag,) at altitude.
Subjects with a low end-tidal Pco; at sea-level, and thus a high ventilation, responded
briskly to the hypoxic challenge at altitude with a relatively high increase in ventila-
tion. A high ventilatory response to an hypoxic challenge serves to maintain the
oxygenation, which explains the correlation between the end-tidal Pco; and the Sag,.
However, during rest the correlations between end-tidal Pco, at sea-level versus end-
tidal Pco; and Sag, at altitude were rather weak, only corresponding to about 25% of
the intra-individual variation (Reeves et al, 1993). In the present studies, during
exercise the correlations between end-tidal Pco, during normoxia and end-tidal Pco,
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and Sag, during hypoxia were stronger and could account for between 50 - 85% of the
individual variation. There was also a weak correlation between end-tidal Po, in
normoxia and end-tidal Po, during the first hypoxic exposure. However, despite the
difference in oxygenation between the subjects during the hypoxia periods no
significant correlations between ESQ-scores and end-tidal Pco; or Sag, were found.
Savourey, Moirant, and Bittel (1994) found a significant negative relationship
between end-tidal Po, during normoxic breathing, both during rest and during
submaximal exercise, and ESQ-scores at altitude. However, their altitude observations
were carried out at more than 6,000 m above sea-level, which resulted in a much large
range of ESQ-scores than in the present study (Savourey, Moirant, & Bittel 1994).

The fact that in a number of investigations a correlation between ventilation at sea-
level and at altitude has been found supports the hypothesis that there exists a
significant hypoxic drive also during normoxia (Reeves et al, 1993, Savourey,
Moirant, & Bittel, 1994).

Training at altitude is known to increase the physical performance at altitude
(Terrados et al, 1988). However, the effect of altitude training on performance at sea
level is more uncertain, and seems to depend on factors such as absolute altitude, the
length of the altitude sojourn, the amount and intensity of training at altitude (both in
absolute terms and relative to the amount of training normally carried out at sea-level),
and level of fitness (Levine, Roach, & Houston, 1992). The 10 days in hypoxia during
HYPO 3 was probably too short a period to be able to induce any definite effect of
hypoxic -training. The training intensity may also have been too low, and the
confinement in itself will have a negative effect on the physical performance. In fact
the average increase in physical working capacity (PWC), although not statistically
significant, was actually larger in the control group than in the exercise group. It
should be noted, though, that due to an infection the fittest subject in the control group
had to be withdrawn from the study, making the two groups badly matched with
respect to physical fitness.

No differences in cardiac dimensions or systolic function using ultrasound echo-
cardiography were found when comparing pre- and post-hypoxia measurements in
HYPO 3. In contrast Svedenhag et al (1994) reported a significant increase in oxygen
uptake after their return to sea-level, and also found an increased left-ventricular mass,
calculated from echo-cardiographic measurements in elite nordic skiers after a 30-day
exercise-study at altitude. The fact that the training intensity was lower and the
duration shorter in HYPO 3 probably explains the difference in findings between these
studies.

In HYPO 3 there was, however, evidence of a change in diastolic function after the
hypoxic confinement, with a significant reduction in early trans-mitral flow velocity.
This can in principle be caused by either a venous return or a decreased diastolic
relaxation. There was some evidence of dehydration, with increased haematocrit and
reduced body weight in our subjects after the confinement, which could have caused
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a reduced venous return. However, doppler measurements of flow velocities are
critically dependent on the angle of insonation. The fact that the ratio of early-to-late
diastolic filling velocities did not differ between pre-and post-measurements reduces
the physiological significance of this finding.

Ekg-studies during a simulated ascent to the top of Mt Everest ( 8,848 m) did not show
any evidence of cardiac hypoxia (Malconian et al, 1990). The heart appears to be well
protected against hypoxia in young and healthy subjects. It was therefore expected
that the ekg-recordings in our experiments should remain normal. However, one
subject in HYPO 2 showed a depression of the ST-segment in the modified aVF-lead.
Although, an ST-depression in this lead usually is not afforded any clinical significance,
the fact that there appeared to be a trend towards an increasing depression (Fig 18)
caused some concern. However, the relationship between the ST-depression and the
hypoxia was far from clear. A normal ekg was recorded during the first period in 13
kPa oxygen, but, the depression started to occur during a 72 h period in 15 kPa oxygen.
After having been allowed to rest outside the chamber for a couple of hours the ekg
was normal both during air-breathing and when breathing a nitrogen-oxygen mixture
containing 15% O2. A clinical exercise cardiogram performed in normoxic air was
also normal. When readmitted into the chamber and exposed to 13 kPa oxygen for 24 h
the ekg remained normal. Apart from a minor respiratory infection and a slight feeling
of fatigue the subject reported no subjective symptoms. It appears then that this
unspecific ekg observation was not directly related to the hypoxia. However, one is
to take care if hypoxic atmospheres are to be used in working environments where
older people, statistically more prone to ischemic heart disease, will be employed.

Another factor, apart from the hypoxia, which could have affected the performance of
the subjects was the change in diurnal rhythm and the subsequent fatigue. During the
trials half of the subjects (team A) had to perform work during the night, and shift their
main sleep period to the morning hours (0600 -1200). Based on the measurements of
body temperature there seemed to be an adjustment to the new diurnal rhythm during
the second half of the confinements. The temperature reductions seen after the new
main sleep period were larger in HYPO 3 than in HYPO 1 and HYPO 2. This is
probably due to the fact that the subjects had to carry out physical work during the
night-shift in HYPO 1 and HYPO 2. Only in HYPO 2 was there any difference in
subjective symptoms between team A and B, with team A displaying slightly higher
scores on the ESQ with regard to three groups of symptoms (A-B: cerebral + 0.3,
respiratory + 0.3, and fatigue + 0.6, p < 0.06-0.01). There was, however, no difference
in performance between the two groups. On the other hand, subjects in team B
(HYPO 2) showed a significant effect from time of day. They were more efficient and
their RTs were shorter between 18 00 and 0000 than between 0600 and 1200 (Linde
et al, 1997).

Other physiological effects of hypoxia which have a more direct bearing on the

performance of the operators are the effects on vision. It is known that night vision is
affected at altitudes above 3,000 m, corresponding to approximately 15 kPa oxygen.
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Also, other aspects of visual performance are known to be perturbed by hypoxia.
Tengroth et al (1976) reported that hypoxia (9 and 15% O32) caused a concentration
dependent increase in glare recovery time after photo stress. During HYPO 1 the glare
recovery time was tested by measuring the readaptation time (RAT) after a flash.
During the second hypoxia period in 15 kPa O the readaptation time was slightly
longer than during the surrounding normoxia periods, but the difference was not
statistically significant. In Figure 31 the results of Tengroth et al (1976) are plotted
together with the results from HYPO 1. It can be seen that the results obtained in
HYPO 1 are well within the range of the earlier results showing a tendency towards
a slightly increased RAT during hypoxia, but with the limited degree of hypoxia the
expected difference in RAT is less than 1 second.
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Figure 31. Optical readaptation time (RAT) after photo stress as a function
of arterial oxygen partial pressure. Redrawn from Tengrot et al, 1976.
Indicated in the figure are M +1 SD for RAT and alveolar oxygen partial
pressure obtained in HYPO 1 (Pip, 21 and 15 kPa).

The critical flicker fusion frequency did not show any difference between normoxia
and hypoxia. It was thought that during a long period of hypoxia (as in HYPO 3) a
decrease in sleep quality might result in a decrease in the critical flicker fusion
frequency with time. However, although there was an increase in sleepiness with time
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in confinement there was no decrease in CFF with time in hypoxia nor was there any
correlation between CFF and subjective evaluation of fatigue (ESQ). There was,
however, a consistent difference between red and green flicker frequency, with a
higher fusion frequency for the green light. Brandl, Frank, and Lachemayr (1993)
showed that with decreasing Po the light intensity must be increased from the sea
level intensity, and that there is a tendency towards green colour deficit with the Nagel
anomaloscope at low Po,. Since the luminosities of the LEDs used for the CFF were
not measured it is not possible to say if the difference in critical frequency between
the red and green colour was due to a difference in luminosity or some other factor.

In conclusion the subjects were able to cope with both the degree of hypoxia and the
length of exposure to hypoxia with only very limited physiological effects. An
increased erythropoiesis and slightly increased rate of ventilation and heart rate were
seen. However, the subjects were able to perform physical work at relatively high
work intensities. No clear evidence of decrements in visual performance was seen.
Also the subjective evaluation of the hypoxic stress only indicated a minor increase
in discomfort scores.

The effects of the reduced inspiratory oxygen partial pressure on performance on
cognitive, psychomotor, and motor tests were unexpectedly small in these experiments.
Even learning, which has been considered to be sensitive to hypoxia (Denison,
Ledwith & Poulton 1966; Kelman & Crow 1969; Farmer et al 1992) appeared to be
unaffected in HYPO 1-3. Performance in most of the tests improved with time, despite
the fact that the subjects stayed for up to 10 days in an environment with only 14 kPa
O2 or for up to 24 hours in 13 kPa O3. Only in one test, the simple reaction time test
used in HYPO 1, did performance decline with time spent in confinement, but since
there was no relationship between Po; and reaction time, the observed decline in result
was most likely due to the length of the test (6 min) and the fact that the test was
repeated so many times that the subjects started to lose their motivation.

It is difficult to interpret what effect the large number of repeated test sessions might
have on measurements of cognitive and psychomotor performance. Most likely the
mental load of the tests decreased with time, and consequently the sensitivity of the
tests might have been reduced with the large number of repeated test sessions. It
should also be noted that it is the early part of the learning process that is most sensitive
to hypoxia (Denison, Ledwith, & Poulton, 1966; Kelman & Crow, 1969; Farmer et al,
1992). However, performance was maintained or improved also in tests that were
administered only a few times, for instance Raven’s matrices.

The frequent repetition of the tests could also have a possible decremental effect on
the performance in that the repetitions in combination with the long confinement
started to bore the subjects. The MOOD protocol was used to assess the motivation of
the subjects, which held up surprisingly well during these experiments. To deal with
the distraction at the end of the confinements, the chamber stays were ended one day
earlier than the subjects had anticipated. ‘
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Lack of impairment or even improvement during hypoxia, despite diminished functions,
might result from a more careful and concentrated cognitive style among the subjects,
due to awareness of their predicament, as discussed by Regard et al (1991). Ledwith
et al (1970) came to similar conclusions and suggested that the subjects presented with
short tests made an extra effort for the duration of the test and thereby masked
impairment which might have been shown by prolonged testing without obvious time
limits.

In our study special care was taken not to disclose to the subjects what gas they were
breathing. However, some subjects felt physical signs of a changed oxygen concent-
ration (e.g. increased heart rate and shortness of breath during hypoxia). This was most
pronounced during the first hypoxic period in HYPO 2 (13 kPa O3), and even if the
subjects were not informed when shifts in Poj took place they might have been aware
of the risk of impaired performance and have made an extra effort for the duration of
the tests (3 to 12 minutes).

In some motor test the proportion of errors and the speed at which the subjects
performed the tests increased with time in confinement. Even though the subjects were
instructed to perform as fast and as accurately as possible, they speeded up the rate and
became less careful, in contrast to the suggestion of a more careful and concentrated
cognitive style in hypoxia (Regard et al, 1991).

Green and Morgan (1985) detected increased error rate on a logical reasoning task
performed at 3,600 m (approximately 13.7 kPa O2). They found it reasonable to
suppose that although the subjects were performing worse, they had not realised that
they were doing so, since they did not slow their rate of work to match their reduced
competence (Green & Morgan, 1985). McCarthy et al (1995) found the response time
for judgement concerning the orientation of visual stimuli was slower during acute
exposures to 2,133 m (approximately 16.4 kPa O2) and 3,657 m (approximately 16.4
kPa O2) compared to the results at sea-level, and that accuracy also was lowered at
3,657 m.

The increased proportion of errors that has been observed in the present study could
be an effect of hypoxia on the critical judgement of the subjects. However, as the
increased proportion of errors continued also during the following period of normoxia,
it seems much more likely that the increased error rate was due to a change in
performance strategy due to competitiveness among the subjects. This hypothesis was
at least partly confirmed when we learned from informal interviews that some of the
subjects dealt with the boredom of the confinement by treating the tests as a
competition.

Schlichting et al (1988) have suggested that motor tests might be more sensitive than
cognitive tasks to the effects of hypoxia. Finger tapping, though, seemed to be
relatively unaffected at the Pig, level of 10-11 kPa (Adler et al, 1950; Kramer, Coyne,
& Strayer, 1993) when performance on other tests was considerably impaired by
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hypoxia. In fact in HYPO 2 there were indications that performance on Finger Tapping
was slightly better in hypoxia than in normoxia (Figure 25). The tendency towards an
increase in Finger Tapping frequency was seen also in HYPO 3. In one fine motor test,
Medium Tapping (Figure 29), performance was slightly better in hypoxia compared
tonormoxia (p <0.1 by ANOVA). One possible interpretation of these findings is that
inhibition of fine motor control is reduced by hypoxia. However, this is only an
hypothesis which requires much further testing before any firm conclusions can be
made.

Exposure to 14 and 15 kPa O2 did not result in significantly increased scores for
symptoms of AMS onthe ESQ. In 13 kPa O3 three subjects exceeded the limit for acute
mountain sickness (0.6 and 0.7 for AMS-R and AMS-C, respectively), but since they
also reported mild symptoms in normoxia it could not be excluded that these
symptoms were caused by upper airway infections rather than hypoxia. There was no
indication that these subjects performed worse than the other subjects during sojourn
in 13 kPa Oz, in fact two of the subjects with the highest AMS-scores did their best
performances during the exposure to 13 kPa O3. These observations seem to support
the conclusions by Ledwith et al (1970) and Regard et al (1991) that subjects aware
of a diminished performance can make an extra effort for the duration of a short test
and thereby mask the impairment.

When the first exposures to hypoxia for all subjects in the three confinements are
considered no correlation between ESQ-scores and performance was found except for
aweak negative relationship between respiratory ESQ-scores (ESQ-R) and performance
on the Baddeley test (0.05 <p <0.1) and a negative relationship between performance
on Finger Tapping and fatigue score (ESQ-F, p < 0.05). These results may indicate a
slight effect of hypoxia on performance, however, with the very mild symptoms
experienced by the subjects in HYPO 1 through HYPO 3 it is difficult to differ
between effects of hypoxia, mild infection, and confinement as the source of discomfort
(cf Murdoch 1995). In comparison with HYPO 2 the range of ESQ-scores was wider
in HYPO 3 (Figure 30) mainly because one subject generally tended to give high
scores. However, this subject scored high also during the post-hypoxic normoxic
period, and it cannot be excluded that the high scores were due to the confinement and
effects of minor respiratory infections rather than hypoxia. The significant increase in
fatigue scores during HYPO 3, with 10 days of continuous hypoxia, might also be
related to the hypoxia, but without any noticeable decline in ESQ-scores during the
following period of normoxia the results cannot be separated from the effects of
confinement.

None of the acute changes from normoxia to hypoxia caused any statistically
significant decrements in performance, when tested using paired ¢ tests on groups of
seven to eight subjects. In some performance variables, statistically significant
improvements were observed following the first shift from normoxia to hypoxia (see
Table 15). In all likelihood those results were due to learning effects that had not been
overcome by the pre-exposure training. In view of the results from previous studies

96



(Table 3) improved or unchanged performance at 13 kPa O3 is somewhat unexpected
even though there are a some reports indicating that performance can be unaffected in
some tests even if Po; is below 13 kPa (Table 4). However, it must be emphasised that
most studies, with the exception of Shukitt et al (1988) and Knight et al (1990) deal
with acute exposures (less than 1 h) to hypobaric hypoxia. Shukitt et al (1988)
studying 13 subjects during a 15-day exposure to different oxygen levels (21%, 17%,
and 13%) concluded that normobaric 13% Oz may produce short-term decrements in
cognitive functions and mood, lasting a day or so, and moderate AMS symptoms in
some individuals.

The fact that the resulting hypoxia will be more profound in hypobaria than in
normobaria, when breathing the same partial pressure of oxygen (see chapter 2.2) may
explain why symptoms of AMS are more severe in hypobaric hypoxia than in
normobaric hypoxia (Roach, Loeppky, & Ichenagle, 1996), and may also explain why
performance decrements seem to be more pronounced during altitude and simulated
hypobaric hypoxic exposures compared to normobaric hypoxic exposures.

There are many factors besides differences in Poj and atmospheric pressure that might
account for these differences, such as e.g. carbon dioxide concentration (Knight et al,
1990; Schlichting et al, 1988; Shukitt et al 1988), physical activity (Denison et al,
1966), climate (Regard et al, 1991), undisturbed test conditions (Macintosh et al,
1988), the anxiety of naive subjects sitting in pressure chamber (Paul & Fraser, 1994),
the number of pre-exposure training sessions, time interval between training and
hypoxic exposure, carbon monoxide concentration, sleep disturbances, and fatigue.

In conclusion exposure to normobaric hypoxia at levels of 14-15 kPa O for several
days did not affect psychomotor- or cognitive performance significantly. Nor did
exposure to 13 kPa O3 for 24 h cause significant decrements in performance. However,
in some subjects the subjective discomfort ratings exceeded the limits for acute
mountain sickness.
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6 CONCLUSIONS

Under the conditions tested, cognitive, psychomotor, and motor performance
decrements could not be observed even when the inspiratory oxygen partial pressure
was as low as 13 kPa. The proportion of errors in some motor tests increased with time
in confinement. As this increase continued in the last normoxia period it is much more
likely due to the boredom of confinement and a change of performance strategy due
to competitiveness among the subjects.

During the first exposure to 13 kPa Oz (HYPO 2) there was a significant increase in
subjective symptom (AMS-C and AMS-R on the ESQ) and some of the subjects noted
increased heart rate and ventilation. However they were able to carry out physical
work without any impairment (75 % of Vo, max for up to 45 min in 14 kPa O2).

It is necessary to be careful regarding recommendations about the lowest allowable
Po; in confined spaces, since hypoxia in real world situations is likely to appear in
combination with other stressors such as contaminated atmosphere, lack of sleep,
extreme time pressure, and threat. There is also a need for caution if hypoxic
atmospheres are to be used in working environments where older people, statistically
more prone to ischemic heart disease will be employed. However, in our experiments
the effects of hypoxia did not seem to be any greater than the effect of change of
environment, motivation, fatigue, or similar factors.
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Swedish Performance Evaluation System (SPES)

Anders Iregren
Department of Ergonomics, National Institute for Working Life.

METHODS

Six different tasks from the computerized Swedish Performance Evaluation System
(Gamberale, Iregren, & Kjellberg 1990)). were included in the battery. Two rating
scales, one pertaining to symptoms of hypoxia and the other amood scale, one reaction
time test, a coding task, and two motor tests, one finger tapping speed task were
included. The tests were administered by the subjects themselves on Toshiba 3200
portable computers, connected to a printer outside the chamber.

The week prior to the start of the experiment the subjects practised at the tasks on a
total of six occasions during two consecutive days. The number of practice runs varied
between the different tasks, since the tests vary a lot with respect to complexity and
sensitivity to training effects. The number of training occasions is mentioned in the
following descriptions of each task.

Description of the questionnaires and performance tests

The subjects completed the following test sequence in the order presented at two
occasions each day during the experiment.

The Environmental Symptoms Questionnaire (ESQ III)

The Environmental Symptoms Questionnaire was validated in a series of studies of
acute mountain sickness (Sampson et al, 1983). The questionnaire contains 67
questions concerning respiratory symptoms, central nervous system problems,
symptoms from ear, nose, and throat, fatigue, and alertness. Ratings are made on six
point scales with verbal labels, ranging from 0, labelled “Not at all” to 5, labelled
“Extreme”. The subjects filled out this questionnaire on 2 occasions prior to the
experiment.
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Simple reaction time

Simple reaction time is a sustained attention task measuring response speed to an
easily discriminated but temporally uncertain visual signal. The task is to press a key
on the computer key board as quickly as possible when a large red rectangle is
presented on the display. A total of 96 stimuli were administered during 6 min at
intervals varying between 2.5 and 5.0 s. The first minute serves as practice, after which
performance capacity is assessed for 5 min . The subjects were allowed to practice
only once with the reaction time test. :

Symbol digit

Symbol digit is a revised version of a traditional test of perceptual speed. In one row
on the screen a key to this coding task is given by the pairing of symbols with the
randomly arranged digits 1 to 9. The task is to key in as fast as possible the digits
corresponding to the symbols presented in random order in a second row. Each item
consists of 9 pairs of randomly arranged symbols and digits, and a total of ten items
are presented. Performance is evaluated for the last six items of the test. The subjects
had six full runs with this test prior to the experiment.

Finger Tapping

Finger Tapping measures the maximum rate of repetitive movement. The task is to tap
as rapidly as possible on a key at the key board with the index finger. The forearm is
kept in a fixed position at the table. A total of eight 10 s trials, with a forced interval
of 15 s, are performed while alternating between the preferred and non-preferred hand.
Fort trials are given using each hand, and the first trial with each hand is regarded as
practice trial. Before the experiment the subjects practised with the finger tapping on
4 occasions.

Self rating of mood

The scale consists of 12 mood descriptive adjectives coupled to a six category
response scale (Kjellberg & Iwanowski, 1989). The response categories have verbal
labels ranging from “not at all” to “very much”. Ratings are given by typing the
number of the appropriate response alternative. A score in each scale is computed in
two mood dimensions identified by factor analysis, an Aurosal and a Stress dimension.
The scales are bipolar with three adjectives representing each pole. The score in each
scale is computed as a mean of the ratings of the six adjectives after a reversal of the
response scale for the lower pole items.
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Statistical tests

Due to the general planning and structure of the experiment, it was not possible to
carry out any global analysis of variance on the outcome data. Therefore, significance
testing has been performed using a series of t-tests, comparing performance or rating
data for each of the two watches during one treatment period to the data from the
following treatment period. The same kind of tests was performed also to evaluate the
presence of possible circadian variations.

RESULTS

Questionnaires

Environmental Symptoms Questionnaire

Data from the questionnaire were evaluated separately for respiratory symptoms,
central nervous system problems, symptoms from ears, nose and throat, fatigue, and
alertness. No consistent significant differences on the group level were found.
However, as may be seen from the plots of individual ratings of symptoms, it seems
that one or two subjects in each watch is affected by the lowered oxygen, at least for
the subscales cerebral symptoms and respiratory symptoms.

Self rating of mood

Data from the questionnaire were evaluated separately for the two subscales stress and
activity. No consistent significant differences on the group level were found, and there
were no indications that any single individual reacted differently from the group.

Performance tests

Results from the performance tests are presented in Figure 1 and in Table 1.

Simple reaction time

No significant performance changes in the expected direction were seen at the group
level, and there were no indications that the reaction time of any individual was
affected by reduced oxygen levels. Significant circadian variations were observed,
with shorter reaction times in the “afternoon” than in the “morning”.
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Figure 27. Results from the computerized SPES test battery are plotted against
day of testing. The changes in results (response time and number of taps) are
expressed as percentage change from baseline (21, I). Regression lines with
90 % confidence intervals were calculated from the results in normoxia.
Asterisks (*) indicates Po, shifts were paired t tests indicated significantly
changed performance.

Symbol digit

No significant performance changes in the expected direction were seen at the group
level, and there were no indications that the latency for the coding performance of any
individual was affected by reduced oxygen levels. There is a continuous reduction in
mean latencies for the symbol digit coding performance during the entire duration of
the experiment.

Finger tapping speed

No significant performance changes in the expected direction were seen at the group
level, and there were no indications that the tapping speed of any individual was
affected by the lowered atmospheric oxygen content. For one of the two watches there
is a continuous increase in the number of taps made over the experimental session.
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Table 1. Mean(M) and standard deviation (SD) for the different tests included
in the SPES test battery in HYPO 1. The M and SD for the tests pertain to all test
sessions within a specific Po; level .

Poz2 M (SD) M  (SD)

FINGER TAPPING, no. of taps

preferred hand non-preferred hand

21,1 71 (8.5) 63 (7.1)
15,1 74 (7.4) 65 (7.2)
21,11 75 (7.0 66 (6.5)
15,11 78 (7.6) 68 (7.4)
21,11 79 (5.7) 69 (5.2
SIMPLE REACTION TIME SYMBOL DIGIT

msec msec

21,1 221 (17) 1827 (302)
15,1 214 (21) 1669 (260)
21,11 207 (27) 1572 (215)
15,11 233 (24) 1502 (180)
21,11 237 (26) 1461 (199)

DISCUSSION

In general, no effects on performance from the reduced atmospheric oxygen concent-
ration could be observed. Furthermore, it seems that on the group level, no increase
in symptoms or changes in mood were found.

However, there are some indications that the symptom reports of a few individuals
may be affected by the reduced oxygen contents in the inspired air. Still, these
indications suggest quite small changes, and the changes are not fully consistent over
the experimental period. There seemed to be an increase in the symptoms reported by
a few individuals in relation to the first period of reduced oxygen, but the expected
recovery by return to normal oxygen levels was not observed for all subjects reacting,
and the reaction indicated at the first period with low oxygen was not repeated for all
subjects by the second period at 15% oxygen.

Since for simple reaction time clear circadian variation was observed, it seems that
this test showed the sensitivity that has been documented in several applications
previously. In earlier studies of effects from various low arousal inducing agents, such
as sleep deprivation, solvent exposure, and exposure to noise, it has been shown that
this reaction time test is very sensitive. Thus, it does not seem probable that exposure
to atmospheric oxygen at 15% causes any decrease in arousal.
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Sleep duration, subjective sleep quality and
sleepiness/alertness

Mats Gillberg
National Institute for Psychosocial Factors and Health,
Section for Stress Research, Karolinska Institute,
Stockholm Sweden

METHODS

Subjective sleep quality was assessed with the Karolinska sleep diary. This instrument
has been used in several studies (Kecklund & Akerstedt, 1993, Akerstedt et al, 1995)
and has been shown to have good correspondence with EEG-recorded sleep (Akerstedt
et al., 1994). The following items from the diary formed the index: “how was your
sleep”, "unrestful sleep”, "difficulties falling asleep”, ”premature awakening”, and
”well rested”. The index could vary between 1 and 5 (best quality).The Karolinska
sleepiness scale (KSS) was used to measure subjective sleepiness. The scale ranges
between 1 (“very alert”) and 9 ("very sleepy, great effort to keep awake, fighting
sleep”). Also this instrument has been validated against objective measurements, for
instance, EEG-recordings (Akerstedt & Gillberg, 1990) and performance (Gillberg et
al., 1994).

STATISTICAL METHODS

Data were collapsed over the six successive experimental periods, that is, the first
period with 21% O2, the first period with 13%O>, the second period with 21% O2, the
period with 15%, the second period with 13% O2, and the third period with 21%. All
data have been analysed with Analysis of variance (ANOVA) for repeated
measurements on the factor experimental period (time). In addition, group (A or B)
was added as a between factor. Since repeated measurements ANOV As might violate
the assumptions of compound symmetry all p-values are given after Huyn-Feldt’s
correction.

RESULTS AND DISCUSSION

Sleep duration.

The times for going to bed and for rising, respectively, are mainly a function of the
duty schedules for the two groups and are therefore not analysed here. Sleep duration
was analysed for the main sleeps, for the nap sleeps and for all sleep obtained during
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Figure 1. Main sleep duration (means and standard errors) of group A and
group B, respectively, across the experiment. Results from ANOVA: F(group; df
1, 6)= 0.26, ns; F(time; df 5, 30)= 5.45. p<0.01; F(interaction group x time; df
5, 30) = 4.49, p<0.02. '

a 24-hour period, respectively. The subjects in group A had their main sleeps between
06h and 12h, while those in group slept during the interval 00h and 06h. Results from
the main sleeps are shown in figure 1, those from the nap sleeps in figure 2, and the
total sleep duration per 24 hours in figure 3.

There was no significant group difference for main sleep duration nor for nap sleep
duration. Figure 1 shows that the significant change in main sleep duration was a fall
across the experiment and the significant interaction explains the different patterns
between the groups. An inspection of figure 2 shows that, at least for group B, the
subjects compensate shorter main sleep with longer nap sleep. Looking at the amounts
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Figure 2. Nap sleep duration (means and standard errors) of group A and
group B, respectively, across the experiment. Results from ANOVA: F(group;
df 1, 6)= 0.82, ns; F(time; df 5, 30)= 2.62. ns; F(interaction group x time; df
5, 30)=2.09, p<0.02.

of sleep obtained in 24 hours, both groups show a similar pattern. Generally, sleep
duration increases during the first 4 periods and drops back during the last two periods.
It is difficult to ascribe the observed changes in sleep duration to changes in oxygen
level, for instance, the final 13% period is similar to the final 21% period. The relative
changes noted for the main and nap sleep durations might be a consequence of a
gradual adaptation to a biphasic pattern of sleep
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Figure 3. Total sleep duration during 24 hours (means and standard errors) of
group A and group B, respectively, across the experiment. Results from ANOVA:
F(group; df 1, 6)= 0.79, ns; F(time; df 5, 30)= 3.88. p<0,02; F(interaction
group x time; df 5, 30)=1,03, ns.
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Sleep diary
A sleep quality index was calculated from the sleep diary. Figure 4 shows the data for
the main sleeps of the two groups across the experimental periods.
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Figure 4. Sleep quality index (means and standard errors) of group A and group
B, respectively, across the experiment. Results from ANOVA: F(group; df1, 6)=
3.35, ns; F(time; df 5, 30)= 1.20, ns; F(interaction group x time; df 5, 30)=7.30,
p<0.001.

The overall sleep quality was good for both groups, around 4 on the 5-point index, and
there was no significant group difference. Neither was there an overall change across
the experimental periods (that is, the factor “time”). There was, however, a highly
significant interaction and an inspection of figure 4 gives at hand that this might be
explained by the large group difference during the first 21%-period. Presumably, this
reflects the fact that the subjects in group A during this period were not yet adapted
to the imposed sleep/wake schedule with a main sleep during the day. Later on their
perceived quality increase. Group B on the other hand maintained the habitual night
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sleep pattern and had initially a good sleep quality. There were no evident connections
between oxygen level and perceived sleep quality.
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Figure 5. Sleepiness ratings (KSS; means and standard errors) of group A and
group B, respectively, across the experiment. Results from ANOVA: F(group; df
1, 6)= 2.75, ns; F(time; df 5, 30)= 2.51, ns; F(interaction group x time; df 5,
30)=1.37, ns.

Subjective sleepiness

Subjective ratings of sleepiness across experimental periods are shown in figure 5. For
each of the six periods all KSS ratings given every two hours during the 6-hour waking
periods were averaged to form single means.

Although figure 5 shows a slight decrease in sleepiness across the experiment and a
lower level of sleepiness for group B, no statistical support for this could be found. The
overall level of alertness waried between scale values 3 (alert - normal level”) and
5 ("neither alert nor sleepy”), that is, there was no period with significant sleepiness.
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CONCLUSIONS

Neither subjective sleep quality nor subjective sleepiness were affected by the oxygen
level. The effects that appeared could be attributed to the different timings of sleep/
wake of the two groups and to the adaptation procedure to these schedules. However,
the group differences should be interpreted with great caution, since the number of
subjects in each group were very few.
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Psychiatric ratings of volunteers during stay in a
pressure chamber

Eklundh T1, Gunnarsson T1, Nordin C2.
Department of Clinical Neuroscience and Family Medicine,

Division of Psychiatry1, Huddinge University Hospital and
Department of Psychiatry2, University Hospital, Link6ping.

Methods

All the items from the Comprehensive Psychopathological Rating Scale
(CPRS)(1) were used in the rating of volunteers before (n=9), during
(n=7) and after (n=7) their stay in a pressure chamber. The ratings were
performed by dr Tove Gunnarsson and dr Thomas Eklundh, both
psychiatrists. Two of dr Eklundh’s volunteers were omitted because of
somatic complications. During the stay in the pressure chamber, dr
Gunnarssons volunteers were also rated by professor Conny Nordin,
Department of Psychiatry, University Hospital, Linképing. As the
ratings after half the exposition-time were performed during stay in a
pressure chamber, the requirements -for “blind technique” were not
met.

Non-parametric statistics were used (2). The medians for individual
items were not useful for comparisons, as the changes were too small,
why range and mean rank are reported.

Friedmans ANOVA was used to detect changes between the three rating
sessions. The Wilcoxon signed rank test was used to localize
differences between the ratings in case of significance in Friedmans
test. Mann-Whitney U-test was used to compare the scores of the two
raters .

The level of significance was in all calculations set at p<0.05.
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Results :

The sum of the rating scores increased numerically from session to
session, but not significantly (Table 1).

When the separate items were examined, significant differences were
found for item 2 (elation), item 22 (increased sexual interest), item 27
(derealisation) and item 67 (assumed reliability of the rating) (Table
2). No further information was obtained when Wilcoxon signed rank test
was employed. Results on a trend level (0.05<p<0.1) were noted for item
18 (reduced appetite), item 19 (reduced sleep), item 23 (autonomic
disturbances), item 30 (disrupted thoughts) and item 32 (ideas of
grandeur).

Differences were found between raters (Eklundh - Gunnarsson) for item
27 (derealisation; before), item 23 (autonomic disturbances; during),
item 2 (elation; after), item 19 (reduced sleep; after) and for the score
sum before the stay in the pressure chamber (Mann-Whitney; p<0.05)
(Table 3). When the sum of scores during and after the stay in the
pressure chamber was expressed as percent of the score before, no
difference between the raters was found (during: z=-1.09; p=0.2752;
after: z=-0.22; p=0.8273).

The simultaneous ratings performed by dr Gunnarsson and professor
Nordin during the stay in the pressure chamber confirmed dr
Gunnarsson’s ratings. No difference was found for any of the items
(Wilcoxon signed rank test).

Discussion

The material comprising seven volunteers who completed the project is
for natural reasons small and our results must be interpreted with
caution. The risk for type ll-errors (lack of conclusive findings due to a
small number of subjects) must be taken into consideration.

We found certain differences between items when comparing the three
sessions (Table2). The change in item 2 (elation) seems mainly to be
due to an increase after the completion of the project, and is probably
more of a psychological reaction than an effect of the changed
physiological conditions. This reasoning is probably also applicable to
item 22 (increased sexual interest) (Table 3).

For item 27 (derealisation) we noted a decrease compared to the rating
before the stay in the pressure chamber. This might suggest an effect
of the stay itself, but could also reflect negative expectations before
the exposure. The fact that the raters differed significantly from each
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other regarding this item (Table 3) is difficult to explain. It might be
due to the distribution of the volunteers or - which is less probable - a
lack of inter-rater reliability. The same discussion is applicable to
item 3 and item 19 (Table 3).

The assumed reliability of the rating (item 67) seems to be lower
during the stay, which may suggest that the raters were affected by
the changed physiological conditions in the chamber. All raters
reported increasing fatiguability during the course of the rating.

Conclusion

The changes that were demonstrated for certain items can not with any
degree of certainty be related to the changed physiological conditions
in the chamber. The number of volunteers is so small that it undeniably
affects the possibility to detect differences. Comparison with other
parameters in the project such as ESQ might possibly give indications
of effects.

In a possible repeated experiment, the inter-rater reliability must be
controlled before (and during) the experiment. Furthermore, the rating
should perhaps be done from a position outside the pressure chamber,
e.g. through a window and using a suitable communication equipment.
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Table 1. Median scores for the sum of 66 items in CPRS

Before During After

3 3.5 5

Friedman ANOVA chi corrected for ties=2.30;p=0.3172
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Table 2. Range [ ] and mean ranks ( ) for items with significance when
tested with Friedmans ANOVA

ltem Before During After
2 (elation) [0-1] [0-0.5] [0-2.5]
(2) (1.6) (2.4)
Chi corrected for ties=6; p=0.0498
22 (increased [0-0] [0-0] [0-1.5]
sexual interest)
(1.8) (1.8) (2.4)
Chi corrected for ties=6; p=0.0498
27 (derea- [0-1] [0-0] [0-0]
lisation)
(2.4) (1.8) (1.8)
Chi corrected for ties=6; p=0.0498
67 (assumed [2-3] [2-3] [2-3]
reliability of
ratings)
(2.2) (1.8) (2.2)

Chi corrected for ties=6; p=0.0498
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Table 3. Items for which significant differences were found between raters

Mean rank

TE TG Z p
27(dereali- 6.6 3 -2.91 0.0285
sation, before)
23 (autonomic 2 5.5 -2.22 0.0262
disturbances;
during)
2 (elation; 6 2.5 -2.22 0.0262
after) '
19 (reduced 6 2.5 -2.22 0.0262
sleep; after)
Sum; before 6.9 2.6 -2.34 0.0195
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ERYTHROPOIETIN CONCENTRATIONS DURING 10 DAYS OF
CONTROLLED NORMOBARIC HYPOXIA.

Bo Berglund?', Christina Gustafsson?, Hans Ornhagen?, and Leif Wide?®. * Dept. of Intemal Medicine,
Karolinska Hospital, Stockholm, Sweden, 2 National Defence Research Establishment, Naval Medicine
Div, Horsfjarden, Sweden, and ? Dept. of Chemistry, Akademiska Hospital, Uppsala, Sweden.

INTRODUCTION: It is well established that
erythropoietin concentration ([epo]) increasesin
man afterexposure tohypoxia. Longterm studies
have been performedin mountains under various
uncontrolled environmental circumstances, but
long term studies of [epo] under controlled
conditions are lacking. Therefore, the aim of the
present study was to study [epo] and some other
relevant blood parameters before and during 10
days of controlled normobaric hypoxia.

MATERIAL AND METHODS: Seven healthy
male volunteers aged from 20 to 23 years
participated in the study. Blood samples for
[epo], hemoglobin concentration ([Hb]),
hematocrite (hct), andferritin concentration ([fer])
were obtained before, and after 1, 2, 3, 5, 8 and
10 days of continuous exposure to normobaric
hypoxia (14% oxygen). [Epo] was analyzed
according to Wide (1990) and [Hb], hct and [fer]
were analyzed by routine methods at the Karo-
linska hospital.

RESULTS: Erythropoietin, hemoglobin, and
hematocrite concentrations (Mean+S.D.) before
and during 10 days of normobaric hypoxia (14 %
O) are presentedin the figures. [Epo]increased
from9.5+3.51UNt033.6 £ 11.64 U/ (p<.05) after
2days of hypoxia. Thereafter[epo] decreased to
15.413.92 U/ (p<.05) after 5 days. After 10days
[epo] was still increased (18.7 + 5.83 U/l) as
compared to before hypoxia (p<.05). [Hb] and
hct increased over the 10 days of hypoxia [Hb]
from 152+ 8.9 g/1to 168+ 9.2 g/, and hctfrom 43
+2.4% t0 49 + 2.6% ) (p<.001). [Fer] decreased
significantly during the hypoxic exposure from
82146.9mmol/1to 44+ 31.7 mmol/ after 10days
(p<.01).

CONCLUSION: The initial increase of [epo]
_under controlled hypoxia is marked and more

accentuated than in earlier data obtained during
mountain sojourn at similar level of hypoxia. On
the other hand, the [epo] levelled off after 5-9
days, which is similar to results obtained at
previous mountain sojourns. [Hb] and hct
increased as expected, most likely due to hemo-
concentration. The decrease in [fer] was also
expected and indicates decreased iron stores
due to accelerated erytropoiesis.

[Epo], U/
40
30
20
10
0
Before 1 2 3 5 8 10
hypoxia Days of hypoxia
[Hb}, g/l
180 ¢/
170
160
150
.r
Before . 5 10
hypoxia Days of hypoxia
het, %
52
50
48
46
44
42
Before . 5 10,
hypoxia Days of hypoxia

Figures: Erythropoietin (Epo), Hemoglobin (Hb)
and Hematocrite (hct) concentration before and
during 10 days of normobaric hypoxia (14% O,).
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Mean(M) and standard deviation (SD) for physiological parameters measured
during rest and during bicycle ergometry. The M and SD pertain to all test sessions
within a specific Po; level (For better understanding see Po; profiles in Figure 7.).

HYPO 1 HYPO 2 HYPO 3
Rest 100W Rest 100W Rest 50W
Poz M (SD) M (SD) Po2 M (SD) M (SD) Po2 M(SD) M(SD)
$a02 (%)
21,1 96 (1) 9 (1) 21,1 97 (1) 96 (1) 21,1 96 (1) 96 (1)
15,1 92 (1) 88 (3) 13,1 90 (38) 78 (5) 14 91 (1) 88 (1)
21,1 9 (1) 9 (1) 21,1 98 (1) 9 (1) 21,01 96 (1) 96 (1)
15,1 93 (1) 90 (2) 15 93 (1) 90 (1)
21,0 97 (1) 97 (1) 13,1 9 (2) 84 (2
21,1 97 (1) 96 (1)
Pulse (BPM)
21,1 84 (8 117 (6) 21,1 81 (10) 123 (14) 21,1 94 (8 102 (8)
15,1 89 (8) 126 (8) 13,1 94 (7) 140 (9) 14 95 (7) 109 (5)
21,11 87 (6) 119 (6) 21,11 82 (8) 121 (14) 21,11 87 (10) 104 (7)
15,11 91 (8) 129 (10) 15 85 (8) 128 (13)
21,11 91 (7) 123 (10) 13,11 87 (10) 137 (8)
21,11 81 (8) 122 (12)
End tidal O2 (kPa)
21,1 15.3 (0.4) 14.3 (1.1) 21,1 15.8 (0.9) 14.3 (0.7) 21,1 14.4 (1.8) 14.0 (1.3)
15,1 9.8 (0.5) 9.3 (1.0) 13,1 9.8 (0.5) 9.1 (0.8) 14 8.9 (0.3) 8.3(0.3)
21,11 15.3 (0.6) 14.5 (0.8) 21,11 155 (0.5) 14.1 (0.4) 21,11 15.1 (0.4) 14.4 (0.5)
15,11 10.1 (0.4) 9.7 (0.8) 15 10.1 (0.4) 9.4 (0.5)
21,111 15.2 (0.5) 14.7 (0.6) 13,11 8.0 (0.5) 7.8 (0.5)
21,111 16.0 (0.5) 15.0 (0.8)
End tidal CO2 (kPa)
21,1 5.2 (0.4) 6.5 (0.7) 21,1 5.0 (0.6) 6.5 (0.4) 21,1 5.1(0.5) 6.3(0.3)
15,1 5.0 (0.3) 5.6 (0.6) 13,1 4.5 (0.4) 5.4 (0.7) 14 46(0.2) 5.2(0.3)
21,11 5.1(03) 6.1(05) 21,1 47(05) 59 (0.5 21,1 47(03) 5.4 (0.3)
15,11 4.7 (0.2) 5.2 (0.5) 15 47 (0.3) 5.2 (0.3)
21,11 4.9 (0.3) 5.7 (0.5) 13,11 4.5 (0.4) 4.9 (0.4)
21,11 4.8 (0.4) 5.8 (0.4)
Breathing frequency (breaths/min)
21,1 15 (2) 18 (4) 21,1 15 (4) 17 (4) 21,1 12 (2) 13 (2
151 16 (2) 19 (4) 13,1 17 (4 20 (5) 14 12 (20 15 (2
21,1 16 (3) 19 (3) 21,11 16 (4 19 (4) 21,11 13 (4) 16 (4)
1511 17 (2 21 (4) 15 16 (3) 20 (3)
21,1 17 (2) 21 (4) 13,11 17 (8) 21 (4)
21,11 16 (3) 19 (3)
Ventilation (I/min)
21,1 21,1 9 (35) 29 (4.3) 21,1 9(1.3) 20(3.0)
15,1 13,1 11 (2.8) 38 (7.5) 14 12 (2.3) 24 (2.9)
21,11 21,11 11 (3.9) 32 (5.5) 21,1 11 (1.1) 22 (2.5)
15,11 15 11 (2.4) 36 (3.7)
21,11 13,11 12 (3.3) 42 (5.0)
21,11 10 (27) 31 (3.3)
Perceived exertion
21,1 21,1 2.9 (1.2) 21,1
15,1 3.9 (0.9) 13,1 2.6 (1.0) 14 1.1 (0.3)
21,11 2.5 (0.8) 21,11 2.1 (0.3) 21,11 1.3 (0.7)
15, 11 3.0 (0.7) 15 2.8 (0.3) _
21,11 1.9 (0.9) 13,11 3.1 (1.2)
21,11 2.6 (0.9)
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Mean (M) and standard deviation (SD) for measurements of hand grip strength,
critical flicker fusion threshold, and optical readaptation time (RAT). The M and
SD pertain to all test sessions within a specific Poj level (For better understanding
see Po; profiles in Figure 7.).

HYPO 1 HYPO 2 HYPO 3
Poo M (SD) Pop M  (SD) Pog M (SD)

Hand grip strength, preferred hand (kp)
21,1 559 (7.9) 21,1 622 (8.2
13,1 528 (8.9) 14 62.8 (6.6)
21,11 555 (10.1) 21,11 655 (7.7)
15 546 (7.4)
13,11 533 (8.7)
21,11 551 (8.8)

Hand grip strength, non preferred hand (kp)

21,1 535 (8.9) 21,1 576 (6.1)
13,1 514 (7.3) 14 586 (7.7)
21,1 529 (7.9) 21,11 593 (8.5)
15 54.6 (10.5)

13,1 540 (11.9)
21,11 537 (12.4)

CFF, Red
21,1 328 (1.6 21,1 329 (24) 21,1 347 (1.2
15,1 335 (2.4) 13,1 329 (2.3) 14 341 (0.8)
21,11 342 (2.7) 21,11 327 (1.6) 21,1 348 (1.1)
15,11 34.3 (2.7) 15 33.2 (2.1)
21,11 343 (2.3) 13,11 338 (2.0
21,11 341 (24)
CFF, Green
21,1 353 (2.1) 21,1 358 (2.8) 21,1 36.8 (0.9)
15,1 36.6 (2.7) 13,1 361 (2.8) 14 36.4 (0.4)
21,1 37.0 (2.9) 21,11 355 (2.9) 21,11 361 (0.8)
15,11 373 (2.7) 15 356 (3.5 -
21,11 36.7 (3.4) 13,11 349 (1.6
21,1 357 (3.3)
RAT, sec

21,1 9.8 (1.8
15,1 81 (1.4)
21,1 7.7 (1.8)
15,1 9.0 (1.8)
21,1 88 (24)
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Mean(M) and standard deviation (SD) for the psychomotor testsin HYPO 2,
and 3. The M and SD for the tests pertain to all test sessions within a
specific Poj level (For better understanding see Po; profiles in Figure

7.).
HYPO 2 HYPO 3
Po2 M (SD) X (SD) P02 M (SD) M (SD)
MANIKIN, response time, sec
sec number of errors sec number of errors
21,1 2.66 (0.35) 0.7 (1.10) 21,1 2.23(0.564) 0.7 (0.47)
13,1 2.57 (0.36) 0.8 (0.91) 14 2.18(0.537) 0.6 (0.52)
21,1 2.41 (0.33) 0.9 (1.31) 21,11  2.13(0.293) 0.4 (0.41)
15 2.42 (0.29) 1.1 (1.56)
13,11 2.38 (0.22) 0.7 (0.96)
21,11 2.35 (0.25) 0.9 (1.16)
STROOP, response time ,sec

Control read word name color read word name color
21,1 0.40 (0.035) 0.47 (0.045) 21,1 0.39(0.062) 0.46 (0.063)
13,1 0.38 (0.037) 0.46 (0.057) 14 0.38 (0.060) 0.42 (0.063)
21,11 0.37 (0.032) 0.45 (0.054) 21,11 0.38 (0.065) 0.43 (0.062)
15 0.36 (0.027) 0.43 (0.046)

13,11 0.36 (0.023) 0.42 (0.039)
21,111 0.34 (0.024) 0.41 (0.047)

Conflict read word name color read word name color
21,1 0.43 (0.040) 0.61 (0.094) 21,1 0.41(0.069)  0.55 (0.098)
13,1 0.40 (0.033) 0.59 (0.091) 14 0.40(0.071) 0.52 (0.090)
21,11 0.39 (0.029) 0.57 (0.073) 21,11 0.41(0.087) 0.52 (0.089)
15 0.39 (0.030) 0.55 (0.075)

13,11 0.38 (0.023) 0.51 (0.057)
21,11 0.36 (0.021) 0.50 (0.069)

Congruent  read word name color read word name color
21,1 0.39 (0.035) 0.42 (0.052) 21,1 0.39(0.064)  0.39 (0.052)
13,1 0.37 (0.032) 0.39 (0.054) 14 0.37(0.064)  0.37 (0.056)
21,11 0.36 (0.036) 0.37 (0.080) 21,11 0.36 (0.050) 0.37 (0.058)
15 0.36 (0.030) 0.37 (0.052)

13,11 0.34 (0.029) 0.36 (0.043)
21,11  0.34 (0.024) 0.34 (0.045) .
FOUR CHOICE REACTION TIME,
RT number of errors RT number of errors
21,1 0.32 (0.022) 8.9 (5.89) 21,1 0.32(0.014) 10.6 (6.38)
13,1 0.31 (0.017) 7.3 (5.04) 14 0.31(0.014) 9.4 (7.80)
21,11 0.30 (0.020) 10.0 (7.62) 21,11 0.30 (0.022) 9.4 (7.82)
15 0.30 (0.023) 10.3 (7.27)
13,11 0.30 (0.022) 12.3 (11.09)
21,111 0.29 (0.022) 12.8 (13.92)
FINGER TAPPING, no. of taps with each hand
preferred non-preferred preferred no-preferred
21,1 35 (4.3 30 (5.0) 21,1 35 (4.7) 30 (4.2)
13,1 35 (4.2) 31 (3.4) 14 37 (4.9) 31 (5.7)
21,11 35 (5.3) 30 (4.5) 21,11 37 (4.7) 30 (6.3)
15 37 (5.5) 31 (4.3)
13,11 37 (6.6) 31 (6.4)
21,11 36 (5.6) 30 (5.5)
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Mean(M) and standard deviation (SD) for the Symbol coding testin HYPO 2,
and 3. The M and SD for the tests pertain to all test sessions within a
specificPo; level (For better understanding see Po; profilesin Figure 7.).

HYPO 2 HYPO 3

Po2 M (SD) M (SD) Po2 M (SD) M (SD)
SYMBOL CODING
REACTION TIME, sec

Simple rule 1 feature 2 features 1 feature 2 features
21,1 0.61 (0.06) 0.61 (0.07) 21,1 0.57 (0.10)  0.57 (0.07)
13,1 0.58 (0.04) 057 (0.05) 14 0.52 (0.05) 051 (0.04)
21,11 056 (0.04)  0.57 (0.05) 21, 051 (0.05) 0.50 (0.05)
15 0.56 (0.06) 055 (0.05)

13,11  0.54 (0.04) 053 (0.04)
21,11 0.53 (0.05) 0.54 (0.05)

Complex rule 1 feature 2 features 1 feature 2 features
21,1 1.35 (0.44) 1.36  (0.41) 21,1 1.16 (0.19)  1.12 (0.19)
13,1 1.24 (0.40) 1.25 (0.43) 14 0.96 (0.19) 0.94 (0.20)
21,1 114 (0.36)  1.10 (0.34) 21,1 087 (0.21) 089 (0.21)
15 1.08 (0.35)  1.11 (0.38)

13,1 098 (0.28) 1.02 (0.29)
21,11 0.99 (0.27) 0.99 (0.29)
ACCURACY

Simple rule 1 feature 2 features 1 feature 2 features
21,1 0.98 (0.03) 0.98 (0.02) 21,1 0.96 (0.04) 098 (0.02)
13,1 0.97 (0.02) 097 (0.03) 14 0.96 (0.04) 0.96 (0.04)
21,11 0.98 (0.02) 0.97 (0.04) 21,11 0.98 (0.03) 0.95 (0.03)
15 0.96 (0.03)  0.97 (0.02)

13,11  0.95 (0.04) 0.96 (0.05)
21,1 095 (0.03) 095 (0.05)

Complex rule 1 feature 2 features 1 feature 2 features
21,1 0.97 (0.05)  0.97 (0.03) 21,1 0.94 (0.05) 0.94 (0.04)
13,1 0.98 (0.02)  0.96 (0.04) 14 0.94 (0.07) 0.95 (0.07)
21,1 097 (0.04) 097 (0.03) 21,1 096 (0.04) 096 (0.03)
15 0.97 (0.04) 096 (0.04)

13,11 096 (0.03) 096 (0.03)
21,1 0.96 (0.04) 0.95 (0.04)
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Mean(M) and standard deviation (SD) for the cognitive tests used in HYPO
1, 2, and 3. The M and SD for Ravens matrices pertain to one test session
and for the other tests to all test sessions within a specific Po; level (For
better understanding see Po, profiles in Figure 7.).

HYPO 1 HYPO 2 HYPO 3

Po2 M (SD) Po2 M (SD) Poo M (SD)
RAVEN, no. correct answers

21,1 70 (1.9 21,1 53 (2.3) 21,1 6.1 (1.9)

15,1 6.9 (2.0) 13,1 59 (1.9 14 6.4 (1.4)

151 7.0 (1.6) 15 50 (2.8) 14 74 (0.8)

21,11 6.8 (2.0) 21, I 59 (1.4) v 21, I 59 (1.7)
BADDELEY, efficiency

21,1 071 (0.10) 21,1  0.64 (0.08) 21,1 071 (0.11)

15,1 0.77 (0.09) 13,1 0.67 (0.08) 14 0.78 (0.11)

21,1 0.81 (0.10) 21,11 0.67 (0.09) 21,11 079 (0.12)

15,11 0.83 (0.11) 15 0.69 (0.08)

21,11 0.83 (0.09) 13,11 0.70 (0.08)

21, 070 (0.08)

STM, number of recalled figures

21,1 51 (0.8) 21,1 47 (1.0 21,1 47 (0.8)
151 54 (0.8) 13,1 53 (0.9) 14 53 (0.9)
21,11 56 (1.1) 21,11 50 (0.7) 21,1 59 (0.8)
15,1 57 (1.0) 15 54 (0.8)
21,1 6.0 (1.1) 13,1 55 (1.0)

21, 55 (0.6)

PASAT, percent correct answers

n=69 n=100
21,1 946 (5.7) 21,1 83.1 (11.5)
15,1 955 (4.2) 13,1 85.3 (11.6)
21,11 96.7 (4.7) 21,11 86.7 (11.1)
15,11 978 (2.7) 15 90.4 (9.6)
21,11 982 (2.4) 13,11 90.5 (8.0)

21,11 936 (6.3)
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Mean(M) and standard deviation (SD) for the motor testsin HYPO 2, and 3.
The M and SD for the tests pertain to all test sessions within a specific Poj
level (For better understanding see Po; profiles in Figure 7.).

HYPO 3
Po2 M (SD) M (SD)
MEDIUM TAPPING,
no. of correctly comfleted no. of errors
21,1 38 1.4 (2.1)
14’ 48 (7. 4; 1.1 1.8%
21,11 49 (12.2 1.0 (1.1
AIMING,
21,1 117 (12.6 4.2 §3.1;
14 127 (12.1 7.0 (6.0
21,1 127 (12.3) 105 (7.0)
PURSUIT AIMING
21,1 (8.0) 1.0 (1.2)
14’ 70 (7.0) 21 (2.1)
21,11 73  (8.0) 28 (2.3)
TRACING,
21,1 49 (7.7) 51 (3.3)
14 54 (6.7) 6.4 (3.9)
21,11 57 (7.2 6.4 (3.9)

Appendix G: 4



Mean(M) and standard deviation (SD) for the different factors on the ESQ
questionnaire used in HYPO 1, 2, and 3. The M and SD pertain to all test sessions

within a specific Po; level (For better understanding see Po profiles in Figure
7.).

HYPO 1 HYPO 2 HYPO 3
Po2 M (SD) Po2 M (SD) Po2 M (SD)

ENVIRONMENTAL SYMPTOMS QUESTIONNAIRE (ESQ)
CEREBRAL SYMPTOMS (AMS-C)

21,1  0.08 (0.09) 21,1 0.10 (0.21) 21,1  0.13(0.17)
15,1  0.12 (0.14) 13,1  0.30 (0.31) 14 0.29 (0.41)
21,11  0.23 (0.32) 21,11 0.07 (0.13) 21,11 0.35 (0.50)
15,11  0.16 (0.21) 15 0.09 (0.18)
21,11  0.10 (0.11) 13,11  0.09 (0.20)

21,11  0.05 (0.13)
RESPIRATORY SYMPTOMS (AMS-C)

21,1 0.1 (0.10) 21,1  0.24 (0.17) 21,1  0.13(0.15)
15,1  0.22 (0.20) 13,1  0.44 (0.30) 14 0.23 (0.25)
21,11 0.23 (0.25) 21,1 0.18 (0.13) 21,11 0.32 (0.42)
15,11  0.20 (0.17) 15 0.27 (0.23)
21,1 0.16 (0.15) 13,11 0.26 (0.19)

21,1 0.17 (0.12)
EAR, NOSE, AND THROUT

21,1  0.08 (0.11) 21,1  0.14 (0.20) 21,1  0.16 (0.27)
15,1  0.17 (0.15) 13,1  0.15(0.19) 14 0.18 (0.33)
21,1  0.17 (0.19) 21,11 0.07 (0.12) 21,11 0.27 (0.37)
15,1  0.20 (0.22) 15 0.13 (0.13)

21,11 0.13 (0.12) 13,1 0.10 (0.15)
21,11  0.10 (0.19)

ALERTNESS
21,1  3.13 (1.46) 21,1  4.37 (0.82) 21,1  38.97 (0.62)
15,1  3.04 (1.11) 13,1  4.05 (0.58) 14 3.99 (0.76)
21,11  2.77 (1.49) 21,11 4.47 (0.61) 21,11  3.95(0.88)
15,11  2.80 (1.32) 15 4.37 (0.60)

21,11 2.90 (1.22) 13,11  4.41 (0.51)
21,11  4.19 (0.89)

FATIGUE
21,1  0.45 (0.40) 21,1  0.77 (0.37) 21,1  0.46 (0.43)
15,1  0.48 (0.34) 13,1  0.90 (0.48) 14 0.78 (0.57)
21,11 0.45 (0.42) 21,11  0.67 (0.47) 21,11 0.86 (0.46)
15,11  0.48 (0.43) 15 0.80 (0.49)

21,1  0.48 (0.39) 13,1  0.60 (0.35)

21,11  0.67 (0.43)
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Mean(M) and standard deviation (SD) for the factors iactivity and stress in the
mood questionnaire used in HYPO 1, 2, and 3. The M and SD pertain to all test
sessions within a specific Poj level (For better understanding see Po; profiles
in Figure 7.).

HYPO 1 HYPO 2 HYPO 3
Po2 M (SD) Po2 M (SD) Po2 M (SD)
MOOD QUESTIONNAIRE
ACTIVITY
21,1  2.08 (0.34) 21,1 1.09 (0.64) 21,1  0.91(0.52)
15,1  2.10 (0.29) 13,1  1.08 (0.50) 14 0.82 (0.69)
21,1 1.97 (0.37) 21,11  1.04 (0.53) 21,11  0.59 (0.36)
15,11  1.91 (0.30) 15 0.99 (0.47)
21,11  1.94 (0.38) 13,11  1.10 (0.76)
21,11  1.06 (0.53)
STRESS
21,1  3.36 (0.27) 21,1  3.24 (0.67) 21,1  2.64 (0.79)
15,1  3.46 (0.23) 13,1  3.31(0.71) 14 2.19 (0.97)
21,11  3.58 (0.21) 21,11  3.27 (0.75) 21,11 1.99 (0.89)
15,11  3.53 (0.22) 15 3.11 (0.78)
21,11 3.48 (0.16) 13,  3.07 (0.85)

21,11 3.25 (0.82)

Mean(M) and standard deviation (SD) for the different factors in the Adjective
questionnaire used in HYPO 3. The M and SD pertain to all test sessions within a
specific Po; level (For better understanding see Po; profiles in Figure 7.).

HYPO 3 M (SD) M (SD)
ADJECTIVES
Pre confinement 12 days confinement
Extrovertion/introversion 4.9 (0.73) 5.0 (0.60)
Aggreeableness 5.1 (0.50) 4.9 (0.53)
Conscientiousness 4.4 (0.90) 4.2 (1.29)
Neuroticism 2.9 (0.72) 2.7 (0.80)
Intellect 4.9 (0.91) 5.1 (1.02)
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