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Normobaric Hypoxia and Submaximal Exercise Effects
on Running Memory and Mood State in Women
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BACKGROUND:

An acute bout of exercise can improve cognitive function in normoxic and hypoxic conditions. However, limited

research supports the improvement of cognitive function and mood state in women. The purpose of this study was to
examine the effects of hypoxia and exercise on working memory and mood state in women.

METHODS:

There were 15 healthy women (age = 22 = 2 yr) who completed the Automated Neuropsychological Assessment

Metrics-4™ Edition (ANAM), including the Running Memory Continuous Performance Task (RMCPT) and Total Mood
Disturbance (TMD) in normoxia (21% O,), at rest in normoxia and hypoxia (12.5% O,), and during cycling exercise at 60%

and 40% V0,,,,,, in hypoxia.
RESULTS:

RMCPT was not significantly impaired at 30 (100.3 £ 17.2) and 60 (96.6 = 17.3) min rest in hypoxia compared to baseline

in normoxia (97.0 = 17.0). However, RMCPT was significantly improved during exercise (106.7 *+ 20.8) at 60% V Oy
compared to 60 min rest in hypoxia. Following 30 (—89.4 = 48.3) and 60 min of exposure to hypoxia (—79.8 =+ 55.9) at
rest, TMD was impaired compared with baseline (—107.1 £ 46.2). TMD was significantly improved during exercise
(—108.5 + 42.7) at 40% VO,,,,, compared with 30 min rest in hypoxia. Also, RMCPT was significantly improved during
exercise (104.0 = 19.1) at 60% VOZmaX compared to 60 min rest in hypoxia (96.6 = 17.3).

DISCUSSION:

Hypoxia and an acute bout of exercise partially influence RMCPT and TMD. Furthermore, a moderate-intensity bout of

exercise (60%) may be a more potent stimulant for improving cognitive function than low-intensity (40%) exercise. The
present data should be considered by aeromedical personnel performing cognitive tasks in hypoxia.
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ypoxia can be induced by either pathological (chronic

obstructive pulmonary disease, sleep apnea) or envi-

ronmental (changes in altitude or inhaled oxygen con-
centrations) influences. Previous research with 16 men reported
that a 60-min exposure to normobaric hypoxia led to a lower
throughput (working memory) score (number of correct
responses per minute) on the Running Memory Continuous
Performance Test (RMCPT) within the Automated Neuropsy-
chological Assessment Metrics-4" Edition (ANAM?), and Total
Mood Disturbance (TMD) scores improved with low- to mod-
erate-intensity exercise.'®!” A review article indicated that acute
aerobic exercise has a positive influence on cognitive function
via increased cortical activity, stimulation of the central ner-
vous system, increased neurotransmitters and a change in
regional brain blood flow, and increased arousal.”” A wide
range of cognitive dysfunction has been associated with
hypoxia, which may be induced from climbing a mountain,
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including impairment of short-term memory, verbal fluency,
language production, cognitive fluency, meta-memory, and
mood state.”?

Although the direct interaction between hypoxia and cogni-
tive dysfunction is not fully understood, it has been suggested
that cerebral deoxygenation and altered neurotransmitters are
potential bases for negative cognitive effects.!* The improve-
ments of cognitive function and mood state have been reported
during low- to moderate-intensity exercise at sea level in men.?
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However, limited research has examined the effect of hypoxia
and exercise on cognitive function and mood state response to
hypoxia in healthy women. There are gender-related functional
and morphological differences between men and women such
as body composition, muscle strength, pulmonary function,
cardiovascular function, metabolism, and such brain character-
istics as volume, gray matter, white matter, cerebrospinal fluid,
and neuronal processes.'” Gender-related differences in sym-
pathetic nerve activity in response to hypoxia and exercise as
indexed by cardiovascular function (tachycardia) have also
been reported in human and animal models.’

Sympathetic nerve activity is an important role in circula-
tory adjustment to hypoxia. Indeed, women exhibited lower
latency for peak muscle sympathetic nerve activity and faster
muscle sympathetic nerve activity recovery to baseline than
men in hypoxia.® Vagal tone, indexed by resting heart rate and
heart rate recovery following termination of exercise is related
to the activity of the prefrontal cortex, which, in turn, relates to
executive functions such as working memory, decision making,
perception, motor function, and inhibitory response.®*! Thus,
the purpose of the current study is to quantify working mem-
ory and mood state of women subjected to mild hypoxia and to
determine if any declines in working memory and mood
state in hypoxia can be restored by an acute bout of exercise.
We hypothesized that running memory and mood state would
be decreased during rest in hypoxia and running memory
and mood state would be restored during low- to moderate-
intensity exercise in hypoxia.

METHODS

Subjects

The Institutional Review Board at Kent State University approved
this study and all participants gave written informed consent
prior to participation. There were 15 young healthy women
(22 = 2 yr of age; height = 165.5 * 6.5 cm, weight = 62.1 = 8.8 kg,
and body mass index = 22.8 = 3.3 kg - m~?) who volunteered
for and participated in the current investigation. Participants
were not controlled for any contraceptive drug use because
doing so may have led to drug withdrawal side effects (e.g.,
menstruation timing, bleeding, and menstrual irregularity).
However, participants performed the present study when out-
side of their menstrual cycle (self-report). All participants were
physically active and free of pulmonary disease, cardiovascular
disease, postural orthostatic tachycardia syndrome, skeletal
muscle injury in the lower limbs, and were not exposed to nor-
mobaric hypoxia or an altitude above 2500 m (8202 ft) within 2
mo prior to participation in the study.

Equipment

RMCPT and Mood State were assessed through administration
of specific subsets of the ANAM?, a computerized cognitive
performance test battery consisting of a variety of cognitive
domains. The ANAM* has been administered to military and
sports-related concussion, exposure to radiation, high altitude,
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undersea, and toxic conditions.* The ANAM®* was designed to
minimize the learning effect by randomizing the stimulus (ques-
tions in each testing category) and allows researchers to develop
specific protocols by selecting from various validated cognitive
tests, both of which facilitate repeated-measures testing.”

The RMCPT was chosen because running (working) mem-
ory is a major component of executive function and plays a
role in many daily activities.'®* When a number was displayed,
the participants were instructed to click the mouse button as
quickly as possible in response to if it matched (left) or did not
match (right) the previously displayed number.

The mood state is designed to assess seven specific catego-
ries of mood: anger, anxiety, depression, fatigue, happiness,
restlessness, and vigor. Specifically, through the use of a laptop,
42 words expressing various emotions were presented to the
subject and they were instructed to choose a number between 0
and 6, with 0 being “Not at all” and 6 being “Very Much” for
each emotion presented. These emotions are associated with
the seven categories of mood state. TMD was calculated as
follows: TMD = (negative mood - positive mood), where
negative mood is the sum of the anger, anxiety, depression,
fatigue, and restlessness scores, and positive mood is the sum of
the happiness and vigor scores. Higher TMD scores indi-
cated greater negative mood states.

Procedures

Each participant reported to the laboratory on two separate
occasions (familiarization trial/submaximal and maximal Vo,
assessments and experimental trial). During the familiariza-
tion/submaximal and maximal Vo, assessments, participants
underwent prescreening and were introduced to the simulated
altitude chamber. Participants were also familiarized with the
protocol and instrumentation, including performing the cogni-
tive function and mood tests a minimum of three times. Par-
ticipants then performed two exercise protocols on a cycle
ergometer (Lode Excalibur Sport, Lode, Groningen, Nether-
lands) to determine the submaximal exercise intensity that
would be used during the subsequent experimental trial. The
first protocol required participants to pedal through three
4-min stages at 50, 100, and 150 W to develop the Vo,-workrate
relationship. Upon completion of the first protocol, participants
rested for at least 20 min. The second protocol was a Vo, ..
test, which required subjects to pedal on the cycle ergometer
through increasing stages of intensity starting at 20 W and
increasing by 25 W every minute until volitional fatigue.! Dur-
ing both protocols Vo, was measured with a TrueOne 2400
metabolic cart (ParvoMedics, Sandy, Utah) and HR was mea-
sured with a Polar heart rate monitor (Polar RS800 CX, Polar
Electro Oy, Kempele, Finland), respectively. The combination
of these two protocols allowed for the determination of Vo, ..
as well as the power output required to elicit 60% and 40%
VOypmaw Which was ultimately reduced by 27% for the experi-
mental trial to adjust for the Vo, decrements with altitude.?*
The adjusted 60% and 40% exercise intensities were selected as
they span the range of exercise intensities previously reported
to improve cognitive function at sea level.?
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On the day of the experimental trial, participants reported to
the Exercise Physiology Laboratory at Kent State University fol-
lowing a 3-h self-reported fast intended to stabilize substrate uti-
lization' and reduce the risk of subjects becoming nauseous
during exercise in the hypoxic chamber. Participants were ini-
tially equipped with a heart rate (HR) monitor, mouthpiece for
the metabolic cart, near-infrared spectroscopy sensors over the
frontal lobe (Somanetics, Troy, MI) for regional cerebral oxygen
saturation (rSo,) monitoring and digit pulse-oximeter (Oxi-Go,
Roslyn, NY) for peripheral oxygen saturation (S,0,) measure-
ment. Participants sat in a chair quietly during 5-min baseline
recordings of resting metabolic rate (V0,), blood pressure, HR,
5,0, and 1S0,. RMCPT and TMD were assessed via the ANAM?,

Following baseline measurements during rest in normoxia,
participants entered the hypoxia chamber (Colorado Altitude
Training, Louisville, CO), where the oxygen concentration was
reduced to 12.5% with subsequent increases in %N,, but no
changes in the %CO,. The 12.5% O, is equivalent to the oxygen
level present at an altitude of 4300 m (14,110 ft). The room tem-
perature and relative humidity in the hypoxic chamber were
consistently 22-24°C and 30-40%, respectively, throughout
testing. After resting in a chair for 60 min in the hypoxic cham-
ber, Vo,, HR, S 0,, and rSo, were recorded and RMCPT and
Mood state were administered at 30 and 60 min.

The 60 min of resting in the hypoxia condition was chosen
because, to our knowledge, resting in hypoxia for 60 min is the
shortest determined period to result in a decline in cognitive
function and mood state in individuals (previously men).!"!?
Following the completion of 60 min resting in hypoxia, the par-
ticipants performed 15-min bouts of cycle ergometry at 60%
and 40% of adjusted V0,,,,, with a 15-min recovery between
bouts. The pedaling rate (rpm) was freely chosen and workload
was maintained at the previously tested 60% and 40% of
adjusted Vo,,,,, in a counterbalanced manner. All aforemen-
tioned RMCPT and mood state measurements were performed
during the final 5 min of the 15-min exercise stages. Upon com-
pletion of the hypoxia trial, participants stepped out of the
hypoxia chamber and rested until their 5,0, returned to base-
line levels.

Statistical Analysis

Using SPSS 19.0, one-way repeated ANOVA was used to exam-
ine the effect of hypoxia and exercise on RMCPT, TMD, and
physiological measurements. When the ANOVA indicated a sig-
nificant main effect, post hoc pair-wise comparison with least
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significant differences was performed. Statistical significance was
set at P = 0.05 and all data are presented as mean = SD.

RESULTS

The average of V0,,,,, adjusted V0,,,,., and maximal HR were
40.8 +4.0,29.8 =29 ml-kg ' - min~', and 188.3 = 7.5 bpm,
respectively. The corresponding workloads of 60% and 40%
were 66 = 11 and 34 = 11 W, respectively.

Table I shows physiological responses at rest in normoxia
and hypoxia, and exercise in hypoxia. Vo,, HR, mean arterial
pressure (MAP), §,0,, and rSo, demonstrated a 51gn1ﬁcant
main effect for condltlon [F(4, 52) = 266.0, P =< 0.001, ’7p 0.9;
F(4, 56) = 104.6, P = 0.001, ’7p 0.9; F(4,56) = 4.1, P =
0.006, ’7p—02 F(4, 56) = 727 P = 0.001, ’7p—08 and
F(4, 56) = 116.7, P = 0.001, ’1p—09 respectively]. Voz was
significantly increased at 30 min rest in hypoxia (P = 0.024)
and was not significantly different at 60 min rest in hypoxia
compared to baseline. HR was not significantly different at 30
min rest in hypoxia and was significantly increased at 60 min
rest (P = 0.005) in hypoxia compared to baseline. MAP was not
significantly changed at 30 and 60 min rest in hypoxia com-
pared to baseline. S,0, was significantly decreased at 30 and 60
min rest in hypoxia compared to baseline (P = 0.001). rSo, was
significantly decreased at 30 and 60 min rest in hypoxia com-
pared to baseline (P = 0.001, both).

Vo, was significantly increased during both 60% (P =
0.001) and 40% (P = 0.001) exercises compared to 60 min rest
in hypoxia. Vo, was significantly higher during 60% exercise
compared to 40% exercise (P = 0.001). HR was significantly
increased during both 60% (P = 0.001) and 40% (P = 0.001)
exercises compared to 60 min rest in hypoxia. HR was also sig-
nificantly higher during 60% exercise compared to 40% exer-
cise (P = 0.001). MAP was significantly increased during both
60% and 40% exercise compared to 60 min rest (P = 0.011 and
P = 0.004, respectively). MAP did not differ between 60% and
40% exercises (P = 0.4). §,0, was not significantly changed
during both 60% and 40% exercise compared to 60 min rest in
hypoxia (P = 0.1, P = 0.2, respectively). Also, §,0, did not
differ between 60% and 40% exercise. rSo, was significantly
decreased during both 60% and 40% exercise compared to
60 min rest in hypoxia (P = 0.001, both). However, rSo, was
not significantly different between 60% and 40% exercise
(P=0.1, ’7p—0 5).

Table I. Oxygen Consumption, Heart Rate, Mean Arterial Pressure, Peripheral Oxygen Saturation, and Regional Cerebral Oxygen Saturation at Baseline, 30 min and

60 min Resting in Hypoxia, and During 60% and 40% Exercise in Hypoxia.

Vo, (ml-kg™'-min~") HR (bpm) MAP (mmHg) S0 (%) rS0, (%)
Baseline 41+05 743+ 9.1 826+ 62 98.1+10 665 + 883
30 min 45+ 09* 835 + 139 813+ 70 833 = 5.1* 532+ 76*
60 min 44+09 848 + 11.1* 784+ 113 822+ 51* 526+ 7.3*
60% Exercise 11.8 = 2.8%*xt 147.3 £ 16.3%*xt 849 = 8.1t 80.0 = 4.0%** 49,1 * g7xxxt
40% Exercise 13.2 = 250t 1304 = 16.8%*xt 864 = 7.8t 80.2 = 3.5%** 499 * 66*xt

Values are mean *+ SD.VOZ, oxygen consumption; HR, heart rate; MAP, mean arterial pressure. *P < 0.05, vs. at Baseline, **P < 0.05 vs. at 30 min in hypoxia, /P < 0.05 vs. at 60 min in

hypoxia, *P < 0.05 vs. at 60% of exercise.
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Fig. 1A and 1B illustrates the RMCPT and TMD response
to hypoxia and during exercise. RMCPT and TMD demon-
strated a significant main effect for time [F(4, 526) =26,P=
0.047, ,=0.2 and F(4, 56) = 5.4, P = 0.001, ,=0.3, respec-
tively]. RMCPT scores were not significantly decreased at 30
or 60 min rest in hypoxia compared to baseline. TMD was
significantly worse at 30 min (P = 0.004) and at 60 min rest
in hypoxia (P = 0.001) compared to baseline. However, TMD
was not significantly different between 30 and 60 min rest in
hypoxia.

During 60% exercise, RMCPT scores significantly improved
compared to 60 min rest in hypoxia (P = 0.013). However,
RMCPT scores were not significantly improved during 40%
exercise compared to 60 min rest in hypoxia. TMD was not sig-
nificantly improved during 60% exercise compared to 60 min
rest in hypoxia, but significantly improved during 40% exercise
compared to 60 min rest in hypoxia (P = 0.001).

DISCUSSION

The present study extends existing knowledge about hypoxia
and the effect of exercise on cognitive function and mood state
of women. In support of our hypotheses, TMD scores reflected
a more disturbed mood state during rest in hypoxia and were
improved during exercise at 40% V0,,,,, in hypoxia. Contrary
to our hypothesis, RMCPT was unchanged during rest in
hypoxia, but improved during 60% V0, ...

The present data are consistent with previous studies show-
ing that an acute bout of low- to moderate-intensity exercise in
normobaric hypoxia improved working memory and mood
state.’®1 A previous study reported that the throughput score of
RMCPT was improved during 40% and 60% exercise intensity,'®
and past research showed that TMD was significantly improved
during 40-60% exercise.'* However, the results from the current

Baseline 30min 60min  60% 40%

study contrast with those of previous studies that reported
a decline in RMCPT scores after 60 min rest in hypoxia,'® as
these data indicated no significant change in RMCPT following
30 or 60 min in normobaric hypoxia. On the other hand, TMD
was significantly more disturbed after exposure to hypoxia at
30 and 60 min. This result is in agreement with a previous
study in which TMD was impaired following 60 min of rest
in hypoxia.'” Although RMCPT assesses working memory,
which is considered a major component of executive cognitive
functioning, it is a simple task, and many studies have reported
that more complex tasks are more sensitive to hypoxia than
are simple tasks.'?

In response to hypoxia, 5,0, and rSo, significantly decreased,
which is in agreement with previous studies.’’ Vo, and
HR, however, were significantly increased at 30 and 60 min
in hypoxic conditions. These results are also in agreement with
previous studies that HR of women significantly increased
during 15 and 150 min rest in hypoxic conditions.>’

It seems paradoxical that RMCPT did not change with
hypoxia, despite reductions in rSo, and S,0,, as a decrease in
S0, due to hypoxia has been considered a major component of
cognitive dysfunction. However, more recent investigations
reported that executive function measured by RMCPT, Go/
No-Go, and mood state were improved during exercise with
lower S,0, and 150, %1 The possible explanation for improve-
ment of RMCPT and TMD can be arousal of the sympathetic
nervous system by exercise, as indexed by higher heart rate and
oxygen uptake.'® Indeed, previous researchers demonstrated
that improvement of memory load was related to higher heart
rate and higher oxygen uptake (faster respiration rate, greater
volume of exhaled CO,).? It can be speculated that the increased
Vo, and HR may contribute to maintaining RMCPT following
60 min rest in hypoxia, in contrast to men.'® With respect to
TMD, reduced S,0, and rSo, during rest in hypoxia might be
more sensitive than RMCPT.

The results of RMCPT and
TMD during exercise conditions
in this study contrast with previ-
ous research which reported that

Conditions
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Fig. 1. A) Throughput score and B) Total mood disturbance at baseline following 30 min and 60 min of rest in hypoxia,
and during exercise at 60% and 40% V0,5, in hypoxia. 2P < 0.05 vs. baseline; °P < 0.05 vs. 30 min in hypoxia; P < 0.05

vs. 60 min in hypoxia; mean = SD.
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RMCPT and TMD improved
with both exercise intensities.'®"
RMCPT in this study was signifi-
cantly improved only during 60%
exercise intensity. The 40% exer-
cise did not improve RMCPT and
the 60% exercise did not improve
TMD in the current study.

The present study used the
RMCPT and TMD to assess cog-
nitive function and mood state.
Additional investigation is war-
ranted to examine possible phys-
iological pathways in different
aspects of cognitive function and
physiological response between
genders in response to hypoxia.
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Such physiological measurements include sympathetic nervous
activity and bio-markers such as brain-derived neurotrophic
factor, dopamine, serotonin, sex-hormones, etc. Moreover,
women in this study were not controlled for contraceptive use
or female menstrual cycles. Although previous investigations
did not control for either contraceptive use or female menstrual
cycles,’ there can be study variability from varying levels of
estrogen and progesterone that play an integral role in meta-
bolic regulation, body fluid, and electrolyte balance,'® impact-
ing psychological and physiological responses to exercise in
hypoxia.* Additionally, although 60% and 40% V 0,,,,, exercise
intensities were counterbalanced, 15 min of recovery between
the two exercises could induce the lack of a significant differ-
ence on physiological measurements. This study could have
benefited from the utilization of a normoxia control condition
rather than a simple baseline measurement, which would allow
for comparison between the individual effects of exercise and
hypoxia. The findings in the present study should be interpreted
with caution since this study recruited only young Caucasian
women and used only normobaric hypoxia. Hence, the effect
of acute exercise in hypoxia needs to be studied on a more
diverse group (e.g., age and ethnicity) and in hypobaric hypoxia
because there is a disagreement on physiological differences
between hypobaric and normobaric hypoxia.'* Additional limi-
tations include the lack of counterbalancing of each condition.
The exercise conditions were counterbalanced; however, the
other conditions, including rest in normoxia and rest in
hypoxia, were not. Therefore, the results of this study could be
because exercise relieved the participants from boredom after
sitting for 60 min. Furthermore, effects of acclimation training
and long-term exposure to hypoxia on physiological response
and cognitive function need to be evaluated. Future experi-
ments might use pharmacological strategies or nutritional
supplementation to assess the interaction between cognitive
performance and physiological parameters.

In conclusion, somewhat in contrast to our hypothesis,
RMCPT and TMD were partially affected by hypoxia and exer-
cise in hypoxia. Although 5,0, and rSo, were decreased follow-
ing exposure to hypoxia and further decreased during exercise,
RMCPT and TMD were still improved during exercise at 40-
60%. Also, we found that physiological measurements of Vo,
and HR were significantly higher at 30 and 60 min in hypoxia.
Ultimately, this research applies to the aeromedical community
because performing low- to moderate-intensity exercise may
attenuate detrimental effects on RMCPT and TMD during
aeromedical evacuation operations and mountain rescue per-
sonnel who need to perform appropriate cognitive tasks.
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