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R E S E A R C H  A R T I C L E

     M
onitoring mood state is important for everyday activ-

ities and sports performance, as well as occupational 

activities. Transient mood state is related to many 

cognitive functions and mental processes such as planning, 

attention, decision making, working memory, problem solv-

ing, and behavior control.  36   At high altitudes, especially above 

4,300 m, there is a marked reduction in positive mood state 

and concurrent increases in negative mood state.  29   Specifi cally, 

vigor decreases with an increase in fatigue and seven physical 

symptoms (i.e., cerebral acute mountain sickness (AMS), respi-

ratory AMS, cold, distress, exertion, muscular discomfort, and 

fatigue).  29   Another study by de Aquino Lemos et al. reported 

levels of depression, anger, and fatigue were signifi cantly higher 

and vigor was signifi cantly lower at altitude.  10   

 Th ere have been numerous studies that have observed the 

benefi cial eff ects of acute bouts of exercise performed in nor-

moxic conditions on mood state.  11 , 32 , 33   An acute bout of exer-

cise performed at 60%   V  o  2max  for 10 min promoted vigor and 

decreased fatigue and negative mood state. In addition Hansen 

and colleagues  14   reported that confusion was attenuated during 

20 min of exercise. A review paper by Yeung  38   reported that 

moderate intensity (50 – 70%   V  o  2max ) exercise improved mood 

states such as anxiety, vigor, and exhilaration. Also, Ekkekakis 

et al.  11   reported that exercise duration in excess of 10-15 min 

may have a positive impact on mood state. However, very little 

is known about the mechanisms in which exercise enhances 

mood state and whether it can counteract or abolish the mood 

depressing eff ects observed in a hypoxic environment. Previous 

reports indicate acute or chronic exercise improves an individ-

ual ’ s mood state by enhanced brain neural circuitry.  9   It has been 

reported that aerobic exercise changes blood fl ow and hormone 

release which enhances activity in neural circuits within the 

prefrontal cortex and other neural structures.  35   The neural 
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    BACKGROUND:   The purpose of this study was to quantify the effi  cacy of using exercise to alleviate the impairments in mood state 

associated with hypoxic exposure. 

   METHODS:   Nineteen young, healthy men completed Automated Neuropsychological Assessment Metrics-4 th  Edition (ANAM4) 

versions of the mood state test before hypoxia exposure, after 60 min of hypoxia exposure (12.5% O 2 ), and during and 

after two intensities of cycling exercise (40% and 60% adjusted   V   O  2max ) under the same hypoxic conditions. Peripheral 

oxygen saturation (Sp O  2 ) and regional cerebral oxygen saturation (rS O  2 ) were continuously monitored. 

   RESULTS:   At rest in hypoxia, Total Mood Disturbance (TMD) was signifi cantly increased compared to baseline in both the 40% and 

60% groups. TMD was signifi cantly decreased during exercise compared to rest in hypoxia. TMD was also signifi cantly 

decreased during recovery compared to rest in hypoxia. Sp O  2  signifi cantly decreased at 60 min rest in hypoxia, during 

exercise, and recovery compared to baseline. Regional cerebral oxygen saturation was also reduced at 60 min rest in 

hypoxia, during exercise, and recovery compared to baseline. 

   DISCUSSION:   The current study demonstrated that exercise at 40% and 60% of adjusted   V   O  2max  attenuated the adverse eff ects of 

hypoxia on mood. These fi ndings may have signifi cant applied value, as negative mood states are known to impair 

performance in hypoxia. Further studies are needed to replicate the current fi nding and to clarify the possible mecha-

nisms associated with the potential benefi ts of exercise on mood state in normobaric hypoxia.   
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circuits enhanced by exercise improve mood state, cognition, 

and motor control.  35   In detail, acute exercise reduces negative 

mood state (e.g., anxiety, tension, depression)  8 , 10 , 24   and enhances 

positive mood state.  18   Th e possible mechanism of improvement 

in mood state and cognition by exercise might be changed in 

neurotransmitter and central neural activity.  7 , 13   Th e change in 

electro cortical activity regulate emotion and cognitive function. 

Specifi cally, low frequency activity ( a -activity) ranging from 

7.5 to 12.5 Hz of electroencephalography (EEG) demonstrated 

an enhancement of arousal and mood state.  4 , 28   As aforemen-

tioned, hypoxia also induced negative mood effect  10   and, 

although mood disturbances may be trivial in those who live at 

altitude or are at least acclimatized to altitude, many people 

work or enjoy outdoor activities at altitude who are not accli-

matized and, based on previous reports,  11 , 30   these individuals 

may experience negative mood disturbances. 

 As such, the purpose of this study was to quantify the eff ects 

of exercise on mood state at rest and during exercise and recov-

ery in hypoxic conditions. It is hypothesized that mood state in 

hypoxia would be impaired following 60 min of hypoxic expo-

sure, but would be improved during two cycle ergometer exer-

cise intensities (40% and 60%   V  o  2max ) and recovery.  

 METHODS  

    Subjects 

 Th ere were 19 young, healthy Caucasian men who volunteered 

for the current investigation and reported to the laboratory 

on two separate occasions (familiarization and hypoxia trial) 

separated by at least 3 d. Th rough completion of a medical his-

tory screening, participants were excluded if they reported 

history of medical, neurological, developmental, or psychiatric 

disorders. Also, subjects were excluded if they were a smoker 

or were exposed to normobaric hypoxia or an altitude above 

2500 m within 2 mo prior to participation in the study. Th e par-

ticipants were assigned as either Low (40%   V  o  2max ) or Moder-

ate (60%   V  o  2max ) exercise intensities. Th e separation of the 

two groups was selected to minimize exposure to hypoxia, 

boredom, and possible learning effects. The study protocol 

was approved by the Institutional Review Board at Kent State 

University. All participants were given a written informed con-

sent form before participating. Th e characteristics of the par-

ticipants are displayed in     Table I  .       

 Equipment 

 Mood state (MS) was assessed with Automated Neuropsycho-

logical Assessment Metrics-4 th  Edition (ANAM4). Th e ANAM4 

mood state is designed to assess seven specifi c categories of 

mood: anger, anxiety, depression, fatigue, happiness, restless-

ness, 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. Th ese emotions are associated with 

the seven categories of mood state. Total Mood Disturbance 

(TMD) was calculated as: TMD  5  (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 happiness and vigor scores. Th e higher TMD score 

indicates greater negative mood state.   

 Procedures 

 Each group underwent a prescreening followed by two experi-

mental sessions in a thermoneutral environment (22 – 24°C). 

On the first day, participants were introduced to the simu-

lated altitude chamber and familiarized with the protocol and 

instrumentation including performing the mood state tests 

a minimum of three times. Participants then conducted two 

cycling protocols on a Lode Excalibur 1300W ergometer (Lode 

Excalibur Sport, Lode, Groningen, Netherlands) to determine 

the submaximal exercise intensities that would be used during 

the subsequent experimental trial. Th e fi rst protocol required 

participants to pedal through three 4-min stages at 50, 100, and 

150 W to determine their  V  o  2  -workrate relationship. Upon 

completion of the fi rst protocol, participants rested for at least 

20 min or until their HR returned to baseline. Th e second pro-

tocol was a   V  o  2max  test which required participants to pedal on 

the cycle ergometer through increasing stages of intensity until 

volitional fatigue to estimate ventilatory threshold (VT) and 

maximal oxygen consumption (  V  o  2max ). Th e max test began 

at 20 W and increased by 25 W every minute until volitional 

fatigue of the participant.  2   During both protocols,  V  o  2  and 

HR were measured with indirect open circuit spirometry 

(Parvo, Metabolic Cart, Sandy, UT) and a Polar heart rate 

monitor (Polar RS800 CX, Polar Electro Oy, Kempele, Finland). 

Th e combination of these two protocols allowed the determi-

nation of the power output required to elicit 40% and 60% of 

altitude specifi c adjusted  V  o  2  work rates during the subsequent 

visit.  12 , 39   

 On the day of the experimental trial (    Fig. 1  ), participants 

reported to the Exercise Physiology Laboratory at Kent State 

University following a 3 h fast to reduce swings in blood sugar 

(i.e., obtain a more stable substrate utilization),  26   reduce the risk 

of subjects becoming nauseous, and reduce the thermic eff ect of 

feeding. Participants were initially equipped with Near-Infrared 

Spectroscopy (NIRS) sensors over the frontal lobe (Somanetics, 

Troy, MI) for regional cerebral oxygenation (rS o  2 ) monitor-

ing as well as a digit pulse-oximeter (Oxi-Go, Roslyn, NY) to 

 Table I.        Physiological Characteristics Between Groups.  

  

LOW 

( N   5  10)

MODERATE 

( N   5  9)  P -VALUE  

    V   O  2max  (ml · kg  2 1  · min  2 1 ) 48.3  6  8.6 45.2  6  6.6 0.441 

 Adj   V   O  2max  (ml · kg  2 1  · min  2 1 ) 35.3  6  6.3 33.0  6  4.8 0.443 

 HRmax (bpm) 183  6  13 185  6  13 0.781 

 40%W 58  6  16 43  6  13 0.234 

 60%W 107  6  23 93  6  22 0.064 

 Age (yr) 24  6  3 25  6  4 0.905 

 Height (cm) 177  6  4.8 175.6  6  8.6 0.634 

 Weight (kg) 78.4  6  11.4 78.1  6  6.9 0.949  

   Data are presented as mean  6  SD.   
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monitor peripheral oxygen saturation (Sp o  2 ). Subjects sat on a 

chair quietly during the 5 min baseline measurement of Mood 

State (MS), baseline Sp o  2 , rS o  2 , and rating of perceived exer-

tion (RPE) were also obtained. Th e RPE  5   was assessed simul-

taneously with Sp o  2  and rS o  2.  Specifically an RPE scale was 

held up directly in front of the subject and they were asked 

to point to their perceived eff ort just prior to mood state 

assessment. Th us, the individual ’ s subjective perception of 

muscle fatigue and physical stress was assessed with measure-

ment of Sp o  2  and rS o  2 . Although the near-infrared spectros-

copy (NIRS) technique for rS o  2  appears to underestimate 

the cerebral oxygenation compared to transcranial Doppler 

or positron emission tomography,  22   it has become an accept-

able, noninvasive method for the measurement of cerebral 

oxygenation.  37       

 Following baseline measurements, participants entered the 

hypoxia chamber where the oxygen concentration was  “ set ”  at 

12.5% and had resulting similar increases in %N2 but no 

changes in the %CO 2 . Th e 12.5% O 2  is equivalent to the partial 

pressure of oxygen present at an altitude of 4300 m (14,110 ft ). 

We applied normobaric hypoxia to minimize the risk of decom-

pression sickness associated with low barometric pressure, 

and focused on the eff ect of oxygen concentration in ambient 

air. Participants then rested in a chair for 60 min. Mood state, 

Sp o  2 , rS o  2 , and RPE were measured from min 57 – 60. Upon 

completion, the individuals were instructed to sit on the cycle 

ergometer. 

 As depicted in  Fig. 1 , participants performed a 15-min bout 

of exercise on the cycle ergometer at either 40% or 60% of 

adjusted   V  o  2max  followed by a 15 min recovery period. Exercise 

intensity was assigned in a counterbalanced fashion. Mood 

state, Sp o  2 , rS o  2  and RPE were again measured from 7 – 10 min 

during exercise and following the 15-min recovery period. 

Upon completion of the measurements, participants were 

removed from the hypoxia chamber.   

 Statistical Analysis 

 Using SPSS 17.0, a two group (40%, 60%) by four time points 

(Baseline, Rest, Exercise, Recovery) repeated measures ANOVA 

was conducted for total mood disturbance as well as the seven 

categories of mood state: anger, anxiety, depression, fatigue, 

happiness, restlessness, vigor, Sp o  2 , RPE and rS o  2 . If a sig-

nifi cant interaction was found, post hoc paired-sample and 

unpaired tests were used to determine the diff erences between 

group(s) at each time points. For TMD, happiness, vigor, rS o  2 , 

and Sp o  2 , paired sample  t -test was used to determine the main 

eff ect for time within the 40% and 60% exercise intensities. 

Independent sample  t -test was used for RPE between the 40% 

  
 Fig. 1.        Experimental design and procedure. Shaded gray area occurred in 

hypoxic conditions.    

  
 Fig. 2.        Change in Total Mood Disturbance, Negative Mood, and Positive Mood 

at baseline, 60 min rest, exercise and recovery in hypoxia. Shaded gray area 

occurred in hypoxic conditions. * P   ,  0.05, vs. Baseline;  #  P   ,  0.05, vs. Rest in 

hypoxia; mean  6  SD.    

and 60% exercise intensities. For fatigue, independent sample 

 t -test and paired sample  t -test were used to determine the main 

eff ect for group (independent) and time (paired). Data are pre-

sented as mean  6  SD and the level of signifi cance was set a 

priori at  P   �  0.05.     

 RESULTS 

 Total Mood Disturbance demonstrated a main eff ect for time 

[F(3,51)  5  5.604,  P   5  0.002, power  5  0.927], but no main eff ect 

for group [F(1,17)  5  1.480,  P   5  0.240, power  5  0.210] and no 

main eff ect for time by group interaction [F(3,51)  5  2.167,  P   5  

0.103, power  5  0.520]. TMD did not diff er between the 40% and 

60% groups. Th erefore, for all subsequent analysis the 40% and 

60% groups were combined into one group. Baseline TMD val-

ues were similar between groups (Low: -73.8  6  71.1 vs. Moder-

ate: -52.9  6  33.1,  P   5  0.432). TMD increased at 60 min rest in 

hypoxia compared to baseline ( P   5  0.002) and decreased dur-

ing exercise compared to 60 min rest in hypoxia ( P   5  0.009). 

Further, TMD was signifi cantly decreased during recovery 

compared to 60 min rest in hypoxia ( P   5  0.015) (    Fig. 2  ).     

 Individual two-way repeated measures ANOVA indicated 

that anger, anxiety, depression, and restlessness did not show a 

main eff ect for group, time, and group  3  time interaction ( P   �  

0.05). However, fatigue demonstrated a main eff ect for time 

[F(3,51)  5  5.996,  P   5  0.001, power  5  0.943] and group  3  time 

interaction [F(3,51)  5  3.388,  P   5  0.025, power  5  0.733] but no 

main eff ect for group [F(1,17)  5  0.298,  P   5  0.592, power  5  

0.081]. Independent sample  t -test revealed that fatigue was sig-

nifi cantly higher in the Moderate group during exercise com-

pared to the Low group (Low: 7.6  6  9.5 vs. Moderate: 17.4  6  

8.6,  P   5  0.031). Within the Low group, fatigue was signifi -

cantly increased at 60 min rest in hypoxia compared to baseline 

( P   5  0.05). Fatigue subsequently decreased during exercise ( P   5  

0.019) and recovery ( P   5  0.029) compared to 60 min rest in 

hypoxia. Fatigue within the Moderate group did not diff er 
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across time points ( P   .  0.05). Happiness demonstrated a main 

eff ect for time [F(3,51)  5  3.161,  P   5  0.032, power  5  0.699] but 

no main eff ect for group [F(1,17)  5  1.069,  P   5  0.321, power  5  

0.164), and no group  3  time interaction [F(1,17)  5  0.926,  P   5  

0.397, power  5  0.149]. Vigor demonstrated a main eff ect for 

time [F(3,51)  5  3.161,  P   �  0.001, power  5  0.987] but no main 

eff ect for group [F(1,17)  5  1.043,  P   5  0.321, power  5  0.161], 

and no group  3  time interaction [F(3,51)  5  0.634,  P   5  0.397, 

power  5  0.174]. Th us for these two categories of mood state 

(Happiness and Vigor), the 40% and 60% groups were com-

bined into one group for all subsequent analysis. Happiness 

decreased at 60 min rest in hypoxia compared to baseline ( P   5  

0.006), also happiness did not signifi cantly improve during 

exercise compared to 60 min rest in hypoxia ( P   5  0.602). Vigor 

decreased at 60 min rest in hypoxia compared to baseline ( P   5  

0.002) and vigor then signifi cantly increased during exercise 

and recovery compared to 60 min rest in hypoxia ( P   �  0.001 

and  P   5  0.006, respectively) (    Table II  ).     

 Peripheral oxygen saturation demonstrated a main eff ect for 

time [F(3,51)  5  320.659,  P   �  0.001, power  5  1.000], but no 

main eff ect for group [F(1,17)  5  0.002,  P   5  0.969, power  5  

0.050], and no group by time interaction [F(3,51)  5  0.738,  P   5  

0.534, power  5  0.197]. 

 Again, for all subsequent analysis the 40% and 60% groups 

were pooled into one group. Sp o  2  signifi cantly decreased aft er 

60 min of hypoxia, compared to baseline ( P   �  0.001). During 

exercise Sp o  2  further decreased compared to 60 min rest in 

hypoxia ( P   �  0.001). Aft er cessation of exercise, Sp o  2  was sig-

nifi cantly increased compared to during the exercise bout ( P   �  

0.001) (    Fig. 3  ).     

 Regional cerebral oxygen saturation demonstrated a main 

eff ect for time [F(3,51)  5  275.693,  P   �  0.001, power  5  1.000], 

but no main eff ect for group [F(1,17)  5  0.020,  P   5  0.888, 

power  5  0.052], and no group  3  time interaction [F(3,51)  5  

1.388,  P   5  0.257, power  5  0.347]. Regional cerebral oxygen 

saturation decreased aft er 60 min of hypoxia exposure, dur-

ing exercise, and after recovery compared to baseline ( P   �  

0.001 for all comparison). During exercise, rS o  2  decreased 

compared to 60 min rest ( P   �  0.001). During recovery, rS o  2  

significantly increased compared to exercise ( P   �  0.001) 

(    Fig. 4  ).     

 Rate Perceived Exertion demonstrated a main eff ect for time 

[F(3,51)  5  38.872,  P   �  0.001, power  5  1.000] and main eff ect 

for group [F(1,17)  5  5.769,  P   5  0.028, power  5  0.620], and no 

group  3  time interaction [F(3,51)  5  1.647,  P   5  0.190, power  5  

0.490]. RPE was signifi cantly higher during exercise in the 

Moderate group compared to the Low group ( P   5  0.05). RPE 

was signifi cantly increased during exercise in both the Low and 

Moderate group ( P   �  0.001 and  P   5  0.009, respectively) com-

pared to 60 min rest in hypoxia. Several physiological parame-

ters may have caused impairment and improvement in mood 

state at rest, exercise, and recovery. Exploratory correlation did 

not signifi cantly relate rS o  2  and TMD across time points. Sp o  2  

and TMD also did not show a signifi cant correlation ( P   .  0.05).   

 DISCUSSION 

 Th e purpose of this study was to quantify changes in mood state 

during rest, exercise, and recovery in hypoxia. We hypothesized 

that mood state would be negatively impacted during rest in 

 Table II.        Mood State of Participants at Baseline, 60 min of Rest, Exercise and 

After Exercise in Hypoxia.  

  SUBSCALE BASELINE REST EXERCISE RECOVERY  

  Negative Mood

  Anger 2.1  6  5.0 3.7  6  6.3 3.0  6  4.8 3.7  6  6.1 

  Anxiety 4.3  6  6.8 6.3  6  8.1 3.5  6  4.6 4.6  6  5.6 

  Depression 2.6  6  5.6 4.3  6  7 3.1  6  5 2.9  6  4.5 

  Fatigue 16  6  14.3 25.3  6  23.3* 12.3  6  10.2  †  11.6  6  13.5  †   

  Restlessness 6.4  6  7.9 8.8  6  10.8 6.7  6  8.2 7.4  6  9.5 

 Positive Mood

  Happiness 60.4  6  23.5 51.1  6  21.1* 52.8  6  19.6 56.3  6  22.1 

  Vigor 43.4  6  22.9 31.5  6  18.3* 48.3  6  20.7  †  47.6  6  23.3  †    

   Participants responded to the question at each time point,  “ How much do the following 

words describe how you feel right now? * P  , 0.0.5, vs. at Baseline,   †   P  , 0.05, vs. at Rest in 

hypoxia, mean  6  SD.   

  
 Fig. 4.        Change in rS O  2  at baseline, 60 min, exercise and recovery in hypoxia. 

Shaded gray area occurred in hypoxic conditions. * P   ,  0.05 vs. Baseline;  #  P   ,  

0.05 vs. Rest in hypoxia;  &  P   ,  0.05 vs. Exercise; mean  6  SD.    

  
 Fig. 3.        Change in Sp O  2  at baseline, 60 min, exercise and recovery in hypoxia. 

Shaded gray area occurred in hypoxic conditions. * P   ,  0.05 vs. Baseline;  #  P   ,  

0.05 vs. Rest in hypoxia;  &  P   ,  0.05 vs. Exercise; mean  6  SD.    
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hypoxia and that exercise would work to restore mood state to 

baseline levels. Th e data from this investigation support the 

hypothesis in that TMD increased in hypoxia at rest, but was 

reversed both during the exercises and aft er recovery from 

exercise. Cerebral oxygenation, however, cannot explain the 

changes in total mood state as rS o  2  decreased with hypoxia and 

further decreased during exercise. 

 Along with TMD, the individual categories of mood were 

also compared across time points. Across the four time points, 

we observed no change in anger, anxiety, depression, and rest-

lessness. However, we observed an increase in fatigue and 

decrease in happiness and vigor at 60 min of rest in hypoxia 

compared to baseline. Th is is in agreement with a previous 

study in which impaired fatigue and vigor were experienced 

during acute exposure to hypoxia.  29   Furthermore, Shukitt 

and Banderet  30   reported that friendliness, clear thinking, diz-

ziness, sleepiness, and unhappiness were aff ected at 1 and 4 h 

aft er ascent to 4300 m. A study by Li et al.  17   suggested that 

negative mood (tension, fatigue, and confusion) increased 

and the positive mood (vigor) decreased during exposure to 

hypoxia for 1 h. 

 Exercise in hypoxia signifi cantly improved vigor and fatigue 

compared to the resting condition. Fatigue was signifi cantly 

higher in the Moderate (intensity) group compared to the Low 

(intensity) group during exercise. Furthermore, RPE was higher 

in the 60% group during exercise compared to the 40% group. 

Th is result is to be expected during the higher exercise intensity 

as a greater stress induces more perceptual responses of muscle 

fatigue and physical stress.  27   

 Th e interaction between mood state and cognition such as 

working memory and decision making is not a simple pro-

cess. As mentioned earlier, a number of cognitive functions 

are aff ected by mood state.  20   Th e working memory is required 

in various cognitive functions in both psychology and neu-

roscience.  3   Neuroimaging investigations revealed that the pre-

frontal cortex in the brain plays an important role in both 

working memory and modulating the working memory by 

mood state.  31   

 Th e average of both left  and right rS o  2  as well as Sp o  2  were 

signifi cantly decreased at 60 min of rest in hypoxia compared to 

baseline and further decreased during exercise. Th is is in agree-

ment with previous studies that rS o  2  decreased during low-

intensity exercise in hypoxia.  16 , 34   Th is decrease in rS o  2  and 

Sp o  2  with exercise and improved TMD indicates that although 

these two variables may be related in resting conditions across 

various levels of hypoxia, exercise dissociates these two vari-

ables. Above the ventilation threshold during exercise, reduc-

tion of cerebral oxygenation has been observed. Th e reduction 

of cerebral oxygenation could be explained by a decrease in par-

tial pressure of end-tidal carbon dioxide (P ET  co  2 ) which leads 

to cerebral vasoconstriction and decreased cerebral oxyhemo-

globin (O 2 Hb). Th is could induce the diff erences between Sp o  2  

and rS o  2 .  15   Th ere are likely some other stimulating factors 

involved with exercise that off set the decrease in cerebral oxy-

genation. Subsequent research in this area may consider 

additional physiological measurements (i.e., cerebrovascular 

function, sympathetic nerve activity) to better predict mood 

state for future experiments. Furthermore, it is possible that 

administration of high concentration oxygen (above 20.9%) 

improves mood state, since hyperoxia improves physical and 

cognitive performance at sea level.  21 , 23   Application and general-

ization of the present study need to be interpreted with caution 

since only healthy young men were recruited in this investiga-

tion. Generally, reported mood state in women seemed to easily 

transition to negative mood state when compared to men, and 

women generally reported signifi cantly higher scores on ten-

sion, depression, fatigue, and confusion than men.  1 , 6   Lastly, 

nomobaric hypoxia was utilized instead of hypobaric hypoxia. 

Eff ects of hypobaric hypoxia and normobaric hypoxia on mood 

state have not been compared, though acute mountain sickness 

symptoms scores were higher in hypobaric hypoxia than nor-

mobaric hypoxia.  25   

 In conclusion, caution should be taken when one attempts to 

predict health related symptoms and physical or psychological 

performance during hypoxia. Th e monitoring of mood state is 

important in optimizing performance and safety during work 

and recreational activities during normobaric hypoxia. Based 

on the data presented from the present investigation, single 

bouts of exercise between 40 – 60%   V  o  2max  appear to be benefi -

cial to partially improve impaired mood state (vigor and fatigue) 

in hypoxia. Further research is needed in this area to elucidate 

the mechanism underlying the improvement in mood state.     
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