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Abstract: Experienced emotional discomfort as negative, depressive mood increase and positive mood 
reduce has been observed after long-term exposure to high altitude (HA). Scientists have found it can be 
affected through sleep, however few studies found it to have no relations with sleep at high altitude, so 
this study intends to find out whether sleep quality play its role in emotion variation of long-term migrants 
to HA, and whether the oxygen-carrying capacity can influence the possible effect of sleep quality on 
emotions. Maximal oxygen uptake (VO2max) was measured and the participants also completed 
questionnaires including Pittsburgh Sleep Quality Index (PSQI), Positive and Negative Affect Scale 
(PANAS), Patient Health Questionnaire-9 items (PHQ-9) and Generalized Anxiety Disorder 
Questionnaire (GAD-7). The analysis of 105 health participants, who resided at a high altitude (3,680m) 
for more than 2 years showed that sleep quality is associated with depression mood and VO2max can 
moderate the relationship between them, with sleep can better influence depression within individuals 
with lower VO2max. These results indicate that oxygen carrying capacity can influence emotion through 
sleep, offer insights of emotion intervention at HA. 
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1. Introduction 

Emotion variations is a common experience in people ascent to high altitude (HA). It has early been 
brought up in review from Bahrke and Shukitt-Hale [1] that HA causes disturbance in mood as individuals 
tend be more anxious and irritable early days when ascent to HA. Similar results were observed in 
participants’ depressive mood, anger, fatigue at HA and vigor scored lower than it was at sea level[2]. Not 
only people without any physical training can experience variations in emotion, even trained aviation 
personnel had fatigue increased and vigor reduced at 3657.6 m[3]. 

Short exposure of HA cause changes in emotion due to maladjustment, meanwhile, studies have 
found long-term exposure to HA also have negative effects on emotion. People who stayed a year or 
longer and never leave HA to a lower altitude were more inclined to be irritable[1]. And these long-time 
staying individuals tends to have more negative changes, not only than sea level ones, also than short-
term staying ones, indicating the longer someone stayed at HA, the more serious he or she would have 
impaired emotional states[4]. More seriously, HA caused chronic hypoxia has been found to associated 
with depressive symptom[5], individuals who lived at high altitude or moved from low to high altitude 
tend to have an increased risk of depressive symptoms, anxiety and even suicidal ideation and rates[6,7] 
and reoxygenate after hypoxia can improve nerve damage related to depression[8]. 

Many researches have been carried out to discover the reason why HA can influence emotions, as 
mood disturbance such as decrease in positive mood and increase in negative mood[9], depression and 
anxiety always come along with sleep problems[10,11] which also get affected by hypoxia[12], even for 
acclimatized individual there still exist negative effect on sleep[13]. And at HA, in researches from Aquino 
Lemos et al.[2] and Feng et al.[14], they found the changes in mood is in correlation with sleep condition. 
Impaired depressed mood, anger, fatigue, tension, vigor under hypoxia, were actually induced through 
impaired sleep due to insufficient oxygen caused obstructive sleep apnea[15]. However, a study conducted 
at Kunlun Station (4087 m) in Antarctica found that, the expeditioners’ slow-wave sleep significantly 
reduced and apnea/hypopnea index together with and hypopnea index were markedly increased. The 
vigor did decrease, but it did not have any significant relationship with sleep parameters[16]. The 
inconsistence may due to different experiment environment, as the result indicates relations were all 
conducted at normobaric chamber simulated an altitude around 4500m, while the null relation came from 
experiment conducted at real hypobaric hypoxia condition with an altitude of 4078m. Besides, subjects 
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in the study reveals relations experienced acute hypoxia around only 24 hours, while ones in 4078m 
study exposure to the real HA for 2 weeks. Also, it can be seen that the number of subjects were small in 
these studies, and this may induce inaccurate conclusions. 

Other studies go deeper on the road, they went to the physiological aspects and found the oxygen-
sensitive brain plays a part in mood variations. Hypoxia can lead to neurophysiological damages, the 
VOlume of hippocampus will shrink, adverse changes of ventromedial prefrontal cortex will occur, 
amygdala can experience losses in gray matter[17] and all these are areas related to emotion regulation[18,19]. 

It’s not hard to see that all these mechanisms start from results that induced by hypoxia, like the 
changes of hippocampus, to discover the mechanisms of occurrence of mood variation at HA, less start 
from hypoxia itself, like VO2max, which is correlated with cerebral oxygenation[20,21], and they are 
combined to be called the oxygen-carrying capacity. Given the fact insufficiency oxygen in the 
environment cause less oxygen breathed in our body and the body itself would generate compensation 
responses to combat the toxic environment, and for the one who have stayed at HA for long terms, their 
body already developed some extent of acclimatized mechanism, ones with better acclimatized oxygen-
carrying capacity, they may cope better in brain hypoxia, less damages can happen and thus have better 
mood state. Besides, better oxygen-carrying capacity may also come along with better sleep quality as it 
means more oxygen in the system and the risk for problems in sleep decreases. Therefore, this study 
tends to discover whether, sleep quality is associated with mood in the acclimatized migrants at HA, 
oxygen-carrying capacity can influence emotion and sleep quality, and oxygen-carrying capacity and 
sleep quality can join to construct the causality relationship.   

2. Method 

2.1. Participants 

We recruited 144 male participants from an university located at HA. All of the subjects have stayed 
at HA (3, 680 m) more than 2 years, and their birthplace are all below 1500 m. They never left HA for 
long-term except school holiday since their admission to University. Test time was the most recent arrival 
at high altitude for more than 2 months. All Participants were of good health, no addiction of alcohol nor 
cigarettes. All the subjects were informed the details of the experiment and signed a consent in their own 
will. The study followed the guidelines of the Declaration of Helsinki and was approved by the local 
government. Although 144 were recruited, only 126 participants completed the whole experiment. 6 were 
excluded for having data out of 3±SD, so, a total of 120 participants’ data were taken into analyze. 

2.2. Procedure 

During the whole experiment, the subjects visited the laboratory twice. During the first time they 
were also asked to completed a series of questionnaires including PSQI, PANAS, PHQ-9 and GAD-7. 
On the second visit, they were guided to finish the cardiopulmonary exercise testing to assess their 
VO2max. 

2.3. Measures and Materials 

2.3.1. Questionnaires 

The questionnaires containing: basic information of themselves (age, height, weight, BMI), emotional 
parameters (PANAS, PHQ-9, GAD-7) and sleep quality (PSQI). 

The Chinese version of Positive and Negative Affect Scale (PANAS) is a scale constituted with 20 
items, including two factors, positive affect (PA) and negative affect (NA), each was assessed with 10 
items. All items were rated on 5-point scales (1 = not at all, 5 = very much). 

Patient Health Questionnaire-9 items (PHQ-9) was developed from the PRIME-MD, consists of nine 
items to self-rate depression during the previous 2 weeks. All items were rated on 4-point scales (0 = not 
at all, 3 = almost everyday). The Chinese version has been tested of good reliability and validity. 

Generalized Anxiety Disorder Questionnaire (GAD-7) is a seven-item, self-report questionnaire 
designed to assess the subject’ s anxiety status during the previous 2 weeks. All items were rated on 4-
point scales (0 = not at all, 3 = almost everyday) and the Chinese version of this questionnaire has been 
found to have adequate reliability and validity. 
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Pittsburgh sleep quality Index (PSQI), a self-report questionnaire made up of 19 items, which 
combines to form seven component of sleep quality, including subjective sleep quality, sleep latency, 
sleep duration, habitual sleep efficiency, sleep disturbance, sleep medication use, and daytime 
dysfunction. Each component score can range from 0 to 3. A total score of seven component were added 
up to be the finally analysis data in this study. The Chinese version of PSQI has received recognition 
with reliability and validation. 

2.3.2. Cardiopulmonary Exercise Testing 

VO2max were evaluated though cardiopulmonary exercise testing. Before pedaling, participants were 
asked to sit quietly on the bicycle ergometer (EC3000e, Ergoline GmbH, Bitz, Germany, 
www.eergoline.com) for one minute and then they pedaled for one minute with a 30 W resistance to 
warm up. Subsequently, the resistance of the power bicycle increased by 30 W per minute, and the subject 
maintained the speed within 55-65 revolutions per minute (r/min) during the pedaling process. The 
participants were verbally encouraged to cycle until exhaustion, and when it was difficult for them to 
maintain the speed and the respiratory exchange ratio (RER) was greater than 1.1, we considered the 
participants to have reached a true state of exhaustion.The VO2max measured at this point was considered 
to be the true VO2max by gas analysis (METAKTZER® 3B, CORTEX Biophysik GmbH, Leipzig, 
Germany, www.cortex-medical.com) of the subject in hypobaric hypoxia. To ensure the safety of the 
subjects, their electrocardiography (custo cardio 100, custo med GmbH, Ottobrunn, Germany, 
www.customed.de) and SaO2 (Model 3230 finger pulse oximeter with Bluetooth® Low Energy (LE) 
technology, Nonin Medical Inc., Plymouth, Minnesota, United States, www.nonin.com) were monitored 
continuously throughout the whole process and no abnormal signs were found. 

2.3.3. Data Analysis 

First, descriptive statistics for all the variables were analyzed using SPSS version 27.0 to describe 
and summarize their basic situation, and then Pearson’ s correlation coefficients between the sleep quality, 
VO2max and mood variables were calculated and Mann-whitney test was used to analyze the difference 
between two sleep quality groups. Second, linear regression was conducted for each mood parameters 
based on the correlation results. And last SPSS PROCESS 2.16.3 MODEL 1 has been used to analyze 
the moderate effect of VO2max. 

3. Result 

3.1. Descriptives 

Descriptive statistics of demographic information are in Table 1. Details of emotions, sleep quality 
and VO2max are in Table 2.   

Table 1: Demographic Profile. 

Variables Mean SD Maximum Minimum 
Age(years) 21.28 1.22 26.00 19.00 
Height(m) 1.74 0.06 1.90 1.55 
Weight(kg) 65.44 0.98 115.00 45.00 

BMI 21.52 3.17 34.00 15.89 
Note. BMI, Body Mass Index, SD, standard deviation. 

Table 2: Mood and Sleep Profile. 

Variables Mean SD Maximum Minimum 
Positive affect 29.72 7.33 48.00 10.00 
Negative affect 15.21 4.01 27.00 10.00 

PHQ-9 3.79 2.90 13.00 0.00 
GAD-7 2.58 2.52 11.00 0.00 
PSQI 4.69 2.90 13.00 0.00 

VO2max 2.35 0.39 3.15 1.44 
Note. SD, standard deviation, PHQ-9, Nine Items Questionnaire for Healthy People, GAD-7, 

Generalized Anxiety Disorder Questionnaire, PSQI, Pittsburgh Sleep Quality Index, VO2max, maximum 
oxygen uptake.  
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3.2. Correlations Between Emotions and VO2max 

From correlations between variables in Table 3, it can be seen that, positive mood are significantly 
negatively correlated with two depressive mood (rPHQ-9 = -.30, p < .001; rGAD-7 = -.26, p < .01) apart from 
negative mood (rN = .03, p > .05). And negative affect significantly positively correlates with PHQ-9 
(rPHQ-9 = .51, p < .001) and GAD-7 (rGAD-7 = .66, p < .001) apart from positive affect (rP = .03, p > .05). 
PSQI significantly correlates with all affect parameters (rP= -.33, p < 0.001; rN = .30, p < 0.001; rPHQ-9 
= .56, p < .001; rGAD-7 = .41, p < .001).  

Table 3: Correlations between variables. 

Variables P N PHQ-9 GAD-7 PSQI VO2max 
P —      
N .03 —     

PHQ-9 -.31*** .51*** —    
GAD-7 -.26** .66*** .72** —   
PSQI -.33*** .30*** .56*** .41*** —  

VO2max .10 -.08 -.09 -.10 .04 — 
Note. * represents p<0.05, **represents p<0.01, ***represents p<0.001. P, Positive Affect, N, Negative 

Affect, PHQ-9, Nine Items Questionnaire for Healthy People, GAD-7, Generalized Anxiety Disorder 
Questionnaire, PSQI, Pittsburgh Sleep Quality Index, VO2max, maximum oxygen uptake. 

3.3. Difference in Emotions Between Two Sleep Groups 

The subjects were divided into two groups according to their scores on PSQI (High quality group: 
PSQI <= 5, moderate quality group: 5 < PSQI <= 13), Mann-whitney test was used to examine the 
difference due to the abnormal distribution of the data. The results shows all mood parameters, depression, 
anxiety, positive affect and negative affect have significant difference between the two sleep groups, the 
mood of high quality group significantly exceed that of moderate group (see Table 4). 

Table 4: Differences between mood in two PSQI groups.   

 PHQ-9 GAD-7 PA NA 
Mann-Whitney U 643.000 781.500 1023.500 1027.000 

Wilcoxon W 3803.000 3941.500 1884.500 4187.000 
Z -5.444 -4.713 -3.302 -3.293 

Sig. 0.000 0.000 0.001 0.001 
Note. PHQ-9, Nine Items Questionnaire for Healthy People, GAD-7, Generalized Anxiety Disorder 

Questionnaire, PA, Positive Affect, NA, Negative Affect. Linear regression models.  

3.4. Linear Regression Models 

Linear regression models were conducted with four mood parameters, in which depression, anxiety, 
positive affect and negative affect were dependent variables and PSQI was independent variable, with 
age, time living in HA and BMI as control variables. The results show that PSQI significantly predict all 
four mood parameters, even controlled for age, time living in HA and BMI. Sleep quality explains 34.8% 
variations in depression (R2 = 0.348, ∆F = 45.753, p < 0.001), 19.6% variations in anxiety (R2 = 0.348, 
∆F = 19.663, p < 0.001), 13.6% variation in positive affect (R2 = 0.137, ∆F = 8.674, p < 0.001) and 13.7% 
variation in negative affect (R2 = 0.136, ∆F = 11.310, p < 0.001) (see Table 5). 

Table 5: Results of four linear regression models. 

 
Model for depression 

Non-standardized 
coefficient 

Standardized 
coefficient 

 
t 

 
Sig. 

 
VIF 

B Standard error beta 
constant 13.708 4.928  1.812 0.073  

independent
 variable 

PSQI 0.644 0.095 0.521 6.764 <0.001 1.045 

control 
variable 

Age -0.192 0.195 -0.083 -0.984 0.327 1.260 
BMI -0.051 0.069 -0.056 -0.738 0.462 1.006 
Time -0.071 0.047 -0.130 -1.530 0.129 1.281 
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R2 0.348 
∆F 45.753 
p <.001 

 
Model for anxiety 

Non-standardized 
coefficient 

Standardized 
coefficient 

 
t 

 
Sig. 

 
VIF 

B Standard error beta 
constant 5.536 4.136  1.339 0.183  

independent
 variable 

PSQI 0.408 0.092 0.379 4.434 <.001 1.045 

control 
variable 

Age -0.102 0.189 -0.051 -0.541 0.589 1.260 
BMI -0.051 0.069 -0.056 -0.738 0.462 1.006 
Time -0.058 0.045 -0.121 -1.277 0.204 1.281 

R2 0.196 
∆F 19.663 
p <.001 

 
Model for PA 

Non-standardized 
coefficient 

Standardized 
coefficient 

 
t 

 
Sig. 

 
VIF 

B Standard error beta 
constant 14.519 12.454  1.166 0.246  

independent
variable 

PSQI -0.932 0.277 -0.298 -3.363 0.001 1.045 

control 
variable 

Age 0.757 0.569 0.130 1.331 0.186 1.260 
BMI 0.052 0.201 0.023 0.259 0.796 1.006 
Time 0.089 0.136 0.065 0.658 0.512 1.281 

R2 0.136 
∆F 11.310 
p .001 

 
Model for NA 

Non-standardized 
coefficient 

Standardized 
coefficient 

 
t 

 
Sig. 

 
VIF 

B Standard error beta 
constant 16.193 6.804  2.380 0.019  

independent
 variable 

PSQI 0.446 0.151 0.261 2.945 0.004 1.045 

control 
variable 

Age 0.123 0.311 0.038 0.395 0.693 1.260 
BMI -0.092 0.110 -0.073 -0.837 0.404 1.006 
Time -0.169 0.074 -0.224 -2.282 0.024 1.281 

R2 0.137 
∆F 8.674 
p .004 

Note. PSQI, Pittsburgh Sleep Quality Index, BMI, Body Mass Index, PA, Positive Affect, NA, 
Negative Affect. 

3.5. Moderating Effect 

Due to the reason that no relationship between VO2max and any affect parameters were found, we 
tested whether moderation effect exist for VO2max. SPSS PROCESS 2.16.3 MODEL 1 has been used to 
analyze the moderating effect of VO2max between sleep and affect parameters, and found it indeed can 
moderate the effect between PSQI and PHQ-9. Findings in Table 6 predicts a statistically significant 
positive variance (37.2 per cent) in PHQ-9 (R2 = 0.033, p < 0.01). The beta coefficients of the model (see 
Table 7) manifests that, PSQI made it the strongest statistically significant contribution to the 37.2 per 
cent variance in PHQ-9 (b = 0.602, se = 0.070, p ˂ 0.001). The interaction (int_1) of the moderating 
variable (VO2max) to the predictive relation between PSQI and PHQ-9 is statistically significant (b = -
0.517, se = 0.154, p ˂ 0.01). This signifies that VO2max negatively moderates the predictive relation 
between PSQI and PHQ-9. 

And in Table 8, we see that VO2max significantly moderates the predictive relation between PSQI and 
PHQ-9 (R2change = 0.033, p ˂ 0.01). Thus 3.32 per cent of the 37.16 per cent variance in PHQ-9 is 
ascribed to variations in VO2max, so moderation is supported. The interaction effect shows that, under low 
VO2max condition, individuals with low PSQI tend to have significant lower score on PHQ-9 and 
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individuals with high PSQI tend to have significant higher nine score. However, when under high VO2max 
condition, it doesn’t differ significantly whether the score of PSQI is high or low (see Figure 1). 

Table 6: Model Summary. 

R R-sq MSE F df1 df2 p 
0.670 0.372 5.406 37.702 3.000 116.000 0.000 

Note. MSE, mean square error. 

Table 7: Moderating Effect of VO2max. 

Variables Aggression 
b se t p LLCI ULCI 

VO2max -0.938 0.505 -1.859 0.066 -1.937 0.061 
PSQI 0.602 0.070 8.604 0.000 0.464 0.741 

VO2max*PSQI -0.517 0.154 -3.354 0.001 -0.822 -0.212 
Note. se, square error, LLCI, lower confidence interval, ULCI, upper confidence interval. PSQI, 

Pittsburgh sleep quality index, VO2max, maximum oxygen uptake.  

Table 8: R square Increase due to Interaction(s). 

 R2-chng F df1 df2 p 
Int 1 0.033 11.250 1.000 116.000 0.001 

 
Figure 1: How VO2max Affects the Relationship Between PSQI and PHQ-9. 

Note. PSQI, Pittsburgh sleep quality index, VO2max, maximum oxygen uptake, PHQ-9, nine items 
questionnaire for healthy people.  

4. Discussion 

The present study tends to find out whether oxygen-carrying capacity factors and sleep in these 
adapted individuals influence emotion, and how the influence construct the causality relationship in 
acclimatized individuals. The main findings could be summarized as follows. First, sleep quality is 
associated with mood within migrants at HA. Second, VO2max moderates the relationship between sleep 
quality and depression.  

4.1. The Effect of Sleep Quality on Mood Parameters 

It has been widely accepted in sea level that problems in sleep always come along with emotional 
disturbance, loss of sleep cause activity variations in emotion related brain areas, such as amygdala and 
prefrontal cortex[22,23]. Sleep duration and sleep quality were significantly associated with emotional 
states, namely decrease in positive mood and increase in negative mood, such as anxiety[9]. In this study, 
the subjects were divided into high quality and moderate quality groups according to their scores on 
PSQI, and all mood parameter shows significant difference between two groups. Moreover, the results 



Academic Journal of Humanities & Social Sciences 
ISSN 2616-5783 Vol.6, Issue 24: 119-127, DOI: 10.25236/AJHSS.2023.062420 

Published by Francis Academic Press, UK 
-125- 

of four linear regression models further proves the role of sleep in affecting moods, which are consistent 
with previous studies. 

4.2. The Moderation Effect of VO2max on the Relationship Between Sleep and Depression 

Value of VO2max indicates the amount of available oxygen intake when the human body exercises at 
maximum intensity, reflecting one’s aerobic capability and cardiorespiratory fitness level. Evidence has 
been found that elevated VO2max occurs with higher level of cerebral oxygenation[20], besides, VO2max can 
even elevate cerebral oxygen supply to the dorsolateral prefrontal cortex [21], an area related in 
depression[24]. So individual with higher VO2max could cope better under hypoxia for higher cerebral 
oxygen in the brain. To our knowledge, no study yet explored the relationship between VO2max and 
emotion at hypoxia. Meanwhile, at sea level, most researchers found there is no relationship between 
these two[25,26], very few have found VO2max has negative correlation with subjective stress rating[27]. 
VO2max is the same as erythrocyte when we consider the fact that, VO2max may represents the amount of 
cerebral oxygen and low VO2max indicates less oxygen in the brain, areas correlated with emotion like 
hippocampus, amygdala will experience damage[18,19]. So, when VO2max gets altered due to hypoxia[28], 
so do the related areas and thus depression states.  

Sleep is negatively correlated with positive affect, positively correlated with negative affect, 
depression and anxiety, meaning better sleep accompanies better emotional state, this suggest sleep may 
play its role in adjusting emotion, which is in consistent with previous studies[15]. VO2max, the available 
oxygen intake when body exercise at maximum intensity, higher VO2max indicates more oxygen-carrying 
when the body under hypoxia[20]. In our study, it’s been found that sleep do have a role in depression, just 
the relationship is moderated by VO2max. Acclimatized participants with higher VO2max had lower level 
of depression, regardless of whether they slept well or not. However, depression scores were overall 
higher in participants with relatively low VO2max, and sleep quality plays its role among low VO2max 
individuals. Ones with good sleep have relatively lower depressive mood, while individuals with poor 
sleep scored relatively higher on depression. This indicates sleep can influence depressive mood when 
one has relatively low VO2max, offers an explanation for the discrepancies between sleep and depression 
under HA hypoxia[15,16]. 

Although it is the first that finds a moderate effect of VO2max between the relationship of sleep and 
depression, it does consist with previous finding that VO2max doesn’t have any correlations with 
emotional parameters[25] and the moderation role of VO2max is reasonable, especially for participants 
during long-term exposure to HA. Because when the brain gets relatively more oxygen for operation for 
a continuous time, HA would lead to less brain function failures, such as hippocampus and amygdala, 
brain derived neurotrophic factor level (a mood protect factor), inflammation cytokines, 
neurotransmitters[17]. And since these factors all have influence on emotion [19,29], then individual with 
higher VO2max can experience a more stable environment for mood states even under long term stress 
while the ones with lower VO2max may experience more emotional variations as the long-term stress 
could cause more severe results for them. 

4.3. Limitations and Prospects 

This study found oxygen-carrying capacity have its effect on emotion through sleep quality, due to 
limitations in equipment, acquisition of structural and functional changes in brain areas like hippocampus 
and amygdala were missed in this study. Future study can take these emotion related areas into 
consideration, to discover whether the effect of sleep quality on emotion could through hippocampus or 
amygdala, and what’s the interaction between brain functions and oxygen carrying capacity. Moreover, 
intended to control potential sex influence, this study only studied the possible effect of hypoxia on 
emotion on males, future study could explore whether the effect found in this study applies to females, 
adding together to provide a more comprehensive outlook with emotion at HA. 

4.4. Conclusions 

This study tends to explore whether oxygen-carrying capacity and sleep play their roles in emotional 
variation under HA hypoxia. And found that sleep quality influences emotion, besides, the relationship 
between sleep quality and depression can be moderated by VO2max. 
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