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Purpose: We aimed to explore whether anxiety is a risk factor for acute mountain sickness [AMS] in a young Chinese male 
population.
Patients and Methods: A total of 143 young Chinese men with a median age of 23 years (IQR, 21–25) were employed in the 
present study, and they were divided into the AMS+ and AMS- groups according to the Lake Louise AMS score [AMS-S] after 
exposure at 3800 m for two days. Participants’ pulse oximeter saturation [SpO2] and heart rate [HR] were measured. AMS was 
evaluated using the AMS-S. The anxiety and sleep quality of the subjects were assessed using the Zung Self-Rating Anxiety Scale 
[SAS] and the Athens Insomnia Scale [AIS], respectively. Outcomes were analysed using Spearman’s partial correlation and logistic 
regression analysis.
Results: After two days of exposure at 3800 m, the overall prevalence of AMS was 54% in the whole group. The HR was 
significantly higher in the AMS+ group than in the AMS- group, as well as the SAS score and AIS score. A converse pattern was 
observed for SpO2. A significant difference was observed for the change in SAS and AIS score between the AMS+ and AMS- groups. 
Correlation analysis showed that AMS-S was positively correlated with SAS score, AIS score, HR, ΔSAS score, ΔAIS score, and ΔHR 
but negatively correlated with SpO2. AIS score was positively correlated with SAS score. After logistic regression analysis was 
adjusted for HR, SpO2, ΔAIS and ΔHR, SAS score (OR=1.446, 95% CI 1.200–1.744, p<0.001), AIS score (OR=1.216, 95% CI 1.033– 
1.432) and ΔSAS score (OR=1.158, 95% CI 1.012–1.327) were identified as independent risk factors for AMS.
Conclusion: The present study suggests that anxiety is a risk factor for AMS among young Chinese men, and poor sleep quality may 
partially mediate the association.
Keywords: anxiety, acute mountain sickness, high altitude, sleep

Introduction
Rapid ascent to altitudes above 2500 m may lead to acute mountain sickness [AMS],1 which is a common syndrome 
including headache, dizziness or lightheadedness, gastrointestinal symptoms (anorexia, nausea, or vomiting), weakness 
or fatigue, and insomnia.2 Although AMS is generally self-limited, it can develop into life-threatening high-altitude 
pulmonary or/and cerebral oedema.3 In addition, the precise pathogenesis of AMS remains incompletely understood.4 

Therefore, early recognition of risk factors and prevention of AMS are especially important. Identified risk factors for 
AMS are the altitude reached, fast ascent, lack of preacclimatization, and a history of AMS.5 Recent studies have 
demonstrated that AMS is associated with lower pulse pressure, lower effective arterial elastance,6 right ventricular 
outflow tract notching,7 lower lateral mitral valve tissue motion annular displacement at sea level,8 and larger pulse 
oximeter saturation reduction after exercise at low altitude among young adults.9 A nested case-referent study among 
miners has shown that past AMS and current smoking are strong risk factors for severe AMS.10 A review article has 
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highlighted that long-term exposure to high altitude results in adverse skeletal effects (eg, decrease bone turnover, reduce 
bone mineral density).11 Recent studies further suggested that the anxiety of subjects may be involved in the development 
of AMS.12,13 Studies have suggested a reciprocal relationship between anxiety and high-altitude-related diseases, 
whereby aggravating high-altitude-related symptoms and AMS can lead to greater anxiety and vice versa.14,15 Studies 
have also revealed that there is a potential link between anxiety at low altitudes and the development of AMS at high 
altitudes.16 High altitude-related symptoms such as insomnia and fatigue are more common with increasing altitude and 
potential triggers for increasing anxiety, which may account for the association between anxiety and AMS.17 Therefore, 
early recognition and intervention of anxiety may be helpful in decreasing AMS prevalence.

With the development of West China, many people, especially the Chinese young men, ascend to high altitudes for 
various activities (eg, work, travel), which is becoming increasingly frequent.18,19 However, no previous studies have 
investigated the relationship between AMS and anxiety among Chinese young men.

Given the association between anxiety and AMS, as well as the high prevalence of anxiety in young Chinese 
men,20,21 there is a need for investigation regarding the prevalence of AMS among young Chinese men after ascent to 
high altitude and whether anxiety increases AMS prevalence. Thus, the purpose of the present study was to 1) investigate 
the prevalence of AMS in a sample of young Chinese men upon ascent to 3800 m altitude and 2) explore whether anxiety 
is a risk factor for AMS among this population.

Materials and Methods
Study Design
The present study was performed in July 2018 in Aba of Sichuan Province, China. Baseline tests were performed within 
seven days before the participants set out on the journey. The participants ascended by bus from 500 m to 3800 m within 
58 hours. The ascent profile is shown in Figure 1A. After the participants were exposed to 3800 m for two and seven 
days, high-altitude measurements were performed. All participants undertook the same daily regimen and refrained from 
vigorous exercise during the journey. All participants consumed the same meals and lived in tents.

Participants
We recruited participants who satisfied the following criteria: (1) male lowlanders from areas <500 m, (2) no high-altitude 
exposure over the previous six months, (3) no cardiovascular or respiratory disease, and (4) no drug administration 
(prescription and/or nonprescription medicines). Participants with the following conditions were excluded: cardio- or 
cerebrovascular diseases, respiratory diseases, diseases of the liver or kidneys, and malignant tumors. All the participants 

Figure 1 Ascent profile (A) and statistical analysis flowchart (B). Baseline and high-altitude tests included body mass index [BMI], heart rate [HR], pulse oximeter saturation 
[SpO2], the Lake Louise acute mountain sickness [AMS] self-questionnaire, the Self-Rating Anxiety Scale [SAS], and the Athens Insomnia Scale [AIS].
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signed informed written consent and could freely withdraw from the study. The study was conducted in accordance with the 
Declaration of Helsinki and approved by the Ethics Committee of No. 37 Hospital of People’s Liberation Army (Approval 
number: 2018ky002).

A total of 159 young Chinese men aged 17 to 39 years were recruited. All subjects were in good physical health 
(validated by electrocardiogram, echocardiogram, and chest X-ray examinations).

Screening of the Study Participants
Within seven days before the journey, clinical examinations (heart rate [HR], blood pressure [BP], pulse oximeter 
saturation [SpO2], electrocardiogram, echocardiogram, and chest X-ray) were performed to exclude participants with 
cardiovascular and pulmonary diseases from the study. Demographic characteristics of the participants (age, weight body 
height [BMI], drinking and smoking behaviours) were recorded in the questionnaire.

AMS Assessment
In the present study, the participants completed the Lake Louise AMS self-questionnaire before the journey and after two 
and seven days of 3800 m high altitude exposure. The Lake Louise AMS self-questionnaire contains four items: 
headache, dizziness, gastrointestinal symptoms, and fatigue/weakness.22 Every item is rated on a 4-point ordinal scale, 
from 0 (no symptoms present) to 3 (present with severe symptoms). AMS was diagnosed if the participant had 
a complaint of headache and a total Lake Louise AMS score (AMS-S) ≥3. The AMS-S is wildly used for high- 
altitude researches and is currently considered the reference standard for diagnosing AMS.23 According to the current 
literature, the sensitivity and specificity of the AMS-S >4 is 78% and 93%, respectively.24 Data on the sensitivity and 
specificity of the AMS-S ≥3 is currently lacking from the scientific literatures. The subjects were divided into the AMS+ 
and AMS- groups according to the AMS-S after exposure at 3800 m for two days.

State Anxiety and Sleep Quality Assessment
The state anxiety of the participants was evaluated by the Zung Self-Rating Anxiety Scale [SAS],25 which is suitable for 
the Chinese population and widely used in anxiety screening in the Chinese population,26 as well as in our previous high- 
altitude study.27 The SAS contains twenty items. Every item of SAS is rated on a 4-point ordinal scale, from 1 (none or 
a little of time) to 4 (most or all of the time). The crude total SAS score is multiplied by 1.25, which is then applied to the 
analysis. State anxiety was defined as a total SAS score ≥50.28 Among a Chinese population, study has shown that the 
sensitivity and specificity of the SAS ≥50 is 87% and 99%, respectively.29 Study has also shown that the SAS has good 
reliability and validity (Cronbach’s α=0.75 and Kaiser-Meyer-Olkin=0.86, respectively).30

According to the literature,27,31 the present study employed the Athens Insomnia Scale [AIS] to further evaluate the 
sleep quality of the subjects before and after high-altitude exposure.32 The AIS contains eight items. Every item of the 
AIS is rated on a 4-point ordinal scale, from 0 (no problem) to 3 (very serious problem). The AIS is a questionnaire 
intended to measure the subjective sleep quality of the participants over the preceding month. A higher AIS score 
indicates poorer quality of sleep. Insomnia is defined as a total AIS score ≥6.32 Study has shown that the sensitivity and 
specificity of the AIS ≥6 is 92% and 66%, respectively.33 The reliability of the AIS was found to be very satisfactory at 
sea level (Cronbach’s α=0.89).32

Physiological Parameter Measurements
In response to acute hypobaric hypoxia, the subjects’ HR is increased, but SpO2 is decreased, which may partly reflect 
the ability of the subjects to adapt to high altitude. Therefore, the subjects’ HR and SpO2 were measured before and after 
high-altitude exposure. After completion of the abovementioned questionnaires, the resting HR (OMRON HEM-6200; 
Omron Health Care, Inc., Bannockburn, IL, USA) and SpO2 (Onyx 9500; Nonin Medical, Inc., Plymouth, MN, USA) of 
the participants were measured three times consecutively at approximately half-minute intervals, and the mean values of 
the three measurements were applied in the analysis.
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Statistical Analysis
The data are shown as the mean±SD, median (interquartile range), or n (%), as appropriate, and were analysed with the 
Statistical Package for the Social Sciences (Version 22.0; IBM Corporation, Armonk, NY, USA). The significance level 
was set at p<0.05 using two-sided tests. The normality of distribution of quantitative variables was assessed using the 
Kolmogorov–Smirnov test. Mean values were compared using a t test. The Pearson chi-squared test was used to compare 
the categorical variables. The Mann‒Whitney U-test was used to compare non-normally distributed variables. 
Correlations between variables were assessed with the Pearson correlation coefficient (r) for normally distributed 
variables or Spearman’s Rho (ρ) for non-normally distributed variables. After univariate analysis, factors associated 
with AMS (p<0.10) were entered into multivariable logistic regression analysis. AMS was the dependent variable, and 
smoking, drinking, age, BMI, HR, SpO2, SAS, AIS, ΔSAS and ΔAIS scores were independent variables in logistic 
regression analysis. Predictors entered into the regression model were defined as binary variables (yes/no), such as 
smoking and drinking, or as continuous variables (age, BMI, HR, SpO2, the score of SAS, and AIS). In the adjusted 
logistic regression analysis, the outcome was that independent risk factors for AMS were determined (Figure 1B).

Results
Participants
During the second day of ascent, four participants withdrew from the present study because of headache. During the 
third day of ascent, four participants withdrew from the present study because of cold. After ascending to 3800 m, three 
participants withdrew from the present study because of severe headache and lower SpO2 (SpO2 <80%) requiring 
hospital admission, and another five participants did not complete the follow-up questionnaire for reasons unknown. 
Thus, we analysed data obtained from the remaining 143 participants. The demographic characteristics of the participants 
are shown in Table 1. There were no differences between the AMS+ and AMS- groups in age, BMI, smoking, drinking, 
and baseline physiological parameters (HR and SpO2) (Table 1 and Figure 2).

Physiological Parameters
As shown in Figure 2A, HR in both the AMS+ and AMS- groups was significantly increased after exposure to high 
altitude (all p<0.01). The HR was significantly higher in the AMS+ group than in the AMS- group after two days of 
exposure to 3800 m (p<0.05).

After exposure to 3800 m, a significant decrease was observed in SpO2 in both the AMS+ and AMS- groups (all 
p<0.01). SpO2 was significantly lower in the AMS+ group than in the AMS- group after two days of exposure to 
3800 m (p<0.05) (Figure 2B).

AMS
At 500 m, no difference in AMS-S was observed between the AMS+ and AMS- groups (1 (2) vs 0 (1), p=0.176). After 
two days of exposure to 3800 m, AMS-S in the AMS+ and AMS- groups were 3 (1) and 1.5 (1.25), respectively.

Table 1 Comparisons of Demographic Characteristics Between the 
AMS+ and AMS- Groups

Variables The AMS+ Group  
(n=77)

The AMS- Group  
(n=66)

p value

Age, yrs 23.3 ± 3.7 23.1 ± 2.6 0.666

BMI, kg/m2 21.7 ± 2.3 22.1 ± 2.4 0.294

Current smoking 34 (44%) 31 (47%) 0.736
Current drinking 7 (9%) 9 (14%) 0.390

Note: Mean ± SD or n (%).
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After two days of exposure to 3800 m, the overall prevalence of AMS in the whole population was 54% (77/143). 
The most common symptoms reported by the subjects were headache (77%, 110/143), followed by dizziness (76%, 109/ 
143), fatigue/ weakness (68%, 97/143), and gastrointestinal symptoms (21%, 30/143).

Anxiety and Insomnia
At 500 m, one subject with a total SAS score of 75 was diagnosed with anxiety among the 143 young Chinese men and 
another five subjects had a total SAS score greater than or equal to 48 but less than 50; no difference in SAS score was 
observed between the AMS+ and AMS- groups (31.5 (6) vs 30 (3), p=0.124). After exposure to 3800 m for two days, an 
increase in SAS score was observed in both the AMS+ and AMS- groups and it reached a significant level in the AMS+ 
group (42 (8.25) vs 31.5 (6), p<0.001). At 3800 m altitude, the SAS score in the AMS+ group was significantly higher 
than that in the AMS- group (p<0.01). Remarkably, the changes (500 m–3800 m 2 days and 3800 m 2 days–3800 m 7 
days) in SAS score in the AMS+ group were significantly greater than those in the AMS- group (p<0.01) (Table 2).

Figure 2 Comparisons of heart rate (A) and pulse oximeter saturation (B) between the AMS+ and AMS- groups after acute high-altitude exposure. *p<0.05, **p< 0.01.

Table 2 Comparisons of SAS and AIS Score Between the AMS+ and 
AMS- Groups

Variables The AMS+ group  
(n=77)

The AMS- group  
(n=66)

SAS score
500 m 31.5 (6) 30 (3)
3800 m (2 days) 42 (8.25) 33 (4.5)**

3800 m (7 days) 36 (10.5) 31.5 (6)**

Δ(500 m–3800 m 2 days) 9 (7.5) 0 (4.5)**
Δ(3800 m 2 days–3800 m 7 days) −7.5 (3.75) 0 (1.875)**

AIS score
500 m 3 (4) 2 (4)
3800 m (2 days) 7 (4.5) 3.5 (5)**

3800 m (7 days) 5 (6.5) 3 (6)*

Δ(500 m–3800 m 2 days) 4 (4.5) 1 (4)**
Δ(3800 m 2 days–3800 m 7 days) −2 (6) 0 (2)**

Notes: Data are shown as the median and interquartile ranges. Compared to the AMS+ 
group: *p<0.05, **p<0.01. 
Abbreviations: AIS, Athens Insomnia Scale; SAS, Zung Self-Rating Anxiety Scale.
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At 500 m, no difference in AIS score was observed between the AMS+ and AMS- groups (3 (4) vs 2 (4), p=0.073). 
After exposure to 3800 m for two days, a significant increase in AIS score was observed in both the AMS+ and AMS- 
groups (both p<0.01) and the AIS score in the AMS+ group was significantly higher than that in the AMS- group 
(p<0.01). Furthermore, the changes (500 m–3800 m 2 days and 3800 m 2 days–3800 m 7 days) in AIS score in the 
AMS+ group were significantly greater than those in the AMS- group (both p<0.01) (Table 2).

Correlational Analysis
Correlation analysis between total AMS-S and other factors was performed to assess the potential risk factors related to 
AMS. Our data showed that total AMS-S was positively correlated with HR, SAS score, AIS score, ΔHR (500 m– 
3800 m 2 days), ΔSAS score (500 m–3800 m 2 days), and ΔAIS score (500 m–3800 m 2 days) but negatively correlated 
with SpO2 (Figure 3A-G). AMS-S was not correlated with age, BMI, smoking and drinking status (data not shown).

As presented in Figure 3H-J, our results showed that the SAS score was positively correlated with HR and AIS score 
but negatively correlated with SpO2.

Logistic Regression Analysis
The univariable logistic regression analysis among all participants showed that SpO2 had a significant negative 
association with AMS, while HR, SAS, AIS, ΔSAS and ΔAIS had a significant positive association with AMS 
(Table 3). However, age, BMI, smoking, and drinking status were not associated with AMS (Table 3).

After adjusted logistic regression analysis, SAS, AIS, and ΔSAS were independent risk factors for AMS (Table 3).

Discussion
The main finding of the present study is that there was a 54% overall prevalence of AMS in a young Chinese male 
population upon ascent to 3800 m, and anxiety among this population was associated with AMS, as confirmed by 
multivariable logistic regression analysis (Table 3). The present study may provide insights into the prevention of AMS 
among young Chinese male population using anxiety interventions, which remains to be verified by further studies.

In the present study, we observed a 54% overall prevalence of AMS among 143 subjects after two days of exposure to 
3800 m upon a 58-hour ascent by bus, which was higher than Karinen et al’s study34 but lower than Murdoch’s report.35 

The main reason for this should be subjects with different ascent rates between our study and the others. It has been 
suggested that fast ascent is an identified risk factor for AMS.5 Subjects in the present study spent almost 36 hours from 
1300 m to 3800 m altitude; however, subjects in Karinen et al’s study spent almost three days from 1800 m to 
3760 m altitude. The ascent rate in the present study was higher than that in Karinen et al’s study. In Murdoch’s 
study, 84% of the subjects who flew directly to 3740 m and slept at 3860 m suffered from AMS. We believe that the 
ascent rate partly explains the difference in AMS prevalence between our study and the others at approximately the same 

Figure 3 Relationship between the AMS-S and the other parameters (A) Heart rate, (B) pulse oximeter saturation, (C) the Self-Rating Anxiety Scale [SAS] score, (D) the 
Athens Insomnia Scale [AIS] score, (E) Δheart rate, (F) ΔSAS score, and (G) ΔAIS score) and the SAS score with the other parameters (H) heart rate, (I) pulse oximeter 
saturation, and (J) AIS score).
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altitude. We also compared the prevalence of AMS in the present study with Yuan et al’s report, which was performed at 
4100 m altitude among young Chinese men.7 Although the participants were young Chinese men in both our study and 
Yuan et al’s study, the prevalence of AMS in the present study was higher than that in Yuan et al’s study (54% vs 29%). 
The participants in Yuan et al’s study spent seven days ascending from 400 m to 4100 m altitude and were diagnosed 
with AMS with the latest version of the Lake Louise AMS scoring system (2018 version) with insomnia removed. The 
difference in ascent rate may explain the discrepancy in the prevalence of AMS between the two studies. In another study 
with Chinese soldier participants,36 Bian et al reported a prevalence of 56% for AMS diagnosed with the original version 
of the Lake Louise AMS scoring system (1993 version). In Bian et al’s research, the participants ascended from 500 m to 
3700 m by plane within two hours, and AMS was assessed within 18–24 hours after the participants’ arrival at 
3700 m. The ascent rate in Bian et al’s research was significantly higher than that in the present study. The duration 
of altitude exposure is another factor that can directly affect the prevalence of AMS. The literature has suggested that 
AMS generally occurs within six to 12 hours when the subject ascends to high altitude and resolves gradually within one 
to two days.5 In our previous study, we observed a prevalence of AMS of 60% after the subjects were exposed to 
3900 m for approximately 12 hours.37 The prevalence of AMS was lower in the present study than in our previous study. 
We think this is reasonable because the duration of altitude exposure of the subjects was notably longer in the present 
study than in our previous study (two days vs 12 hours).

Anxiety in the general population is a very common mental disorder in modern societies and can be caused by diverse 
factors (eg, workload, financial concerns, ageing, chronic illness). Studies have shown that anxiety can influence work 
performance,38 decrease quality of life,39 and increase the economic burden on the family and society.40 In the Chinese 
general population, the prevalence of anxiety ranged from 4%41 to 6%42 evaluated with the Generalized Anxiety 
Disorder Scale (GAD-7). In the present study, using the Zung Self-Rating Anxiety Scale [SAS] system and defining 
anxiety as subject with a total SAS score ≥50, one subject was diagnosed with anxiety and another five subjects’ SAS 
score was closed to 50 among the 143 young Chinese men at 500 m. The prevalence of anxiety reported here was lower 
than that reported by others.42 We suggest that the discrepancy may be partially due to the different scale used to measure 
the anxiety level between our and others’ work.

Studies have shown that high altitude exposure can cause or exacerbate anxiety,12,14,15,43,44 which is associated with 
AMS. AMS symptoms (eg, headache and insomnia) and anxiety may affect each other. The associations between AMS 
and the psychological states of anxiety may be caused by their relationships with AMS-related symptoms, eg, headache 

Table 3 Risk Factors for AMS Among All Participants After Exposure to 3800 m for Two Days

Variable Univariable  
OR (95% CI)

p value Multivariable  
OR (95% CI)

p value

Age 1.023 (0.923–1.135) 0.664

BMI 0.927 (0.805–1.068) 0.293

Current smoking 1.120 (0.579–2.168) 0.736
Current drinking 1.579 (0.554–4.502) 0.393

HR 1.042 (1.009–1.077) 0.013

SpO2 0.815 (0.721–0.921) 0.001
SAS 1.644 (1.404–1.926) 0.000 1.446 (1.200–1.744) 0.000

AIS 1.409 (1.232–1.610) 0.000 1.216 (1.033–1.432) 0.019
ΔHR (500 m–3800 m 2 days) 1.023 (0.994–1.052) 0.129

ΔSpO2 (500 m–3800 m 2 days) 0.933 (0.844–1.031) 0.171

ΔSAS (500 m–3800 m 2 days) 1.464 (1.284–1.668) 0.000 1.158 (1.012–1.327) 0.033
ΔAIS (500 m–3800 m 2 days) 1.253 (1.122–1.399) 0.000

Notes: Dependent variable: acute mountain sickness. The variables (HR, SpO2, SAS, AIS and AMS) were measured after all the 
participants exposure to 3800 m for two days. All the variables (HR, SpO2, SAS, AIS, ΔSAS and ΔAIS) associated with AMS 
included in the adjusted logistic regression analysis in step 1. In the final step of adjusted logistic regression analysis, only SAS, 
AIS and ΔSAS remained significant association with AMS. 
Abbreviations: AIS, Athens Insomnia Scale; AMS, acute mountain sickness; BMI, body mass index; CI, confidence interval; 
HR, heart rate; OR, odds ratio; SAS, Zung Self-Rating Anxiety Scale; SpO2, pulse oximeter saturation.
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and insomnia, which is partly supported by previously published studies.27,45 In the present study, we found that the 
prevalence of anxiety in the whole group after two days of exposure to 3800 m was significantly increased compared to 
that obtained at 500 m (14/143 vs 1/143). In particular, all of the subjects diagnosed with anxiety came from the AMS+ 
group. The SAS score in the AMS+ group was significantly higher than that in the AMS- group, as was the change in 
SAS score (Table 2). Our data indicated that psychological changes in AMS+ subjects were more obvious than those in 
AMS- subjects after high-altitude exposure. Consistent with the literature,12,16 the present study showed that subjects 
with anxiety were predisposed to AMS compared to subjects without anxiety. Notably, we found that anxiety is a risk 
factor for AMS, as confirmed by multivariable logistic regression analysis (Table 3). Our result is supported by 
a previous study.12 In Boos and colleagues’ study,12 British military servicemen with anxiety were at higher risk of 
developing AMS as compared to those without anxiety. However, Niedermeier and colleagues performed a normobaric 
chamber study with a sample size of 29 that did not find an association between anxiety and AMS.46 The discrepancy 
may be partially explained by the different types of hypoxia and sample sizes between our study and Niedermeier and 
colleagues’ study.

Studies have shown that poor sleep quality is a very common problem among Chinese residents, especially among 
those with anxiety.42,47 Our results showed that the AIS score was not statistically significantly higher in the AMS+ 
group than in the AMS- group at 500 m (Table 2). After high-altitude exposure, however, the AIS score was significantly 
higher in the AMS+ group than in the AMS- group (Table 2). Moreover, the AIS score changes (500 m-3, 800 m 2 days) 
in the AMS+ group were significantly greater than those in the AMS- group (Table 2). Our previous studies have shown 
that high-altitude exposure can cause a decrease in sleep quality,27,48 which was further validated in the present study. In 
addition, our results showed that the SAS score was positively correlated with the AIS score (ρ=0.581, p<0.001) and AIS 
score was an independent risk factor for AMS (Table 3). Taken together, the present study suggests that anxiety is 
associated with poor sleep quality, and poor sleep quality may be an important contributor to the increasing prevalence of 
AMS among young Chinese male population.

With regard to the pathogenesis of high-altitude anxiety, studies have suggested that a reduction in serotonin 
production caused by hypoxia could promote depression.49,50 Moreover, anxiety is a part of various psychiatric disorders, 
such as depression.7 Therefore, we speculate that hypobaric hypoxia can cause a reduction in serotonin production, which 
could in turn cause or exacerbate anxiety in the subjects. Further study is needed to test this hypothesis.

To our knowledge, the present study provides the first data to prove an association between anxiety and AMS 
among young Chinese male population. The strengths of our study are the identical ascent profile and the large 
sample sizes. However, our study has some limitations that should be acknowledged. First, three subjects who 
withdrew from the study because of severe headache, lower SpO2 and requiring hospital admission and were not 
analysed might have severe AMS. Five subjects did not complete the follow-up questionnaire for reasons unknown. 
Therefore, our results might be affected by nonresponse bias. Second, all the subjects were male, which may 
produce a sex bias. Third, the mean age of the subjects was 23 years (IQR, 21–25), which makes it difficult to 
extend our results to subjects with older age. Fourth, with an observational cross‒sectional study, it is difficult to 
determine the precise mechanisms of action. Fifth, the sleep quality of the participants in the present study was only 
measured as subjective sleep quality as opposed to polysomnography. These limitations should be addressed in 
future studies.

Conclusion
The present study suggests that anxiety is associated with AMS among young Chinese men, and poor sleep quality may 
partially mediate their association. Recognition of anxiety is particularly relevant in a young Chinese male population. 
Young Chinese men with anxiety may have a recognizable and preventable vulnerability after high-altitude exposure. 
Early recognition and intervention of anxiety among young Chinese men may be helpful in decreasing AMS prevalence, 
which remains to be verified by further studies.
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