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Abstract

Objective: The visual analog score (VAS) is widely used in clinical medicine to evaluate the severity of subjective symptoms.
There is substantial literature on the application of the VAS in medicine, especially in measuring pain, nausea, fatigue, and
sleep quality. Hypobaric chambers are utilized to test and exercise the anaerobic endurance of athletes. To this end, we
evaluated the degree of AMS using the visual analog scale (VAS) in a hypobaric chamber in which the equivalent altitude
was increased from 300 to 3500 m.

Methods: We observed 32 healthy young men in the hypobaric chamber (Guizhou, China) and increased the altitude from
300 to 3500 m. During the five hours of testing, we measured the resting blood oxygen saturation (SaO2) and heart rate
(HR). Using the VAS, we recorded the subjects’ ratings of their AMS symptom intensity that occurred throughout the phase
of increasing altitude at 300 m, 1500 m, 2000 m, 2500 m, 3000 m, and 3500 m.

Results: During the phase of increasing altitude in the hypobaric chamber, the patients’ SaO2 was 96.860.8% at 300 m and
87.564.1% at 3500 m (P,0.05) and their HR was 79.068.0 beats/minute at 300 m and 79.3611.3 beats/minute at 3500 m.
The incidence of symptoms significantly increased from 21.9% at an altitude of 1000 m to 65.6% at an altitude of 3500 m
(P,0.05). The composite VAS score, which rated the occurrence of four symptoms (headache, dizziness, fatigue, and
gastrointestinal discomfort), was significantly correlated with elevation (P,0.01).

Conclusion: Based on the experimental data, the VAS can be used as an auxiliary diagnostic method of Lake Louise score to
evaluate AMS and can show the changing severity of symptoms during the process of increased elevation in a hypobaric
chamber; it also reflects a significant correlation with altitude.
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Introduction

Acute mountain sickness (AMS) is a series of acute hypoxic

events that occur with the transition from the plains to a plateau or

from a plateau to a higher altitude plateau over a short period of

time [1]. The common symptoms are nausea, headache, anorexia,

insomnia, fatigue/lassitude, vomiting and dizziness [2–4]. The

rate and height of the ascent and the type of transportation used to

ascend are determinants of the incidence of AMS [5]. Due to the

limitations of the physical conditions, little research can be

completed at the plateau. Therefore, hypobaric chambers are used

to simulate the low-oxygen environment of the plateau for

scientific research [6–8]. A hypobaric chamber is a small room

that is not completely closed and relies on suction to create the

hypobaric hypoxic state within the cabin. The equivalent altitude

can be adjusted as needed to several kilometers or tens of

thousands of meters above sea level to simulate a hypoxic

environment [6–8]. Hypobaric chambers are utilized to test and

exercise the anaerobic endurance of athletes, and many research-

ers have used them to explore AMS [9].

Many studies have used the Lake Louise score (LLS) and the

Environmental Symptoms Questionnaire (ESQ-III) to assess

AMS in the clinic and in research. The LLS consists of a self-

evaluation questionnaire and a normative clinical assessment

[10,11], which evaluates the 5 symptoms of headache, dizziness,

fatigue, gastrointestinal discomfort, and sleep. It is widely used

by expedition leaders to assess AMS as they must often

determine whether a climber can continue hiking [12]. The

ESQ-III was developed by the United States military in the late

1970s and early 1980s [13,14], and it includes 11 items to assess

AMS [15]. The visual analog score (VAS) is another scoring

system that has been suggested for assessing AMS based on its

usefulness in performing other clinical evaluations [16]. Many

studies have shown various applications of the VAS in medicine,
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and the VAS is commonly used to measure fatigue, hunger,

satiety [17], headache [18,19], nausea, pain, and sleep quality

[20,21]. It has also been used to measure objective and

subjective cognition [22–24]. The VAS reduces the reliance on

written language [20,25]. Subjects only need to make a mark on

a 10-cm horizontal line; the left end of the line is 0 mm, which

indicates a lack of symptoms, and the right end is 100 mm,

which indicates that the symptoms are serious. Intermediate

points along the line represent varying degrees of symptoms.

Subjects make a mark on this line to indicate the degree of

symptoms they are experiencing. A symptom intensity from 0 to

4 mm represents almost no symptoms; an intensity from 5 to

44 mm represents a mild level of symptoms; an intensity from

45 to 74 mm represents a moderate level of symptoms; and an

intensity from 75 to 100 mm represents a severe level of

symptoms [26].

Currently, there are some studies on the use of the VAS to assess

AMS symptoms. Additionally, the VAS is used as an auxiliary

diagnostic method for the LLS or Environmental Symptoms

Questionnaire (ESQ-III). In previous studies, some researchers

have required that both the LLS and the ESQ-III be used to

define AMS. However, as the qualifications of AMS have different

definitions, Roach et al. stated that a headache with an LLS$3 as

one of the symptoms could indicate AMS [27], and Sampson et al.

stated that an ESQ-III$0.7 could indicate AMS [11]. Further-

more, some researchers consider an LLS$5 to be necessary for the

diagnosis of AMS [28,29]. The VAS score corresponding to AMS

as defined by LLS and ESQ-III also has different definitions.

Wagner et al. determined that a VAS score of 16 mm indicates

AMS, which corresponds to LLS = 5 and ESQ-III = 0.7 [30]. Hext

et al. reported cut-off points of 22 mm, representing an LLS$3,

and 33 mm, representing an ESQ-III = 0.7 [31]. There is

currently no agreement over the specific VAS score that should

be used to evaluate AMS. Therefore, the purpose of this study was

to use the VAS to assess the incidence of AMS in 32 subjects who

remained in a hypobaric chamber from 300 m to 3500 m above

sea level.

Materials and Methods

Study setting
We observed 32 healthy young men in a hypobaric chamber

during a 5-hour period over which the altitude increased from 300

to 3500 m and then decreased from 3500 to 300 m. The

ascending stage lasted for three hours, and the hypobaric chamber

altitude was increased by 500 m every 20 minutes each time,

except for the first adjustment, which went directly from 300 to

1000 m. After each adjustment, there was a 10 minute period for

pressure equilibration. The descending stage lasted two hours, and

the altitude was reduced by 500 m every 15 minutes with a

10 minute period for pressure equilibration; the final pressure

adjustment went directly from 1500 to 300 m.

Data collection
Prior to the test, we measured the participants’ resting blood

oxygen saturation (SaO2) and heart rate (HR) using a Tuffsat

pulse oximeter, and we determined the subjects’ basic informa-

tion using a questionnaire. In the ascent and descent phases, we

measured the subjects’ SaO2 and HR at 1500 m, 2000 m,

2500 m, 3000 m, and 3500 m using the Tuffsat pulse oximeter.

The intensity of the subjects’ AMS symptoms was measured

using the VAS in the ascent phase at the altitudes of 300 m,

1000 m, 1500 m, 2000 m, 2500 m, 3000 m, and 3500 m. The

symptoms included headache, dizziness, fatigue, and gastroin-

testinal discomfort. For every elevation gradient, we gave each

participant a VAS questionnaire, which had four 10-cm

horizontal lines that corresponded to headache, dizziness,

fatigue, and gastrointestinal discomfort. They marked a single

slash in the corresponding position of the questionnaire that best

represents their worst feeling for the four symptoms. Study

materials were available in Chinese, and volunteers completed

the questionnaire according to the grade of their more severe

symptom. The left end of the line is 0 mm with the word

‘‘none’’, and the right end is 100 mm with the word ‘‘severe’’.

Intermediate points along the line represent varying degrees of

symptoms. Then, we transformed the corresponding tag into a

score. Because the test time was short and the condition of the

hypobaric chamber was inappropriate for sleep, we did not

assess the symptoms of sleep disorder. Throughout the

experimental process, the subjects did not perform any

strenuous exercise, and all measurements and survey questions

were carried out while the subject was sitting. This study was

approved by the ethical committee of the Third Military

Medical University in China.

Statistical analyses
Two investigators (Jialin Wu and Yu Chen) measured the

distance in millimeters from the left end of the line to the slash

mark. Utilizing SPSS version 19.0, we performed repeated

measure ANOVA between the VAS score and altitude. We

defined AMS as headache and LLS$3, and this definition has

been shown to determine the climbers’ degree of AMS [32].

Additionally, on the basis of the study by Hext et al., we used cut-

off points of the VAS $22 mm, representing an LLS $3. So, we

classified participants as AMS present (VAS $22 mm) or AMS

not present (VAS ,2 mm), which is shown in the scatter diagram.

The homogeneity test of variance (F test) was used for the data

analysis of SaO2 and HR. The correlation between the incidence

of the four symptoms, the total number of symptoms and elevation

was analyzed using the Pearson correlation coefficient analysis. All

tests of significance were two-tailed, P,0.05 was considered

significant and P,0.01 was considered very significant.

Results

Volunteer characteristics
Thirty-two volunteers consented to the study, and all of them

returned questionnaires with the outcome data. Their ages ranged

from 19 to 25 years with an average age of 21.661.85 years. A

total of 15 lived in southwest China (46.9%), and 17 were from the

non-southwest region (53.1%). Thirty (93.8%) were of Han

Figure 1. Graph showing the SaO2 during the ascent and
descent phases. a P,0.01: compared with the altitudes of 2500 m,
3000 m, and 3500 m; b P,0.01: compared with the altitudes of 3000 m,
2500 m, 2000 m, and 1500 m.
doi:10.1371/journal.pone.0113376.g001

VAS and AMS

PLOS ONE | www.plosone.org 2 November 2014 | Volume 9 | Issue 11 | e113376



ethnicity, one was Manchu (3.1%), and another was of Hui

ethnicity (3.1%; Table 1).

Changes in the SaO2 during the ascent and descent
phases

The highest SaO2 was 96.860.79%, which occurred at 300 m.

With increasing altitude, the SaO2 gradually decreased. The

lowest SaO2 was 87.564.1%, which occurred at an altitude of

3500 m. We compared SaO2 levels at 1500 m with those at

2500 m, 3000 m, and 3500 m (P,0.01), and there was a

significant correlation. During the descent phase, the SaO2 rose

with decreasing altitude to 95.562.3% at 1500 m. Comparing

SaO2 level at 3500 m with those at 3000 m, 2500 m, 2000 m, and

1500 m (P,0.01), there was a significant correlation (Fig. 1).

Changes in the HR during the ascent and descent phases
Over the course of the altitude increase, the participants’ heart

rate gradually increased. The maximum heart rate was 81.2611.3

beats/minute at 2000 m, which decreased to 79.3611.3 beats/

minute when the altitude was 3500 m. During the descent phase, the

heart rate decreased, falling to 75.2610.8 beats/minute at an

altitude of 1500 m (Fig. 2). The F test of HR during the ascent and

descent phases did not demonstrate significant differences (P.0.05).

Changes in the incidence of symptoms associated with
increasing altitude

Throughout the experiment, some people experienced only one

symptom and some experienced a few symptoms; others

experienced no symptoms. At an altitude of 1000 m, a total of 7

subjects experienced symptoms of AMS, including dizziness

(35.7%), fatigue (28.6%), gastrointestinal discomfort (21.4%), and

headache (14.3%). At an altitude of 1500 m, 6 subjects experi-

enced acute symptoms of AMS, and dizziness was still the most

common symptom, occurring in 30.8% of the subjects. At an

altitude of 2000 m, 11 subjects experienced symptoms of acute

altitude sickness, including primarily headaches and dizziness,

both of which were observed in 27.8% of the subjects. With an

increase in altitude to 2500 m above sea level, the number of

subjects experiencing symptoms of acute mountain sickness rose to

a total of 15; fewer experienced headaches, but the proportion of

subjects experiencing dizziness rose to 37.5%. At 3000 m above

sea level, 18 subjects had symptoms of acute mountain sickness,

including dizziness (40%) and fatigue (33.3%). Finally, at an

altitude of 3500 m, a total of 21 subjects had symptoms of acute

mountain sickness, including headache (41.0%), fatigue (30.8%),

gastrointestinal discomfort (15.4%) and dizziness (12.8%; Table 2).

We evaluated the incidence rate of the four symptoms in

different altitudes and the occurrence rate of total number of

symptoms. The Pearson correlation coefficient analysis revealed

the incidence of four symptoms and the total number had a

varying degree of correlation with elevation. Headache was

significantly correlated with altitude (P,0.05). Dizziness, Fatigue,

Gastrointestinal discomfort and total incidence had a tremendous

significant correlation with altitude (P,0.01) (Table 3).

The subjective score of symptoms in the ascent phase as
assessed by the VAS

During the ascent phase, the number of subjects experiencing

the symptoms increased, but the fractional value of the VAS for

each subjective severity of the symptoms was always 20 or less (0 to

20). At an altitude of 1000 m, 2 people had a headache with an

intensity of 10 mm. At 3500 m above sea level, a total of 5 subjects

suffered headache symptoms, ranging in VAS score from 5 to

Table 1. Baseline characteristics of the volunteers.

Variable Mean or proportion

Age (yr) 21.661.85

Gender (% male) 100%

Language (%)

Mandarin 100%

Ethnicity (%)

Han 93.80%

Manchu 3.10%

Hui 3.10%

Smoking (%)

Yes 15.60%

No 84.40%

Wohnort (%)

Southwest China 46.90%

Non-southwest China 53.10%

doi:10.1371/journal.pone.0113376.t001

Figure 2. Graph showing the HR during the ascent and descent
phases. The change in HR during the ascent and descent phases had
no significant relationship with altitude changes (P.0.05).
doi:10.1371/journal.pone.0113376.g002

VAS and AMS

PLOS ONE | www.plosone.org 3 November 2014 | Volume 9 | Issue 11 | e113376



10 mm. A total of 5 subjects suffered dizziness at an altitude of

1000 m; 4 of them rated the dizziness at 10 mm and another at

20 mm. When the altitude increased to 3500 m, a total of 15

subjects had symptoms of dizziness; 4 rated the dizziness at

20 mm, and the rest rated it at 10 mm. Four subjects experienced

fatigue symptoms at an altitude of 1000 m; 3 rated the fatigue at

10 mm, and another rated it at 20 mm. At an altitude of 3500 m,

the number of subjects experiencing fatigue increased to 10; most

rated the fatigue at 10 mm, and 2 rated it at 20 mm.

Gastrointestinal discomfort at an altitude of 1000 m was

experienced by only 3 people, who rated it at 10 mm; at

3500 m, the number of subjects with gastrointestinal discomfort

increased to 6, but the rating remained at 10 mm (Table 4). These

results suggest that the change in the score of the symptoms was

not very obvious in the hypobaric chamber; the symptoms were all

under the mild level.

Repeated measure ANOVA between the altitude and VAS
score

The composite score is the overall score of the four symptoms

(headache, dizziness, fatigue and gastrointestinal discomfort).

Repeated measure ANOVA displays the correlation between the

four symptoms and composite score, which was assessed by the

VAS with increasing elevation. There was no correlation between

headache and gastrointestinal discomfort with altitude (e P.0.05, d

P.0.05). Fatigue showed a significant difference with altitude (b

P,0.05). Comparing the dizziness and composite score at 3500 m

with those at 300 m, 1000 m, 1500 m, 2000 m, 2500 m and

3000 m (a P,0.01, c P,0.01), revealed a significant correlation

with altitude (Fig. 3).

Scatter diagram of the VAS at different elevations
The scatter diagram of the VAS score for all subjects contains

the composite of the four symptoms. Dotted line A represents the

VAS criterion scores of 16 mm; dotted lines B and C represent

22 mm and 33 mm, respectively (Fig. 4). Most of the scores were

approximately 0, and the highest score was 15 mm. Dotted line B

represents the VAS score of 22 mm, which was determined by

Hext et al. to identify AMS and corresponds to LLS$3.

Therefore, none of the subjects suffered from AMS, and only

one subject obtained a score of 15 mm at 3500 m. Of course,

15 mm is also below the other standards, which are 16 mm and
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Figure 3. Repeated measure ANOVA between the altitude and
VAS score. GD: Gastrointestinal discomfort. There was no correlation
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33 mm. Therefore, it is clear that, in this study, assessing AMS in

the hypobaric chamber using the VAS score did not achieve the

expected results.

Discussion

In this study, the SaO2 of the subjects decreased with an

increase in elevation in the hypobaric chamber. At an altitude of

300 m, SaO2 was 96.860.8%, and at 3500 m, the SaO2 was only

87.564.1% (Fig. 1). In a hypobaric chamber, as the altitude

increases, the air pressure in the cabin and the oxygen partial

pressure decrease. Atmospheric pressure is inversely related to

altitude because the level of oxygen at high altitude is decreased

[33]. The decreased partial pressure of oxygen reduces the ability

of hemoglobin to carry oxygen in the blood and for oxygen to

dissociate from HbO2. Therefore, there is a lack of oxygen in the

body, and hypoxia occurs. As a result, the partial pressure of

oxygen, the product of the fractional concentration of oxygen and

the overall pressure, is the key factor in AMS [33]. Additionally,

peripheral chemoreceptors (located in the carotid and aortic

bodies) can sense the decreased PO2 or increased PCO2 in the

arterial blood. These impulses will be transmitted to the medulla

oblongata by the sinus and vagus nerves. This stimulation causes

the heart rate to increase, but this mechanism of adjustment only

occurs in severe hypoxia and does not under normal circumstances

[34,35]. Similarly, the data analysis showed that HR was not

significantly different (P.0.05, Fig. 2) during the ascent and

descent phases. After all, the SaO2 decline was not very intense in

the entire experiment and did not reach the degree of hypoxia or

asphyxia.

In general, during the experiment, the incidence of subjects who

developed the symptoms of AMS increased along with the

increasing altitude, from 21.9% at an altitude of 1000 m to

65.6% at an altitude of 3500 m (The incidence rate of different

altitudes is show in Table 3, P,0.01). Therefore, with increasing

altitude in the hypobaric chamber, both the air pressure and the

oxygen content decreased, and the incidence of AMS gradually

increased. During the experiment, all subjects were instructed to

not use any medicine or supplemental oxygen to prevent the

occurrence of AMS.

By using the VAS to quantify the severity of subjective

symptoms of AMS in this experiment, we were able to show that

the intensity of the symptoms was weak at low altitude (1000 m);

all of the symptoms were rated as 10 mm or less at that altitude

(Table 4). The intensity of the symptoms increased with increasing

altitude to scores of predominantly 10 or 20 mm (3500 m, the

symptoms of dizziness and fatigue were particularly prevalent).

The scores for all of these symptoms fall under the range of the

mild level (5–44 mm) on the VAS. Based on repeated measure

ANOVA, the composite VAS score was significantly correlated

with altitude (P,0.01; Fig. 3). These showed that the change in

the intensity of the symptoms was not very obvious in the

hypobaric chamber; all symptoms were mild or lower. Such a low

score differs from those of previous studies [36–38]. Our study was

performed in a hypobaric chamber, and the previous research was

conducted in the real plateau environment.

The VAS score in the scatter diagram is the average of four

symptoms because sleep was not included (Fig. 4). Dotted line B

represents the VAS score of 22 mm, which was the minimum

score defining the occurrence of AMS. However, the data

Table 3. The incidence rate of different symptom at different altitudes.

Elevation (m) Symptoms and incidence rate (%)

Headache Dizziness Fatigue
Gastrointestinal
discomfort Total incidence

300 0 0 0 0 0

1000 6.25% (2/32) 15.6% (5/32) 12.5% (4/32) 9.38% (3/32) 21.94% (7/32)

1500 9.38% (3/32) 12.5% (4/32) 9.38% (3/32) 9.38% (3/32) 18.8% (6/32)

2000 15.6% (5/32) 15.6% (5/32) 12.5% (4/32) 12.5% (4/32) 34.4% (11/32)

2500 9.38% (3/32) 28.1% (9/32) 21.94% (7/32) 15.6% (5/32) 46.9% (15/32)

3000 9.38% (3/32) 37.5% (12/32) 32.0% (10/32) 15.6% (5/32) 56.3% (18/32)

3500 15.6% (5/32)a 50.0% (16/32)b 37.5% (12/32)c 18.8% (6/32)d 65.6% (21/32)e

ap,0.05: compared with altitudes of 300 m, 1000 m, 1500 m, 2000 m, 2500 m, and 3000 m.
bp,0.01: compared with altitudes of 300 m, 1000 m, 1500 m, 2000 m, 2500 m, and 3000 m.
cp,0.01: compared with altitudes of 300 m, 1000 m, 1500 m, 2000 m, 2500 m, and 3000 m.
dp,0.01: compared with altitudes of 300 m, 1000 m, 1500 m, 2000 m, 2500 m, and 3000 m.
ep,0.01: compared with altitudes of 300 m, 1000 m, 1500 m, 2000 m, 2500 m, and 3000 m.
doi:10.1371/journal.pone.0113376.t003

Figure 4. Scatter diagram of the visual analog scale (VAS).
Relationship between altitude and average VAS score. Dotted line A
represents a score of 16 mm for the VAS; dotted line B = 22 mm and
dotted line C = 33 mm.
doi:10.1371/journal.pone.0113376.g004
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indicated that none of the participants reached that score and

suffered AMS. In other studies, the incidence of AMS was

obviously different [39]. Vardy J et al. reported that the incidence

of AMS was 10% from 3000 to 4000 m [38], and Honigman et al.

reported 25% at 6300 to 9700 feet [36]. Hence, assessing AMS in

the hypobaric chamber with the VAS score in this study did not

achieve the expected results. Of course, the other groups’ research

was conducted in a real plateau environment, and we evaluated

subjects in a hypobaric chamber. Nevertheless, the participants

experienced symptoms in the hypobaric chamber. Even so, as a

tool for the continuous measurement of symptoms, the VAS is

highly suitable for the detection of symptom changes over time

[22,37]. The advantage of the VAS is the visual nature of the data;

furthermore, trends and changes can easily be discovered and

interpreted [31].

There were some limitations to this experiment. The entire

experiment was limited to five hours in duration, the elevation

increase was not extreme (3500 m was the maximum elevation),

and the subjects may not have fully developed all the symptoms of

AMS. As a result, the symptoms of AMS were not very apparent.

Additionally, the sample size was small; larger samples from other

populations would be preferable for further evaluating AMS with

the VAS in the future.

Conclusions

This study evaluated the incidence of AMS in a hypobaric

chamber using the VAS. The experimental data explicitly

informed us about the changes in the incidence rate of symptoms

in the entire group. Based on the experimental data, the VAS can

be used as an auxiliary diagnostic method for the LLS and can

show the changing severity of symptoms in the process of increased

elevation in a hypobaric chamber, and the VAS scores show a

significant correlation to altitude.

Supporting Information

Table S1 Volunteer characteristics.
(DOCX)

Table S2 The ascent and descent phases.
(DOCX)

Table S3 VAS score at different altitude.
(DOCX)

Author Contributions

Conceived and designed the experiments: YL. Performed the experiments:

JW YC. Analyzed the data: JW. Contributed reagents/materials/analysis

tools: JW YC. Wrote the paper: JW YL.

References

1. Luo Y, Chen Y, Zhang Y, Gao Y (2012) The association of angiotensin-

converting enzyme gene insertion/deletion polymorphisms with acute mountain

sickness susceptibility: a meta-analysis. High altitude medicine & biology 13:

252–257.

2. Hackett PH, Roach RC (2001) High-altitude illness. N Engl J Med 345: 107–

114.

3. Luo Y, Yang X, Gao Y (2013) Strategies for the prevention of acute mountain

sickness and treatment for large groups making a rapid ascent in China.

International journal of cardiology 169: 97–100.

4. Tang E, Chen Y, Luo Y (2014) Dexamethasone for the prevention of acute

mountain sickness: Systematic review and meta-analysis. International journal of

cardiology.

5. Pradhan S, Yadav S, Neupane P, Subedi P (2009) Acute mountain sickness in

children at 4380 meters in the Himalayas. Wilderness & environmental medicine

20: 359–363.

6. Hou X, Chen J, Luo Y, Liu F, Xu G, et al. (2013) Silencing of STIM1 attenuates

hypoxia-induced PASMCs proliferation via inhibition of the SOC/Ca2+/NFAT

pathway. Respiratory research 14: 2.

7. Luo Y, Lu G, Chen Y, Liu F, Xu G, et al. (2013) Long-term cycles of hypoxia

and normoxia increase the contents of liver mitochondrial DNA in rats.

European journal of applied physiology 113: 223–232.

8. Guo P, Luo H, Fan Y, Luo Y, Zhou Q (2013) Establishment and evaluation of

an experimental animal model of high altitude cerebral edema. Neuroscience

letters 547: 82–86.

9. Savourey G, Guinet A, Besnard Y, Garcia N, Hanniquet AM, et al. (1995)

Evaluation of the Lake Louise acute mountain sickness scoring system in a

hypobaric chamber. Aviat Space Environ Med 66: 963–967.

10. Castellani JW, Muza SR, Cheuvront SN, Sils IV, Fulco CS, et al. (2010) Effect of

hypohydration and altitude exposure on aerobic exercise performance and acute

mountain sickness. J Appl Physiol 109: 1792–1800.

11. Sampson JB, Cymerman A, Burse RL, Maher JT, Rock PB (1983) Procedures

for the measurement of acute mountain sickness. Aviation, space, and

environmental medicine 54: 1063–1073.

12. Van Roo JD, Lazio MP, Pesce C, Malik S, Courtney DM (2011) Visual analog

scale (VAS) for assessment of acute mountain sickness (AMS) on Aconcagua.

Wilderness & environmental medicine 22: 7–14.

13. Kobrick JL, Sampson JB (1979) New inventory for the assessment of symptom

occurrence and severity at high altitude. Aviation, space, and environmental

medicine 50: 925–929.

14. Sampson JB, Kobrick JL (1980) The environmental symptoms questionnaire:

revisions and new filed data. Aviation, space, and environmental medicine 51:

872–877.

15. Beidleman BA, Muza SR, Fulco CS, Rock PB, Cymerman A (2007) Validation

of a shortened electronic version of the environmental symptoms questionnaire.

High altitude medicine & biology 8: 192–199.

16. Khanna D, Pope JE, Khanna PP, Maloney M, Samedi N, et al. (2008) The

minimally important difference for the fatigue visual analog scale in patients with

rheumatoid arthritis followed in an academic clinical practice. J Rheumatol 35:

2339–2343.

17. Baillie JK, Thompson AA, Irving JB, Bates MG, Sutherland AI, et al. (2009)

Oral antioxidant supplementation does not prevent acute mountain sickness:

double blind, randomized placebo-controlled trial. QJM 102: 341–348.

18. Bailey DM, Roukens R, Knauth M, Kallenberg K, Christ S, et al. (2006) Free

radical-mediated damage to barrier function is not associated with altered brain

morphology in high-altitude headache. J Cereb Blood Flow Metab 26: 99–111.

19. Serrano-Duenas M (2005) High altitude headache. A prospective study of its

clinical characteristics. Cephalalgia 25: 1110–1116.

20. Hendey GW, Donner NF, Fuller K (2005) Clinically significant changes in

nausea as measured on a visual analog scale. Ann Emerg Med 45: 77–81.

21. Zisapel N, Nir T (2003) Determination of the minimal clinically significant

difference on a patient visual analog sleep quality scale. J Sleep Res 12: 291–298.

22. Gallagher EJ, Bijur PE, Latimer C, Silver W (2002) Reliability and validity of a

visual analog scale for acute abdominal pain in the ED. Am J Emerg Med 20:

287–290.

23. Gallagher EJ, Liebman M, Bijur PE (2001) Prospective validation of clinically

important changes in pain severity measured on a visual analog scale. Ann

Emerg Med 38: 633–638.

24. Todd KH, Funk KG, Funk JP, Bonacci R (1996) Clinical significance of

reported changes in pain severity. Ann Emerg Med 27: 485–489.

25. Roach R, Kayser B (2007) Measuring mountain maladies. High altitude

medicine & biology 8: 171–172.

26. Jensen MP, Chen C, Brugger AM (2003) Interpretation of visual analog scale

ratings and change scores: a reanalysis of two clinical trials of postoperative pain.

J Pain 4: 407–414.

27. Roach RC BrP, Hackett PH, Oelz O (1993) The Lake Louise acute mountain

sickness scoring system. Hypoxia and Molecular Medicine: 272–274.

28. Maggiorini M, Muller A, Hofstetter D, Bartsch P, Oelz O (1998) Assessment of

acute mountain sickness by different score protocols in the Swiss Alps. Aviation,

space, and environmental medicine 69: 1186–1192.

29. Dellasanta P, Gaillard S, Loutan L, Kayser B (2007) Comparing questionnaires

for the assessment of acute mountain sickness. High altitude medicine & biology

8: 184–191.

30. Wagner DR, Teramoto M, Knott JR, Fry JP (2012) Comparison of scoring

systems for assessment of acute mountain sickness. High altitude medicine &

biology 13: 245–251.

31. Hext F, Stubbings A, Bird B, Patey S, Wright A (2011) Visual analogue scores in

assessment of acute mountain sickness. High altitude medicine & biology 12:

329–333.

32. Lazio MP, Van Roo JD, Malik S, Courtney DM, Pesce C (2009) In response to

‘‘Health screening on Aconcagua’’. Wilderness & environmental medicine 20:

393–394.

33. Shen G, Xie K, Yan Y, Jing D, Tang C, et al. (2010) The role of oxygen-

increased respirator in humans ascending to high altitude. Biomed Eng Online

11: 49.

VAS and AMS

PLOS ONE | www.plosone.org 7 November 2014 | Volume 9 | Issue 11 | e113376



34. Niewinski P, Janczak D, Rucinski A, Tubek S, Engelman ZJ, et al. (2014)

Dissociation between blood pressure and heart rate response to hypoxia after
bilateral carotid body removal in men with systolic heart failure. Experimental

physiology 99: 552–561.

35. Kobayashi S, Yoshida K, Nishimura M, Miyamoto K, Kawakami Y (1992)
Paradoxical bradycardia during exercise and hypoxic exposure. The possible

direct effect of hypoxia on sinoatrial node activity in humans. Chest 102: 1893–
1895.

36. Honigman B, Theis MK, Koziol-McLain J, Roach R, Yip R, et al. (1993) Acute

mountain sickness in a general tourist population at moderate altitudes. Annals
of internal medicine 118: 587–592.

37. Wagner DR, Tatsugawa K, Parker D, Young TA (2007) Reliability and utility of

a visual analog scale for the assessment of acute mountain sickness. High altitude

medicine & biology 8: 27–31.

38. Vardy J, Vardy J, Judge K (2006) Acute mountain sickness and ascent rates in

trekkers above 2500 m in the Nepali Himalaya. Aviation, space, and

environmental medicine 77: 742–744.

39. Chen G, Qin J, Yu J, Guo W, et al. (2013) Effects of five kilometers walking at

3200m high altitude on acute mountain sickness [Chinese]. Chongqing

Medicine 42: 3593–3598.

VAS and AMS

PLOS ONE | www.plosone.org 8 November 2014 | Volume 9 | Issue 11 | e113376


