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Abstract

Background: Acute mountain sickness (AMS) refers to the cerebral abnormalities typically triggered by exposure to
hypobaric hypoxia at high altitude. Although AMS is not often life threatening, it can seriously impact health quality
and decrease productivity. Thus, detection of potential susceptibility to AMS has become important for people
arriving at high-altitude plateaus for the first time, including laborers and military staff. The aim of this review was
to examine techniques which efficiently assess the susceptibility to AMS prior to exposure to high altitude.

Methods: By searching online databases, we retrieved studies with associations between AMS and methods to
detect the susceptible people who were not exposed to high altitudes. Studies reporting significant correlation
coefficients between screening methods and AMS scores were included.

Results: Several screening techniques of AMS susceptibility were found including cold pressor test, heart rate
variability, and lung functions. Of these markers, heart rate variability was positively associated with AMS scores,
while the rest were negatively associated with AMS scores.

Conclusions: We identified three physiological markers that were significantly associated with the risk of AMS.
Although it is well known that simple sea level tests are not really helpful in predicting AMS currently, these
markers, to some degree, may be employed as references in predicting susceptibility.
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Background

Acute mountain sickness (AMS) describes the cerebral
syndromes that can develop in unacclimatized people
shortly after ascent to high altitude above 2500 m [1].
The reported prevalence of AMS varies widely because
of different ascent profiles. For example, in Summit
County of Colorado, the incidence of AMS was 22% at
altitudes of 1850-2750 m [2] and 42% when ascending
to 3000 m [3], and was as high as 75% of people
attempting ascent of Mount Kilimanjaro (5984 m) [4].
In laborers [5] and soldiers [6], the incidence of AMS
was much higher due to the requirements for laboring
or completion of missions under hypobaric hypoxia.
Under some conditions, AMS can result in oliguria, retinal
hemorrhage, ataxia, and coma [7], which can ultimately
proceed to life-threatening high altitude pulmonary edema
(HAPE) and high altitude cerebral edema [1]. With the
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increasing demand for economic development, a large
number of people will be at risk of high altitude illness
when they first reach high altitude regions [8]. Thus, it is
critical to screen people with potential susceptibility to
AMS, particularly soldiers and workers, as they will be at
higher risk due to exercise in hypoxic conditions, which
was shown to increase the incidence and severity of AMS
compared with a similar sedentary trial [9].

Several risk factors for AMS have been identified, in-
cluding speed of ascent above 300 to 500 m per day in
the acclimatization period [10], previous history of AMS
or HAPE [11], obesity [12], migraine [13], persistence of
a patent foramen ovale [14], residence at an altitude
below 900 m [2], exertion [9], certain preexisting cardio-
pulmonary conditions [15], and various biochemical and
genetic factors [16]. However, the incidence and severity
of AMS not only depend on the above factors, but also
on the individual’s physiological susceptibility which
may as well associate with AMS [11]. Some physio-
logical parameters including arterial oxygen saturation
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[17] and mean pulse rate [18] that may influence AMS
rely on pre-exposure to a high altitude or simulated
conditions. Nevertheless, it is inconvenient and unreal-
istic for people to experience exposure to hypobaric
hypoxia prior to going to high altitude for the first time.
Hence, our overall objective is to review the studies that
explored methods for prediction of AMS susceptibility
to develop rapid screening techniques for susceptible
subjects, though test results may have different meaning
for various sub-populations, not depending on pre-
exposure to altitude or simulated-altitude.

Methods
Searching strategy
In accordance with the preferred reporting items for
systematic reviews (PRISMA) statement [19], a comput-
erized literature search was performed within Medline
(PubMed), ISI web of science, EMBASE, Chinese Bio-
medical Disk, and the Chinese Journal Full-test Database
(up to April 2012). Both English and non-English language
articles were examined. The full text research articles
that could not be downloaded from the databases
were obtained via e-mail with the authors or by hand
searching.

The retrieval key words used were: Altitude Sickness,
hypoxia, susceptibility, and screening techniques.

Inclusion and exclusion criteria
Inclusion criteria:

1. Studies should report the detection of susceptibility
to AMS not depending on exposure of high altitude
or simulated.

2. Screening techniques should be convenient and have

low cost such as physiological parameters, which

could be used by large populations.

The sample size must be larger than 30 cases.

4. Results of the studies must include data representing
the association between score of AMS and predicted
methods, such as correlation efficient and P-value.

w

Exclusion criteria:

1. Animal experiment and unrelated studies, such as
pathological and physiological studies on the
association between AMS and its risk factor.

2. Screening methods rely on complicated and
inconvenient techniques such as detection of gene
polymorphism.

3. Study publications don’t contain the minimum
information necessary to obtain correlation efficient
and corresponding 95% confidence intervals.

4. Studies focused on detection of susceptibility to
AMS at high altitude or simulated.
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Definition of AMS

The Lake Louise scoring system, a well-validated standard
[20], was used for the diagnosis of AMS. Subjects with the
presence of headaches and at least 1 of the following
symptoms were determined to have AMS: gastrointestinal
upset (loss of appetite, nausea, and vomiting), fatigue/
weakness, dizziness/light-headedness, or insomnia (more
than just the usual frequent waking).

Quality assessment of included studies

Two reviewers assessed quality of studies independently
using a tool based on the criteria described by Jadad for
prospective studies. Assessment discrepancies between the
reviewers were resolved through discussion and double-
check.

As for prospective study, the following items were
evaluated: (1) randomization procedures, (2) matching
procedures, (3) blinding procedures, (4) analysis of drop-
outs, (5) reliability and validity of assessment instruments,
(6) control for cointerventions, (7) comparability of base-
line patient characteristics, (8) control for amount of ther-
apy, and (9) applied statistics etc.

Results

From 198 retrieval studies, 5 studies from China and
Nepal were finally included (Figure 1). Data in all included
studies were obtained through following up and during
process of research both researchers and subjects were
exposed to hypobaric hypoxia.

General characteristics

Table 1 presents the characteristics of included studies.
All studies had a prospective longitudinal design: one
was from Nepal, the rest were from China, where abun-
dant territory belongs to high altitude mountain or
plateau and only one used the hypobaric chambers to
stimulate the true environment. Altitude of departure
were all less largely than destination. Sample size,
though large than 30, was less than other clinical studies
and volunteers and soldiers, in whom males took advan-
tages, were main subjects. However, the intervals of ages
of subjects reported by Huang LL et al. [21] were
30 years old larger than the others. Among the five
studies focused on detection of susceptibility to AMS,
two on HRV, two on CPT and two on lung functions.
Furthermore, Lake Louise scoring system, a well-
validated standard, was used for the diagnosis by Huang
LL et al. [21] and Diagnostic Criteria of High Altitude
Disease in China, which was brought into effect in
China during the 1990s and introduced to the world
through translation by John B. West in 2010, was
employed by the remaining studies.
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Studies form databases of Medline, ISI web of
science and EMBASE, Chinese Biomedical Disk,
and Chinese Journal Full-test Database (n=198)

A 4

Exclude the repeated studies appeared in both
databases (n=126)

Eliminate the unrelated

A 4

v

studies (n=73)

The studies with detailed information about
detection of susceptibility of AMS (n=53)

Eliminate the following studies:

Review (n=11);

2. Studies that relying on exposure to high altitude or
simulated (n=37).

A 4

Included studies (n=5)

Figure 1 The flow chart.
A

Quality assessment

The quality scores of the included studies are summa-
rized in Table 2. Because of research difficulties and
considerations of ethics, the included population stud-
ies about effects of high altitude exposure on human
bodies were basically belonged to quasi-experiment
compared with randomized controlled trials. There-
fore, evidence degree was lower than randomized con-
trolled trials but higher than observational studies.
Further, due to lack of experimental controls, the five
studies totally employed own controls before and after
exposure to hypoxia.

Table 1 Characteristics of included studies

Test procedure
The cold pressor test (CPT) is a standardized procedure
initially used to induce a cardiovascular response in
humans [22]. Subjects are asked to immerse one hand
to just above the wrist for 1 min in ice water (4-5°C; 39-
41°F). During this period, blood pressure is recorded on
the opposite arm at 15 s intervals, and the highest read-
ing designated the peak or ceiling blood pressure. The
difference between peak and basal blood pressures de-
termines the level of vascular reactivity [23].

Heart rate variability (HRV) is assessed in the partici-
pants resting in supine position on mats on the floor,

Study Research  Altitude of Altitude of Sample Subjects Sexes Ages Screening Measures Statistical P value
place departure destination size method of AMS  index

Huang HH Nepal <500 m 3440 m 32 Trekkers ~ Males &  493+23 HRV L Odds Ration  <0.05

[21] Females

Tian KX Tibet 500 m 3700 m 99 Volunteers  Males 182+08 HRV & CPT C Correlation <0.01

[35] coefficient

Long M Hypobaric 242 m 4500 m 43 Soldiers Males 1902+096 CPT C t value <0.05

[29] chamber

Zhou QQ  Tibet 300 3685 m 113 Soldiers Males 19+1 FEV1 C Correlation <001

[25] coefficient

Wang L Tibet 1500 4900 m 60 Soldiers Males 19.8 FVC/BSA  C t value <001

[46]

Abbreviations: L Lake Louise scoring system, a well-validated standard, C Diagnostic Criteria of High Altitude Disease in China, which was brought into effect in
China during the 1990s and introduced to the world through translation by John B. West in 2010.
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Table 2 Quality assessment of included studies
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Trials Criteria Total score
A B C D E F G H I J K L M N O P Q R S T U V WwW X
HuangHH[27 0 O 1 0 1 0 1 1 o 1 1 T 0 0 0 1 1 T 0 1 2 9 133
Tian KX [35] 0 0 1 0 1 0 1 1 0 1 1 1 1 0 0 0 1 1 1 1 1 13 8 1.63
Long M [29] 0 0 1 0 1 0 1 1 0 1 1 1 1 0 0 0 0 1 1 0 1 1 10 1.1
Zhou QQ [25] 0 0 1 0 1 0 1 1 0 1 1 1 1 0 0 0 1 1 1 1 1 12 9 133
Wang L [46] 0 0 1 0 1 0 1 1 0 1 1 1 1 0 0 0 0 1 1 0 1 1 10 1.1

Abbreviations: A Randomized controlled trial, B Method of randomization appropriate, C Study prospective, D Double-blind, E Inclusion and exclusion criteria,

F Method of double-blinding appropriate, G Participants selection described, H Comparison of treatment and control or before experiment and after, / Description
of withdrawals, J Models adequate, K Objectives defined, L Outcome defined, M Sample size justified, N Description of the co-interventions, O Other care identical,
P Source of bias addressed, Q Raw data available, R Statistical methods described, S Published (not just abstract), T Financial support described, U quasi-
experiment, V Number of yes, W Number of no, X Ratio yes/no, 1 yes, 0 no/not mentioned, N not applicable.

separated from the rest of the clinic by a divider. The
participants wear a chest strap from a heart-rate monitor
watch. After a 5-min rest period, heart rate is collected on
a beat-by-beat basis for 10 min. HRV consists of a stand-
ard time domain including the standard deviation of R-R
intervals, the root mean square of the mean differences in
successive R-R intervals, and the percentage of successive
R-R intervals that differs by more than 50 ms. Frequency
domain analysis is performed by using nonparametric fast
Fourier transform and autoregressive modeling, which
contains spectral powers at low frequency (LF), high fre-
quency (HF), very low frequency and total power [24].

Pulmonary functions are tested with Sensor Medics
Vmax229D Pulmonary function instrument. Standardized
gas is employed to determine the standard before test.
Detection index includes flow-volume loop, maximal
voluntary ventilation, forced expiratory volume in 1 second
(FEV1), forced vital capacity (FVC) and peak expiratory
flow. Each measure is repeated twice, and the average value
for statistical analysis [25].

Discussion

Autonomic nervous system

A marked increase in peripheral sympathetic activity is a
common feature of mountain sickness [26]. Increased
sympathetic activity is part of the integrated physiological
response to a hypoxic stimulus [27]. Interestingly, subjects
with AMS had an abnormal pattern of cardiovascular vari-
ability compared with subjects without AMS [28]. Thus,
assessment of the degree of sympathetic activity of the
automatic nervous system may be used to evaluate suscep-
tibility to AMS [29].

Cold pressor test

The cold pressor test (CPT) involves placing a hand or
forearm in cold water, a stimulus that produces a slowly
mounting pain of mild to moderate intensity, and being
terminated by voluntary withdrawal of the limb. The CPT
has been used in many studies of pain, autonomic reactiv-
ity, and hormonal stress responses [30]. This acute stress

test used to evaluate the initial hemodynamic response to
a stimulus also represents an index of integrity of sympa-
thetic functions at the efferent level. For example, CPT
was reported to induce a large sympathetic discharge in
the spinal cord and terminal endings of the sympathetic
nervous system [31]. Thus, CPT is widely used to evaluate
the sympathetic neural influence on circulation in normal
humans [32].

In healthy populations, the hemodynamic changes ob-
served in response to CPT were similar when measured
at sea level and after ascending to high altitude [33].
Viswanathan originally reported that blood pressure
changes could be used to predict AMS with CPT [34].
Meanwhile a more recent study reported that subjects
unsusceptible to AMS exhibited a higher blood pressure
and heart rate response to CPT (r=-0.35 P=0.01).
This study found that CPT in 99 healthy young males
was examined at plain and their AMS scores were inves-
tigated in successive 5 days after exposure. The increase
in heart rate was less in moderate to severe AMS group
[(7.57 £ 8.22)b/min] than in very little response group
[(25.47 + 19.26)b/min)] after CPT (P < 0.05) [35]. It seemed
that autonomic nervous system (ANS) reflected by CPT
response played an important role in the progress of the
AMS. Function of ANS may be inhibited after exposure to
high altitude and subjects with weaker ability of ANS
regulation were prone to be susceptible to AMS. Test of
ANS with CPT may be helpful in distinguishing suscep-
tible ones at lower altitudes. Also, another study found
that there existed significant differences of CPT before
entering stimulated high altitude between AMS and non-
AMS [29]. Thus, further studies on the use of CPT for
evaluation the risk of AMS are required.

Heart rate variability

The autonomic nervous system plays a role in the
modulation of the oscillatory behavior of the cardiovas-
cular system [36]. Power spectral analysis of HRV, a new
noninvasive measurement to evaluate the sympathovagal
balance between the sympathetic and parasympathetic
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influence on the heart [37], is a recognized tool to quan-
tify these oscillatory components. Specific spectral com-
ponents of HRV are considered to be associated with
autonomic modulation of the heart [38]. In addition,
increased sympathetic activity during acute exposure to
hypobaric hypoxia at high altitude is a common presen-
tation of AMS. Thus, some studies, as depicted below,
have explored whether the sequential changes of specific
spectral components of HRV could be used as an early
prediction for the presentation of AMS after trekking
from sea level via low to high altitude.

The time domain and frequency domain in HRV could
change significantly after simulated or actual high alti-
tude exposure [28,39]. Further, significant differences
were found in total variance of R-R interval at high alti-
tude between subjects with and without AMS [28]. HRV
also plays an important role in predicting AMS at low
altitude. For example, Huang et al. reported that subjects
with both HF% <20% and a LF: HF ratio >1.3 measured
at 1317 m had an odds ratio of 7.00 (95% confidence
interval, 1.11-44.06; P =0.047) for developing AMS at
3440 m. A total of 32 subjects (10 men and 22 women)
were recruited and a 12-day itinerary by trekking to the
Namche Bazaar in Nepal in this study. It may implicate
that predominantly sympathetic modulation on the heart
in the exposure of mild hypoxia may be prone to suffer-
ing AMS in more severe hypoxic condition. The sug-
gested reasonable low altitude measurement of HRV
that would be useful in predicting the risk of AMS at
high altitudes would be around the height of 1300 m to
1400 m [21].

Similar results were reported by Tian et al. [35], where
trend of LF/HF and normalized LF decreased associated
with lower AMS scores and normalized HF increased
along with higher AMS scores, found that AMS was
positively correlated with LE:HF (r=0.437, P<0.01). The
LE/HF ratio has gained wide acceptance as a tool to assess
cardiovascular autonomic regulation where increases in
LE/HF are assumed to reflect a shift to “sympathetic
dominance” and decreases in this index correspond to a
“parasympathetic dominance [40]”. Thus, the positive
relationship may be explained by that people with dom-
inant sympathetic activity at plain would be more sus-
ceptible to AMS. Overall, these data suggest that HRV
might be useful for screening of people at risk for AMS.

Pulmonary functions

A drop in the oxygen pressure of the arterial blood leads
to hypoxic stimulation of peripheral chemoreceptors
primarily in the carotid and aortic bodies, causing an in-
crease in alveolar oxygen pressure and arterial oxygen
pressure. This effect is known as the hypoxic ventilatory
response [41], and the involuntary increase in the venti-
latory response is by far the most important feature of
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acclimatization [42]. Bartsch et al. also reported that
alveolar—arterial oxygen pressure difference was higher,
and arterial oxygen pressure was lower, in AMS subjects
compared to controls, suggesting pulmonary dysfunc-
tion in AMS [43]. Further, two previous studies found
decreased vital capacity with preserved FEV1/FVC ratios
in subjects with AMS [44,45]. Nevertheless, few studies
have utilized the pulmonary functional parameters such as
FEV1 and FVC in predicting AMS at sea level. As an
example, Zhou et al. showed that FEV1 was negatively
correlated with the AMS score (r=-0.244, P=0.009). In
this study, 113 males were recruited from their native
places in plain. Their lung function was determined at the
altitude of 300 m before air transportation. Scores of AMS
were recorded by medical staffs 2 or 3 days after their
arrival at the altitude of 3 658 m and correlative analysis
of each lung functional index and scores of AMS was sub-
sequently conducted [25]. Another study found that FVC/
body surface area (BSA) had the predicted role when
FVC/BSA >3 liter per square meter [46]. Many studies
have also used limited samples sizes because of the diffi-
culty in transporting people to high altitude. Nevertheless,
overall these data suggest that pulmonary functions, which
partly decide hyperventilatory capacity, may be used to
predict altitude sickness [47].

Other methods and limitations

Other methods for predicting AMS not included in this
study have been reported. For example, Missoum et al.
found that anxiety prior to ascent could predict AMS
symptoms psychologically [48]. However, the question-
naires and scales used for measuring anxiety in that study
were not sensitive to the symptoms of clinical anxiety and
panic [49]. Other studies have examined indicators of
AMS during ascent exposed to hypobaric conditions such
as arterial oxygen saturation [50]. Although these parame-
ters are more accurate as they were tested in actual or
simulated situations, the costs of such studies are high.
Nevertheless, such indexes may be used to monitor for
AMS during transport to altitude to allow prompt treat-
ment in susceptible people [51].

There are several limitations of our study. Our indicative
system may not reflect the full ability of adaption to hyp-
oxemia as other indicators may have been overlooked.
Further, when constructing a predictive model, there may
exist colinearity between parameters such as CPT and
HRYV, which are both autonomic nervous system indica-
tors. This potential bias may reduce the accuracy of pre-
dictions for AMS.

Conclusions

In this review, we found three significant markers includ-
ing, CPT, HRV and lung functions, to some degree, may
be employed as references in predicting susceptibility,
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Table 3 Correlation coefficients between indicators and
AMS

Parameters Correlation coefficient (r) P value Instructions
Cold pressor test -0.35 0.01 Published
Heart rate variability 0437 <001 Published
Lung functions —0.244 0.009 Published

though none sea level tests do not really come into service
in predicting AMS to date without reliance on simulated
or actual exposure to high altitudes (Table 3). Further,
we should also highlight that these associations were
weak because all correlation coefficients in the analyzed
studies were under 0.5. Future studies should explore
two aspects to decide whether these physiological vari-
ables were effective or not. Firstly, we should find
whether these three markers of susceptible subjects
could be turned into the normal level of unsusceptible
ones after taking some medicine which could prevent or
cure AMS. In addition, prospective cohort studies may
be carried out to ensure practicability and feasibility of
these variables which may also be utilized to develop a
mathematical predictive model.

From a public health perspective, our goal is to develop
simple and rapid screening tests for assessing susceptibility
to AMS and to be used in people that will work or be
deployed to complete missions at high altitudes. Thus,
these indicators must objectively reflect the ability of re-
sistance to hypoxia, while the methods should be conveni-
ent and have low cost [52]. Finally, these findings might
provide a valuable reference to guide highland health ser-
vices so that medical cost may be reduced and life quality
of subjects may be improved.

Abbreviations

AMS: Acute mountain sickness; BSA: Body surface area; CV: Chest volume;
CPT: Cold pressor test; FEV1: Forced expiratory volume in 1 s; FVC: Forced
vital capacity; HAPE: High altitude pulmonary edema; HF: High frequency;
HRV: Heart rate variability; LF: Low frequency; ANS: Autonomic nervous
system.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

HS and WL designed the study. HS collected and analyzed the data and
drafted the manuscript. TK collected data and provided expert statistical
advice. HS researched and collected articles. JC provided human resource
support and research advice. All authors were involved in critical evaluation
and editing of the manuscript, and read and approved the final version.

Acknowledgements

We thank Xuefeng Shen and Tongjian Cai for suggestions, all of the faculties
for help with the experiments in our group, Gang Zheng for English revising,
and the medical departments of the highland military units and their staff
for providing data of acute mountain sickness used in this study. This work
was supported by the National Key Technology R&D Program (Grant
2009BAI85B04); National Nature Science Foundation of China (Grant
81330045, 81172621); and Program for Changjiang Scholars and Innovative
Research Team in University (PCSIRT, IRT1112).

Page 6 of 7

Received: 30 October 2012 Accepted: 25 September 2013
Published: 30 September 2013

References

1. Hackett PH, Roach RC: High-altitude illness. N £ngl J Med 2001,
345(2):107-114.

2. Honigman B, Theis MK, Koziol-McLain J, Roach R, Yip R, Houston C, Moore
LG, Pearce P: Acute mountain sickness in a general tourist population at
moderate altitudes. Ann Intern Med 1993, 118:587-592.

3. Dean AG, Yip R, Hoffmann RE: High incidence of mild acute mountain
sickness in conference attendees at 10,000 foot altitude. J Wilderness Med
1990, 1:86-92.

4. Karinen H, Peltonen J, Tikkanen H: Prevalence of acute mountain sickness
among Finnish trekkers on Mount Kilimanjaro, Tanzania: an
observational study. High Alt Med Biol 2008, 4:301-306.

5. WuTY, Ding SQ, Liu JL, Yu MT, Jia JH, Duan JQ, Chai ZC, Dai RC, Zhang SL,
Liang BZ: Reduced incidence and severity of acute mountain sickness in
Qinghai-Tibet railroad construction workers after repeated 7-month
exposures despite 5-month low altitude periods. High Alt Med Biol 2009,
10:221-232.

6. Li S: High Altitude Disease Lhasa. Tibet: Tibetan People’s Press; 2001.

7. Guijarro Morales A, Gil Extremera B, Maldonado Martin A: Acute mountain
sickness. An Med Interna 1990, 7:375-378.

8. Chen J, Jiang CH, Huang CH, Gao YQ: The investigation of incidence of
acute mountain sickness in some rescue force on Yushu Earthquake.
People’s Military Surgeon 2011, 6:468-469.

9. Roach RC, Maes D, Sandoval D, Robergs RA, Icenogle M, Hinghofer-Szalkay
H, Lium D, Loeppky JA: Exercise exacerbates acute mountain sickness at
simulated high altitude. J Appl Physiol 2000, 88:581-585.

10.  Hackett PH, Rennie D, Levine HD: The incidence, importance, and
prophylaxis of acute mountain sickness. Lancet 1976, 2:1149-1155.

11. Schneider M, Bernasch D, Weymann J, Holle R, Bartsch P: Acute mountain
sickness: influence of susceptibility, preexposure, and ascent rate. Med
Sci Sports Exerc 2002, 34:1886-1891.

12. Ri-Li G, Chase PJ, Witkowski S, Wyrick BL, Stone JA, Levine BD, Babb TG:
Obesity: associations with acute mountain sickness. Ann Intern Med 2003,
139(4):253-257.

13. Mairer K, Wille M, Bucher T, Burtscher M: Prevalence of acute mountain
sickness in the Eastern Alps. High Alt Med Biol 2009, 10:239-245.

14.  Allemann Y, Hutter D, Lipp E, Sartori C, Duplain H, Egli M, Cook S, Scherrer
U, Seiler C: Patent foramen ovale and high-altitude pulmonary edema.
JAMA 2006, 296:2954-2958.

15.  Hackett PH: High altitude and common medical conditions. In High
Altitude: An Exploration of Human Adaptation. Edited by Hornbein TF,
Schoene RB. New York: Marcel Dekker; 2001:839-886.

16. Rupert JL, Koehle MS: Evidence for a genetic basis for altitude-related
illness. High Alt Med Biol 2006, 7:150-167.

17.  Karinen HM, Peltonen JE, Kdhonen M, Tikkanen HO: Prediction of acute
mountain sickness by monitoring arterial oxygen saturation during
ascent. High Alt Med Biol 2010, 11:325-332.

18. O'Connor T, Dubowitz G, Bickler PE: Pulse oximetry in the diagnosis of
acute mountain sickness. High Alt Med Biol 2004, 5:341-348.

19. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, loannidis JP, Clarke
M, Devereaux PJ, Kleijnen J, Moher D: The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate health
care interventions: explanation and elaboration. J Clin Epidemiol 2009,
62(10):e1-e34.

20. Roach RC, Bartsch P, Hackett PH: The Lake Louise acute mountain sickness
scoring system. In Hypoxia and Molecular Medicine: Proceedings of the 8th
International Hypoxia Symposium. Edited by Sutton JR, Houston CS, Coates
G. Lake Louise, Canada: Queen City Printers; 1993:272-274.

21. Huang HH, Tseng CY, Fan JS, Yen DHT, Kao WF, Chang SC, Kuo TBJ, Huang
Cl, Lee CH: Alternations of heart rate variability at lower altitude in the
predication of trekkers with acute mountain sickness at high altitude.
Clin J Sport Med 2010, 20:58-63.

22. Hines EA, Brown GE: A standard test for measuring the variability of
blood pressure: its significance as index of prehypertensive state.

Ann Intern Med 1933, 7:209-217.

23. Wood DL, Sheps SG, Elveback LR, Schirger A: Cold pressor test as a

predictor of hypertension. Hypertension 1984, 6(3):301-306.



Song et al. BMC Public Health 2013, 13:902
http://www.biomedcentral.com/1471-2458/13/902

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Koehle MS, Guenette JA, Warburton DE: Oximetry, heart rate variability,
and the diagnosis of mild-to-moderate acute mountain sickness.

Eur J Emerg Med 2010, 17(2):119-122.

Zhou QQ, Gao YQ, Huang QY: Predictive effect of lung functional
determination of the population susceptible to acute mountain sickness.
Med J Nat Def For 2004, 25(1):13-15.

Duplain H, Vollenweider L, Delabys A, Nicod P, Bartsch P, Scherrer U:
Augmented sympathetic activation during short-term hypoxia and high-
altitude exposure in subjects susceptible to high-altitude pulmonary
edema. Circulation 1999, 99:1713-1718.

Heistad DD, Abboud FM: Circulatory adjustment to hypoxia. Circulation
1980, 61:463-470.

Lanfranchi PA, Colombo R, Cremona G, Baderna P, Spagnolatti L, Mazzuero
G, Wagner P, Perini L, Wagner H, Cavallaro C, Giannuzzi P: Autonomic
cardiovascular regulation in subjects with acute mountain sickness.

Am J Physiol Heart Circ Physiol 2005, 289(6):H2364-H2372.

Long M, Qin J, Huang L: The role of autonomic nervous system in the
pathogenesis of acute mountain sickness. MED J Chin PLA 2007,
32(4):405-408.

Von Baeyer CL, Piira T, Chambers CT, Trapanotto M, Zeltzer LK: Guidelines
for the cold pressor task as an experimental pain stimulus for use with
children. J Pain 2005, 6(4):218-227.

Velasco M, Gomez J, Blanco M, Rodriguez I: The cold pressor test:
pharmacological and therapeutic aspects. Am J Ther 1997, 4:34-38.
Horwitz RL: Methodological standards and the clinical usefulness of the
cold pressor test. Hypertension 1984, 6:295-296.

Qiu ZM, Wang Y, Lei ZH: A prediction on acute mountain sickness with
cold pressure test of hemodynamic test. J High Alt Med 1993, 3(1):36-38.
Viswanathan R: Cold pressor test in high altitude pulmonary oedema: a
preliminary communication. Indian J Med Res 1967, 55(8):365-869.

Tian KX, Qin J, Huang L: Relationship between the change in function of
autonomic nervous system and acute mountain sickness after urgent
entering into high altitude. J Pre Med Chin PLA 2008, 26(1):9-13.

Somers VK, Mark AL, Abboud FM: Potentiation of sympathetic nerve
responses to hypoxia in borderline hypertensive subjects. Hypertension
1988, 11:608-612.

Camm AJ, Malik M, Bigger JT Jr: Heart rate variability: standards of
measurement, physiological interpretation and clinical use. Task Force of
the European Society of Cardiology and the North American Society of
Pacing and Electrophysiology. Circulation 1996, 93:1043-1065.

Fouad FM, Slominski JM, Tarazi RC: Left ventricular diastolic function in
hypertension: relation to left ventricular mass and systolic function.

J Am Coll Cardiol 1984, 3:1500~1506.

Loeppky JA, Icenogle MV, Maes D, Riboni K, Scotto P, Roach RC: Body
temperature, autonomic responses, and acute mountain sickness.

High Alt Med Biol 2003, 4:367-373.

Billman GE: The LF/HF ratio does not accurately measure cardiac
sympatho-vagal balance. Front Physiol 2013, 4:26.

Palmer BF: Physiology and pathophysiology with ascent to altitude.

Am J Med Sci 2010, 340(1):69-77.

West JB: The physiologic basis of high-altitude diseases. Ann Intern Med
2004, 141:789-800.

Bartsch P, Swenson ER, Paul A, Jilg B, Hohenhaus E: Hypoxic ventilatory
response, ventilation, gas exchange, and fluid balance in acute
mountain sickness. High Alt Med Biol 2002, 3(4):361-376.

Anholm JD, Houston CS, Hyers TM: The relationship between acute
mountain sickness and pulmonary ventilation at 2,835 meters (9,300 ft).
Chest 1979, 75:33-36.

Kriemler S, Maggiorini M, Bartsch P, Oelz O: Gas exchange in acute
mountain sickness. In Hypoxia and Mountain Medicine. Edited by Sutton JR,
Coates G. Houston : CS. New York: Pergamon Press; 1992.

Wang LA, Zhou QQ: Predictive importance of forced vital capacity to
susceptive population of acute mountain sickness. Wes Chin Med 2003,
18(2):231-231.

Ledochowski M, Fuchs D: Altitude sickness: hyperventilatory capacity may
predict altitude sickness. BMJ 2003, 327(7406):106.

Missoum G, Rosnet E, Richalet J: Control of anxiety and acute mountain
sickness in Himalayan mountaineers. Int J Sports Med 1992, 135:37-39.
Roth WT, Gomolla A, Meuret AE, Alpers GW, Handke EM, Wilhelm FH: High
altitudes, anxiety, and panic attacks: is there a relationship? Depress
Anxiety 2002, 16(2):51-58.

Page 7 of 7

50. Roach RC, Greene ER, Schoene RB, Hackett PH: Arterial oxygen saturation

for prediction of acute mountain sickness. Aviat Space Environ Med 1998,
69:1182-1185.

Burtscher M, Szubski C, Faulhaber M: Prediction of the susceptibility to
AMS in simulated altitude. Sleep Breath 2008, 12(2):103-108.

52. Zheng R, Zhou SW: Methodological research on building prediction

model of susceptible population of acute mountain sickness. Chin J Clin
Reh 2005, 9(7):160-162.

doi:10.1186/1471-2458-13-902

Cite this article as: Song et al: Non-high altitude methods for rapid
screening of susceptibility to acute mountain sickness. BMC Public Health
2013 13:902.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Searching strategy
	Inclusion and exclusion criteria
	Definition of AMS
	Quality assessment of included studies

	Results
	General characteristics
	Quality assessment
	Test procedure

	Discussion
	Autonomic nervous system
	Cold pressor test
	Heart rate variability
	Pulmonary functions
	Other methods and limitations

	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


