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Abstract

Ren, Yusheng, Zhongming Fu, Weimin Shen, Ping Jiang, Yanlin He, Shaojun Peng, Zonggui Wu, and Bo Cui.
Incidence of high altitude illnesses among unacclimatized persons who acutely ascended to Tibet. High Alt. Med.
Biol. 11:39–42, 2010.— High altitude illnesses pose health threats to unwary travelers after their acute ascent to
high altitude locations. The incidence of high altitude illnesses among unacclimatized persons who acutely
ascend to Tibet has not been previously reported. In the present study, we surveyed the incidence of high
altitude illness among 3628 unacclimatized persons who had no previous high altitude experience and who
traveled to Tibet by air to an altitude of 3600 m. These subjects were asked to answer questions in a written
questionnaire about symptoms associated with high altitude illnesses that occurred within 2 weeks of their first
arrival, their severity, and possible contributing factors. Physical examination and appropriate laboratory tests
were also performed for hospitalized subjects. We found that 2063 respondents had mild acute mountain
sickness with an incidence of 57.2%, and 249 (12.07%) of them were hospitalized for treatment. The incidence of
high altitude pulmonary edema was 1.9%, while no case of high altitude cerebral edema was found. Ad-
ditionally, there was no report of death. Psychological stresses and excessive physical exertions possibly con-
tributed to the onset of HAPE. Acute mountain sickness is common among unacclimatized persons after their
acute ascent to Tibet. The incidence of HAPE and HACE, however, is very low among them.
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Introduction

With the increasing popularity of outdoor excur-
sions and easier access to high altitude regions for low

altitude inhabitants, there are millions of visitors to high al-
titude locations each year. However, maladaptation to rare-
fied high altitude environments among unacclimatized
persons can lead to a multitude of health problems, including
acute mountain sickness (AMS), high altitude cerebral edema
(HACE), and high altitude pulmonary edema (HAPE). These
problems are of public concern as they have economic im-
plications for the ski industry and the travel industry in the
high altitude regions of the world. Additionally, HAPE and
HACE, though uncommon, pose a severe health threat to
unwary travelers as they can be rapidly fatal.

AMS is characterized by the presence of headache in an
unacclimatized person who also has one or more of the fol-
lowing symptoms: nausea, anorexia, vomiting, insomnia, or
dizziness (Hackett and Roach, 2001). When ataxia, halluci-
nations, altered consciousness, or other neurologic signs de-
velop in an unacclimatized person with AMS or HAPE,
HACE is diagnosed until proved otherwise (Hackett and
Roach, 2004). HAPE is suspected when exertional dyspnea,
moist cough, or other symptoms are found that suggest the
presence of pulmonary edema (Maggiorini, 2006). The inci-
dence of AMS correlates with altitude (Hackett et al., 1976).
AMS occurred in 9% of climbers in the Alps at an altitude of
2850 m, which increased to 13% and 34% at an altitude of 3050
and 3650 m, respectively (Maggiorini et al., 1990). HAPE
and HACE are less frequent than AMS. HAPE and HACE
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occurred in 7 (2.52%) and 5 (1.80%) of 278 unacclimatized
hikers at an altitude of 4243 m (Hackett et al., 1976).

Tibet is increasingly becoming a tourist destination for
many domestic and international travelers. However, there
has been no previous report of the incidence of high altitude
illnesses among unacclimatized travelers who inhabit low-
altitude regions and who travel by air to Tibet. Here we report
our results from a health survey of 3628 unacclimatized sub-
jects on symptoms associated with high altitude illnesses and
their possible contributing factors. We find that mild AMS is
very common among unacclimatized subjects with no previ-
ous high altitude experience, whereas the incidence of HAPE
and HACE is extremely low among these subjects. Ad-
ditionally, HAPE is associated with psychological stresses,
fatigue, excessive physical activities, and lack of rest before
traveling to high altitude regions. To our knowledge, this is by
far the largest survey of high altitude illnesses among unac-
climatized persons who acutely ascended to high altitude
anywhere in the world. Our results provide valuable infor-
mation on the prospective management of unacclimatized
travelers contemplating acute ascent to Tibet.

Methods

Subjects

New army recruits (n¼ 3628) who had no previous expo-
sure to high altitude environments were included in the cur-
rent study. These participants inhabited low-altitude regions
with an altitude of 100 to 300 m above sea level, and they
underwent acute ascent to altitudes above 3600 m by air
transportation. A total of 3628 questionnaires with questions
about symptoms associated with high altitude illnesses
(Hackett and Roach, 2001) that occurred within 2 weeks of
their first arrival, their severity, and possible contributing
factors were distributed to these subjects and recollected, and
99.36% (3605) of the returned questionnaires were qualified
for further statistical analysis. The psychological stresses were
measured by self-report of the presence or absence of psy-
chological stresses in the participants after their ascent to high
altitude. The respondents consisted of 3594 males, age rang-
ing from 16 to 22 yr and with an average age of 18.6 yr, and 9

females, age ranging from 17 to 20 yr and with an average age
of 18.2 yr. There were 3548 Han Chinese respondents and 67
respondents of other ethnic minorities. AMS, HAPE, and
HACE were diagnosed according to the Criteria for the De-
nomination, Classification and Diagnosis of High Altitude
Illnesses set forth by the 1996 Ad Hoc Committee on High
Altitude Illnesses of Chinese Medical Association (Tables 1
and 2) (Third Ad Hoc Committee on High Altitude Illnesses
of Chinese Medical Association, 1996). Specifically, mild AMS
was diagnosed as the presence of headache or vomiting that
affected the functioning of daily activities. When either
symptom was absent, a score between 5 and 10 was required
for the diagnosis of mild AMS, with one score assigned for
each of the following symptoms: fatigue, nausea, palpitation,
shortness of breath, chest tightness, dizziness, loss of appetite,
bloating, diarrhea, constipation, bluish coloration of lips,
drowsiness, and numbness or tingling in the hands or feet.
HAPE was diagnosed when dyspnea at rest, moist cough or
frothy pink sputum, central cyanosis, or rales were present
and confirmed by x-ray examinations. Chest X rays were read
by two experienced radiologists who were blind to the patient
status. The presence of myocardial infarction, cardiac failure,
or other cardiopulmonary diseases was excluded by physical
examination, electrocardiographic (ECG), and other appro-
priate laboratory tests. HACE was diagnosed when a patient
with AMS or HAPE developed neurologic signs, such as
ataxia or altered consciousness. The presence of stroke, carbon
monoxide poisoning, seizures, meningitis, and encephalitis
was excluded.

Written informed consent for participating in the survey
was obtained from all study participants in accordance with
the guidelines set by the hospital ethics review committee.
The current study protocol was approved by the institution
review board.

Statistical analysis

Data were entered into EPI Info 5.0 database and analyzed
using SAS 6.12. Data were expressed in mean� standard
deviation, and differences between groups were analyzed
using a w-square test.

Table 1. Acute Mountain Illness Scoring System

Symptoms Severity Score

Headache
Not noticeable and no suffering. Does not interfere with daily activities. � 1
Mild and suffering. Headache is relieved after pain medication

and does not interfere with daily activities.
þ 2

Moderate and suffering. Headache is relieved after pain medication
and does not interfere with daily activities.

þþ 4

Severe and incapacitating. No relief after pain medication. þþþ 7

Vomiting
Vomiting 1 to 2 times=day, which does not interfere with daily activities. þ 2
Vomiting 3 to 4 times=day, which interferes with daily activities. þþ 4
Vomiting more than 3 times=day; patients confined to bed

and no relief after medication.
þþþ 7

Others
One score for each of the following symptoms: dizziness, nausea, palpitation,

shortness of breath, chest tightness, poor appetite, diarrhea, constipation, cyanosis,
and numbness of the hand or foot.
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The authors had full access to and took full responsibility
for the integrity of the data. All authors have read and agreed
to the manuscript as written.

Results

Our survey has identified bluish coloration of the lips in the
unacclimatized subjects as the most frequent symptom, which
was reported by 95.31% of the respondents, reflecting the
hypoxic environment in Tibet. Headache was the second most
frequent symptom experienced by the unacclimatized sub-
jects, with 74.98% of those surveyed having at least one epi-
sode of headache. Further, severe or incapacitating headaches
were found in 6.99% of those surveyed (Table 3). The third
most frequent symptom reported by the respondents was loss
of appetite, which was seen in 67.74% of the respondents. In
addition, palpitation and chest tightness were observed in
slightly more than half of those surveyed. Mild AMS was
diagnosed in 2063 (57.2%) cases, and 249 (12.07%) of them
were hospitalized. The rest of the cases only received symp-
tomatic management. Seven (1.9%) cases of HAPE were di-
agnosed. The hospital stay for patients with mild AMS was
3.2� 1.2 days and that for patients with HAPE was 4.6� 2.1
days. No case of HACE was found in the respondents. Ad-
ditionally, there was no report of death among the respon-
dents.

We also investigated possible contributing factors to the
onset of AMS and HAPE (Table 4). We found that lack of rest
before ascent to high altitude regions was present in 100% of
patients with HAPE and 66.5% of those with mild AMS and
5.86% of those free of HAPE or AMS. In addition, psycholog-
ical stresses were identified in a greater portion of patients with
HAPE (71.42%) than those with mild AMS (4.31%). Fatigue

and excessive physical activities after arrival in high altitude
regions were observed in more than half of those with HAPE,
but were only seen in less than 6% of those with mild AMS.

Discussion

AMS is a self-limiting disease. Prevention involves natural
acclimatization by gradual ascent to high altitude or a short
course of intermittent hypoxia training before the trip. In
addition, management of AMS consists of avoidance of fur-
ther ascent to a higher altitude. If AMS fails to resolve with
symptomatic treatment, descent to a lower altitude is advised.
The results of our clinical investigation indicate that AMS is
very common among unacclimatized persons, with close to
80% of those surveyed diagnosed with mild or moderate
AMS. The incidence is markedly higher than that reported
for unacclimatized travelers (34%) at a similar altitude
(Maggiorini et al., 1990). This notable difference can be at-
tributed to the different scoring systems for diagnosing AMS.
The Lake Louise scoring system is generally used interna-
tionally (Maggiorini et al., 1998; Dellasanta et al., 2007), which
requires the presence of headache and at least one other
symptom, such as nausea or vomiting, with the severity rated
on a scale of 1 to 3 (Bartsch et al., 1989). We have employed a
generally accepted AMS scoring system set forth by the 1996
Ad Hoc Committee on High Altitude Illnesses of Chinese
Medical Association (Third Ad Hoc Committee on High Al-
titude Illnesses of Chinese Medical Association, 1996), which
requires the presence of headache or vomiting that incapaci-
tates a patient for diagnosing AMS. In the absence of head-
ache or vomiting, the presence of at least five other symptoms,
such as nausea, fatigue, or loss of appetite, is required for the
diagnosis of mild AMS. This Chinese scoring system is more
inclusive than the Lake Louise scoring system. Further, the
Chinese scoring system is less subjective as it does not involve
scoring the severity of symptoms, whereas the Lake Louise
scoring system is based on the quantification of the reported
subjective sensation of the severity of symptoms. On the other
hand, the incidence of HAPE among our respondents is
markedly lower than that reported by others (Hackett et al.,
1976), and we have observed no case of HACE. This may be
related to the relative young age of our respondents, who
have an average age of only 18.6 yr, and the emphasis by our
medical institutions on early recognition of HACE and active
management of moderate and severe AMS. We further found
that lack of adequate rest before ascent to high altitude regions
may be a contributing factor in both mild AMS and HAPE. On
the other hand, psychological stresses and physical exertions
also appear to contribute to HAPE.

Table 3. Symptoms Experienced by Unacclimatized

Subjects in Tibet (n¼ 3605)

No. of cases (%)

Symptoms Mild Moderate Severe

Headache 1694 (47.0) 757 (20.99) 252 (7.0)
Nausea 757 (21.0) 180 (4.99) 36 (1.0)
Vomiting 397 (11.0) 36 (0.99) 0 (0)
Palpitations 1730 (48.0) 396 (11.00) 11 (0.3)
Shortness of breath 577 (16.01) 324 (9.0) 37 (1.0)
Chest tightness 1406 (39.0) 433 (12.0) 22 (0.6)
Poor appetite 2028 (56.26) 649 (18.0) 396 (11.0)
Bluish lips 3281 (91.0) 151 (4.2) 4 (0.4)
Dyspnea 937 (26.0) 188 (5.2) 18 (0.5)
Others 725 (20.1) 40 (1.1) 3 (0.1)

Table 4. Possible Contributing Factors in High

Altitude Illnesses (n¼ 3605)

No. of cases (%)

Risk factors Mild AMS HAPE

Fatigue 121 (5.86) 4 (57.14)
Smoking 96 (4.65) 2 (28.57)
Drinking 12 (0.58) 1 (14.28)
Psychological stresses 89 (4.31) 5 (71.42)
Lack of rest before trip 1372 (66.50) 7 (100.0)
Excessive activities at high altitude 84 (4.07) 4 (57.14)

Table 2. Severity of Acute Mountain Sickenss

Severity Scoring

Normal (�) 1 to 4
Mild (þ) Headache (þ) or vomiting (þ)

or total score 5 to10
Moderate (þþ) Headache (þþ) or vomiting (þþ)

or total score 11 to 15
Severe (þþþ) Headache (þþþ) or vomiting (þþþ)

or total score >16
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High altitude illnesses put an economic burden on the
tourist industry in high altitude regions and pose a health
threat to the unwary traveler to high altitude locations. Our
findings reveal that AMS is more common than previously
thought. Physical adaptation by gradual ascent to a higher
altitude is generally recommended to avoid the onset of AMS,
HAPE, and HACE. Our findings also suggest that minimi-
zation of physical activities is advisable for unacclimatized
persons after their arrival at high altitude locations, especially
within the first 48 h of their arrival. A greater proportion of
patients with HAPE experienced psychological stresses dur-
ing their ascent to high altitude regions. Psychological adap-
tation by persons with no previous high altitude experience
may be needed just as for physical adaptation.

In summary, we report the results of our survey of high
altitude illnesses in the largest cohort of unacclimatized per-
sons in high altitude regions and provide further insight that
AMS is commonly seen among unacclimatized persons after
their acute ascent to high altitude regions. Minimization of
possible factors associated with or contributing to the onset of
AMS and HAPE and physical adaptation and psychological
adaptation are recommended to lessen the occurrence of high
altitude illnesses. With the increasing popularity of Tibet as a
tourist destination, our report provides much needed infor-
mation about the incidence of high altitude illnesses among
unacclimatized travelers to Tibet and possible contributing
factors to AMS and HAPE.
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