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SUMMARY

Background

Exposure to a high altitude hypoxic environment may lead to the development of Acute
Mountain Sickness (AMS). Previous studies on AMS have primarily focused on
physically fit climbers and soldiers in presumably good health. Over the past few decades,
all types of people have visited high altitude places for different purposes. Nowadays,
Lhasa, Tibet sees visits by a huge number of tourists from all over the world, other visitors
like students from lowland China, as well as increasing number of Tibetans descending to
lowlands and then re-ascending to high altitude after short or long periods of time. Little is

known about AMS and the determinants of AMS among these groups.
Aims

The purpose of the study was to estimate the occurrences and determinants of AMS among
ordinary tourists visiting Lhasa. An additional aim was to estimate the incidence of AMS,
and address changes in arterial oxygen saturation (Sa0O2) and heart rate (HR) in native
Tibetans who reascend to Lhasa after a seven-year stay at low altitude, and in Han Chinese
students who had previously not been at high altitude. The study also aimed to evaluate
associations between AMS and resting SaO2 and HR levels measured at low altitude and
three consecutive days after ascent to high altitude among Han Chinese students who had

previously not been at high altitude.
Methods

This thesis consists of one cross-sectional and two cohort studies. The cross-sectional
study collected information from 2,385 tourists above the age of 15 years staying at
selected hotels in Lhasa. The participants answered questions about the symptoms of AMS
based on the Lake Louise Scoring System (LLSS) and potential contributing factors.

The second study followed 859 native Tibetan students who had been studying at seven
randomly selected schools in lowland China for seven years. The students had finished
their stay in the lowlands and questionnaire information about AMS-related symptoms,
resting Sa02 and HR were assessed before they left the lowlands and on the third day after
their arrival in Lhasa. Comparisons were conducted with the population from the third

study.



The third study followed 810 Han Chinese students, who had previously not been at high
altitude, from the lowlands and three consecutive days after their ascent to high altitude
Lhasa. The same date was collected with the same methods in both student studies. In
addition, resting SaO2 and HR were measured on the first and second day after an ascent to

Lhasa among the Han Chinese students.
Results

A substantial amount of tourists (36.7 %) visiting Lhasa experience AMS, which often
affected their activities. An age below 55 years (adjusted Prevalence Ratio (PR) 1.29, 95%
CI 1.04-1.60), a poor or average health condition (adjusted PR 1.63, 95 % CI:1.38-1.93),
and a rapid ascent to Lhasa (adjusted PR 1.17, 95 % CI:1.02—1.34) were independent AMS
risk factors, while a pre-exposure to high altitude (adjusted PR 0.71, 95 % CI:0.60-0.84)
and smoking (adjusted PR 0.75, 95 % CI:0.59-0.96) reduced the risk of AMS.

AMS occurred in only 1.2% (95% CI: 0.4% to 2.0%) of the Tibetan students re-ascending
to high altitude by train after having lived seven years at low altitude, compared with
32.7% (95% CI: 28.0% to 37.3%) and 42.9% (95% CI: 38.0% to 47.7%) of the Han
Chinese students of a similar age ascending to high altitude for the first time by train and
by air, respectively.

Tibetan students had less changes in SaO:2 (-2.95 percentage points, 95% CI: -3.24% to
-2.65%) and HR (10.89 beats per minute (bpm), 95% CI: 9.62 bpm to 12.16 bpm) at rest
after three days at high altitude compared to Han Chinese students, although the same
parameters did not differ between the two groups when measured at low altitude.

Among the Han Chinese students, there was an increasing risk of AMS by decreasing
levels of SaO2, both in the lowlands (risk ratio (RR): 1.16, 95% CI: 1.13-1.20) and on the
first day in the highlands (RR: 1.19, 95%CI: 1.15-1.22) per a 1% reduction in SaOz2 level.
HR and AMS were only weakly associated at any given point in time. ROC analysis
revealed that the model of SaO2 measurements in lowlands combined with the first day at

altitude had the largest area under the curve (AUC) of 80.2%.
Conclusions

The results show that AMS is common among ordinary tourists and Han Chinese students
travelling to Lhasa. Healthy Tibetans are mostly protected against AMS, even after a long
period of living at low altitude. SaOz, but not HR levels measured in both the lowlands and

highlands were independently associated with the risk of developing AMS.
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1 INTRODUCTION

1.1 Definition of Acute Mountain Sickness (AMS)

Acute Mountain Sickness (AMS) is an illness caused by acute exposure to a low partial
pressure of oxygen at high altitude (1). It is usually presented by a combination of
nonspecific symptoms, including headache, fatigue, dizziness, loss of appetite, nausea,
vomiting and difficulty sleeping after arrival at high altitudes, but without any abnormal
neurological presentation (2). The symptoms typically develop within six to 12 hours after
ascent, and generally subside spontaneously within 24 hours after the start of high altitude
exposure (2, 3). Most people usually become acclimatized during three-four days of
hypoxia exposure, and the symptoms mentioned above may disappear (2, 3). In some
serious cases, AMS may progress to life-threatening, high altitude cerebral edema (HACE),
which is much less frequent than AMS, but potentially fatal (3). Since the
pathophysiology of acute altitude illness is associated with the extravasation of fluid
from the space in the brain, lungs and peripheral tissues, some studies found that AMS

may also progress to high altitude pulmonary edema (HAPE).
1.2 Altitude and AMS

The high altitude environment consists of hypobaric hypoxia, dry air, low temperature and
high cosmic radiation (2). Among them, hypoxia is the major challenge for people living at
high altitude (2). As altitude increases, the available amount of oxygen to sustain body
alertness decreases with the overall barometric pressure, although the relative percentage
of oxygen in the air still contains 21% (4) (Table 1). It is difficult to define a distinct
altitude cut off when hypoxia starts to be a substantial challenge to the human body, which
might result in an increased risk of, for example, AMS, though for practical reasons, it can

be useful to have rough guidelines.

» High altitude is 1,500 — 3,500 m above sea level (5), which is where the onset of
the physiological effects of diminished inspiratory oxygen pressure (Poz) starts.
This includes decreased exercise performance and increased ventilation (1).
Arterial oxygen transport may be slightly impaired and the arterial oxygen
saturation (SaO2) starts to fall, but generally stays above 90% (6). According to



West et al. (7), the lowest altitude at which individuals can develop AMS is as low
as 2,000 m (7). At this altitude AMS starts to appear, but is rare, as the occurrence
of AMS increases with increasing altitude after a rapid ascent to 2,000 m or more
(8).

» Very high altitude - At 3,500 — 5,500 m above sea level, the maximum SaO: falls
below 90% as the arterial Poz falls below 60 mmHg, and the occurrence of AMS
becomes more common (9). Hypoxaemia may occur during sleep, exercise, and in
the presence of some severe altitude illness, such as HACE or HAPE (6).

» Extreme high altitude - At 5,500 m above sea level or more (2), marked
hypoxaemia, hypocapnia and alkalosis are all characteristic reactions (7). AMS
occurs commonly in this range (6), and the progressive deterioration of physiologic
function becomes more and more serious. As a result, no permanent human

resident lives above 6,000 m (6).

The AMS symptoms typically start occurring within six to 12 hours after ascent, and
sometimes even as early as within one hour (3, 10). The symptoms are most prominent
after the first night spent at a given altitude, though often disappear over the next two or
three days if there is no further increase in altitude (2). An ascent to higher altitude, after
acclimatization at a lower altitude, may lead to a further attack of AMS (7). A descent and
re-ascent within 10 days does not provoke symptoms, but a descent for more than 10 days

renders the individual susceptible to AMS when re-ascending.

Table 1 Changes in barometric pressure and inspired Po> with altitude*

Metres Feet Barometric pressure Inspired Po,
(mmHg) (% of sea-level)
0 0 149 100%
1,000 3,281 132 89%
2,000 6,562 117 79%
3,000 9,843 103 69%
4,000 13,123 90 60%
5,000 16,404 78 52%
6,000 19,685 67 45%
7,000 22,966 58 39%
8,000 26,247 51 34%
9,000 29,528 42 28%

*Adapted from West JB, High Altitude Medicine and Physiology. 2007.(7).
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1.3 Pathophysiology of AMS

The pathophysiology of AMS is still unclear, although the symptoms and signs of AMS
point to the central nervous system as the target organ for the illnesses (2). One current
view is that AMS is an early stage of brain swelling, which is more apparent with HACE
(2). The swelling is probably due to vasogenic mechanisms, in which brain blood flow,
brain blood volume and permeability play a part (3). The essential factor responsible for
this condition is hypoxia. Hackett and Roach (11-13) have proposed a pathophysiological
model of AMS and HACE (3). According to this model, hypoxia causes hypoxaemia,
which refers to a lowered oxygen level in the blood. Hypoxaemia elicits various
hemodynamic and neuro-humoral reactions that lead to a rise in the cerebral blood flow,
cerebral blood volume (13), and an increase in the vascular permeability of the blood-brain
barrier (BBB) (Figure 1). These changes result in brain swelling and a raised intracranial
pressure (13). In this model, AMS may occur in subjects who have an inadequate
cerebrospinal capacity to buffer the brain swelling, as individuals with a larger ratio of
cranial cerebrospinal fluid to brain volume compensate better for brain swelling through
the displacement of cerebrospinal fluid, and hence decreased symptoms of AMS (14). This
hypothesis may account for the individual susceptibility of AMS, but it still remains

speculative (13).

Figure 1 Proposed pathophysiology of AMS and HACE*
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*Adapted from Basnyat B, Murdoch DR. High-altitude illness 2003 (3).
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1.4 Assessment of AMS

There are currently no valid biomarkers for the diagnosis of AMS. An assessment of the
presence and severity of AMS therefore depends on subjective reports of AMS-related
symptoms and the possible quantification of clinical signs by a trained person with a good

knowledge of altitude sickness (15-17).

1.4.1 Questionnaire tool for assessing AMS

Currently, two systems for assessing AMS are most commonly used: The Environmental

Symptoms Questionnaire (ESQ) (18) and the Lake Louise Scoring System (LLSS) (19)

* Environmental Symptoms Questionnaire (ESQ)

The ESQ was developed in 1979 by Kobrick and Sampson for quantifying environmental
stress in general (20), and is now in its third version (ESQ-ILI). This questionnaire has 67
questions, though only 11 are relevant for measuring AMS (Table 2) (18). The answers
are graded on a six-point scale from zero (not present) to five (extremely severe) (18). A
score called AMS-C (the C stands for cerebral symptoms) is used to calculate whether a
person has AMS or not. The AMS-C score requires multiplying the scores by a respective
factorial weight, which is then multiplied by five and divided by 25.95 (18). Generally
speaking, an AMS-C score of > 0.7 is a recommended criterion to identify subjects as
having AMS (18). In addition, a shortened electronic version (ESQ-c) using only 11
questions has been shown to be equally effective as the full version of 67 questions in

diagnosing AMS (21).

Table 2 AMS-related Questions of the ESQ-III questionnaire™

1. I feel lightheaded 7. I feel weak

2. 1 have a headache 8. I feel sick to my stomach (nauseous)
3. I feel dizzy 9. I lost my appetite

4. 1 feel faint 10. I feel sick

5. My vision is dim 11. I feel hung over

6. My coordination is off

* Source: Dellasanta P. et al., Comparing questionnaires for the assessment of acute mountain sickness.

2007(22).

* Lake Louise Score System (LLSS)

In 1991, the Lake Louise Questionnaire (LLQ), a briefer and simpler questionnaire

compared to previous questionnaires, was proposed at the International Hypoxia
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Symposium held at Lake Louise in Alberta, Canada (19). The Lake Louise Score System
(LLSS) has been found to be as sensitive as the ESQ in diagnosing persons with AMS,
and in correctly identifying those without AMS (2). The LLSS consists of a
self-assessment questionnaire, which may be used by itself or in combination with a
clinical assessment and a functional score (Table 3) (19). The LLSS part of this scoring
system is a five-item self-assessment questionnaire, which quantifies the presence of the
most frequent symptoms of AMS (Table 3): headache, fatigue or weakness,
gastrointestinal symptoms (loss of appetite, nausea or vomiting), dizziness and difficulty
sleeping. Each answer uses a four-point scale from 0 to 3 (0 = none, 1 =mild, 2 =
moderate, 3 = severe) (19). A complete response will be a total score ranging from a
minimum of zero to a maximum of 15 (19). A headache is considered to be a key
symptom of AMS according to previous research (23). A total LLSS score of four or
more, in addition to the presence of a headache, is considered to be sufficient to
categorize persons suffering from AMS (24). The LLSS is validated against clinical

assessment, and is now commonly used for diagnosing AMS (25).

There also exits various other criteria for diagnosing AMS by LLSS. Some define AMS
as a condition that needs to be presented with a headache and a total LLSS score of 3 or
greater (26, 27), while others define AMS as a Lack Louise Score (LLS) >2 (17).
Currently, most researchers agree on using headache and a total LLSS score of 4 or
greater for the diagnosis of AMS due to reports of a relatively good sensitivity and
specificity (24, 28).

13



Table 3 Lake Louise Score (LLS) for the diagnosis of Acute Mountain Sickness (AMS)*

(a) AMS Self-Assessment. A headache and at least one other symptom and a total score of
4 or more are taken as a diagnosis of AMS. It is suggested that this part of the scoring
system is to always be used and reported separately.

No headache

Mild headache

Moderate headache

Severe headache, incapacitating

al. Headache

No gastrointestinal symptoms
a2.Gastrointestinal symptoms Poor appetite or nausea
Moderate nausea or vomiting

Severe nausea and vomiting, incapacitating

Not tired or weak
a3. Fatigue and/or weakness Mild fatigue/weakness
Moderate fatigue/weakness
Severe fatigue/weakness, incapacitating
Not dizzy
a4.Dizziness/light headedness Mild dizziness

Moderate dizziness

Severe dizziness, incapacitating
Slept as well as usual

a5. Difficulty sleeping Did not sleep as well as usual
Woke many times, poor night’s sleep

N = OW D = OD|W N~ OW N~ O(W o —=O

98]

Could not sleep at all

(b) Clinical Assessment. These questions are answered by a physician or other examiner.

No change 0
Lethargy/lassitude 1
bl. Change in mental status Disorientated/confused 2
Stupor/semiconscious 3
Coma 4
None 0
Balancing manoeuvres 1
b2. Ataxia(heel/toe walking) Steps off the line 2
Falls down 3
Unable to stand 4
None 0
b3. Peripheral edema One location 1
Two or more locations 2

(C) Functional Score. An optional question can be either checked by examiner or by a
self-report assessment:

, Not at all 0

Overall, if you haq any of these Mild reduction 1
symptoms, how did they affect your

activities? Moderate reduction 2

Severe reduction (e.g. bedrest) 3

*Source: Thomas F. Hornbein al., High Altitude: An Exploration of Human Adaptation. 2001(2).

14



There also exists other AMS scoring systems such as Hackett’s Questionnaire (15) and the

Chinese ad hoc “High Altitude Medical Research Questionnaire” (HAMRQ) (29).

e Hackett’s Questionnaire

The “Hackett Questionnaire” was developed for the examinations that Hackett carried out
in the 1970s with the aim of mapping AMS (15). It consists of a brief interview about

headache, vomiting, nausea and dizziness. Besides this information, it includes a medical
examination of respiratory rate, edema, lung and ataxia. The presence of AMS is based on

combining the results of interview scores and medical examination together (15).

* The Chinese scoring system

The HAMRQ was developed by the Ad-Hoc Committee on High Altitude Illness of the
Chinese Medical Association in 1995, with adjustments made at the next conference in
1996 (30). In the Chinese HAMRQ scoring system, “acute mild high altitude disease”
(AMHAD) is equivalent to AMS (29). The diagnostic criteria and severity of AMS based
on HAMRAQ is shown in Table 4. Part (a) shows the questionnaire scoring system used to
classify the disease based on the severity of symptoms, while part (b) shows the degree and
grade based on the severity of the disease (30). For instance, mild AMS is defined as the
presence of a headache or vomiting. If either of those symptoms is absent, a total score
between 5 and 10 is required for the diagnosis of mild AMS, with one score assigned for
each of the following symptoms: nausea, anorexia, diarrhea, dizziness/light-headedness,
palpitation, shortness of breath, chest distress, constipation, dazzling/blurred vision,
sleeplessness (insomnia), abdominal distension, cyanosis of the lips, lethargy and

numbness of the extremities (29, 30).
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Table 4 The Chinese diagnostic criteria and scoring system of Acute Mild High Altitude
Disease (AMHAD) *

(a) Acute Mild High Altitude Disease (AMHAD) Scoring System

Symptoms

Degree Score

Headache

No headache, no suffering expression, no effect on daily
activity.

Mild headache with suffering expression; obvious
improvement of headache after taking regular analgesic
medicine; no effect on daily activity.

Moderate headache with suffering expression; slight
improvement of headache after taking regular analgesic
medicine; daily activity is affected.

++ 4

Severe and unbearable headache; lie in bed and cannot get up;
no effect of regular analgesic medication.

+++ 7

Vomiting

Vomiting 1 to 2 times a day; vomit contains only intake food;
obvious improvement with regular antivomit medication; no
effect on daily activity.

Vomiting 3 to 4 times a day; final vomit contains gastric juice;
slight improvement with antivomit medication; daily activity
is affected.

++ 4

Vomiting more than 5 times a day; must lie in bed and cannot
get up; no improvement with regular antivomit medication.

+++ 7

Others

Dizziness/light-headedness, nausea, palpitation, short breath,
chest distress, dazzling/blurred vision, sleeplessness
(insomnia), anorexia, abdominal distension, diarrhea,
constipation, cyanosis of the lips, lethargy, and numbness of
the extremities.

1 point each

(b) Severity of Acute Mountain Sickness

Severity Scoring
Normal (%) 1to4
Mild (+) Headache (+) or vomiting (+) or total score 5 to10

Moderate (++)

Headache (++) or vomiting (++) or total score 11 to 15

Severe (+++)

Headache (+++) or vomiting (+++) or total score >16

*Source: 1. West JB, English Translation of “Nomenclature, Classification, and Diagnostic Criteria of

High Altitude Disease in China”, 2010.(30); 2. Ren Y, Incidence of high altitude illnesses among

unacclimatized persons who acutely ascended to Tibet, 2010. (29).
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1.4.2 Clinical signs which may be related to AMS

There are no clinical signs specific to AMS (2). This makes it more challenging to
distinguish AMS from other causes of the same symptoms and signs (2). Changes in body
temperature, SaO2, heart rate (HR), rales or presence of peripheral edema have sometimes
been found to be associated with AMS. Maggiorini et al. found a rise in body temperature
of 0.5 °C in mild cases and 1.2 °C in severe cases of AMS (31), whereas Loppky et al.
found a slight decrease in body temperature with symptoms of AMS (32). SaO: values are
often lower in subjects with AMS, and in those who will subsequently develop AMS, than
those without AMS (33-35). Resting HR has been reported to be higher in subjects with
compared to subjects without AMS (36-38). However, the consistency in these
observations is not obvious, as some studies did not find such associations (9, 37). The
prevalence of rales has been reported to vary between 5% and 23% by different observers
(17, 39, 40). Rales may occur in AMS cases (17), but also in non-AMS cases (39). This
variability in observations suggests that pulmonary auscultation may be
observer-dependent, and that there is no clear relationship between rale and AMS. Edema
of the face, wrists and ankles were also found in 18% to 25% of trekkers (39) and
mountaineers (17). Nonetheless, one-third of the peripheral edema occurred in non-AMS
cases (39). It was also found that the incidence of peripheral edema did not increase with
increasing altitude (17). As previously mentioned, AMS is not accompanied by abnormal
neurological findings, but if unconsciousness or speech impairment appeared in AMS
patient, it may be early signs of the progression from AMS to HACE, since it has been
hypothesized both diseases share same pathophysiology, and AMS may appear in an early
stage of HACE (2).

1.5 History of AMS

The existence of AMS or AMS-like conditions has been known for centuries (41). As early
as 2,000 years ago (32 BC), a Chinese official reported about a place called “Little
Headache Mountain” and another called “Great Headache Mountain”, where travellers
experienced headache, vomiting and being feverish (2). A vivid description of symptoms
of AMS was given in 1604 by Acosta when he was traveling in the Peruvian Andes (42),
but the first modern account of AMS was reported by Ravenhill in 1913 (41). He was
serving as a medical officer of a mining company in Chile at 4,700 m. The patients he

observed were affected by the effect of the altitude (41). He distinguished between three
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types of illnesses related to acute exposure to high altitude to: (1) the normal type, with
headache, fatigue, vomiting and insomnia, (2) the nervous type, which he thought was a
“rare” divergence from the normal with decreased consciousness and ataxia, and (3) the
cardiac type with severe dyspnea and rales, which he attributed to heart failure. Today,

these three forms of illness correspond quite well with AMS, HACE and HAPE.
1.6 Epidemiology of AMS

1.6.1 Prevalence or incidence?

The terms and concepts of AMS “prevalence” or “incidence” are used interchangeably in
AMS-related studies (43). Nevertheless, hardly any researchers discuss which expression

is preferable in describing the occurrence of AMS.

Prevalence in epidemiology is the total number of a disease or condition that occurs in a
given population during a specific time period (43). It includes cases who already have the
disease or condition at the start of a study period, as well as those who acquire it during the
time period. Prevalence is further specified into two types relevant for describing the
occurrence of AMS according to the study’s observation time: the point prevalence and the
period prevalence (43). Point prevalence refers to the proportion of a specified population
who has the disease or condition at a specific point in time, while period prevalence is the
proportion of a specified population who has the disease or condition during a specified

period of time (e.g. during a week, during a year or during life) (43).

Incidence is a measure of new cases of the disease or condition in a population over a given
period of time (month, year, etc.). The expression incidence is often used, but incidence
could be further presented as an incidence proportion or incidence rate (43). Incidence
proportion is the proportion of new cases in a population who develops the condition of
interest during a specified follow-up time (43). The incidence rate is measured as new

cases per the unit time the individuals in the study are under observation.

The relationship between prevalence and incidence depends on the natural history of the
conditions or disease being studied (43). For acute diseases like AMS, the incidence or

incidence proportion and prevalence as used in this thesis become quite similar.
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1.6.2 Occurrences of AMS

The available data shows that the occurrence of AMS seems to vary between 9% and 84%
in different studies (17, 44-49). Studies have been carried out at different altitudes in high
altitude areas in Europe, America, Asia, New Zealand and Africa (Table 5). It has been
difficult to monitor time trends in AMS because of the lack of systematic and standardized
criteria for how to measure AMS. However, it has been noted that over the last three
decades the increasing awareness of AMS has led to a lower incidence of AMS (50).
Nowadays people have started to travel much more than before, and going to altitude is no
longer exclusively for climbers and soldiers as shown in Table 5 (3, 48, 50, 51). The
consequences this has on AMS occurrence in the population of global travellers are still

unclear.

It is generally accepted that the occurrence of AMS primarily depends upon the rate at
which people ascend to altitude, the height of the altitude reached and individual
susceptibility. For instances, trekkers in the Himalaya region of Nepal (52) appear to have
a slower rate of ascent and a lower prevalence of AMS compared to those who have
climbed Kilimanjaro, where conditions favour a more rapid ascent rate (53). In climbers
ascending to very high altitudes, the differences of a few days in acclimatization can have a
significant impact on the prevalence of AMS, the severity of symptoms and
mountaineering success (54). Vardy et al. found that the prevalence of AMS among
trekkers in Nepal ranged from 10% at 3,000-4,000 m, to 51% at 4,500-5,000 m (52), This
is similar to what Maggiorini et al. reported among climbers in the Alps (from 9% at 2,850
m to 53% at 4,559 m) (17). The differences in the definitions of AMS limit the
comparisons between studies. For example, it is difficult to compare the incidence of AMS
among Chinese soldiers (57%) (29) travelling to 3,600 m by plane with tourists who flew
to 3,740 m in Nepal (45), because the former study used the Chinese standard while the
latter study used LLSS to diagnose AMS. Even studies that used the LLSS to estimate the
presence of AMS have used different symptom cut-off points (17, 28). Since there are
variations in scoring systems and cut-off points between previous studies (18, 19, 22, 55,
56), comparisons between studies should take all of these inequalities into account. These
are some of the factors that make comparisons of AMS occurrence between studies

difficult.
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Table 5 The occurrence of acute mountain sickness (AMS) at main high altitude areas in

the world
Location Altitude (m)  Population Ascent time AMS
occurrence (%)
Rocky Mountains, Colorado, USA (44) 1,920-2,957 Tourists 1-3 days 25
Swiss Alps (17) 2,850 Climbers 2-3 days 9
Swiss Alps (17) 3,050 Climbers 2-3 days 13
Swiss Alps (17) 3,650 Climbers 2-3 days 34
Swiss Alps (17) 4,559 Climbers 2-3 days 53
Nepal Himalaya (52) 3,000-5,500 Trekkers 10-13 days 23
Putre, Chile (57) 3,550 Soldiers 4 days 60
Nepal Himalaya 3,740 Tourists 2 days 84
Tibet, China (29) 3,600 Soldiers 14 days 57
Mt, Jade Taiwan (47) 3,952 Trekkers 1-2 days 28
Mt Rainier, USA (48) 4,394 Climbers 1-2 days 67-77
Tibet, China (58) 4,719 Tourists 1 day 42.3
Mt. Kilimanjaro, Tanzania (53) 5,895 Trekkers 6 days 75
Denali, Alaska, USA (48) 6,194 Climbers 3-7 days 30
Mt. Aconcagua, Argentina (59) 6,962 Climbers 5-10 days 39

1.6.3 Determinants of AMS

The occurrence of AMS mainly depends on the rate of ascent, the absolute altitude reached,
individual susceptibility and previous acclimatization, while other factors like gender, age,
general states of health and obesity have been found in some studies to be associated with

the risk of developing AMS.
1.6.3.1 Altitude

Previous studies among climbers in Nepal (52) and the Alps (42), tourists in Colorado (44)
and workers in Tibet (27) support the idea that the incidence of AMS increases with
altitude. For example, the incidence of AMS was reported to be 10% for an ascent to
between 3,000—4,000 m, 15% between 4,000—4,500 m, 51% between 4,500-5,000 m in the
Nepali Himalayas (52), 6.9% at 2,200 m, 9.1% at 2,500 m, 17.4% at 2,800 m and 38.0% at
3,500 m in the Eastern Alps (28). Since hypoxia is the primary trigger for the development
of AMS, it is not surprising to see that the incidence of AMS increases with altitude (Table
5).
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1.6.3.2 Ascent rate

Murdoch and colleagues found the incidence of AMS to be 84% among tourists who flew
directly to Shyangboche at an altitude of 3,740 m, and 61% among those who walked up
from altitudes under 3000m to the same altitude (45). Hackett and Rennie found that at an
altitude of 4,243 m at Pheriche Nepal, the trekkers who flew to the airstrip at Lukla at an
altitude of 2,800 m, and then proceeded on foot to Pheriche had a higher incidence of AMS
than those who travelled by land all the way from Kathmandu at 1,300 m (49% vs. 31%)
(39). Different types of ascent rate clearly seem to have an effect on the development of
AMS. A rapid ascent to high altitude was observed as a risk factor for the development and
severity of AMS in several previous studies (3, 4, 52), as individuals need a sufficient
amount of time to acclimatize to the hyperbaric hypoxic environment at high altitude (6, 8).
A slow ascent rate and a graded ascent would be preferable for high altitude

acclimatization and reducing the risk of AMS (60).
1.6.3.3 Previous experience at high altitude

Some studies reported that there is no relationship between previous exposure to high
altitude and AMS (15, 39), whereas others indicate that a history of exposure to high
altitude can offer some protective benefit against AMS (44, 59, 61, 62). For example,
Richalet and colleagues found the symptoms of mild AMS and sleep disturbances were
seen at every repetitive exposure to high altitude among Chilean miners (63), while Lyons
and colleagues found a reduction in the incidence of AMS in a group of subjects who had
previously been exposed to high altitude compared with a group without altitude exposure
(64). Hultgren and colleagues found that climbers who visited the Himalayas annually had
fewer symptoms and a better physical performance on later visits compared to what they

experienced during their first visit (65).
1.6.3.4 Individual susceptibility of AMS

The individual susceptibility appears to be reproducible as indicated by the recurrence of
AMS (1, 61). Not all studies have found in favour of this (15, 39). Studies indicate large
variation in the individual’s susceptibility to AMS (4, 50, 66). Wu et al. reported on AMS
incidence among lowland construction workers who repeatedly spent seven-month periods
at high altitude to work on the Qinghai-Tibet railroad each year from 2001 to 2005 (38).
Some construction workers developed AMS more than twice while others were rarely or

never affected, some had symptoms on the first day and others on day five to seven over
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the five-year follow-up (38). In spite of substantial research activity over more than 100
years, it is not clear which particular pathophysiological features are related to individual

susceptibility to AMS (2).
1.6.3.5 Health condition

The impact of health condition on the development of AMS is unclear (2, 49). A finding
from mountaineers in the Alps (67) and trekkers in Nepal (68) supported no relationship
between fitness and the subsequent development of AMS. Cymerman and colleagues even
reported an increased AMS prevalence in people with a greater baseline aerobic fitness
(69). In contrast, other studies have shown that a good physical condition before entering a
high altitude area increases a person’s tolerance to altitude symptoms (8, 70). Conference
attendees who reported themselves in poor physical condition were twice as likely to get
AMS compared to those who considered themselves to be fit (44). Ri-Li and colleagues
(71) found obese individuals to be more susceptible to AMS, probably because excess
weight is more frequently associated with hypoventilation, sleep apnea and increased
oxygen consumption (72). Additionally, some pre-existing illnesses such as heart failure,
upper gastrointestinal tract bleeding and infection may be exacerbated by exposure to high
altitude (61, 73, 74), but there is no evidence that the underlying diseases such as coronary
artery disease, diabetes mellitus or asthma increase the risk of AMS following ascent,
although it is probably prudent to avoid highly strenuous exercise (73). The advice for
patients with lung disease depends on the severity of the disease, activity level and

anticipated altitude.
1.6.3.6 Age

Previous studies have reported that older subjects do not appear to have an increased risk
of AMS (52, 54). In fact, people older than 40—-60 years tend to develop AMS less often
than younger adults (15, 44, 75). These findings were confirmed in a group of visitors with
a mean age of 69.8 years, who had an incidence of AMS of 16% at 2,500 m (75) compared
to an incidence of 27% in a population with a mean age of 44 years at a similar altitude (76).
In contrast, other studies found no influence of age on AMS (72). At the other end of the
age spectrum, children and young adults (<40 years) appear to have a similar incidence and
severity of AMS (77, 78). It has been reported that children between the age of 9-14 years
who attended summer camp at 2,835 m (79) had a similar incidence (28%) of AMS to
adults going to comparable altitudes (25%) (44).
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1.6.3.7 Gender

Reports on the effect of gender on AMS have been mixed and inconclusive (10, 62). Many
studies showed no difference in the development of AMS between males and females (15,
44). It has been reported that 51% of male trekkers climbing to Everest experienced AMS
compared to 53% in female trekkers (15). Some studies found an increased susceptibility
of AMS in women (68, 80). On the other hand, some studies found less AMS in women
than in men (75, 81, 82). The reasons for these apparent differences in the prevalence of

AMS groups are not clear.
1.6.3.8 Ethnicity

The term “‘high altitude acclimatization” refers to the process whereby lowlanders respond
to changes in hypoxia in a short-term exposure to high altitude. These changes are seen as
beneficial, as opposed to changes that result in illness (83). Compared to acclimatization
among lowlanders occurring in a short-term physiological response to a hypoxia
environment, the “high altitude adaptation” among highlanders is irreversible, including
long-term physiological responses to high altitude hypobaric hypoxic environments of
natural selection with heritable behavioural and genetic changes (83). Adaptation is
defined by evolutionary biology as a feature of a function, structure or behaviour that

enables humans to live and reproduce in a high altitude environment (83).

It is known that Tibetans have a better adaptation than any other ethnicities living at similar
altitudes (83). It has been reported that Tibetan railway construction workers (27) and
mountaineers (83) were resistant to AMS, and have a greater work capacity than other
ethnicities. Sherpas, who are mainly of Tibetan origin in the Himalayas, are also renowned
for reaching the summit of Everest on many occasions (83). The Sherpas appear
completely free from AMS when moving from low to high altitudes (83). Other high
altitude indigenous populations like the Ayamara and Quecha Indians have shown better
adaptation than European/North American migrants in the high altitude area of the Andes,
but data on AMS is lacking (84-86). These differences are likely to be affected by genetic

components. However, no specific genetic differences have yet been identified for AMS.
1.6.3.9 Smoking

Many epidemiological studies of high altitude illness have limited data regarding the
effects of smoking on the development of AMS (17, 24, 47). Wu et al. (87) found a 11%
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decrease in the prevalence of AMS in smokers compared with nonsmokers. Another study
by Song et al. (88) found that smokers had less AMS compared with non-smokers. In
contrast, some studies on tourists (50) and climbers (61) did not find any relationship
between AMS and smoking habits. Vinnikov and colleagues even reported that smoking
increased the risk of AMS (89). Moreover, Lindgarde et al. reported that a combination of
smoking and alcohol impeded altitude acclimatization, but they did not report the
occurrence of AMS (90). However, smoking is generally considered harmful to one’s

health, and may reduce long-term adaptation to high altitude (87).
1.6.4 Arterial oxygen saturation, heart rate and AMS

Many studies have tried to look for ways to predict AMS by observing some physiological
parameters such as hypoxic ventilatory response (HVR) (91, 92), end-expiratory Po2 (93),
gag reflex and a short breath-holding time (94). However, there is no consistent agreement
on the usefulness of these tests (33). Since hypoxia is central for the development of AMS
(Figure 1) (9, 33), and sympathetic activation is a primarily response to hypoxia (95, 96), it
seems reasonable to monitor SaO2 and HR for impending AMS. Even so, different studies
focusing on correlations between SaO2 and HR and AMS report inconsistent results (9, 33,

96, 97).

Oxygen is the basis of life activities, as each part of the human metabolism needs oxygen
to function (98). Due to the reduced atmospheric pressure with increasing altitude, the
partial pressure of inspired oxygen in the lungs, and therefore SaO., is reduced (98). The
resulting lower SaOz level in tissue is regarded as a primary starting mechanism in the
development of AMS in healthy persons (9, 99). A number of studies found a correlation
between SaO2 and AMS after an ascent to high altitude (9, 33, 35, 100). This was recently
strengthened by a meta-analysis (101), but it was suggested that further studies of the SaO2
as an indicator for AMS are required to confirm its efficacy and reproducibility. By
contrast, other studies did not find any association between SaO2 and AMS (37, 97). Thus
far, previous studies have addressed this issue in selected populations like climbers, and
most often after exposure to high altitude, while the relationship between AMS and SaO:
measurements from before altitude exposure has seldom been addressed (Table 6).
Several studies have shown an increased sympathetic activity and a reduction in
parasympathetic activity during acute exposure to high altitude, which refers to an early

response to a hypoxic environment (95, 102-104). This effect was also shown in a
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hypobaric chamber study at 5,000 m (105) and in mountaineers at 2,700 m and 3,700 m
(106). HR reflects sympathetic and parasympathetic cardiac autonomic nervous system
regulation (96). There is also some evidence that subjects with a high resting HR after
arrival to high altitude more easily develop AMS (37, 38, 107), though other studies did
not support this conclusion (9, 33). Table 6 shows the cautious conclusion between SaOa,

HR and AMS derived from overviews by Guo (101) and by Song (108).

Table 6 characteristics of the selected studies dealing with the SaO2, HR and AMS

susceptibility.
First author Year Maximum altitude (m) Subjects Sa0,and AMS HR and AMS
Roach (100) 1998 6,194 Climbers Related -
Burtscher (35) 2004 3,659 Mountaineers Related ---
Saito (104) 2005 3,456 Trekkers Not related -
Tian (109) 2008 3,700 Healthy subjects --- Related
Dyer (110) 2008 4,200 Healthy subjects Not related ---
Fagenholz (111) 2009 4,240 Travellers Related Weak association
Koehlea (112) 2010 4,380 Patient population Related Not related
Huang (113) 2010 3,440 Healthy subjects Not related Related
Karinen (33) 2010 5,300 Climbers Related Not related
Johnson (114) 2010 3,800 Healthy subjects Related -—-
Chen (97) 2012 3,952 Trekkers Not related Not related
Wagner (115) 2012 5,640 Climbers Not related Not related
Major (116) 2012 5,200 Healthy subjects Related Related
Faulhaber (9) 2014 4,500 Healthy subjects Related Not related
1.7 Treatment of AMS

It often seems that a short rest and a stop of the ascent will significantly resolve mild AMS

symptoms (3, 4). If the symptoms continue or get worse, supplemental oxygen and a
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descent is recommended (61). Moderate to severe symptoms may require symptomatic
treatment with medication such as acetazolamide (trade name Diamox), dexamethasone
and analgesics (5). Acetazolamide is the only medication approved by the US Food and
Drug Administration (FDA) for preventing and ameliorating AMS, although there is still
debate regarding the optimal dose (5). A reasonable prescription for prevention is 125 mg
twice a day prior to ascent, and continuing for two days after arrival at a maximal

altitude or until a descent is initiated; if the ascent is rapid, 250 mg twice a day may be
more effective (5). In children, the recommended dose is 2.5 mg/kg every 12 hours with a
maximum dose of 250 mg (117), while treatment for 48 hours is usually sufficient for the
resolution of AMS symptoms (77). Acetazolamide is a sulfonamide drug, so patients with
known allergies to sulfa should avoid acetazolamide (5). Dexamethasone is recommended
only when a descent is impossible, and it is also effective as an emergency treatment for
AMS with an initial dose of 4 —10 mg, followed by 4 mg every six hours (118-120).
Acetaminophen and non-steroid anti-inflammatory drugs such as aspirin and ibuprofen are
often effective in relieving the symptoms of headache and gastrointestinal upset associated
with AMS (121, 122). Although some herbal supplements such as Ginkgo biloba, Coca
leaf and Rhodiola species products are widely used to prevent AMS, most studies have not
found any effect on these herbs exist (123-126). AMS patients must therefore be carefully
monitored to avoid further progress to HACE or HAPE (5).

1.8 Prevention of AMS

The best way to prevent AMS is a slow ascent, which gives the body time to acclimatize to
the hypoxic conditions (48). Doing only mild exercise for the first few hours after arrival at
high altitude has also been suggested (48), as different people will acclimatize at different
rates (48). The process of acclimatization to high altitude usually takes three—five days
(48); therefore, acclimatizing for a few days at 2,500 m - 2,750 m before ascending to a
higher altitude is ideal (127). A general recommendation about the speed of ascent is that
after an ascent to 3,000 m, sleeping altitude should not be extended by more than 300 to
600 m per night, and one should take a rest day for every 1,000 m of ascent (48). A copious
intake of water for hydration and nutritious food for energy has also been suggested (48).
A history of previous AMS is considered as a indicator for repeated problems during
subsequent exposure to similar altitudes at a similar ascent rate (5). Alcohol tends to cause

dehydration and exacerbates AMS (48). Hence, it is recommended to avoid taking an

26



alcoholic beverage in the first few hours after arrival at a high altitude (5). As previously

mentioned, medication treatment may also be used as a prophylaxis against AMS.
1.9 AMS in Tibet

Several studies on AMS have been conducted in Tibet (29, 38, 58). For example, Wu et al.
reported an AMS incidence of 31% in Han Chinese passengers travelling on the
Qinghai-Tibet railroad (128). However, this study was only conducted during the travel
and without any follow-up after arrival in Lhasa. A study on tourists conducted in 2008 at
the Namtso Lake Tour Zone (4,718 m) reported that AMS occurred in 42.3% of 310 Han
Chinese on a one-day trip to the lake (58). The study only included Han Chinese tourists
during a one-day travel, though without the possibility to include sleeping disorder
symptoms. So far, no AMS research has been conducted among ordinary tourists.
Moreover, Ren et al. reported that the incidence of mild AMS in Han Chinese soldiers was
57.2% (29). Wu et al. reported that the overall incidence of AMS was 51% on initial
exposure to high altitude among construction workers on the Qinghai-Tibet railway route
(73). He also reported that due to altitude, health problems and other reasons, several
workers withdrew from their position due to altitude-related health problems, and were

replaced by new workers each year (38).
1.10 AMS and modernization

Over the past few decades, with a rapid economic development in many places around the
world, the population ascending to the high altitude has changed and increased
dramatically as new groups of individuals have started to travel to high altitudes. In Tibet,
particularly with the completion of the Qinghai-Tibet Railroad in 2006, tourism from
domestic China and abroad has increased remarkably (129, 130). Lhasa is the major
destination for tourists from all over the world. Tourists who go there are no longer simply
well-prepared physically fit climbers, workers and soldiers as previous studies indicate (24,
27,29, 51). All types of individuals, including people of all ages and with different health
conditions and levels of physical fitness, are visiting Lhasa for different purposes. Besides
tourists, more and more lowland workers and students go to Tibet as well. In particular,
there are a number of Han Chinese students who annually ascend to Tibet for continuing
their education at Tibet University. Nearly half of them travel to Tibet by air, with most of

the rest arriving by train. Using both a plane and train create a relatively rapid ascent, and
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AMS-related illnesses may occur. The development of visitors has made AMS a public
health concern in Tibet nowadays. At the same time, more and more Tibetans (highlanders)
descend to the lowlands for entertainment, work and education for short or long periods of
time and then reascend to Tibet. The changes in the population going high took place
during a time when different forms of transportation have also changed, and the ascent to
high altitude has become more rapid compared to the past when it was often done by foot
or rather slow motor vehicles. Little is known about AMS among the new groups of
travellers to high altitude Tibet. Furthermore, no study has actually addressed the acute
reactions to altitude among groups like ordinary tourists, Han Chinese students and

Tibetans re-ascending to high altitude after being exposed to low altitudes for a long time.

2 AIMS AND OBJECTIVES

The main aim of the current thesis is to investigate the occurrence and determinants of

AMS among groups of travellers to Lhasa.
Specific objectives

e To investigate the occurrence and determinants of acute mountain sickness among

ordinary tourists visiting the high altitude city of Lhasa at 3,658 m above sea level.

e To investigate the occurrence of acute mountain sickness and address the changes
in SaO2 and HR in native Tibetans who reascend to the high altitude city of Lhasa

(3,658 m) after a seven-year stay at low altitude.

e To investigate the occurrence of acute mountain sickness and the association
between AMS and resting SaO2 and HR levels measured at low altitude and three
consecutive days after ascent to high altitude in a population of students with no

previous experience at high altitude.
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3 MATERIALS AND METHODS

3.1 Study area

3. 1.1 General information about Tibet and Lhasa

Tibet is dubbed the “Roof of the World”, with an average elevation of more than 4,000
metres (131). Lhasa is the capital of the Tibet Autonomous Region (TAR), People’s
Republic of China, situated at an elevation approximately 3,658 m above sea level. In the
Tibetan language, Lhasa means the Holy Land or the Buddha Land. This ancient sprawling
city was settled 1,300 years ago (132), and is the centre of Tibet’s economy, culture,
politics, transport and religious activities. Lhasa has recently become the major destination
for what one could call “ordinary” travellers, including all types of tourists, soldiers,

workers and students.

3.1.2 Main connections with its surroundings

Historically, Tibet has been quite isolated, mainly because of its high altitude and
remoteness, which is probably an important reason for why up to now there has been an
aura of mysticism around the area. Pack animals were the primary mode of transportation
in the old days, and travelling to Tibet was strenuous and took time. Today, travelling to
Tibet has become much easier, and has become more and more comparable to travelling to
other places, even if Tibet’s remoteness still makes it special. Today, one can travel to

Tibet by plane, railway and car/bus.
3.1.2.1 By air

The fastest and most used transportation to Tibet is by plane. The Lhasa Gongga airport
operates flights from several domestic cities, such as Chengdu (506 m), Chongqing (259
m), Beijing (32 m), Guangzhou (41 m), Shanghai (5 m), Xian (397 m), Xining (2260 m),
Hangzhou (42 m), Changsha (45m), Nanjing (9 m), Tianjin (5 m), Shijiazhuang (81 m),
Lanzhou (1517 m), Zhenzhou (110 m), Guiyang (1100 m), Kunming (1891 m), Fuzhou
(84 m) and for international flights from Kathmandu, Nepal (1,300 m). All these flights
take about two to three hours with a cabin pressure equivalent to 2,400 m from a lowland
departure to the highland destination of Lhasa. The rapid ascent to Lhasa also opens for the
possibility for more travellers to quickly continue to even higher altitudes with further

challenges to high altitude acclimatization.
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3.1.2.2 By train

The Qinghai-Tibet railway opened in 2006, and has become a popular way of travelling to
Lhasa. Trains to Lhasa go from Xining to Glomud (10 hours, average altitude 2,906 m,
range 2,261m-3,698 m) and from Glomud to Lhasa (14 hours, average altitude 4,251 m,
range 2,808 m-5,072 m) (128). All train carriages are outfitted with an oxygen supply from
a molecular sieve system. Even though the windows are sealed, the opening of doors at the
intermediary railway stations will inevitably lead to some oxygen loss (128). This means
that travelling by this route will result in more high altitude exposure than by plane, but the

travel time is quite short.
3.1.2.3 By road

In modern time, travelling to Tibet by road has become an interesting option because it is
an authentic way to explore Tibet, since it takes more time compared to both plane and
train. It also means that it allows the body to acclimatize to high altitude. The two major
highway routes to Tibet are:
¢ Qinghai-Tibet Highway (Xining-Golmud-Lhasa): This road is approximately
2,000 km long, with an average altitude over 4,000 m that primarily follows the
Qinghai-Tibet Railway. It is considered to be the safest and shortest highway to
Tibet.
¢ Sichuan-Tibet Highway (Chengdu-Lhasa): The road begins in Chengdu in
Sichuan and ends at Lhasa in Tibet, and is approximately 2,000 km long.
There are also several other possible road connections between Lhasa and its surroundings,
including the spectacular Friendship Highway connecting Kathmandu Nepal with Lhasa
Tibet.

3.1.3 Travellers in study area
3.1.3.1 Tourist in Tibet

Tibet has become a world-famous tourist destination. Lhasa is home to a great number of
religious, cultural and historical sites, which makes it a huge magnet for numerous tourists
from all over the world. In earlier times, climbers, trekkers and hikers comprised the

majority of tourists coming to Tibet. Now this has changed. As mentioned before, with the
improvement of transportation, visits by ordinary tourists have also increased dramatically.

According to the National Bureau of Statistics of China, the number of tourists from
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domestic China and abroad to Tibet has increased remarkably, from 2.5 million in 2006 to
more than 20 million visitors in 2015 (129). Tourism revenue accounted for over 28.19

billion Chinese yuan ren min bi (CNY) in Tibet in 2015 (129) (Table 7).

Table 7 Number of tourists, tourism income in Tibet from 2006 to 2015.

Year Number of tourists in Tibet Tourism revenue in Tibet
(millions) (billions CNY *)

2006 2.51 2.77

2007 4.02 4.85

2008 2.24 2.25

2009 5.61 5.59

2010 6.85 7.14

2011 8.69 9.72

2012 10.58 12.64
2013 12.91 16.53
2014 15.53 20.43
2015 20.17 28.19

*CNY:Chinese yuan ren min bi
3.1.3.2 Non-tourist visitors in Tibet

Over the past few decades, economic development, human boundaries and activities have
gradually been extended between high altitude and low altitude. Many go to Tibet for
business, and many workers and soldiers from inland China work in Tibet every year.
Moreover, Tibet University has qualified as a part of “Universities of National 211
Project”, and a number of students from inland China travel every autumn to Tibet for

educational purposes.
3.1.3.3 Tibetans re-ascending to Tibet after a stay in the lowlands

Up until now Tibet has from several perspectives a lower economic and educational level
compared to some of the other provinces or regions in the area. Therefore, many Tibetans
have gone to lowland China to work or study. Workers’ stays outside Tibet has until now
usually been of a short duration, while students often stay in the lowland for relatively long
time periods. There are several educational institutes in lowland China that train Tibetan

students. The Tibetan student population who attended middle school in lowland China
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has provided a unique opportunity to study how Tibetans maintain their adaptation to high
altitude. The number of Tibetans going to work or to study in lowland China is expected to

increase in the future (132).
3.2 Study populations and study designs

This thesis is based on observations from three different study populations representing
important groups of travellers to Lhasa Tibet: The general tourist population (tourist study)
visiting Lhasa represented by a sample of ordinary tourists above 15 years visiting Lhasa,
Tibetans re-ascending to Lhasa (Tibetan study) represented by a sample of 17-21 year old
Tibetan students re-ascending to Lhasa after studying in the lowlands for seven years and
the non-tourist visitors represented by a sample of 17-21 year old Han Chinese students
(Han Chinese study) travelling to Lhasa to continue their education there. The first study
has a cross-sectional design, while the other two have a cohort approach, following the

populations from the lowlands and during their first days at altitude.

3.2.1 Tourist study
3.2.1.1 Sample size

We established the needed sample size based on prevalence from previous similar studies
of AMS, reported to be 42.3% among tourists in the Namtso tour zone (58); the sample
size in the tourists population was calculated according to the following formula:
_EPxQ
M=
42

N i1s the sample size; P is prevalence (Prevalence of AMS from the previous study); 1.96 is
the Z score corresponding to the 95% level of confidence; Q=1-P, d is the allowance error

of known prevalence:

t=1.96 P=0423 Q=1-P=0.577 d=0.1P

M= 1.06% % 0.423 = (1-0.423) _ 3.8416 = 0.423 = 0.577
0.0423 0.00179

= S people)

Considering the non-response rate, and speculating that it would be 20%: 524 x0.2= 105.
Therefore, the present study sample size should preferably be increased to 629 tourists. We
have included 2,203 tourists in the final data collection which also allowed for sub-group

analyses.
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3.2.1.2 Study population

The tourist study was conducted in Lhasa City. Nine hotels were randomly selected from a
list of all hotels in Lhasa, which was provided by the local bureau of tourism. When the
data collection was about to start, two of the hotels refused to participate. Thus, 2,385
tourists older than 15 years of age from seven randomly selected hotels were invited to
participate between 2 June to 31 October 2010. Of the 2,385 invited tourists, 106 refused to
participate and 76 were excluded due to incomplete questionnaire information, an age
below 15 years or a non-tourist status, thereby leaving 2,203 (92.4 %) participants for the

analyses.

Figure 2 The flow chart for the tourist study population

Invited tourists

N=2385 /
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n=106 ‘ n=76
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3.2.1.3 Inclusion criteria

- Tourists checked in at the selected hotels between 2 June and 31 October 2010
during periods when a select group of receptionists were working in the reception
area.

- Age above 15 years.
3.2.1.4 Data collection

When arriving at the hotel, tourists were informed about the study and asked if they were
willing to participate. Tourists received an anonymous questionnaire and instructions
about how to fill in information and return the questionnaire to the receptionists before

leaving the hotel. The procedure for returning the questionnaire depended on the duration
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of the tourist’s stay in the hotel. This meant that the questionnaire should be returned on the
third day after their arrival, or on the day when they checked out if they planned to stay two
nights or less. Eight students from Tibet University Medical College (TUMC), and one to
two receptionists from each of the selected hotels, assisted in the data collection. All of
them were trained in how to distribute and collect questionnaires. A teacher from TUMC

supervised them during the entire data collection period.
* Questionnaire information

An English and Chinese questionnaire based on the Lake Louise-AMS scoring system was
developed. The English version of the AMS questions was identical to the one originally
devised by the LLSS. We also used a Chinese version of the questionnaire based on the
original LLSS questionnaire. Before the Chinese version of the questionnaire was used in
the study, we translated the questions back into English, which coincided with the original

English version.

The questionnaire consisted of eight main parts. Part I covered background information
like gender, age, education, nationality, height, weight, and altitude of permanent
residence, Part II information about travel schedule etc. and pre-exposure to high altitude.
Part III consisted of the core questions regarding AMS (For details, see Table 3). If
participants did not have any of the symptoms to report in Part III, they might skip Part IV
and V, which included questions about the consequences if they experiences
AMS-problems. Part VI included questions about the participants health status. Part VII
about intake of prophylactic medicine etc., fluid, pain-relieving medication, and Part VIII

questions about prior awareness of AMS and pre-experience of AMS symptoms.

Definition of AMS: As introduced early in the thesis, the definition of AMS (Table 3) is
based on five basic symptoms, which include: headache, fatigue and/or weakness,
gastrointestinal symptoms, dizziness/light headedness, difficulty in sleeping or insomnia.
Each symptom was graded from 0 to 3 based on intensity levels of none, mild, moderate
and severe symptoms, respectively. The diagnosis of AMS was defined as follows: 1)
Presence of headache; 2) Presence of at least one other symptom (fatigue and/or weakness,
gastrointestinal symptoms, dizziness/light headedness, difficulty sleeping), and 3) A total

score of four or more.
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3.2.2 Tibetan study

The Tibetan students’ data collection was carried out in 2012. For a better understanding of
high altitude adaptation among Tibetans, a population of well-matched Han Chinese
students from the same lowland area going to Tibet University in 2014 to continue their
education was used for comparison. The detail data collection procedure is presented later

in the thesis (The Han Chinese Study).

The Tibetan students were recruited in seven cities in lowland China seven days before
their departure to Lhasa and followed until the third day after their ascent to Lhasa. The
seven lowland cities were: Nantong 5 m, Tianjin 5 m, Wuhan 23 m, Beijing 32 m,
Yueyang 57 m, Shijiazhuang 81 m and Chengdu 506 m. The cities were chosen because
they all had the educational institutions with Tibetan students planning to go home after
finishing their seven years high school education, and with Han Chinese students
graduating from high school and planning to go to Lhasa to continue their college

education.
3.2.2.1 Sample size

Previous studies have reported that the occurrence of AMS was zero among Tibetan
construction workers (38), train passengers (128) and mountaineers (83). Using the same
formula as in the tourist study, speculating that the minimum occurrence of AMS among
Tibetans was 5%, and applying the allowance error of 0.4, the sample size calculation
results was 456, while if assuming the occurrence of AMS was 10%, the sample size
calculation results were even smaller at 216. If considering that the non-response rate
(assumption of a 5% AMS occurrence) was 20%, e.g. 456 x0.2= 91, the Tibetan study
sample size should be increased to 547. The current Tibetan study has included 859
students in the final data collection, which was large enough to observe the AMS in
Tibetan students. Compared to Tibetan students, all Han Chinese students (810) who were
admitted to Tibet University and were from the same cities as Tibetan students were

invited to participate in the Han Chinese study.
3.2.2.2 Study population

In total, 859 Native Tibetan students aged 17-21 from seven (out of 12) randomly selected
high schools for Tibetans in lowland China were invited to participate in the study. The

data collection took place from May to June 2012. Of the 859 eligible students, all students
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returned the questionnaires (lowland questionnaire) to fieldworkers, and had their SaO2
and HR measured at their schools before leaving for high altitude. The same students were
followed up three days after arrival at high altitude by collecting the same information as
was collected in the lowlands. For unknown reasons, 120 students did not return the
highland questionnaire and eight highland questionnaires were incompletely filled out,
thereby leaving 731(85.1%) students with highland questionnaire information.
Furthermore, 158 students did not attend the SaO2 and HR measurements on the third day,

leaving 701 students with high altitude SaO2 and HR measurements (response rate 81.6%).

Figure 3 The flow chart for the Tibetan study population

Lowland questionnarie Lowland Sa0; and HR
Final sample N=859 Final sample N=859
Highland questionnarie Highland SaO, and HR
invited N=859 invited N=859
Missing Excluded Missing
n=120 n=8 n=158
Highland questionnarie Highland SaO; and HR
Final sample N=731 Final sample N=701

3.2.2.3 Inclusion criteria

- Native Tibetan students staying in lowland China for seven years, and who were on

lists from selected schools and about to graduate in 2012.
3.2.2.4 Data collection

The school leaders in the selected lowland schools were contacted in advance. The school
leaders were informed about the purpose of the research, and assisted the fieldworkers in
getting in touch with the eligible students. All eligible students were invited to participate

in the study in the lowlands and again after arrival in Lhasa. The objectives of the study
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were given on the first page of the questionnaire, and the students were informed that the
study was voluntary. All students returned questionnaires (lowland questionnaire) to
fieldworkers, and took part in the measurements of SaO2 and HR at their schools before

their ascent to high altitude.

A new questionnaire (highland questionnaire) was handed out to the same students at the
Lhasa railway station, since all of them went back to Tibet by train, which was organized
by their school directors. All students were asked to meet at a designated place to have

their SaO2 and HR measured and to deliver the highland questionnaire to fieldworkers on

the third day after arrival in Lhasa.

The same eight students and teacher as in the tourist study, in addition to two more teachers

from TUMC, helped with the data collection.
* Questionnaire information

Two questionnaires in Chinese version based on the Lake Louise-AMS scoring system
were used in the Tibetan study: one highland questionnaire and one lowland questionnaire.
The highland questionnaire variables were the same as in the questionnaire used in the
tourist study, except for an additional question about “have you been to Tibet before ?, if
yes, followed by specify the times of visits”. The purpose of the lowland questionnaire was
to have information about baseline health conditions including information about AMS

like symptoms before the students ascended to high altitude.
* Arterial oxygen saturation and heart rate

Both Sa0O2 and HR were measured by finger pulse oximetry (Nellcor, NPB-40, California,
USA). After a 15-minute rest period, the sensor was attached around the left index finger
with the person in a sitting position. Resting SaO2 and HR were obtained three times with
30-second intervals, and the average of the measurements was recorded for data analysis.
The temperature was mostly between +5° and +20°C during the data collection period, and

no smoking was permitted two hours before the measurements.
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3.2.3 Han Chinese study

The Han Chinese students’ study were carried out in the same seven cities in lowland

China and Lhasa City as in the Tibetan students’ study.
3.2.3.1 Study population

In total, 810 Han Chinese students aged 17-21 from the same lowland area where the
Tibetan students had studied, and were going to study at Tibet University, were invited to
participate in the study from August to September 2014. Of the 810 eligible students, 11
students did not return the lowland questionnaire because of misplacement (response rate
98.6%). For reasons unknown, 227 students did not attend the SaO2 and HR measurements
(response rate 72.0%) in the lowlands. After arriving in the highland, one student refused
and eight were excluded because they had already been in Lhasa more than three days
before the data collection started. Thus, a total of 801 students (response rate of 98.9%)
participated in the measurements of SaO2 and HR, and returned the highland questionnaire

to the field workers.

Figure 4 The flow chart for the Han Chinese study population

Lowland questionnaire Highland questionnaire

vited N=810 ® invited N=810
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3.2.3.2 Inclusion criteria

- Han Chinese students who were born and raised in the lowlands, without any
former exposure to high altitude.
- Han Chinese students who came from the same lowland area where the Tibetan

students had studied, and were going to study at Tibet University in 2014.
3.2.3.3 Data collection

All Han Chinese students who were admitted to study at Tibet University, and came from
the same lowland area where the Tibetan students had studied, were sent lowland
questionnaires via post before they ascended to Lhasa. A written consent form was given
on the first page of the questionnaire, and the students were informed about the objectives
of the research and that the participation was voluntary. They were asked to return the
lowland questionnaire to fieldworkers when they registered at Tibet University. SaO2 and
HR measurements were carried out at a designated place in the seven lowland cities where
the Tibetan students were studying. Upon arrival in Lhasa, the SaO2 and HR were
measured within one hour after arrival at the railway station or the airport. The same data
collection procedures for the measurements of SaO2 and HR were conducted on the second
and third day. The students were asked to fill in highland questionnaires on the third day
after arrival in Lhasa, and to return it to the field workers on the same day.

The same fieldworkers were responsible for the same data collection procedures as for the

Tibetan students study.
* Questionnaire information

The same questionnaires were applied in the Han Chinese student study as in the Tibetan

student study.

* Arterial oxygen saturation and heart rate

The same data collection procedure for the measurements of SaO2 and HR were used as in
the Tibetan student study.

3.3 Data management

All preparation work was done before the field work, which included the lay-out and
printing of the questionnaires, preparation for the registration of questionnaire information

and calibration of the equipment. All data was checked every day during the data
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collection, and entered into the Statistical Package for Social Science (SPSS IBM, Chicago,
IL, USA) by the fieldworkers. The accuracy of the questionnaire information and the
results of SaO2 and HR were checked every day after the data collection, and all the data

was copied in backup systems and stored in locked up systems.
3.4 Statistical analysis

The analyses of data were carried out using the SPSS (Statistical Package for Social

Sciences, Version 22 and 24 for Windows. SPSS Inc. Chicago, USA).

Paper I:

Chi-square (y2) tests were applied for comparing differences in prevalence between
subgroups of the population, such as different countries (participants from Asia, Europe,
America and Oceania) and users and none-users of prophylactic medicine.

A Log-Binomial Model was applied to analyse the relationship between AMS and selected
risk factors, including gender, age, obesity, nationality, altitude of permanent residence,
education, smoking, transportation, health condition, previous AMS symptoms, awareness
of AMS, pre-exposure in the preceding three months, and the use of prophylactics.
Different approaches of analyses revealed similar results: analyses based on and including
all determinants in the model, specific causal models for each of the variables and models
that only included variables that were statistically significantly associated with AMS in the
crude analyses. Only results from the first approach were reported in the first paper. Crude
and adjusted prevalence ratios (PR) were computed with 95 % confidence intervals (Cl),

whereas the level of statistical significance was set at p < 0.05.

Paper II:

The descriptive statistics were presented as frequencies and means with a standard
deviation. Chi-square (y2) tests were performed for comparing categorical variables by
gender, smoking and incidence of AMS between native Tibetan and Han Chinese students
by different types of transport. Student t-tests were used for comparing continuous
variables by SaO2 and HR between the Tibetan and Han Chinese students. One-way
ANOVA was performed for comparing the differences in age, height, weight, BMI, SaO>
and HR among Tibetans by train, Han Chinese by train and Han Chinese by air. A linear

regression model was used to check the changes of SaO2 and HR from low to high altitude.

40



Sa02 and HR were treated as dependent variables, and altitude and ethnicity as explanatory
variables. To explore interactions, an interaction term between altitude and ethnicity was

added to the model. The level of statistical significance was set at p < 0.05.

Paper III:

Data was presented as a percentages with 95% Cl for categorical variables and mean with a
range for continuous variables. The data was analysed, both in total and stratified by
different transportation. Both the risk ratio (RR) and odds ratio (OR) were reported, as the
dependent variable was common and also because many previous studies have presented
an odds ratios. Logit-risk and Log-risk models were applied for analysing the independent
effects of SaO2 and HR on the incidence of AMS. OR and RR were computed with a 95%
Cl, while linear regression was applied for analysing the correlations between SaO2 and
HR at different points in time. ROC curves (receiver operating characteristic curves) were
used to evaluate SaO2 and HR as diagnostic tests (to separate persons who developed AMS
from those who did not develop AMS). To this, sensitivity and specificity were calculated
for the selected cut-off points of SaO2 and HR, and for combinations of SaO2 and HR

values. The level of statistical significance was set at p < 0.05.
3.5 Ethical considerations

For the tourist study, the study protocol was submitted to the Norwegian Regional
Committee for Medical and Health Research Ethics, which found the study unnecessary to
undergo evaluation since the collected information was considered to be anonymous. The
Tibetan student and Han Chinese student studies were granted by the Medical Ethics
Committee of Fu-kang Obstetrics & Gynecology, and Children’s Hospital, Lhasa, Tibet,
China, and approved by the Norwegian Regional Committees for Medical and Health
Research Ethics. The study was supported by the National 973 Programme of China grants
2012CB518202. Information about the study procedure and consent form was given on the
first page of the questionnaire. Participants were informed that they could refuse to
participate in the study with no negative consequences. After quality controls, data was

anonymized without any possibility of tracing the participants.
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4 RESULTS

4.1 Paper I

Acute mountain sickness among tourists visiting the high-altitude city of Lhasa at

3658 m above sea level: a cross-sectional study

The prevalence of AMS was 36.7 % (95 % CI: 34.6%-38.7 %) among 2,203 ordinary
tourists coming to Lhasa, and no HAPE and HACE were reported during the data
collection period. There were no substantial differences in AMS prevalence among the
participants from Asia, Europe, America and Oceania. Moreover, we did not find any
contrast in the prevalence of AMS between the users and none-users of prophylactic
medicine. Among the participants who developed AMS, 30.5 % reported that the onset of
AMS symptoms started as early as on the journey to Lhasa, while in 47.6 % of participants
the symptoms started within the first 12 h after arrival and in 21.9 % after 12 h.
Furthermore, 21.0 % of the participants with AMS did not reduce their physical activity
and 74.0 % had a moderate activity reduction, while 5.0 % chose to rest in bed because of
their symptoms. In the fully adjusted model, the factors that remained statistically
significantly associated with a higher risk of AMS were a poor or average health condition
(adjusted PR 1.63,95% CI: 1.38-1.93), an age below 55 years (adjusted PR 1.29, 95 % CI:
1.04-1.60) and a rapid ascent to Lhasa (adjusted PR 1.17, 95 % CI: 1.02—1.34), whereas
smoking (adjusted PR 0.75, 95 % CI: 0.59-0.96) and pre-exposure to high altitude
(adjusted PR 0.71, 95 % CI: 0.60-0.84) reduced the risk of AMS.

4.2 Paper 11

Acute Mountain Sickness, arterial oxygen saturation, and heart rate among Tibetan
students who reascend to Lhasa after seven years at low altitude: a prospective

cohort study

Excluding students with AMS-like symptoms at baseline, new cases of AMS occurred in
only 1.2% (95% CI: 0.4% to 2.0%) of the Tibetan students who came to Lhasa by train
compared with 32.7% (95% CI: 28.0% to 37.3%) and 42.9% (95% CI: 38.0% to 47.7%) of
the Han Chinese students who came to Lhasa by train and by air, respectively, within the

third day after arrival in Lhasa. No HAPE and HACE were reported during the data
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collection period. For the nine Tibetan students categorized as having AMS, eight reported
symptoms within 24 hours after arrival. For most of the Han Chinese students (81.7%) who
were categorized as having AMS, the onset of symptoms occurred within the first 24 hours
after arriving in Lhasa. There was no statistically significant differences between Tibetan
and Han Chinese students regarding the overall means of SaO: (Tibetan vs. Han Chinese:
99.2% vs. 99.1% P>0.05) and HR (Tibetan vs. Han Chinese: 72.1% vs. 71.3% P>0.05) at
low altitude. After arrival at high altitude, Tibetan students had less changes in SaO2 (-2.95
percentage points, 95% CI: -3.24% to -2.65%) and HR (10.89 bpm, 95% CI: 9.62 bpm to
12.16 bpm) from low to high altitude compared to Han Chinese students.

4.3 Paper I11

Associations between arterial oxygen saturation, heart rate and acute mountain
sickness in a population of 17-21 year old Han Chinese students traveling from low

altitude to Lhasa at 3,658 m above sea level: a prospective cohort study

The total incidence of AMS was 37.8% (95% Cl1:34.4% to 41.2%) among 810 Han
Chinese students who came to Lhasa by both train and air after three days of exposure to
high altitude. There was no statistically significant difference in the incidence of AMS
during the first three days between the participants who took what they described as
prophylactic medicine and those who did not (p>0.05). No HAPE and HACE were
reported during the data collection period.

Sa0: decreased and HR increased from lowland to highland measurements. The regression
analyses revealed the risk of AMS increased by decreasing SaO:z levels measured in both
the lowlands (RR: 1.16, 95%CI: 1.13-1.20) and on the first day in the highlands (RR: 1.19,
95%CI: 1.15-1.22) per a 1% reduction in SaOz2 level. The stratified analysis by way of
transportation also showed independent risks of both lowland and highland SaO: levels for
the development of AMS. Other potential AMS risk factors such as sex, height, weight, use
of prophylactics, health condition and diseases did not affect the results if they were added
into the regression models. There were only weak associations between HR and risk of
AMS at any point in time. ROC analyses revealed that the largest area under the curve
(AUC) was at 80.2% when combining SaO2 measurements from the lowlands and on the

first day at the highlands.
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5 DISCUSSION

The present thesis draws attention to AMS among three different populations of current
travellers to Tibet. Previous studies have primarily focused on AMS in healthy and
physically fit populations such as climbers and soldiers (18, 19, 22, 55, 56). Millions of
travellers come to Tibet each year. Most of them are not climbers or soldiers, and many
will experience AMS symptoms and struggle with acclimatization, which will spoil parts
of their visit, and in some cases even lead to more severe health conditions. The findings in
this thesis confirm that quite a few people will experience AMS or troublesome
AMS-related symptoms, thus reducing the quality of their stay in Tibet. A reasonable
assumption is that more attention to these problems could result in more awareness and
better planning among travellers to high altitudes. However, there are several
methodological issues that complicate the assessment of the burden of AMS among

travellers.
5.1 Occurrences of AMS

As mentioned earlier, there has been no simple test for predicting or diagnosing AMS
(15-17). For diagnosing AMS, one has had to rely on reports of symptoms that from
experience are considered to be related to exposure to high altitude (15-17). Unfortunately,
none of these symptoms are specific to AMS (2, 3). Several “tools” have been developed to
help in diagnosing AMS (17, 44-49). For the purpose of estimating population-based
prevalence or the incidence of AMS occurrence, the “tools’ have to be simple and practical.
In practice, it has mainly been questionnaire information about AMS-related symptoms
that has been used to estimate AMS incidence or prevalence with the uncertainties that this
may introduce to such estimates (5, 133). Several such questionnaires have been developed
(2,7, 8), including ESQ-III and LLSS (2, 8). Compared to ESQ-II, the LLSS
self-assessment questionnaire is more effective for the assessment of AMS at high
altitudes (25). Currently, the LLSS questionnaire is most often used (2, 25, 61, 134). It is
reasonably simple for participants to answer and can be used as a self-administered
questionnaire, which is convenient for the use in surveys (22, 135). Using the same
questionnaire should increase the possibility to compare disease burden between studies.
That is partially true, but there has been some disagreement between researchers about the

number and severity of symptoms necessary for having AMS (17, 28, 61). This is
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illustrated by two surveys from the Alps, in which one reported AMS based on AMS
defined as LLSS> 4, with headache (28), and the other with LLSS > 3, both with or without
headache (17). This thesis has used LLSS, and AMS was defined as LLS> 4, with
headache (28). This practice has been used by most recent studies (24, 28) and LLSS was
found to be the most suitable tool for our surveys. A potential weakness of LLSS is that
one of the cardinal symptoms is sleep disturbance. If the questionnaire is used for assessing
AMS for a time period not including a night, it will not be meaningful to ask about sleep
disturbances. However, this was not a problem in any of our surveys, as the observation
time always included at least a one night stay at high altitude. Hopefully new surveys could
use the same methods to make it easier to investigate trends in AMS or to identify

subgroups of the travelling population with special problems.

A further challenge for AMS surveys that complicates comparisons and studying the
causes of AMS is self-selection. What is meant by self-selection is described in more detail
under methodological considerations and in Paper I, but it points toward the fact that one
can seldom be sure that it is a random sample of a population that decides to go to high
altitude, and that this potential selection mechanism could be different in different
populations and change over time. The tools for diagnosing AMS and the potential
self-selection mechanism leave one in a situation in which conclusions should be drawn
with caution. On the other hand, taking these factors into account, together with
considering the differences in altitude where the surveys have been carried out and the
ascent rate, the AMS prevalence reported among tourists in Paper I, and the incidence
reported among Han Chinese students in Paper I1I, seems to be of a size comparable to
other findings (44, 52, 66, 95, 102-104, 136, 137). The similarities between the results in
Papers I and III with quite different populations could lead one to think that estimates of
AMS are quite robust and not so dependent on which population is under study.
Nonetheless, the evidence for such a conclusion is limited. To improve public health
information about AMS, one should still search for differences between populations and
groups of individuals, having variations in susceptibility to AMS and self-selection in
mind. The heterogeneity in ascent rate, and lack of precise knowledge of ascent rate, is
often a challenge in AMS surveys (3, 4, 52). In particular, the Han Chinese study has a
quite unique methodology. All students were followed from low altitude until three days
after arrival at the same high altitude. They had travelled to high altitude during the same

period, and only used two well-defined travel routes. The routes were well known and
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defined, and the ascent rate for both routes was quite rapid. This excluded much
heterogeneity. One could also argue that self-selection would be less of a problem since the
Han Chinese students were all without any previous experience at altitude. Hence, there
are several reasons to consider the AMS incidence as representative of young Han Chinese,
given the described ascent rate and altitude reached. This could be something to compare
other estimates of AMS against. The study also clearly demonstrated the impact of the
ascent rate for AMS, as those arriving to Lhasa by plane had a higher incidence compared
with those who came by train. This observation was also supported by the findings in

Paper 1.

The AMS incidence found in the Tibetan study supports that Tibetans keep their high
altitude adaptation after a long absence from altitude exposure, and that this also includes a
reduced risk of AMS. Even if they experienced some AMS-related symptoms, it seems

that AMS was not a major concern.

Our findings support earlier research that AMS symptoms typically appear within the
first 12 h, generally after the first overnight stay at high altitude (3, 48), and that most
individuals acclimatize themselves during the initial three-four days at altitude. Using the
cumulative incidence during the first three days in the Tibetan and Han Chinese studies

helped us to catch AMS cases, both with early and late onset.
5.2 Determinants of AMS

As previously mentioned, the interpretation of the estimated associations between AMS
and the potential determinants of AMS should be interpreted with care because of
self-selection. Paper I has a cross-sectional design, which introduce an extra
methodological challenge since exposure and outcome were measured at the same point
in time (138, 139). Many studies of AMS risk factors have similar methodological
challenges (43, 140).

Previous studies have reported that AMS occurrences depend on factors like altitude
reach, ascent rate, pre-exposure to high altitude, individual susceptibility, age, gender,
health condition, awareness, altitude of permanent residence and medication (3, 48, 50,
51). Ascent rate and altitude reached are the most universally accepted risk factors, and

have already been partially discussed. Because all participants reached the same altitude,
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one cannot further explore the effects of altitude in any of the current populations, while
the Han Chinese study and the tourist study demonstrated relationships in support of less
AMS with a slower ascent rate. This suggests that travellers going to Tibet should be
informed that a less rapid ascent from lowland areas would reduce their chances of

experiencing troublesome AMS symptoms.

A beneficial effect of earlier exposure to altitude has also been reported (138, 139). But
the residual benefit from prior exposure will be lost over a few days to weeks after a
return to low altitude among lowlanders (138, 139). The Tibetan utility of pre-exposure
has clearly been demonstrated and mentioned before. In principle, the study could not
explore whether this is a genetic or pre-exposure effect. The Han Chinese study could not
contribute to the knowledge about this since no student had been to high altitude. In the
tourist study, there was evidence in support of such an effect, although self-selection

should be kept in mind as a factor leading to uncertainty.

Two of the populations under study were young and mostly healthy students. The tourist
study found that those who reported a poor or average health condition had a higher risk
of developing AMS, which is in accordance with some earlier studies (8, 70), but in
contrast with others (67, 68). On the other hand, the prevalence of AMS was similar
between those with and without pre-existing illnesses, such as lung disease and
cardio-vascular disease. The seeming inconsistency between health condition and disease
could be explained by subjective reports and self-selection. Eight of nine Tibetan
students with AMS reported having influenza shortly before leaving low altitude. This
indicates that even in native highlanders acclimatization could be disturbed by current

health problems like infections (61, 74, 100).

There are conflicting opinions about the effect of smoking (44, 68, 87-89). Smoking and
AMS in the Tibetan and Han Chinese studies showed no ill effect, whereas smoking
reduced the risk of AMS in the tourist study. The tourist findings are in accordance with
studies conducted by Wu et al. (87) and Song et al. (88). A potential mechanism for this
effect could be that smokers are habituated to a modest level of hypoxia, and the reduced
NO levels in smokers may also protect them to a certain extent from AMS-related
symptoms (87). In contrast, some have found that smoking increased the risk of AMS
(89), Self-selection and other methodological issues such as biased reports of smoking

should be considered before making conclusions about the effects of smoking.
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Age is also an important issue, as more elderly people are taking up travelling to exotic
destinations (44, 50, 127). Two of the studies were among young students only, while an
age below 55 years was found to be a risk factor in the tourist study, which is in
accordance with some previous studies (15, 44, 75). As shown in Figure 1, the higher
cerebrospinal fluid (CSF) to brain volume might protect against AMS, since the
displacement of CSF may act as an initial defence against an increase in cerebral pressure
for any degree of cerebral edema (11-13). This mechanism may be related to the
decreased risk of AMS in older people, since the ratio of CSF to brain volume is likely to
be higher as a result of age-related cerebral atrophy (3). This could also be the reason for
a varying individual susceptibility due to the different ratio of CSF to brain volume
among individuals (3). However, the elderly will have more known and unknown chronic
health conditions, so it is easy to think that the populations of the elderly are changing,
and that more elderly with health problems will arrive at high altitude Tibet. It seems
reasonable to consider them as a potential risk group that should be followed concerning
AMS, even if there is yet no strong evidence for expecting higher risk in this group.

The impact of gender on AMS has thus far been inconclusive (10, 62). The current studies
did not find any gender differences between individuals with or without AMS among
tourists, Tibetan and Han Chinese students. The finding from the Han Chinese study is
especially interesting because the participants had no former experience with high altitude

exposure, thereby reducing the risk of self-selection.

The only universal medication for preventing and ameliorating AMS is acetazolamide,
which was not used by any Han Chinese or Tibetan students. Only a small part of the
tourists used acetazolamide, but there was no statistically significant difference in AMS
by acetazolamide use among the tourists. This could probably be due to a low statistical
power. Rhodiola is widely used to prevent AMS in Tibet (141, 142), even if there are no
consistent agreements about its effect (123, 141, 143). One current study reported that
Rhodiola was not effective in reducing the incidence or severity of AMS when compared
with placebo and failed to show any prophylactic effects in humans (123). It is interesting
that the analyses of the data from the current studies reveal no AMS effect from the drug,
even if it was used by a substantial proportion of the participants in both the tourist study
and Han Chinese study, hence leaving no support to the currently quite common

preventive practice.
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5.3 Arterial oxygen saturation, heart rate and AMS

A further aim of the thesis was to investigate associations between AMS and resting
Sa02- and HR levels measured at both low and high altitude. Associations between AMS
and these parameters measured at altitude have some challenges in interpretation. At least
in principle, associations could be interpreted as a result of both an AMS development
and an initial reaction to high altitude that enhance the development of AMS. To decide
whether outcome or exposure came first is difficult and a general problem when studying
these relationships. For this reason, the first measurements of SaO2 and HR in the Han
Chinese study were carried out once the students arrived in Lhasa. The study had a quite
unique possibility to collect data as soon as the participants arrived at the airport or train
station because their travelling routes and schedules were known in detail. The first
measurements reduced altitude exposure to a minimum compared to measuring these
parameters after some time at altitude. Even so we had an interpretation challenge. We
also had the possibility to measure these parameters shortly before leaving the lowlands
without any high altitude exposure. In this case, the associations will have an obvious
time relationship, and could be interpreted as a risks or predictors. Interestingly, the
lowland level of SaO:2 independently increased the risk of AMS among the Han Chinese
students even when adjusting for their high altitude levels. Still, there was also an
independent effect of high altitude SaO2. Because the first high altitude SaO2 was
measured before the collection of AMS symptoms, and before most of those who
developed AMS probably had developed symptoms sufficient to classify them as having
AMS, one could at least claim that SaO2 was measured before AMS was diagnosed. The
demonstrated associations were therefore interpreted as predictors for the development of
AMS well aware of the challenging uncertainty about the true time relationship between
high altitude SaO: levels and AMS. An approach with ROC curve analyses was also
performed, which further supported the association between AMS and SaO2, but did not

resolve the time relationship questions.

The strength of the associations questions the usefulness of Sa0O: as a general diagnostic
test or predictor, but persons with a large reduction clearly had an increased risk of
experiencing AMS. However, the variance in SaO: levels in the lowlands was small, and

many had an optimal SaOz level.
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The SaO2 and HR measurements provide further evidence of the differences in altitude
reaction patterns between Tibetans and Han Chinese, as SaOz levels dropped and HR
increased significantly more among the Han Chinese compared to Tibetans, thus
providing further support for the idea of a unique physiological adaption among Tibetans.
The finding of a weakening association between SaO2 and AMS with the time spent at
altitude seems reasonable, and could reflect a process of acclimatization with time at

altitude (144-146).

5.4 Methodological considerations

Some methodological considerations are presented below, even if aspects of this have

already been presented before in the discussion or in the papers.

5.4.1 Study design

This thesis comprises one cross-sectional study and two prospective cohort studies.
Cross-sectional studies are used for measuring the prevalence of health and other
parameters at a particular point in time, and is also known as prevalence studies (147). A
cross-sectional design was used in the tourist study, in which we wanted to estimate the
prevalence of AMS and AMS’s relationship with potential risk factors, such as age,
gender and nationality. The cross-sectional study is a suitable design for estimating
prevalence but has limitations addressing the time direction of associations, which has
already been mentioned. One could speculate whether this is less of a problem when
studying an acute health condition like AMS, but as discussed earlier even a prospective
cohort design will have challenges in the study of the relationship between SaO2 and

AMS.

The two other studies are prospective cohort studies. Here, one follows participants
grouped according to their exposure levels to determine how this exposures affects the
rates of a certain outcome (148). The cohort design was chosen because it has clear
methodological advantages when it comes to the interpretation of association, and
because the chance of certain sources of bias is reduced (43). Nevertheless, it is an
observational design, and as mentioned there were still challenges related to the
interpretation of findings. A challenge with prospective cohort studies is the losses to

follow-up that also occurred in the Tibetan and Han Chinese student studies. However,
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conducting alternative analyses in subsamples of the populations strengthens the view

that the experienced losses to follow-up did not substantially affect the main results.

5.4.2 Selection bias

Selection bias is the error caused by systematic differences in characteristics between
participants selected for the study and those who did not participate (43, 147). Several
mechanisms could cause selection bias, which could result in not only a biased estimate of

disease occurrence, but also biased association measures (148).

Such a potential selection mechanism is inevitable in all epidemiological research,
including in the current studies. For the student studies, we experienced high participation
rates among those invited, thereby reducing the chance of that type of selection bias, and
bias due to losses to follow-up as discussed in the paragraph above. Furthermore, the
random recruitment of schools for data collection made it reasonable to expect that the
chosen samples were representative of Tibetan students studying in lowland China, as well
as Han Chinese students. When it comes to the tourist study, it is more complicated to
claim representativity. First, it is difficult to define the tourist source population, and it
seems reasonable to expect that the tourist population in Lhasa is not a static phenomenon
but will continuously change. The aim was therefore to recruit a sample of tourists with a
variation in background variables, and curry out the recruitment in a way that ensured that
they were recruited as randomly as possible. Choosing to recruit more participants than
necessary for a precise prevalence estimate opened for studying prevalences in subgroups
and conducting comparisons between groups. A further reason for being modest about the
idea of representativeness is that a tourist population is recruited from a population of
potential tourists, which in principle could be expanded to the population of the world.
Who decides to travel to high altitude is probably decided by a large number of conditions
we do not know or have information about. If these conditions are related to individuals’
risk of AMS, and to whether they decide to travel to altitude, this could affect relationships
between AMS and exposure. In this thesis, this is called self-selection. One example could
be that there are healthy older individuals who today travel to high altitudes, and that those
staying at home have different risk of developing AMS than those who travel and that this
can be different tomorrow. Surveys of AMS should therefore be interpreted in this
perspective, as the tourist population could change; this presents an argument for new

surveys of the tourist population and watching out for overall changes in prevalence, in
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addition to special groups of travellers with an increased risk. For the student populations,

there are fewer reasons to believe that such self-selection is a problem.

5.4.3 Information bias

Information bias is a flaw in measuring exposure or outcome, which results in
misclassification (149). Information bias could possibly occur in self-reporting
questionnaires, and SaO2, and HR measurements. To help reduce these possibilities, the
same eight students and the same teacher who collected the data in the tourist study,
together with two more teachers from TUMC, conducted the data collection in the

student studies.

Recall bias is a type of information bias, and it is a major issue in studies that include
self-reported data, especially in studies with a retrospective design (148). Recall bias is a
potential issue for the current studies, since some participants may forget about their
health problems. However, it is assumed that most people will remember which health
problems they have experienced within a short time period, such as three days. Several
other studies on AMS have also relied on this type of information being reasonably valid
for even longer periods (2, 35, 150). Both Tibetan and Han Chinese students in the current
studies had been contacted in lowland areas, and knew that they were going to take part in

a study on AMS, which is a further argument against substantial recall bias.

5.4.4 Risk estimation

The use of prevalence and incidence in AMS studies has already been displayed in the
introduction. Furthermore, the use of OR and RR for addressing associations between

exposures and AMS have been presented in Paper 111, including an argumentation for

choosing RR if possible. The results of ROC curve analyses have been presented to

supplement the regression analyses of the relationship among SaO2, HR and AMS.
5.5 Future studies

AMS occurrences should be monitored among visitors to Tibet, preferably using a
comparable methodology to be able to address time trends. Special interest should be
given to ordinary tourists.

Studies could be conducted that strengthen the knowledge of how environmental factors
are related to AMS. Still, there is much uncertainty and strong research designs are

necessary.
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Physiological parameters predicting AMS should be looked to, both for understanding
the mechanism of AMS and for being able to give advices to people planning to go to

high altitude or arriving at high altitude.

6 CONCLUSIONS

AMS is a common disease among tourists visiting the high altitude city of Lhasa Tibet.
Poor or average health condition, an age below 55 years, a rapid ascent to Lhasa,
no-smoking and no-pre-exposure to high altitude were all found to be associated with

AMS among the studied tourists.

AMS is also a common disease among Han Chinese students previously not exposed to
high altitude arriving in Lhasa Tibet and the occurrence of AMS is quite similar to what

was experienced in the tourist population.

After a long stay at low altitude, Tibetan students clearly had a lower AMS incidence and
less change in SaO2 and HR when arriving in Lhasa, compared to Han Chinese students
arriving in Lhasa who had previously not been exposed to high altitude. The contrast in
reactions indicates that Tibetans keep their good adaptation to acute exposure to high

altitude, even after a long-term stay at low altitude.

A reduced SaOz at both low and high altitude independently increased the risk of
developing AMS.

Sa0Oz2 levels as a diagnostic test for AMS seem to have their limitations.

Moreover, HR did not seem to be of substantial importance for the development of AMS.

53



7 REFERENCES

1. Roach R K, B. High altitude: An Exploration of Human Adaptation. Hornbein TF S,
R.B., editor. New York: Marcel Dekker; 2001. 663-705 p.

2. B.Schoene TFHR. High Altitude: An Exploration of Human Adaptation. New York:
Marcel Dekker, Inc.; 2001. 982 p.

3. Basnyat B, Murdoch DR. High-altitude illness. Lancet (London, England).
2003;361(9373):1967-74.

4. Beall CM. High-altitude adaptations. Lancet (London, England). 2003;362
Suppl:s14-5.

5. Taylor AT. High-altitude illnesses: physiology, risk factors, prevention, and treatment.
Rambam Maimonides medical journal. 2011;2(1):e0022.

6. Auerbach P. Wilderness Medicine. Mosby Elsevier ed2007.

7. John B West RBS, James S Milledge. High Altitude Medicine and Physiology.
Hodder ed2007.

8. Hackett PH RR, Sutton JR. High altitude medicine. CVMosby. 1989;Management of
Wilderness and Environmental Emergencies

9. Faulhaber M, Wille M, Gatterer H, Heinrich D, Burtscher M. Resting arterial oxygen
saturation and breathing frequency as predictors for acute mountain sickness development:
a prospective cohort study. Sleep Breath. 2014;18(3):669-74.

10. Hackett PH, Roach RC. High-altitude illness. N Engl J Med. 2001;345(2):107-14.

11. Hackett PH. High altitude cerebral edema and acute mountain sickness. A
pathophysiology update. Advances in experimental medicine and biology.
1999;474:23-45.

12. Hackett PH. The cerebral etiology of high-altitude cerebral edema and acute mountain
sickness. Wilderness & environmental medicine. 1999;10(2):97-109.

13. Roach RC, Hackett PH. Frontiers of hypoxia research: acute mountain sickness. The
Journal of experimental biology. 2001;204(Pt 18):3161-70.

14. Ross RT. The random nature of cerebral mountain sickness. Lancet (London,
England). 1985;1(8435):990-1.

15. Hackett PH, Rennie D, Levine HD. The incidence, importance, and prophylaxis of
acute mountain sickness. Lancet (London, England). 1976;2(7996):1149-55.

54



16. Malik SL, Singh IP. Ventilatory capacity among highland Bods: a possible adaptive
mechanism at high altitude. Ann Hum Biol. 1979;6(5):471-6.

17. Maggiorini M, Buhler B, Walter M, Oelz O. Prevalence of acute mountain sickness in
the Swiss Alps. BMJ (Clinical research ed). 1990;301(6756):853-5.

18. Sampson JB, Cymerman A, Burse RL, Maher JT, Rock PB. Procedures for the
measurement of acute mountain sickness. Aviation, space, and environmental medicine.
1983;54(12 Pt 1):1063-73.

19. Roach R.C. BP, Hackett P.H., and Oelz O. The Lake Louise acute mountain sickness
scoring system. In: Hypoxia and Mountain Medicine: Proceeding of the International
Hypoxia Symposium J R Sutton, C S Houston, and GCoates, eds. 1993:272—4.

20. Kobrick JL, Sampson JB. New inventory for the assessment of symptom occurrence
and severity at high altitude. Aviation, space, and environmental medicine.
1979;50(9):925-9.

21. Beidleman BA, Muza SR, Fulco CS, Rock PB, Cymerman A. Validation of a
shortened electronic version of the environmental symptoms questionnaire. High altitude
medicine & biology. 2007;8(3):192-9.

22. Dellasanta P, Gaillard S, Loutan L, Kayser B. Comparing questionnaires for the
assessment of acute mountain sickness. High altitude medicine & biology.
2007;8(3):184-91.

23. Roach R, Kayser B, Hackett P. Pro: Headache should be a required symptom for the
diagnosis of acute mountain sickness. High altitude medicine & biology. 2011;12(1):21-2;
discussion 9.

24. Mairer K, Wille M, Burtscher M. The prevalence of and risk factors for acute
mountain sickness in the Eastern and Western Alps. High altitude medicine & biology.
2010;11(4):343-8.

25. Maggiorini M, Muller A, Hofstetter D, Bartsch P, Oelz O. Assessment of acute
mountain sickness by different score protocols in the Swiss Alps. Aviation, space, and
environmental medicine. 1998;69(12):1186-92.

26. OnopalJ, Haley A, Yeow ME. Survey of acute mountain sickness on Mauna Kea. High
altitude medicine & biology. 2007;8(3):200-5.

27. Wu TY, Ding SQ, Liu JL, Jia JH, Chai ZC, Dai RC. Who are more at risk for acute
mountain sickness: a prospective study in Qinghai-Tibet railroad construction workers on

Mt. Tanggula. Chin Med J (Engl). 2012;125(8):1393-400.

55



28. Mairer K, Wille M, Bucher T, Burtscher M. Prevalence of acute mountain sickness in
the Eastern Alps. High altitude medicine & biology. 2009;10(3):239-45.

29. RenY, FuZ, Shen W, Jiang P, He Y, Peng S, et al. Incidence of high altitude illnesses
among unacclimatized persons who acutely ascended to Tibet. High altitude medicine &
biology. 2010;11(1):39-42.

30. West JB. English translation of "Nomenclature, classification, and diagnostic criteria
of high altitude disease in China". High altitude medicine & biology. 2010;11(2):169-72.
31. Maggiorini M, Bartsch P, Oelz O. Association between raised body temperature and
acute mountain sickness: cross sectional study. BMJ (Clinical research ed).
1997;315(7105):403-4.

32. Loeppky JA, Icenogle MV, Maes D, Riboni K, Scotto P, Roach RC. Body temperature,
autonomic responses, and acute mountain sickness. High altitude medicine & biology.
2003;4(3):367-73.

33. Karinen HM, Peltonen JE, Kahonen M, Tikkanen HO. Prediction of acute mountain
sickness by monitoring arterial oxygen saturation during ascent. High altitude medicine &
biology. 2010;11(4):325-32.

34. Burtscher M, Szubski C, Faulhaber M. Prediction of the susceptibility to AMS in
simulated altitude. Sleep Breath. 2008;12(2):103-8.

35. Burtscher M, Flatz M, Faulhaber M. Prediction of susceptibility to acute mountain
sickness by SaO2 values during short-term exposure to hypoxia. High altitude medicine &
biology. 2004;5(3):335-40.

36. Bartsch P, Shaw S, Franciolli M, Gnadinger MP, Weidmann P. Atrial natriuretic
peptide in acute mountain sickness. Journal of applied physiology (Bethesda, Md : 1985).
1988;65(5):1929-37.

37. O'Connor T, Dubowitz G, Bickler PE. Pulse oximetry in the diagnosis of acute
mountain sickness. High altitude medicine & biology. 2004;5(3):341-8.

38. Wu TY, Ding SQ, Liu JL, Yu MT, Jia JH, Duan JQ, et al. Reduced incidence and
severity of acute mountain sickness in Qinghai-Tibet railroad construction workers after
repeated 7-month exposures despite S-month low altitude periods. High altitude medicine
& biology. 2009;10(3):221-32.

39. Hackett PH, Rennie D. Rales, peripheral edema, retinal hemorrhage and acute

mountain sickness. The American journal of medicine. 1979;67(2):214-8.

56



40. Hamilton AJ, Trad LA, Cymerman A. Alterations in human upper extremity motor
function during acute exposure to simulated altitude. Aviation, space, and environmental
medicine. 1991;62(8):759-64.

41. TH R. Some experiences of mountain sickness in the Andes J Trop Med Hyg.
1913;16:313-20.

42. P. B. Barometric Pressure.1978.

43. SY Z. Epidemiology. Beijing: People’s Medical Publishing House; 2012.

44. Honigman B, Theis MK, Koziol-McLain J, Roach R, Yip R, Houston C, et al. Acute
mountain sickness in a general tourist population at moderate altitudes. Annals of internal
medicine. 1993;118(8):587-92.

45. Murdoch DR. Altitude Illness Among Tourists Flying to 3740 Meters Elevation in the
Nepal Himalayas. Journal of travel medicine. 1995;2(4):255-6.

46. Gertsch JH, Seto TB, Mor J, Onopa J. Ginkgo biloba for the prevention of severe acute
mountain sickness (AMS) starting one day before rapid ascent. High altitude medicine &
biology. 2002;3(1):29-37.

47. Kao WF, Kuo CC, Hsu TF, Chang H, Sung YY, Yen DH, et al. Acute mountain
sickness in Jade Mountain climbers of Taiwan. Aviation, space, and environmental
medicine. 2002;73(4):359-62.

48. Barry PW, Pollard AJ. Altitude illness. BMJ (Clinical research ed).
2003;326(7395):915-9.

49. Gallagher SA, Hackett PH. High-altitude illness. Emerg Med Clin North Am.
2004;22(2):329-55, viii.

50. Gaillard S, Dellasanta P, Loutan L, Kayser B. Awareness, prevalence, medication use,
and risk factors of acute mountain sickness in tourists trekking around the Annapurnas in
Nepal: a 12-year follow-up. High altitude medicine & biology. 2004;5(4):410-9.

51. Jackson SJ, Varley J, Sellers C, Josephs K, Codrington L, Duke G, et al. Incidence and
predictors of acute mountain sickness among trekkers on Mount Kilimanjaro. High
altitude medicine & biology. 2010;11(3):217-22.

52. Vardy J, Vardy J, Judge K. Acute mountain sickness and ascent rates in trekkers above
2500 m in the Nepali Himalaya. Aviation, space, and environmental medicine.
2006;77(7):742-4.

53. Karinen H, Peltonen J, Tikkanen H. Prevalence of acute mountain sickness among
Finnish trekkers on Mount Kilimanjaro, Tanzania: an observational study. High altitude

medicine & biology. 2008;9(4):301-6.

57



54. Bloch KE, Turk AJ, Maggiorini M, Hess T, Merz T, Bosch MM, et al. Effect of ascent
protocol on acute mountain sickness and success at Muztagh Ata, 7546 m. High altitude
medicine & biology. 2009;10(1):25-32.

55. Kayser B, Aliverti A, Pellegrino R, Dellaca R, Quaranta M, Pompilio P, et al.
Comparison of a visual analogue scale and Lake Louise symptom scores for acute
mountain sickness. High altitude medicine & biology. 2010;11(1):69-72.

56. Wagner DR, Tatsugawa K, Parker D, Young TA. Reliability and utility of a visual
analog scale for the assessment of acute mountain sickness. High altitude medicine &
biology. 2007;8(1):27-31.

57. Brito J, Siques P, Leon-Velarde F, De La Cruz JJ, Lopez V, Herruzo R. Chronic
intermittent hypoxia at high altitude exposure for over 12 years: assessment of
hematological, cardiovascular, and renal effects. High altitude medicine & biology.
2007;8(3):236-44.

58. Tao K. An epidemiological investigation of acute mountain sickness in tourist
population in Lake NaMuCuo China. National Knowledge Infrastructure(CNKI). 2009
June 4.

59. Pesce C, Leal C, Pinto H, Gonzalez G, Maggiorini M, Schneider M, et al.
Determinants of acute mountain sickness and success on Mount Aconcagua (6962 m).
High altitude medicine & biology. 2005;6(2):158-66.

60. Palmer BF. Physiology and pathophysiology with ascent to altitude: Lessons learned
from the seven summits: University of Texas Southwestern Medical Center at Dallas;
2009.

61. 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(12):1886-91.

62. Bartsch P, Bailey DM, Berger MM, Knauth M, Baumgartner RW. Acute mountain
sickness: controversies and advances. High altitude medicine & biology.
2004;5(2):110-24.

63. Richalet JP, Donoso MV, Jimenez D, Antezana AM, Hudson C, Cortes G, et al.
Chilean miners commuting from sea level to 4500 m: a prospective study. High altitude
medicine & biology. 2002;3(2):159-66.

64. Lyons TP, Muza SR, Rock PB, Cymerman A. The effect of altitude
pre-acclimatization on acute mountain sickness during reexposure. Aviation, space, and

environmental medicine. 1995;66(10):957-62.

58



65. H H. Acclimatization. High Altitude Medicine. 1997;Hultgren Publications, Stanford,
CA 165-80.

66. Milledge JS, Beeley JM, Broome J, Luff N, Pelling M, Smith D. Acute mountain
sickness susceptibility, fitness and hypoxic ventilatory response. The European respiratory
journal. 1991;4(8):1000-3.

67. Bircher HP, Eichenberger U, Maggiorini M, Oelz O, Bértsch P. Relationship of
mountain sickness to physical fitness and exercise intensity during ascent. Journal of
Wilderness Medicine. 1994;5(3):302-11.

68. B. K. Acute mountain sickness in western tourists around the Thorong pass (5400 m)
in Nepal. J] Wild Med 1991(2).

69. Gymerman A JJ, Kobrik JL. Physical fitness and acute mountain sickness. Calgary:
Arctic Institude of North America. 1979;Proceedings of the 1979 Hypoxia Symposium.
70. Hackett PH RD. Acute mountain sickness. 1983;5.

71. Ri-Li G, Chase PJ, Witkowski S, Wyrick BL, Stone JA, Levine BD, et al. Obesity:
associations with acute mountain sickness. Annals of internal medicine.
2003;139(4):253-7.

72. Hirata K, Masuyama S, Saito A. Obesity as risk factor for acute mountain sickness.
Lancet (London, England). 1989;2(8670):1040-1.

73. Wu TY, Ding SQ, Liu JL, Yu MT, Jia JH, Chai ZC, et al. Who should not go high:
chronic disease and work at altitude during construction of the Qinghai-Tibet railroad.
High altitude medicine & biology. 2007;8(2):88-107.

74. Bailey DM, Davies B, Castell LM, Collier DJ, Milledge JS, Hullin DA, et al.
Symptoms of infection and acute mountain sickness; associated metabolic sequelae and
problems in differential diagnosis. High altitude medicine & biology. 2003;4(3):319-31.
75. Roach RC HC, Honigman B,Nicholas RA,Yaron M,Grissom CK, et al. How will do
older persons tolerant altitude? West J Med. 1995(62).

76. Montgomery AB, Mills J, Luce JM. Incidence of acute mountain sickness at
intermediate altitude. Jama. 1989;261(5):732-4.

77. Yaron M, Niermeyer S. Travel to high altitude with young children: an approach for
clinicians. High altitude medicine & biology. 2008;9(4):265-9.

78. Yaron M, Waldman N, Niermeyer S, Nicholas R, Honigman B. The diagnosis of acute
mountain sickness in preverbal children. Archives of pediatrics & adolescent medicine.

1998;152(7):683-7.

59



79. Theis MK, Honigman B, Yip R, McBride D, Houston CS, Moore LG. Acute mountain
sickness in children at 2835 meters. American journal of diseases of children (1960).
1993;147(2):143-5.

80. Basnyat B, Subedi D, Sleggs J, Lemaster J, Bhasyal G, Aryal B, et al. Disoriented and
ataxic pilgrims: an epidemiological study of acute mountain sickness and high-altitude
cerebral edema at a sacred lake at 4300 m in the Nepal Himalayas. Wilderness &
environmental medicine. 2001;11(2):89-93.

81. Harris CW, Shields JL, Hannon JP. Acute altitude sickness in females. Aerosp Med.
1966;37(11):1163-7.

82. Johnson TS, Rock PB. Acute mountain sickness. N Engl J Med. 1988;319(13):841-5.
83. Wu T, Li S, Ward MP. Tibetans at extreme altitude. Wilderness & environmental
medicine. 2005;16(1):47-54.

84. Brutsaert TD, Soria R, Caceres E, Spielvogel H, Haas JD. Effect of developmental and
ancestral high altitude exposure on chest morphology and pulmonary function in Andean
and European/North American natives. American journal of human biology : the official
journal of the Human Biology Council. 1999;11(3):383-95.

85. Brutsaert TD, Spielvogel H, Soria R, Caceres E, Buzenet G, Haas JD. Effect of
developmental and ancestral high-altitude exposure on VO(2)peak of Andean and
European/North American natives. American journal of physical anthropology.
1999;110(4):435-55.

86. Frisancho AR, Frisancho HG, Milotich M, Brutsaert T, Albalak R, Spielvogel H, et al.
Developmental, genetic, and environmental components of aerobic capacity at high
altitude. American journal of physical anthropology. 1995;96(4):431-42.

87. Wu TY, Ding SQ, Liu JL, Jia JH, Chai ZC, Dai RC, et al. Smoking, acute mountain
sickness and altitude acclimatisation: a cohort study. Thorax. 2012;67(10):914-9.

88. Song P, Zhang JH, Qin J, Gao XB, Yu J, Tang XG, et al. Smoking is associated with
the incidence of AMS: a large-sample cohort study. Mil Med Res. 2014;1:16.

89. Vinnikov D, Brimkulov N, Blanc PD. Smoking increases the risk of acute mountain
sickness. Wilderness & environmental medicine. 2015;26(2):164-72.

90. Lindgarde F, Lilljekvist R. Failure of long-term acclimatization in smokers moving to
high altitude. Acta Med Scand. 1984;216(3):317-22.

91. King AB, Robinson SM. Ventilation response to hypoxia and acute mountain sickness.

Aerosp Med. 1972;43(4):419-21.

60



92. Moore LG, Harrison GL, McCullough RE, McCullough RG, Micco AJ, Tucker A, et
al. Low acute hypoxic ventilatory response and hypoxic depression in acute altitude
sickness. Journal of applied physiology (Bethesda, Md : 1985). 1986;60(4):1407-12.

93. Savourey G, Moirant C, Eterradossi J, Bittel J. Acute mountain sickness relates to
sea-level partial pressure of oxygen. Eur J Appl Physiol Occup Physiol.
1995;70(6):469-76.

94. Austin D, Sleigh J. Prediction of acute mountain sickness. BMJ (Clinical research ed).
1995;311(7011):989-90.

95. Hainsworth R, Drinkhill MJ, Rivera-Chira M. The autonomic nervous system at high
altitude. Clinical autonomic research : official journal of the Clinical Autonomic Research
Society. 2007;17(1):13-9.

96. Karinen HM, Uusitalo A, Vaha-Ypya H, Kahonen M, Peltonen JE, Stein PK, et al.
Heart rate variability changes at 2400 m altitude predicts acute mountain sickness on
further ascent at 3000-4300 m altitudes. Front Physiol. 2012;3:336.

97. Chen HC, Lin WL, Wu JY, Wang SH, Chiu TF, Weng YM, et al. Change in oxygen
saturation does not predict acute mountain sickness on Jade Mountain. Wilderness &
environmental medicine. 2012;23(2):122-7.

98. LiY, Liu Y. Oxygen enrichment and its application to life support systems for
workers in high-altitude areas. International journal of occupational and environmental
health. 2014;20(3):207-14.

99. Coote JH. Medicine and mechanisms in altitude sickness. Recommendations. Sports
medicine (Auckland, NZ). 1995;20(3):148-59.

100. Roach RC, Greene ER, Schoene RB, Hackett PH. Arterial oxygen saturation for
prediction of acute mountain sickness. Aviation, space, and environmental medicine.
1998;69(12):1182-5.

101. Guo G, Zhu G, Sun W, Yin C, Ren X, Wang T, et al. Association of Arterial
Oxygen Saturation and Acute Mountain Sickness Susceptibility: A Meta-analysis. Cell
Biochem Biophys. 2014.

102. Zuzewicz K, Biernat B, Kempa G, Kwarecki K. Heart rate variability in exposure
to high altitude hypoxia of short duration. International journal of occupational safety and
ergonomics : JOSE. 1999;5(3):337-46.

103. Sevre K, Bendz B, Hanko E, Nakstad AR, Hauge A, Kasin JI, et al. Reduced
autonomic activity during stepwise exposure to high altitude. Acta physiologica

Scandinavica. 2001;173(4):409-17.

61



104. Saito S, Tanobe K, Yamada M, Nishihara F. Relationship between arterial oxygen
saturation and heart rate variability at high altitudes. The American journal of emergency
medicine. 2005;23(1):8-12.

105. Bernardi L, Passino C, Wilmerding V, Dallam GM, Parker DL, Robergs RA, et al.
Breathing patterns and cardiovascular autonomic modulation during hypoxia induced by
simulated altitude. Journal of hypertension. 2001;19(5):947-58.

106. Kanai M, Nishihara F, Shiga T, Shimada H, Saito S. Alterations in autonomic
nervous control of heart rate among tourists at 2700 and 3700 m above sea level.
Wilderness & environmental medicine. 2001;12(1):8-12.

107. Guger C, Domej W, Lindner G, Pfurtscheller K, Pfurtscheller G, Edlinger G.
Effects of a fast cable car ascent to an altitude of 2700 meters on EEG and ECG.
Neuroscience letters. 2005;377(1):53-8.

108.  Song H, Ke T, Luo WJ, Chen JY. Non-high altitude methods for rapid screening
of susceptibility to acute mountain sickness. BMC public health. 2013;13:902.

109. Tian KX QJ, 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.

110. Dyer EA, Hopkins SR, Perthen JE, Buxton RB, Dubowitz DJ. Regional cerebral
blood flow during acute hypoxia in individuals susceptible to acute mountain sickness.
Respiratory physiology & neurobiology. 2008;160(3):267-76.

111. Fagenholz PJ, Gutman JA, Murray AF, Noble VE, Camargo CA, Jr., Harris NS.
Optic nerve sheath diameter correlates with the presence and severity of acute mountain
sickness: evidence for increased intracranial pressure. Journal of applied physiology
(Bethesda, Md : 1985). 2009;106(4):1207-11.

112. Koehle MS, Guenette JA, Warburton DE. Oximetry, heart rate variability, and the
diagnosis of mild-to-moderate acute mountain sickness. European journal of emergency
medicine : official journal of the European Society for Emergency Medicine.
2010;17(2):119-22.

113. Huang HH, Tseng CY, Fan JS, Yen DH, Kao WF, Chang SC, et al. Alternations
of heart rate variability at lower altitude in the predication of trekkers with acute mountain
sickness at high altitude. Clinical journal of sport medicine : official journal of the

Canadian Academy of Sport Medicine. 2010;20(1):58-63.

62



114. Johnson PL, Popa DA, Prisk GK, Edwards N, Sullivan CE. Non-invasive positive
pressure ventilation during sleep at 3800 m: Relationship to acute mountain sickness and
sleeping oxyhaemoglobin saturation. Respirology (Carlton, Vic). 2010;15(2):277-82.

115, Wagner DR, Knott JR, Fry JP. Oximetry fails to predict acute mountain sickness
or summit success during a rapid ascent to 5640 meters. Wilderness & environmental
medicine. 2012;23(2):114-21.

116.  Major SA, Hogan RJ, Yeates E, Imray CH. Peripheral arterial desaturation is
further exacerbated by exercise in adolescents with acute mountain sickness. Wilderness &
environmental medicine. 2012;23(1):15-23.

117. Pollard AJ, Niermeyer S, Barry P, Bartsch P, Berghold F, Bishop RA, et al.
Children at high altitude: an international consensus statement by an ad hoc committee of
the International Society for Mountain Medicine, March 12, 2001. High altitude medicine
& biology. 2001;2(3):389-403.

118. Schoene RB. Dexamethasone: by safe means, by fair means. High altitude
medicine & biology. 2005;6(4):273-5.

119. Schoene RB. Illnesses at high altitude. Chest. 2008;134(2):402-16.

120. Ferrazzini G, Maggiorini M, Kriemler S, Bartsch P, Oelz O. Successful treatment
of acute mountain sickness with dexamethasone. British medical journal (Clinical research
ed). 1987;294(6584):1380-2.

121. Broome JR, Stoneham MD, Beeley JM, Milledge JS, Hughes AS. High altitude
headache: treatment with ibuprofen. Aviation, space, and environmental medicine.
1994;65(1):19-20.

122.  Burtscher M, Likar R, Nachbauer W, Schaffert W, Philadelphy M. Ibuprofen
versus sumatriptan for high-altitude headache. Lancet (London, England).
1995;346(8969):254-5.

123. Chiu TF, Chen LL, Su DH, Lo HY, Chen CH, Wang SH, et al. Rhodiola crenulata
extract for prevention of acute mountain sickness: a randomized, double-blind,
placebo-controlled, crossover trial. BMC complementary and alternative medicine.
2013;13:298.

124. Seupaul RA, Welch JL, Malka ST, Emmett TW. Pharmacologic prophylaxis for
acute mountain sickness: a systematic shortcut review. Annals of emergency medicine.

2012;59(4):307-17.¢l.

63



125. Salazar H, Swanson J, Mozo K, White AC, Jr., Cabada MM. Acute mountain
sickness impact among travelers to Cusco, Peru. Journal of travel medicine.
2012;19(4):220-5.

126. Chow T, Browne V, Heileson HL, Wallace D, Anholm J, Green SM. Ginkgo
biloba and acetazolamide prophylaxis for acute mountain sickness: a randomized,
placebo-controlled trial. Archives of internal medicine. 2005;165(3):296-301.

127. Peter H. Hackett DRS. Altitude illness. Book Y, editor. Centers for Disease
Control and Prevention: U.S. Department of Health & Human Services; 2015.

128. Wu TY, Ding SQ, Zhang SL, Duan JQ, Li BY, Zhan ZY, et al. Altitude illness in
Qinghai-Tibet railroad passengers. High altitude medicine & biology. 2010;11(3):189-98.
129. Lhasa Statistics Bureau. In: Press CS, editor. Beijing: Lhasa statistics yearbook
2010; 2015.

130.  internet. National Bureau of Statistics of China. Census 2010.

131. Tibet Autonomous Rigion [Internet]. Census 2010.

132. China Statistics Press [Internet]. 2010.

133. Swenson ER. High Altitude : Human Adaptation to Hypoxia. Dordrecht: Springer
2013.

134. JR Sutton GC, CS Houston editor Lake louise consensus on definition and
quantification of altitude illness. Hypoxia: Mountain Medicine; 1992; Queen City Press:
Burlington, Vermont.

135. Wagner DR, Teramoto M, Knott JR, Fry JP. Comparison of scoring systems for
assessment of acute mountain sickness. High altitude medicine & biology.
2012;13(4):245-51.

136. Gonggalanzi, Labasangzhu, Nafstad P, Stigum H, Wu T, Haldorsen OD, et al.
Acute mountain sickness among tourists visiting the high-altitude city of Lhasa at 3658 m
above sea level: a cross-sectional study. Archives of public health = Archives belges de
sante publique. 2016;74:23.

137.  Kedzierewicz R, Cabane D. [Acute mountain sickness and high altitude cerebral
and pulmonary edema]. Rev Prat. 2013;63(1):18-26.

138. Muza SR, Beidleman BA, Fulco CS. Altitude preexposure recommendations for
inducing acclimatization. High altitude medicine & biology. 2010;11(2):87-92.

139. Chapman RF, Laymon Stickford AS, Lundby C, Levine BD. Timing of return
from altitude training for optimal sea level performance. Journal of applied physiology

(Bethesda, Md : 1985). 2014;116(7):837-43.

64



140.  Wang SH, Chen YC, Kao WF, Lin YJ, Chen JC, Chiu TF, et al. Epidemiology of
acute mountain sickness on Jade Mountain, Taiwan: an annual prospective observational
study. High altitude medicine & biology. 2010;11(1):43-9.

141.  Li T, Zhang H. Identification and comparative determination of rhodionin in
traditional tibetan medicinal plants of fourteen Rhodiola species by high-performance
liquid chromatography-photodiode array detection and electrospray ionization-mass
spectrometry. Chemical & pharmaceutical bulletin. 2008;56(6):807-14.

142.  Stream JO, Grissom CK. Update on high-altitude pulmonary edema: pathogenesis,
prevention, and treatment. Wilderness & environmental medicine. 2008;19(4):293-303.
143. Lee SY, Li MH, Shi LS, Chu H, Ho CW, Chang TC. Rhodiola crenulata Extract
Alleviates Hypoxic Pulmonary Edema in Rats. Evidence-based complementary and
alternative medicine : eCAM. 2013;2013:718739.

144.  Botella de Maglia J, Compte Torrero L. [Arterial oxygen saturation at high
altitude. A study on unacclimatised mountaineers and mountain dwellers]. Medicina
clinica. 2005;124(5):172-6.

145. Compte-Torrero L, Botella de Maglia J, de Diego-Damia A, Gomez-Perez L,
Ramirez-Galleymore P, Perpina-Tordera M. [Changes in spirometric parameters and
arterial oxygen saturation during a mountain ascent to over 3000 meters]. Archivos de
bronconeumologia. 2005;41(10):547-52.

146. Mason NP, Barry PW, Pollard AJ, Collier DJ, Taub NA, Miller MR, et al. Serial
changes in spirometry during an ascent to 5,300 m in the Nepalese Himalayas. High
altitude medicine & biology. 2000;1(3):185-95.

147. A Dictionary of Epidemiology. 5 ed. ed2014 2014.

148. Bonita R B, R.,& Kjellstrom, T.,editor. . Basic epidemiology. Second ed. ed.
Geneva: WHO;2006.

149. Hayat MJ, Powell A, Johnson T, Cadwell BL. Statistical methods used in the
public health literature and implications for training of public health professionals. PloS
one. 2017;12(6):e0179032.

150. Hohenhaus E, Paul A, McCullough RE, Kucherer H, Bartsch P. Ventilatory and
pulmonary vascular response to hypoxia and susceptibility to high altitude pulmonary

oedema. The European respiratory journal. 1995;8(11):1825-33.

65






APPENDICES

66






APPENDIX I

Help us to assess

Tourist consent form

Acute Mountain Sickness among tourists in Tibet

By filling in this short questionnaire, you will help us to providing better health services

and advice to tourists in Tibet.

The project

Tibet University Medical College in
cooperation with the Faculty of Medicine,
University of Oslo, is currently running
several projects related to High Altitude
Sickness. In one of them, we elucidate
special problems tourists may face when
they arrive in high altitude areas like Tibet.

Deliver to the reception staff

Please deliver the questionnaire to the
reception staff today, as soon as you have
filled it in.

Even if you choose not to participate, could
you please deliver the empty questionnaire
back to the reception staff.

Please give the reason for why you do not
want to participate:

The questionnaire

The questionnaire is distributed to all guests
at selected hotels in Lhasa, and it is
important that as many tourists as possible
participate.

- If you do not have headache, poor
appetite or any other of the symptoms
asked for in this questionnaire, it is
still very important for us that you
participate in this questionnaire.

- If you are travelling with someone
who is much affected by the high
altitude, please help them to fill in this
questionnaire.

- If you do not want to answer all
questions, please leave them open.

- The participants must be 15 years old

or older.
Thank you for your cooperation!
Sincerely,
Ouzhu Luobu Espen Bjertness
Professor Professor, PhD

Dean, Tibet University Medical College,
Lhasa, Tibet
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APPENDIX II Tibetan and Han Chinese students consent form

Help us to assess
Acute Mountain Sickness among students in Tibet

By filling in this short questionnaire, you will contribute providing information for a
better understanding of Acute Mountain Sickness.

The project fieldworkers on the third day after you
The research protocol of the 973 project, arrive in Lhasa.

entitled: ~ “Research on the acute
acclimatization and long-term adaptation
mechanism in a high altitude hypoxia
environment - chronic hypoxia injury and
long term adaptation mechanism in high
altitude” 1is currently running several
projects related to High Altitude Sickness.
In one of them, we elucidate special
problems young native Tibetan and Han
Chinese students may face when they arrive
in high altitude areas like Tibet.

The questionnaire

Two questionnaires based on the Lake
Louise acute mountain sickness (AMS)
Scoring System were developed and used in
the data  collection: one lowland
questionnaire and one highland
questionnaire.

Even if you choose not to participate, please
deliver the empty questionnaire back to the
fieldworkers.

Please give the reason for why you did not
want to participate:

Deliver to the fieldworkers

Please deliver the lowland questionnaire
once you have completed filling it in. Please
deliver the highland questionnaire to the

The study was granted by the Medical
Ethics Committee of Fu-Kang
Obstetrics & Gynecology, and the
Children’s Hospital, Lhasa, Tibet,
China.

Besides questionnaires, we are going
to measure your Arterial Oxygen
Saturation (SaO,) and Heart Rate
(HR) by finger pulse oximetry. Each
of you has the right to refuse to
participate at any time for any reason
without any consequences. It is
completely voluntary to participate in
the current study, and all information
about the participants will be handled
confidentially.

If you do not want to answer all the
questions, please leave them blank.

Thank you for your cooperation!

Contact information: Gonggalanzi,
Tibet University Medical College.
Tel: 0891 6811310 (office)

Email: geblanzi@hotmail.com



APPENDIX III QUESTIONNAIRE

(Questionnaire was in Tourist for 2010, Tibetan students for 2012 and Han Chinese students

for 2014 studies)

Date of filling in questionnaire:
Please write the date and hour at which you filled in this questionnaire

____hour (24hr) _ year month  day
Part I Background information

1. Age:  yearsold

2. Gender: [| Male | Female

3. How many years of schooling/education have you completed altogether?

year/s

4. Nationality:

5. Altitude of permanent residence/home city, Please tick one of the alternatives

12000 metres or higher (>6500 ft)
"] Below 2000 metres (<6500 ft)

6. What is your weight? kg or  pounds
7. What is your height? cmor _ feet  inches
Part II Travelling schedule

8. Do you consider yourself to be a tourist on this present travel to Lhasa?

1 Yes '] No
If no, please specify

9. When did you arrive Lhasa?
___hour (24hr)  year month day

10. How and from where did you arrive Lhasa? Please tick one of the alternatives

" By air From:
"I By train From:
"1 By car/bus From:
11. How long have you been in Tibet before you arrived Lhasa? days
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12. During the past 3 months, have you been to altitudes above 2000 m (6500 ft)?

"l Yes '] No
If yes, please specify Altitude: metres  or feet
How long:

13. Have you been to Tibet before?

"l Yes [l No
If yes, please specify how many times

Part III Have you had any of the following symptoms?

14. Headache

[J No headache

] Mild headache

[J Moderate headache

"1 Severe headache, incapacitating

15. Gastrointestinal symptoms

] No gastrointestinal symptoms

"1 Poor appetite or nausea

] Moderate nausea or vomiting

"1 Severe nausea and vomiting, incapacitating

16. Fatigue and/or weakness

1 Not tired or weak

] Mild fatigue/weakness

"] Moderate fatigue/weakness

] Severe fatigue/weakness,incapacitating

17. Dizziness/light-headedness

1 Not dizzy

1 Mild dizziness

") Moderate dizziness

"] Severe dizziness, incapacitating

18. Difficulty sleeping

"1 Slept as well as usual

] Did not sleep as well as usual

"1 Woke many times, poor night’s sleep
] Could not sleep at all

If you did not have any of the symptoms in Part IIl, you may skip Part IV and Part V

70



Part IV Overall, if you had any of the symptoms in Part III...

19. How did they affect your activity? Please tick one of the alternatives

"1 No reduction in activity

] Mild reduction in activity

1 Moderate reduction in activity

"] Severe reduction in activity (e.g. bedrest)

20. When did they first begin?

"1 On the journey
] Less than 12 hours
[J 12 to 24 hours
125 to 48 hours
[J More than 48 hours

21. What do you think was the cause(s)? Please tick all alternatives that apply

"1 Food or water of bad quality
"] The high altitude
1 Other:

Part V Treatment or help

22. Did you seek help or advice from anybody because of the symptoms?
"l Yes [l No

If yes:
Please tick all alternatives that apply

[0 A doctor visited me

'] A nurse visited me

] T went to the hospital

"] I went to a local doctor

0 I went to a local nurse

"1 Somebody else helped me, please specify:

23. Did you get the diagnose Acute Mountain Sickness from a doctor?
1 Yes "I No ] I do not know

Part VI Health

24. How would you describe your present state of health, before this travel to Lhasa/Tibet?
Please tick one of the alternatives

"] Poor

"] Not very good
"1 Good

"] Very good
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25. Has a doctor diagnosed you for any of the following diseases/health problems?
Please tick all alternatives that apply

"I Diabetes mellitus

"1 High blood pressure

| Cardio-vascular disease

"I Emphysema/chronic obstructive bronchitis
| Asthma

"1 Other — Please specify

26. Do you smoke? [] Yes "1 No

27. If female, do you use contraceptive medicine or other estrogen containing medicine? (e.g.
birth control or hormone substitution)?

[l Yes [1 No

Part VII Intake of...

28. Did you take any medication aimed at preparing you for meeting the high altitude?

"1 Yes '] No

If yes, was it:

] Acetazolamid (ex. Diamox)
"1 Steroids (ex. Dexametason)
"I Nifedipin (ex. Adalat)

1 Other Please specify

29. How much fluid (all fluids including soup) did you drink the 24 hours before and the first
24 hours after you arrived Lhasa?

24 hours before 24 hours after
Arriving Lhasa Arriving Lhasa
Less than normal 0 0
Normal [ 0
More than normal 0 0

30. Have you taken any pain-relieving medication during the first 48 hours after arriving
Lhasa?

"1 Yes "1 No If yes, please specify

Part VIII Final questions

31. Before you arrived Tibet, were you aware of that a visit to high altitude may cause
adverse health effects/health problems?

[l Yes [l No

If yes, how did you get this information?
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Please tick all alternatives that apply

1 Medical doctor

"1 Other health personnel

| Travel agency

"I Friend/colleague/family

| Internet (www)

"1 Guidebooks

"1 Other: Please specify:

32. After arriving Lhasa, have you been working out or done anything that increased your
heart rate to a marked extent - such as running, steep hiking etc.?

[l Yes [1 No

33. Have you on earlier travels to high altitudes (above 2000 m / 6500 ft) experienced
symptoms listed in part III in this questionnaire?

" Yes
"] No
"] Never been at high altitude

Thank you for participating!
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APPENDIX [V

Measurements of arterial oxygen saturation (Sa0O:) and heart rate (HR)

Participant No

SaOz first time

Sa02 second time

Sa02 thrid time

HR first time

HR second time

HR thrid time

HREIE
.00
.00

HREIN
.00
HREIE
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Abstract

Background: Traveling to Tibet implies a risk for developing acute mountain sickness (AMS), and the size of this
problem is likely increasing due to the rising number of tourists. No previous study on AMS has been conducted
among the general tourist population in Tibet. Thus, the aim of this study was to estimate the prevalence and
determinants of AMS in a large tourist population visiting Lhasa.

Methods: A sample of 2385 tourists was recruited from seven randomly selected hotels in Lhasa between June
and October 2010. Within three days of their first arrival, the participants filled in a questionnaire based on the
Lake Louise Scoring System (LLSS) about AMS-related symptoms and potential contributing factors. AMS was
defined as the presence of headache and a cumulative Lake Louise Score 24. After estimating the prevalence
of AMS, a Log-Binomial Model was applied to analyse the relationship between AMS and selected risk factors.

Results: The prevalence of AMS was 36.7 % (95 % Cl: 34.6-38.7 %) and was not dependent on tourists’ country of
origin. Among the participants who developed AMS, 47.6 % reported that they experienced symptoms within the
first 12 h after arriving in Lhasa, and 79.0 % reported that they had to reduce their activity level. A poor or average
health condition (adjusted PR 1.63, 95 % Cl 1.38-1.93), an age below 55 years (adjusted PR 1.29, 95 % Cl 1.04-1.60), a
rapid ascent to Lhasa (adjusted PR 1.17, 95 % ClI 1.02-1.34) were independent AMS risk factors, while smoking
(adjusted PR 0.75, 95 % Cl 0.59-0.96) and pre-exposure to high altitude (adjusted PR 0.71, 95 % CI 0.60-0.84)
reduced the risk of AMS.

Conclusions: AMS is commonly experienced by tourists visiting Lhasa Tibet, and often affects their activities.
The tourists’ country of origin did not seem to affect their risk of AMS, and their age was inversely related to
AMS. Subjects planning to visit a high-altitude area should be prepared for experiencing AMS-related problems, and
consider preventive measures such as pre-exposure or a gradual ascent to high altitudes.
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Background

Since the opening of the world’s highest plateau railway
(The Qinghai-Tibet Railway) to Lhasa in 2006, the num-
ber of tourists visiting Tibet has increased sharply from
2.5 million in 2006 to more than 15 million visitors in
2014 [1]. Tourism revenue accounted for over 20 % of
the region’s gross domestic product (GDP) in 2014 [1].
Tourists travelling to Tibet from low-altitude areas have
the potential risk of developing acute mountain sickness
(AMS) during the first few days due to exposure to
hypobaric hypoxia environment at high altitude [2].
AMS is usually characterized by symptoms of headache,
dizziness, vomiting, anorexia, fatigue and insomnia after
arrival at high altitudes [3]. In some serious cases, AMS
can progress to life-threatening high-altitude cerebral
edema (HACE) or high-altitude pulmonary edema
(HAPE) [4]. The prevalence of AMS after ascending to
high altitude has been reported to vary between 9 and
84 % [5-9]. There are few places where large numbers
of ordinary tourists can easily and rapidly reach altitudes
as high as in Lhasa (3658 m above sea level). A recent
study reported that 51 % of construction workers experi-
enced AMS upon first-time exposure to high altitude on
the Qinghai-Tibet railroad route [10]. In addition, 57 %
of army recruits who travel from the lowlands to Lhasa
by air developed AMS [11]. These studies were carried
out in quite homogenous populations, primarily consist-
ing of young participants in presumably good health,
which is probably different from what one would expect
to be the case among ordinary tourists visiting Lhasa
nowadays. Data on AMS among ordinary tourists is
scarce. More knowledge about AMS among tourists
travelling to high altitude could be important for persons
planning to go there, as well as for professionals taking
care of them both before and after arrival at such alti-
tudes. The present study aimed to estimate the preva-
lence of AMS and to identify the determinants for
developing AMS in an adult population of ordinary tour-
ists visiting Lhasa Tibet China.

Methods

Ethics

The Ministry of Health and the Tibet University Medical
College in TAR approved the research. The study
protocol was submitted to the Norwegian National
Committee for Medical and Health Research Ethics,
which found the study unnecessary to undergo evalu-
ation since the collected information was considered
anonymous. Information about the details of the
study was given on the first page of the questionnaire.
The potential participants were also informed that the
study was voluntarily and anonymous, and that they
could refuse to participate without any negative
consequences.
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Setting

The data collection was carried out in Lhasa, the capital
city of the Tibet Autonomous Region (TAR). The eleva-
tion of Lhasa makes it one of the highest situated cities
in the world [1]. Lhasa is a sacred city situated in the
Himalayas and attractive for many types of tourists.
There were 90 star-rated hotels and a few guest houses
in Lhasa at the time of the data collection [12].

Study samples

Nine hotels were randomly selected to participate in the
study from a list covering all hotels in Lhasa which was
given by the local tourism bureau. The management of
the hotels were informed about the study and asked if
they were willing to participate. All hotels agreed to par-
ticipate, but the managers of two of the hotels decided
to withdraw from the study when the data collection
started. Thus, in seven hotels, tourists older than 15 years
of age were invited to participate in the present study
between 2 June and 31 October 2010. Receptionists from
the selected hotels were given instructions in how to in-
form participants about the study, all aspects of the data
collection as well as how to act in case study participants
were in need of support for AMS related problems.
Tourists received a questionnaire and instructions about
the criteria needed for participation (age >15 years; clas-
sified as a tourist), and how to fill in information and re-
turn the questionnaire before leaving the hotel,
depending on the duration of their stay at the hotel. This
meant that the questionnaire was to be returned to the
receptionist the third night after their arrival, or on the
day when they checked out if the tourists planned to
stay two nights or less. In total, 2385 tourists were in-
vited to participate during the data collection period and
all returned the questionnaire. It turned out that 106 of
the tourists refused to participate, and handed in their
questionnaire without information. The lack of an un-
derstanding Chinese and English and limited time were
the main reasons for refusing to participate. Further-
more, 76 participants were excluded due to incomplete
questionnaire information, non-tourist status or an age
below 15 years, leaving 2203 participants (92.4 %) for
the analyses.

Variables

The questionnaire was tested in a pilot study in 2008,
and a revised version was available for the current study
in both Chinese and English. The questionnaire was de-
signed to obtain data concerning age, gender, height,
weight, altitude of permanent residence, nationality, edu-
cation, type of transport to Lhasa (by plane, by train, by
bus or by car), previous exposure to high altitude, prior
history of high-altitude illness, the use of prophylactic
medicine, smoking habits, awareness of altitude sickness
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and self-reported health condition. Body Mass Index
(BMI) was calculated as body weight (kg) divided by
height (m) squared. According to the World Health
Organization (WHO), obesity was categorized by
BMI = 30.00.

AMS was assessed by the Lake Louise Score System
(LLSS) [13], which is based on the most frequent symp-
toms considered important for AMS: headache, dizzi-
ness, gastrointestinal distress (loss of appetite, nausea, or
vomiting), lassitude or fatigue and insomnia [14]. Each
item is scored by the subject on a scale between 0 and 3
(0 =none, 1 = mild, 2 = moderate, 3 = severe). Single item
scores are added up, with the total scores ranging from a
minimum of 0 to a maximum of 15. Headaches have
been recognized as a key symptom of AMS by previous
researchers [15-17]. AMS was defined as the presence
of a headache, at least one other symptom and a total
LLS >4 [14].

Statistical analysis

The Log-Binomial Model was applied to analyse the re-
lationship between AMS and selected risk factors. The
crude and adjusted prevalence ratio (PR) was computed
with 95 % confidence intervals (CI), level of statistical
significance was set at p<0.05. The analyses were
carried out using SPSS (Statistical Package for Social
Sciences, Version 22 for Windows. SPSS Inc. Chicago,
USA, 2010).

Results

Population characterization

The participants originated from 48 different countries.
The largest group was from China (46.9 %), followed by
the Netherlands (6.3 %), the US (5.8 %), Germany
(4.8 %), France (3.7 %) and the United Kingdom (3.7 %).
Population characteristics are given in Table 1, and there
was an approximately equal representation of men and
women, and the mean age was 37.2 + 14.4 years (range
15-81 years). Most of the tourists were non-obese, lived
at low altitudes, non-smokers and considered themselves
to be in good health. Almost half of the participants
took prophylactic medicine. Among them, 72.6 % took
Rhodiola or other Chinese medicine, 25.3 % used acetazol-
amide or diamox and 2.1 % used steroids or nifedipin.
More than one-third of the participants reported previous
AMS symptoms, and 25.6 % had been exposed to high al-
titudes in the preceding three months. Some tourists re-
ported to have diabetes mellitus (n=30;1.4 %), high
blood pressure (n=112;5.3 %), cardio-vascular disease
(n=251.2 %) or lung diseases (1 =90;4.3 %).

Acute mountain sickness
A total of 808 (36.7 %, CI: 34.6—38.7 %) subjects reached
the standard of AMS with headache and a total LLS > 4.
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Table 1 also shows the prevalence of AMS in different
subgroups of the population, as well as crude and ad-
justed prevalence ratios for the potential determinants of
AMS. Different approaches of analyses yielded similar
results: analyses based on including all determinants in
the model, specific causal models for each of the vari-
ables and models that only included variables that were
statistically significantly related to AMS in the crude
analyses. Only results from the first approach are re-
ported in the present study, and we did not find any
substantial differences in AMS prevalence between
Chinese and other nationalities. Further stratification into
participants from Asia, Europe, America and Oceania did
not show a substantial variation in AMS prevalence either.
Moreover, we did not find contrasts in prevalences of
AMS between users and none users of prophylactic medi-
cine. That was also the case for subgroups of participants
who used Rhodiola, acetazolamide, steroids and nifedipin
(results not given). In the fully adjusted model, the factors
that remained statistically significantly associated with a
higher risk of AMS were a poor or average health condi-
tion, no pre-exposure to high altitude, an age below
55 years, being a non-smoker and arrival in Lhasa by air.
A total of 1808 participants (82.1 %) reported at least
one of the recorded symptoms. Fatigue was the most fre-
quently reported symptom, followed by headache, in-
somnia, dizziness and gastrointestinal symptoms (Fig. 1).
The mean overall AMS scores were 3.34 + 2.63. In sub-
groups among those both with and without AMS, the
mean scores differed significantly (p <0.05), 5.94 +1.92
and 1.68 + 1.40, respectively. In 30.5 % of participants,
the onset of AMS symptoms started as early as on the
journey to Lhasa, while in 47.6 % of participants the
symptoms started within the first 12 h after arrival and
in 21.9 % after 12 h. Furthermore, 21.0 % of the partici-
pants with AMS did not reduce their physical activity
and 74.0 % had a moderate activity reduction, while
5.0 % chose to rest in bed because of symptoms. A total
of 282 participants reported to have sought help or ad-
vice for AMS. Among them, 150 (53.2 %) got help from
their tour companions or local friends, 92 (32.6 %) went
to local hospitals and 20 (7.1 %) received a visit by the
local doctor. No cases of HACE or HAPE were reported
among the participants during the three days follow up.

Discussion

AMS defined as LLS >4 with headache was reported
by 36.7 % of the participants. Fatigue, headache and
insomnia were the three most commonly reported
AMS related symptoms (66.8, 60.4 and 56.3 %, re-
spectively). Tourists who reported to not be in a good
health condition, to have no pre-exposure at high alti-
tude in the preceding three months, to be younger
than 55 years of age, to be a non-smoker and to have
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Table 1 Characteristics, prevalence and risk factors of acute mountain sickness among tourists above 15 years of age arriving in
Lhasa, Tibet, China between June and October 2010

Characteristics N AMS+ Crude PR Adjusted PR*
N (%) (95 % ClI) (95 % CI)

Gender

Female 1072 387 (36.1) 1 1

Male 1103 461 (41.8) 1.16 (1.04,1.29) 1.08 (0.94,1.23)
Age

2 55 years 360 116 (32.2) 1 1

<55 years 1796 722 (40.2) 1.25 (1.06,1.46) 1.29 (1.04,1.60)
Obesity

No 2015 787 (39.1) 1 1

Yes 119 48 (40.3) 1.03 (0.82,1.29) 1.02 (0.76,1.37)
Nationality

Chinese 1018 401 (394) 1 1

Other nationalities 1162 447 (38.5) 0.98 (0.88,1.09) 0.92 (0.78,1.08)
Altitude of permanent residence/home

2000 m or higher (>6500 ft) m 37 (333) 1 1

Below 2000 m (<6500 ft) 1994 784 (39.3) 1.18 (0.90,1.54) 1.06 (0.76,1.49)
Education

College or higher 1766 701 (39.7) 1 1

High school or lower 361 130 (36.0) 1.10 (0.95,1.28) 1.11 (0.92,1.33)
Smoking

No 1849 742 (40.1) 1 1

Yes 251 83 (33.1) 0.76 (0.63,0.92) 0.75 (0.59,0.96)
Transportation

Not by air 1138 409 (35.9) 1 1

By air 1022 435 (42.6) 1.18 (1.07,1.32) 1.17 (1.02,1.34)
Health condition

Good health 1904 710 (37.3) 1 1

Poor or average health 197 117 (594) 1.59 (1.40,1.81) 1.63 (1.38,1.93)
Previous AMS symptoms

No 101 361 (35.7) 1 1

Yes 590 221 (37.5) 1.05 (0.92,1.20) 1.10 (0.96,1.26)
Awareness of AMS

No 248 92 (37.1) 1 1

Yes 1851 732 (39.5) 094 (0.79,1.11) 1.02 (0.83,1.27)
Pre-exposure in the preceding 3 months

No 1609 695 (43.2) 1 1

Yes 552 148 (26.8) 0.62 (0.54,0.72) 0.71 (0.60,0.84)
Use of prophylactic

No 1116 416 (37.3) 1 1

Yes 965 399 (41.3) 1.11 (1.00,1.24) 1.05 (0.92,1.20)

*Adjusted for all variables in the table
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Fig. 1 Prevalence of symptoms of acute mountain sickness by severity among tourists above 15 years of age arriving in Lhasa, Tibet, China

J

ascended to high altitude by air were at increased risk
of experiencing AMS.

To the best of our knowledge, no other study has ad-
dressed the prevalence and risk factors of AMS in a
large population of ordinary tourists arriving at an alti-
tude as high as that in Lhasa. Characteristics of tourists
visiting Lhasa will most likely change over time. We be-
lieve that the current study population resembled the
typical recreational tourists to Tibet during the data col-
lection period. The population showed a broad variation
in characteristics that might influence their risk of devel-
oping AMS.

AMS was definitely a common problem among the
study participants. Previous studies have reported both a
higher and lower prevalence of AMS than our finding
[6, 18-21]. Comparisons between studies are compli-
cated by differences in population characteristics [20],
altitude reached [6] and AMS definitions [18]. The
current AMS prevalence is lower than what was re-
ported in two other studies from Tibet, including one
among tourists (42.3 %) visiting the Namtso Lake at
4718 m in Tibet [22] and one among construction
workers (51 %) at Qinghai-Tibet altitudes up to 5000 m
[23]. The higher altitude in these two studies could ex-
plain the higher prevalence of AMS compared to our
study. The prevalence in our study was clearly higher
than in a study carried out among tourists (28 %) in La
Paz Bolivia at a similar altitude (3630 m) as that of
Lhasa, even if we used a stricter definition of AMS [24].
However, that study consisted of only 32 participants,
and AMS was measured immediately after arrival at high
altitude. Several studies have been conducted among
trekkers and mountaineers [8, 18, 20, 25, 26] with vary-
ing results. For example, one study showed a prevalence
of 34 % in mountaineers in the Alps [8], which is quite

comparable to our findings, while another study re-
ported a prevalence of 10 % in trekkers in the Nepali
Himalaya [18]. Overall, we believe that the prevalence
found in this study is of an expected size compared with
earlier studies if we attempt to take into account the dif-
ferences in study populations, the altitude reached and
the disease definition.

The unique culture and sacred places in Lhasa may
motivate a variety of tourists to go there. Based on our
observations, we cannot conclude that a population con-
sisting of ordinary tourists has a substantially higher risk
of AMS than more selected groups, even if there is rea-
son to believe that such a population is less healthy and
less physically fit compared to trekkers [11], mountain-
eers [25] and construction workers [10]. Our findings
support the idea that AMS symptoms typically appear
within the first 12 h after arrival at high altitude [3, 27,
28], and that people from different countries have a simi-
lar risk of developing AMS. In the present study, fatigue
was the most frequently reported symptom of AMS,
followed by headaches and sleep disorders. This is some-
what inconsistent with some earlier studies [16, 28, 29]
that reported headaches and sleep disorders to be more
common than fatigue. However, all these symptoms were
common and most tourists have to expect some AMS-
related symptoms and a reduction of activity during the
first days, in addition to a few who would also prefer to
stay in bed.

A lack of pre-exposure and rapid ascent to high
altitude have been linked to AMS in previous studies
[9, 11, 30-32]. For instance, Schneider and colleagues
[32] reported that altitude exposure in the preceding
two months reduces the risk of AMS. Hultgren and
colleagues [33] found climbers who visited the Himalayas
annually had fewer symptoms and improved their physical
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performance compared with the first time they visited.
Our findings corroborate with this, and indicate some de-
gree of physiological acclimatization and residual benefit
from high-altitude exposure during the last three months.
Living at high altitude has also been found to protect
against AMS [6, 34]. Only a small proportion of the par-
ticipants in our study lived at an altitude above 2000 m.
Even if the AMS prevalence was low within this group, a
low statistical power made it difficult to draw firm conclu-
sions based on our findings. Several studies have shown
an increased risk of AMS with a rapid ascent to high alti-
tude [2, 3, 9]. Murdoch and colleagues found the preva-
lence of AMS to be 84 % among tourists who flew directly
to Shyangboche at the altitude of 3740 m compared with
61 % among those who walked up from altitudes under
3000 m to the same altitude [9]. Our findings support this
idea, as persons arriving by plane reported more frequent
AMS than others. It is a possibility that the chosen trans-
port to high altitude is related to a person’s risk of devel-
oping AMS. We have attempted to address this by
adjusting for an awareness of AMS and previous experi-
ence of AMS in the analyses. A further selection effect
would probably lead to an underestimation of the effect of
rapid ascent.

The impact of health conditions on the development
of AMS is of importance for individual’s decisions to
travel to high altitude, though the answer to this ques-
tion is unclear [6, 14, 31]. The prevalence of AMS was
similar between those with and without diseases such as
lung disease and cardio-vascular disease. This observa-
tion is in accordance with previous studies (18, 28, 29).
On the other hand, we found that those who reported
not being in good health had a higher risk of AMS. This
seeming inconsistency could be explained by subjective
reports of health condition by participants. Although
smoking is generally considered harmful to health, stud-
ies have not always confirmed this [35, 36]. For example,
Wu and colleagues [35] found that an 11 % decrease in
the prevalence of AMS in smokers compared with non-
smokers, whereas Song and colleagues [36] found that
the prevalence of AMS was lower in smokers than in
non-smokers. Our finding is in agreement with these
studies. The potential explanation could be that smoking
contributes to a reduction in nitric oxide (NO) [36], and
it has been speculated that reduced NO levels may pro-
tect smokers from some AMS related symptoms [35].
However, this phenomenon would probably only last for
a short period and perhaps reduce long-term adaptation
to high altitude [35].

Reports on the effect of gender on AMS have been
mixed and inconclusive [28, 37], as we did not find any
indication of gender differences with AMS. Some previ-
ous studies conducted among Himalayan trekkers [38],
conference attendees [6] and mountaineers [8] have
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reported that age was inversely correlated with AMS.
Our findings corroborate with this. One theory [39]
about the relationship between age and susceptibility to
AMS is that there are age-dependent differences in
intracranial and intraspinal cerebrospinal fluid capacity
[40]. Old people with a larger ratio of cranial cerebro-
spinal fluid to brain volume results in them being better
able to compensate for brain swelling by a displacement
of cerebrospinal fluid, and are less likely to suffer from
AMS than young people with a lower ratio [40].

Since there were only a few other accommodations or
guest houses for tourists that were not on the tourist
bureau’s list, we have recruited participants from ran-
domly selected hotels that represent the absolute major-
ity of the places where tourists can stay in Lhasa. Most
of the tourists who were invited to participate in the
present study were willing to give the information that
was asked for. We do not see strong reasons as to why
AMS prevalence should be over- or underestimated in
the study population. A more general problem with all
such surveys is the potential selection mechanisms for
the visiting populations, which could influence preva-
lence of AMS and associations between exposure and
AMS. For example, it seems reasonable that people’s de-
cision not to go high could be affected by a previously
bad experience with AMS. We believe that our finding
of no negative effect of a former experience with AMS
could have been caused by self-selection. Such selection
processes could also affect other associations. It could be
that people in old age, people who do not take prophy-
lactic medicine, people with diseases, as well as smokers
who decide to go high are a “healthy” part of that expos-
ure group, and that such characteristics may change over
time and between populations. Consistency in findings
between different study populations with different char-
acteristics would be of help. However, there are reasons
for expecting differences between studies, so to draw
general causal claims from these types of studies is
therefore challenging. As a consequence, we believe that
our findings reflect conditions and relations among tour-
ists in Tibet recently, and if these findings corroborate well
with results from similar studies carried out elsewhere,
one could expand the interpretation of the findings.

Conclusion

AMS and AMS-related symptoms in tourists travelling
to Lhasa are common, and tourists often need to reduce
their activities during the first days of their stay. Symp-
toms typically start within the first 12 h after arriving.
Associations between risk factors and AMS could be af-
fected by self-selection in these types of studies. Age was
inversely related to AMS, while country of origin, gender
and reports of suffering from a chronic disease did not
seem to be predictors of AMS. Subjects planning to visit
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high-altitude areas should be prepared for experiencing
AMS-related problems, and consider preventive measures
such as pre-exposure or gradual ascent to high altitudes.
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ABSTRACT

Objectives: The aim of the present study was to estimate the incidence of Acute Mountain
Sickness (AMS), and address the changes in arterial oxygen saturation (SaO,) and heart rate
(HR) in native Tibetans who reascend to the high altitude city of Lhasa (3658 m) after a 7-

year stay at low altitude.

Methods: We followed two cohorts of students aged 17 to 21 years (859 Native Tibetan and
801 Han Chinese), traveling from lowland China until three days after their arrival in
highland city of Lhasa. Questionnaire information of the symptoms of AMS using the Lake
Louise Scoring System (LLSS), resting SaO, and HR were assessed both before leaving the
lowland and after arriving in Lhasa. Linear regression was performed to compare changes in

Sa0, and HR levels from low to high altitude in Tibetan and Han Chinese.

Results: New cases of AMS occurred in only 1.2% (95% CI: 0.4% to 2.0%) of the Tibetan
students who came to Lhasa by train compared with 32.7% (95% CI: 28.0% to 37.3%) and
42.9% (95% CI: 38.0% to 47.7%) of the Han Chinese students who came to Lhasa by train
and by air respectively. Tibetan students had less changes in SaO, (-2.95 percentage points,
95% CI: -3.24% to -2.65%) and HR (10.89 bpm, 95% CI: 9.62 bpm to 12.16 bpm) from low
to high altitude compared to Han Chinese students, although measurements did not differ

between the two groups when measured at low altitude.

Conclusions: Healthy Tibetans are mostly protected against AMS and primarily maintain

their good adaptation to high altitude, even after a long period of stay at low altitude.



Strengths and limitations of this study

This is the first population-based study addressing the occurrence of Acute Mountain
Sickness (AMS), and acute changes in arterial oxygen saturation (Sa0O;) and heart rate (HR)
levels in a large cohort of Tibetans who after living at low altitude for seven years returned to

high altitude in Tibet at the same point in time.

The study was able to compare results among Native Tibetan students with similar results
from a cohort of Han Chinese students well matched for characteristics like age, height, and

weight travelling from the same lowland area to the same high altitude.

Only a few simple physiological parameters suitable for field studies were measured affecting

the possibility to address the mechanism behind physiological adaptation in depth.

The data collection for the two cohorts took place in different years, but both studies were
conducted in the warm season, and the same date collection procedure was used for both
groups reducing the chance of bias caused by differences in environmental conditions and

data collection methods.

There were some losses to follow up among the Tibetan students, but we did not find any
differences in baseline characteristics between Tibetans lost or not lost to follow up reducing

the chance of selection bias.



INTRODUCTION

Exposure to high altitude may lead to Acute Mountain Sickness (AMS), which usually
manifests itself with nonspecific symptoms such as headache, dizziness, loss of appetite,
nausea, vomiting, insomnia and fatigue.' Although AMS is generally benign and self-

limiting, in some cases it may progress to more serious conditions like high-altitude cerebral

edema (HACE).!

Studies of AMS among lowlanders have shown signs of some persistency of acclimatization
which lead to reduction in the incidence and severity of AMS from prior high-altitude
exposure,”” and this residual acclimatization from prior exposure will be lost over a few days
to weeks after a return to low altitude.® '>'* Since most high altitude natives live in high
altitude, and usually only descend to low altitude for short periods, little information is
available as to what extent and for how long a residual adaptation will persist. Findings from
some previous studies among high-altitude natives of Bolivia'® and Peru’ indicate a
reduction of adaptation when returning to high altitude after a short stay at low altitude.
Among Tibetan highlanders, there are occasional reports of an AMS incidence of zero,
usually upon ascending from a high to higher altitude or after only a short time stay at a low

altitude.” 41

However, the effect of exposure to low altitudes on AMS among Tibetans re-
ascending to high altitudes is still unclear, especially after long stay at low altitudes.
The exact mechanism of AMS is unknown, but hypoxemia which refers to a lowered oxygen

level in the blood is proposed as a principal cause of AMS,'*°

making arterial oxygen
saturation (Sa0;) an interesting measure for addressing acute acclimatization/adaptation to
hypoxic exposure. Furthermore, a marked increase in peripheral sympathetic activity which
can be reflected by heart rate (HR) has also been indicated as a consequence of highaltitude

2122
exposure.

Previous studies have mainly paid attention to comparisons of SaO, and HR
between indigenous populations at specific altitudes.”® '***?* As far as we know, no study
has addressed acute changes of SaO, and HR after ascent from low to high altitudes among

native highlanders.

Tibetan students who attended middle school in lowland China provided a unique opportunity
to study AMS and changes in Sa0, and HR among Tibetans re-ascending to high altitudes
after long stay at low altitudes. A comparison of these parameters between native Tibetans
and Han Chinese with matched characteristics may contribute to the understanding of high-
altitude adaptation among Tibetans. Therefore, in the present study we have collected

questionnaire information about AMS symptoms and measures of SaO, and HR in 17-21 year
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old Tibetan and Han Chinese students both at low and high altitude. The Tibetan students had
been living at low altitude for seven years, while the Han Chinese students were born and
raised at low altitude China and had never been to high altitude before. Data were collected
shortly before both groups left lowland China, and when the same students arrived in Lhasa
at 3,658 m. The aim of the present study was to investigate the incidence of AMS, and assess
changes in SaO, and HR in a population of native Tibetan students returning to Lhasa after a
seven-year stay at low altitude. We hypothesized that native Tibetans would have a lower risk
of developing AMS and less changes in SaO, and HR after a long-term stay at low altitude

areas compared with Han Chinese lowland residents.

MATERIALS AND METHODS

Setting

The data collections were carried out in seven different cities in lowland China seven days
prior to departure and on the third day after the ascent to Lhasa. The seven lowland cities
were: Beijing (32 metres above sea level (MASL)), Tianjin (5 MASL), Chengdu (506
MASL), Nantong (5 MASL), Wuhan (23 MASL), Yueyang (57 MASL) and Shijiazhuang
(81 MASL). The cities were chosen because they all had educational institutions with Tibetan
students planning to go home after ending their education, and with Han Chinese students
planning to go to Lhasa to continue their education. Lhasa, the capital city of the Tibet
Autonomous Region (TAR), People’s Republic of China, is located at an elevation of 3,658
MASL, which makes it one of the highest situated cities in the world.

Study samples
We included two populations: Native Tibetan students who stayed in the lowland area for
seven years, and Han Chinese students who were born and raised in the lowlands without any

former exposure to high altitude.

Tibetan students: Seven out of a total of 12 middle schools for Tibetans in lowland China
were randomly selected. All senior students from the selected schools who were about to
graduate in June 2012 were invited to participate, with the data collection taking place from
May to June 2012. Of the 859 eligible students, all students had their SaO, and HR measured,
and returned completed self-assessment questionnaires (lowland questionnaire) to field
workers at their schools before leaving for high altitude areas. The same students received a
new questionnaire (highland questionnaire) at the Lhasa railway station, since all of them

traveled to Tibet by train, which was organized by their school administrations. All students



were asked to deliver the highland questionnaire to fieldworkers and measured the SaO, and
HR on the third day after their arrival in Lhasa. For reasons unknown, 120 students did not
return the highland questionnaire and eight questionnaires were incompletely filled out,
leaving 731 (85.1%) highland questionnaires for the analysis. Moreover, 158 students did not
attend the SaO, and HR measurements on the third day (response rate 81.6%).

Han Chinese students: The students came from the same lowland area where the Tibetan
students had studied and were going to study at Tibet University. Data collection took place
from August to September 2014. Of the 810 eligible students, all students received the
lowland questionnaires via post before they ascended to Lhasa, and were asked to return it to
fieldworkers when they registered at Tibet University. They were also asked to visit
fieldworkers for measuring their SaO, and HR at the same place in the seven lowland cities
as where the Tibetan students had their measurements taken before they ascended to Lhasa.
For unknown reasons, 227 students did not attend the SaO, and HR measurements (response
rate 72.0%). Moreover, 11 students did not return the lowland questionnaires because of
misplacement (response rate 98.6%). Since all students live in campus during their study at
Tibet University, we had the chance to follow the students and measure their SaO, and HR,
and ask them to fill in the highland questionnaire on the third day after their arrival in Lhasa.
One student refused, and eight were excluded because they had already been in Lhasa more
than three days before the data collection took place. Thus, information from the highland
questionnaire and measurements of SaO, and HR from 801 students were included in the

analysis of high altitude information (response rate of 98.9%).

It takes about 2 hours with a cabin pressure equivalent to 2400 m by air from lowland China
to Lhasa. Trains that go to Lhasa have only one route which is from Xining to Glomud (10
hours, average altitude 2906 m, range 2261m-3698 m) and from Glomud to Lhasa (14 hours,
average altitude 4251 m, range 2808 m-5072 m).

A written consent form about the study was given on the first page of the questionnaire, and
the participants were informed that they could withdraw from the study for any reason at any

time without any negative consequences.

Questionnaire
Two questionnaires based on the Lake Louise-AMS scoring system were developed and used

in the data collection: one lowland and one highland questionnaire. The lowland



questionnaires included questions on AMS-related symptoms, and the aim was to identify the
basic health conditions and symptoms before the students ascended to high altitude.

In addition to including the same questions as in the lowland questionnaire, the highland
questionnaire was designed to obtain data concerning gender, age, ethnicity, height, weight,
type of transport to Lhasa, altitude of permanent residence, previous exposure to high altitude,
self-reported health condition, history of high-altitude illness, use of prophylactic medicine,
awareness of altitude sickness and smoking habits. Body Mass Index (BMI) was calculated as

body weight (kg) divided by height (m) squared.

The AMS-related questions are based on a Chinese version of the original Lake Louise Score
System (LLSS) questionnaire.”> The Chinese version has been used in several earlier studies
on AMS.” ° 22627 Before the questionnaire was used for the current study, we translated
back the questions into English and it did not reveal any discrepancy with the original
English version. The LLSS consists of a self-reported assessment of five AMS symptoms:
headache, lassitude or fatigue, gastrointestinal distress (loss of appetite, nausea, or vomiting),
dizziness and insomnia.> All symptoms were graded from 0 to 3, which was indicative of no,
mild, moderate or severe symptoms respectively. A diagnosis of AMS was defined as the
presence of headache, at least one of the other symptoms and a total LLS =4.*® The
participants were also asked “when did the symptoms first begin?”. The response options
included “less than 12 hours” “12 hours to 24 hours” “25 hours to 48 hours” and “more than

48 hours after arrival”.

Measurements of Sa0; and HR

The arterial oxygen saturation (Sa0;) and heart rate (HR) were measured at low altitude and
then again on the third day after arrival in Lhasa. SaO, and HR were measured by finger
pulse oximetry (Nellcor, NPB-40, California, USA) with the probe placed on the index finger
of the left hand in a sitting position after a 15-minute rest. Values were observed three times
at 30-second intervals, and the mean of three readings was recorded for data analysis.
Furthermore, all measurements were conducted by the same fieldworkers using the same

equipment. No smoking was permitted within 2 hours before the measurements.

Statistical analysis

The descriptive statistics are presented as the frequencies and mean with a standard deviation
(SD) for each variable. The Chi-square (Xz) tests were performed for comparing categorical
variables, and a Student t-test was used for comparing continuous variables. One-way

analysis of variance (ANOVA) was performed for comparing the differences of SaO, and HR

7



between Tibetan and Han Chinese students by different transportations. We used a linear
regression model to check the changes from low altitude to high altitude of SaO, and HR for
Tibetan and Han Chinese. We put SaO, and HR as dependent variables and altitude and
ethnicity as explanatory variables, and added an interaction term between altitude and
ethnicity. Associations were considered statistically significant at p < 0.05, and analyses were

carried out using SPSS V.24 for Windows.

RESULTS

Population characterization

Table 1 shows that the population characteristics of native Tibetans and Han Chinese did not
differ regarding sex, age, height, weight and BMI. However, Tibetans were more frequent
smokers. Of the Tibetan students, 152 (17.7%) had visited Tibet once, 326 (38.0%) twice,
192 (22.4%) three times, 93 (10.8%) four times and 96 (11.2%) five times or more during
their seven years of study in lowland China. Each visit lasted 30 days or less, except for one
visit of two months after their graduation from junior middle school. None of the Tibetan
students had been exposed to high altitude in the preceding three months before the baseline
data collection. All Han Chinese students had permanent residence below 2,000 m, and had
never been at high altitude before. Approximately half of them (49.3%) came to Lhasa by

train and the rest by air.

Incidence of Acute Mountain Sickness

A total of nine Tibetan students (1.0%) had symptoms qualifying them as having AMS-like
symptoms at baseline, while the corresponding number for the Han Chinese students was 12
(1.5%). Excluding students with AMS-like symptoms at baseline, a total of 9 (1.2%) Tibetan
and 303 (37.8%) Han Chinese students developed AMS (headaches and an LLS > 4) within
the third day after arrival in Lhasa. Among the nine Tibetans free from AMS-like symptoms
at baseline, and who developed AMS after arriving in Lhasa, eight (88.9%) reported having
influenza and one sinusitis before they left for Lhasa. For the Han Chinese students who
developed AMS, 7% reported influenza, 5% tonsillitis and 3% pollen allergy before their
ascent to high altitude, whereas the rest did not report any diseases. For the nine Tibetan
students that were categorized as having AMS eight reported symptom start within 24 hours
after arrival. For most of the Han Chinese students (81.7%) who were categorized as having
AMS, the onset of symptoms occurred within the first 24 hours after arriving in Lhasa. Table

2 compared the incidence of AMS, average SaO, and HR between Native Tibetan and Han



Chinese students. Han Chinese students were stratified into groups according to whether they
traveled to Lhasa by plane or train. Before their ascent, there were no statistically significant
differences between Tibetan and Han Chinese students regarding prevalence of AMS-like
symptoms and means of HR. Both Tibetan students and Han Chinese students who came to
Lhasa by train had higher SaO, than Han Chinese students by plane. However, there was no
statistically significant differences between Tibetan and Han Chinese students regarding
overall means of SaO, (Tibetan vs. Han Chinese: 99.2% vs. 99.1% P>0.05). On the third day
after arrival in Lhasa, Han Chinese students who flew to Lhasa had a higher incidence of
AMS compared with those who came to Lhasa by train (P<0.05). Both groups had a higher
incidence of AMS, a lower Sa0, and a higher HR compared with native Tibetans (P<0.05).
The incidence of AMS and the means of SaO, and HR were not statistically significantly
related to the number of visits to Tibet during the seven years of study in lowland China

among Tibetan students (supplementary tablel).

Some Tibetans were lost in the follow-up, and some Han Chinese students did not participate
in parts of the data collection at baseline. Therefore we also compared the AMS incidence,
Sa0; and HR levels between Tibetan students and Han Chinese students with information
from both the lowland and highland data collection. The results show similar contrasts
between the population groups, as shown in Table 2 (results not presented). No HACE and
HAPE were reported during the data collection time in both groups.

Symptoms of Acute Mountain Sickness

AMS-like symptoms were rare and of similar frequency in Tibetan and Han Chinese at low
altitude, except that Han Chinese who came to Lhasa by air had more sleeping difficulties.
After the ascent to high altitude, both the Han Chinese students arriving by train and by plane
had statistically significant higher incidence of all the five AMS-related symptoms compared
with the Tibetan students (p<0.05) (Table 3). A total of 452 Tibetan students (61.8%) and
682 Han Chinese students (85.1%) reported at least one AMS-related symptom. Headache
was the most frequently reported symptom, followed by fatigue, dizziness, insomnia and
gastrointestinal symptoms, both in Tibetans and Han Chinese (Table 3). The mean overall
LLSS scores differed significantly with 1.31 +1.46 among Tibetans compared with 3.15+2.56
and 3.96+2.76 among Han Chinese arriving by train or plane (p<0.05 respectively).



Resting Sa0; and HR

There was no difference in Sa0, and HR levels between Tibetan and Han Chinese students at
low altitude (Table 2). After arrival at high altitude, Tibetan students had a significantly
higher SaO; and lower HR compared with Han Chinese students. This was also the case when
comparing Tibetan and Han Chinese students with and without AMS (Figure 1 and Figure 2).
The SaO, was decreased in both Tibetan and Han Chinese students after arrival at high
altitude. On average, the decrease was 8.1% in Tibetans (99.2% to 91.1%) and 11.1% in Han
Chinese (99.1% to 88.0%). The HR among Tibetans on the third day after arrival at high
altitude was similar to the values observed at low altitude (72.1 beats per minute (bpm) vs.
72.7 bpm), while on average the HR in Han Chinese increased by 11.5 bpm after arrival in
Lhasa (71.3 bpm - 82.8 bpm). The changes in SaO» (-11.2py train VS. -11.1pyair, p=0.82) and HR
(10.3py train VS. 12.5py air, p=0.07) were not statistically significantly different when comparing
Han Chinese students arriving in Lhasa by train or plane. The linear regression model
revealed that Tibetan students had less changes in SaO, (-2.95 percent points, 95% CI: -3.24%
to -2.65%) and HR (10.89 bpm, 95% CI: 9.62 bpm to 12.16 bpm) from low to high altitude
compared with Han Chinese. Participants with AMS also had a significantly lower average
Sa0, than those without AMS after arrival in Lhasa in both groups (Figure 1). The HR was
significantly higher in AMS subjects than non-AMS subjects in Han Chinese, while for

Tibetans, there was a similar but not statistically significant trend (Figure 2).

DISCUSSION

The Tibetan students clearly had a lower incidence of AMS and less AMS-related symptoms
compared to the Han Chinese students. Furthermore, the Tibetans had significantly less
changes in Sa0, and HR levels than the Han Chinese students after a three-day stay at 3,658

m in Lhasa, even if they had similar levels before leaving lowland China.

The significantly lower incidence of AMS among Tibetan compared with Han Chinese
students found in this study is not surprising, as it is well-known that native Tibetans have a

12429
Nonetheless, there are few

better adaptation to high altitude than any other population.
population-based studies that have actually confirmed that Tibetans remain adapted to high
altitude, and are protected against the development of AMS if high-altitude exposure is
discontinued by stays at low altitude, especially after long-term stays. Some studies among
train passengers,15 construction workers’ and mountaineers’ have reported that Tibetans are

completely free from AMS. However, these studies were conducted in selected populations

10



moving from a high to higher altitude, or re-ascending to high altitude after a short stay at
low altitude. To the best of our knowledge, this is the first population-based study addressing
the occurrence of AMS, and the changes in SaO, and HR levels in Tibetans who lived at a

low altitude for seven years and then returned to a high altitude.

We also had the possibility to compare our results to findings from a population of Han
Chinese students with similar characteristics who had never been at high altitude before
arriving in Lhasa. It appears that after a long-term stay at low altitude, Tibetans were clearly
less susceptible to AMS than lowland Han Chinese, also when compared with subgroups of
Han Chinese students who traveled by air or used the same mode of transportation as the
Tibetans did, namely by train. Short visits to high altitude during a long-term stay at low
altitude did not seem to influence the Tibetan’s degree of adaptation. We could not claim that
Tibetans were entirely immune against developing AMS, since AMS-related symptoms were
reported by a substantial proportion of Tibetans. However, the incidence and severity of the
symptoms were clearly lower in Tibetan than in Han Chinese students. Additionally,
examining the data of the nine Tibetan students who developed AMS, we found that eight of
them reported having influenza shortly before leaving low altitude. It has been suggested that

3133 1 addition, such

normal acclimatization could be disturbed by respiratory infections.
infections may also lead to AMS-like symptoms, and through that increase the potential for a
misdiagnosis with AMS.*! Overall, our findings support the idea that healthy Tibetans after a
long-term stay at low altitude are primarily protected against the development of AMS when

re-ascending to high altitude.

Tibetans also showed a different reaction to high altitude than Han Chinese students when it
came to levels of SaO, and HR. Before their ascent, there were no signs of difference in these
measurements between the two populations. After their arrival at high altitude, Tibetans had
less change in Sa0, and HR levels than Han Chinese, which may indicate a more favorable
reaction to acute altitude exposure. Since hypoxia plays a key role in the development of
AMS, measuring SaO, and HR has been suggested as simple indicators of
adaptation/acclimatization to high altitudes and impending AMS.**** This is motivated by
the fact that lowered oxygen levels in the blood are clearly related to AMS at high altitude.'®
'8 Likewise, individuals with a higher HR at rest have been reported to be at risk of
developing AMS at high altitude.’ It therefore seems reasonable to suggest that genetic
factors involved in long-term adaptation to high altitude in Tibetans have contributed to our

findings, even if we did not have the possibility to explore this. As opposed to acclimatization
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among Han Chinese, which occurs because of an immediate physiological response to a
changing environment, the “high-altitude adaptation” among Tibetans has developed in long-
term physiological responses to a high-altitude hypobaric hypoxic environment with heritable
behavioral and genetic changes.”* A study from second-generation Tibetan lowlanders®”
provides evidence of adaptation with regard to acute reaction to high altitude exposure. The
study did not measure AMS, but Tibetans born and living in Kathmandu (1,300 m) exhibited
a greater aerobic working capacity than Caucasian lowlanders when exposed to high altitude.
This indicates that the adaptation to acute exposure to high altitude among Tibetans has not
changed over one generation, and could be linked to unique adaptation genes.>” Several

- . 143638
recent genomic studies

in native Tibetan highlanders have revealed that some genes are
associated with high-altitude adaptation. However, these genes have been related to chronic
mountain sickness, and as far as we know, no direct evidence between these genes and AMS
has been proposed.”®** Although it seems likely that genetics plays a role in the development
of AMS, we cannot fully decide whether the observed differences between Tibetan and Han
Chinese students can be explained by genetic background. It has been reported that
lowlanders with a pre-exposure to high altitude may establish some degree of physiological
adaptation, thus resulting in a reduction in the incidence and severity of AMS when they re-
ascend to high altitude.” Hence, the previous length of stay in high altitude may also have
contributed to the Tibetan students’ adaptation to high altitude. Taken together, both genetic

and physiological factors may have contributed to a better adaptation to high altitude in the

Tibetan than Han Chinese, also after a long-term stay at low altitude.

In the present study, some Tibetan students were lost to follow-up, and some Han Chinese
students did not participate in parts of the data collection at baseline. If the subjects who did
not complete the study had different characteristics compared with the total sample, the
incidence of AMS could then be overestimated or underestimated. However, we did not find
any low altitude differences in characteristics between the Tibetans lost or not lost to follow-
up at altitude which we believe is an argument against expecting large difference in AMS
among those lost and not lost to follow-up. For the Han Chinese the collected data were quite
complete except for some missing information about baseline SaO, and HR which we do not
believe have affected the main finding as these individuals were quite comparable to those
with complete information. Therefore, we believe that our findings reflect AMS conditions
and relations between Tibetan and Han Chinese students in general, as the samples were

randomly selected. Some participants may forget about their health problems. However, we
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believe that most people will remember which health problems they have experienced during
the last three days. Furthermore, in the present study, the participants had been informed
about the purpose of the study and knew that they were going to answer to questions about
AMS symptoms after arrival which is a further argument against substantial recall bias. The
different ascent profiles may also have influenced AMS incidence in our study. Consequently,
we also compared Tibetan with Han Chinese students who had arrived in Lhasa by train. The
results still showed that Tibetans clearly had a lower incidence of AMS, a less changes in
Sa0, and HR levels than Han Chinese students. The two cohort studies took place in different
years, but both studies were conducted in the warm season, and thus the effect of temperature
on AMS, Sa0O, and HR were almost the same. Both the baseline measurements in Tibetan
and Han Chinese were conducted one week before leaving low altitude. As a result, the
influence of influenza on reported AMS symptoms at high altitude may have been different if
baseline measures were registered just before the participants left. Practical reasons made this
difficult, but the same data collection procedure for both groups should reduce the chance of
biased comparisons between the groups. To obtain representative measurements, SaO, and
HR were measured three times at 30-second intervals, and the same pulse oximeter was used

throughout the data collection period by the same field workers.

CONCLUSION

The significantly lower incidence of AMS, less change in SaO, and HR levels in Tibetan than
Han Chinese students favors the view that healthy Tibetans are mostly protected against
AMS and maintain their good adaptation to high altitude, even after a long-term stay at low
altitude. It is likely that both genetic and physiological factors contributed to this, but based

on the available data this study could not address this issue further.
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Table 1.Population characteristics of 17-21-year-old native Tibetan and Han Chinese students

in Lhasa
Native Tibetan Han Chinese

By train By train By air

(n=859) (n=395) (n=406)
Male (%) 425 (49.5) 198 (50.1) 215 (53.0)
Age, years (SD) 18.89 (0.88) 18.94 (0.98) 18.96 (0.94)
Height, cm (SD) 167.20 (7.08) 166.99 (7.85) 167.62 (7.72)
Weight, Kg (SD) 59.88 (7.75) 60.15 (10.07) 60.34 (10.33)
BMI, Kg/mz, (SD) 21.37 (1.98) 21.51 (2.82) 21.39 (2.76)
Smoking, yes (%) 140 (19.3) 28 (7.1) * 26 (6.4)"

Data are presented as frequencies (%) and means (SD). Data were analysed using ” test for
comparison of categorical variables, and One-way ANOVA for comparison of continuous variables.

* indicates p<0.05 native Tibetan vs. Han Chinese by train; * indicates p<0.05 native Tibetan vs. Han

Chinese by air.
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Table 2. Incidence of acute mountain sickness (AMS) and means of arterial oxygen
saturation (Sa0O2) and heart rate (HR) with 95% CI in 17-21 year old native Tibetan and Han

Chinese students

Native Tibetan Han Chinese
By train (n=859) By train (n=395) By air (n=406)

Lowland

AMS-like symptoms ~ 0.011  (0.004,0.017) 0.015  (0.003,0.027)  0.015  (0.003,0.027)
Sa0, (%) 99.2 (99.1,99.3) 99.2°  (99.0,99.4)  98.9°  (98.7,99.1)
HR(bpm") 72.1 (71.6,72.5) 71.6  (70.5,72.7) 71.1 (70.1,72.1)
Highland

AMS 0.012*  (0.004,0.020) 0.327° (0.280,0.373)  0.429*  (0.380,0.477)
Sa0, (%) 91.1*  (90.8,91.3) 88.1 (87.9,88.3)  87.9°  (87.6,88.1)
HR(bpm”) 7275 (72.1,7322) 822  (81.2,832)  83.5%  (82.4,84.5)

"bpm: beats per minute; For Han Chinese students, the results are stratified according to the type of
transportation from lowland China to Lhasa; * indicates p<0.05 native Tibetan vs. Han Chinese by
train; * indicates p<0.05 native Tibetan vs. Han Chinese by air, © indicates p<0.05 Han Chinese by
train vs. Han Chinese by air.

Data were analysed using One-way ANOV A for comparison of the differences of SaO2 and HR
between native Tibetan and Han Chinese by different transportation. Chi-square (y2) test was
performed for comparing incidence of AMS between native Tibetan and Han Chinese by different
transportation.
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Table 3. Incidence of Acute Mountain Sickness related symptoms in 17-21 year old native

Tibetan and Han Chinese students after arrival in Lhasa

Symptoms  Headache Gastrointestinal  Fatigue Dizziness Difficulty
symptoms sleeping
n (%) n (%) n (%) n (%) n (%)
Tibetan None 449(61.0)  683(93.1)  523(712)  599(81.4)  670(91.2)
by train Mild 241(32.7)  42(5.7) 148(20.1)  119(16.2)  30(4.1)
Moderate  44(6.0) 6(0.8) 45(6.1) 13(1.8) 23(3.1)
Severe 2(0.3) 3(0.4) 19(2.6) 5(0.7) 12(1.6)
Han Chinese  None 178(45.1)  268(67.8)  183(46.3)  204(51.6)  239(60.5)
Py frain Mild 166(42.0)  97(24.6) 137(34.7)  164(41.5)  85(21.5)
Moderate  32(8.1) 19(4.8) 51(12.9) 24(6.1) 40(10.1)
Severe 19(4.8) 11(2.8) 24(6.1) 3(0.8) 31(7.8)
Han Chinese ~ None 118(29.1)  251(61.8)  132(32.5)  148(36.5)  222(54.7)
e Mild 202(49.8)  114(28.1)  166(40.9)  205(50.5)  106(26.1)
Moderate  69(17.0) 37(9.1) 78(19.2) 49(12.1) 50(12.3)
Severe 17(4.2) 4(1.0) 30(7.4) 4(1.0) 28(6.9)

Data are presented as number with frequencies (%).
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Figure 1. Mean of oxygen saturation (%) with 95% CI in AMS and non-AMS subjects on the
third day after arrival in Lhasa by different ethnicity
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Figure 2. Mean of heart rate (bpm: beats per minute) with 95% CI in AMS and non-AMS

subjects on the third day after arrival in Lhasa by different ethnicity
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Supplementary tablel. Incidence of acute mountain sickness (AMS) and means of arterial
oxygen saturation (Sa0,) and heart rate (HR) with 95% CI in Tibetan students grouped

according to number of visits to Tibet during their seven years of study in lowland China

Number Total AMS P-value Sa0, P-value HR P-value
of visits ~ number % bpm *
Tibet
1 152 0.015(-0.006,0.035) 91.3(90.7,91.8) 72.1(71.1,73.0)
2 326 0.011(-0.002,0.024) 90.9(90.5,91.2) 73.1(72.1,74.1)
3 192 0.012(-0.005,0.028) 9998 91.090.691.4) 0.602  73.0(71.6,74.4) 9-398
4 93 0.013(-0.013,0.040) 91.4(90.8,91.9) 72.8(71.0,74.6)
>5 96 0.014(-0.013,0.040) 91.2(90.4,91.9) 71.3(69.8,72.9)

"opm: beats per minute; One-way ANOVA was performed for comparing means of SaO, and HR
between groups by number of visits to Tibet. Chi-square (y2) test was performed for comparing
incidence of AMS between groups by number of visits to Tibet.
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Associations between arterial oxygen saturation, heart rate and acute
mountain sickness in a population of 17-21 year old Han Chinese students
traveling from low altitude to Lhasa at 3,658 m above sea level: a

prospective cohort study






	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



