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Acute  mountain  sickness  (AMS)  is  an  illness
caused  by  hypoxia  due  to  rapid  ascent  to  altitudes
above  2,500  m.  Symptoms  include  headache,
nausea,  vomiting,  and  loss  of  appetite,  all  of  which
usually  improve  within  1  to  2  days.  However,
untreated  AMS  can  progress  to  life-threatening
conditions  such  as  high-altitude  cerebral  and
pulmonary  edema  (HACE  and  HAPE,  respectively)[1].
The  2018  Lake  Louise  Scoring  (LLS)  system  is
currently widely utilized in research and practice and
has gained international recognition for its sensitivity
and  specificity  in  detecting  AMS[2].  The  reported
prevalence of AMS in adults worldwide ranges from
28%  to  50%,  which  may  depend  on  factors  such  as
the  rate  and  mode  of  ascent,  as  well  as  individual
differences,  including  age,  obesity  status,  and  sleep
quality.  Extensive  domestic  and  international
research has  identified  key  factors  influencing  AMS,
including  rapid  ascent,  inadequate  pre-
acclimatization,  a  history  of  AMS,  sleep quality,  and
physical  activity.  Although  most  scholars  agree  that
AMS  is  the  outcome  of  various  factors,  its  exact
pathogenesis is still not yet fully understood.

With  economic  development,  the  number  of
tourists  traveling  to  Xizang  Autonomous  Region
(Xizang)  has  been  increasing  annually,  with  an
associated  increase  in  the  incidence  of  AMS.
Therefore,  it  is  crucial  to  conduct  a  comprehensive
study and analysis of the factors contributing to the
onset  of  AMS.  This  study  focused  on  Han  Chinese
tourists  entering  Xizang  to  statistically  analyze  the
risk  factors  associated  with  AMS  and  provide  a
theoretical  foundation  for  its  prevention  and
treatment.

A  questionnaire  survey  was  conducted  between
June 1 and November 30, 2023 to gather data from
the  Han  Chinese  people  who  arrived  in  Xizang

between  2015  and  2023.  The  survey  utilized  a
combination  of  online  and  offline  methods.
Fieldwork  was  conducted  in  Lhasa,  Xizang,  at  an
altitude  of  over  3,000  m.  Questionnaires  were
distributed via the WeChat APP (Tencent, Shenzhen,
China)  using  QR  codes  generated  on  the
Questionnaire  Star  platform.  A  total  of  1,430
participants  completed  the  questionnaire.  The
inclusion  criteria  for  the  study  population  were  as
follows:  (1)  being  of  Han  Chinese  ethnicity  and
having  recently  traveled  to  Xizang,�  (2)  being  of  age
18  years  or  above,  (3)  having  a  clear  indication  of
altitude  of  residence,  and  (4)  having  no  history  of
long-term  residence  at  high  altitudes  or  related
diseases  prior  to  travel.  To  eliminate  bias,  we
excluded  (1)  permanent  residents  of  Xizang  and
those with long-term exposure to high altitudes,  (2)
those  with  underlying  diseases,  such  as  chronic
cardiopulmonary disease, that could affect the study
results,  and  (3)  those  with  incomplete  data.  Finally,
1,064  valid  questionnaires  were  included  in  the
analysis.

The 2018 LLS system incorporates a participant’s
subjective  rating  of  symptom  severity,  including
headache,  gastrointestinal  symptoms,  fatigue,  and
dizziness,  on  a  scale  of  0  to  3[3].  The  sum  of  these
symptom scores determines the total LLS score. AMS
was  initially  diagnosed  during  mountaineering
activities at an altitude above 2,500 m in participants
experiencing  headaches  and  having  an  LLS  score  of
3  or  higher.  A  total  score  of  3–5  indicates  a  mild
reaction,  6–9  a  moderate  reaction,  and  10–12  a
severe  reaction[2].  The  questions  regarding  AMS
symptoms  on  the  questionnaire  that  we  used
applied  to  seven  days  following  the  participant’s
most  recent  arrival  in  Xizang  to  ensure  consistency
with  the  assessment  of  the  study  participants’
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symptoms in the early stages of AMS. Based on this
criterion,  the  participants  were  divided  into  two
groups: No AMS (n = 635) and AMS (n = 429).

A  total  of  27  risk  variables  were  examined,  with
AMS  as  the  outcome  variable.  Demographic  data
included  sex,  age,  altitude  of  residence,  marital
status,  educational  level,  ethnicity,  and  body  mass
index  (BMI).  High  altitude  was  defined  as  above
2,500  m,  medium  altitude  as  1,500–2,500  m,  and
low  altitude  as  below  1,500  m.  Participant  heights
and  weights  were  measured  to  calculate  their  BMI,
of  which  the  categories  were:  underweight
(<  18.5  kg/m²),  overweight  (24.0–27.9  kg/m²),  and
obesity  (>  28.0  kg/m²).  Disease  and  family  histories
were recorded as  binary  variables  (no =  0,  yes  =  1).
Travel  information  included  the  number  of  trips,
mode  of  transportation,  and  season  of  arrival,  with
the  latter  categorized  as  May–September  or
October–April.  Behavioral  and  psychological  factors
included  physical  activity,  sedentary  behavior,
smoking, passive smoking, alcohol consumption, and
emotional state within 7 days of entering Xizang. The
details  of  how  these  variables  were  measured  and
categorized are shown in Supplementary Table S1.

Results  are  presented  as  mean  ±  standard
deviation. The frequency data are described as rates
or  constitutive  ratios.  The  Chi-square  test  was  used
to examine the association between the risk factors
and  AMS  among  the  study  groups.  Variables  that
showed  a  significant  association  with  AMS  in  the
univariate models at a P < 0.10 were included in the
logistic  regression  model.  We  used  the  forward
likelihood  ratio  for  logistic  regression  analysis.  The
predictive  power  of  the  model  was  assessed  by
plotting  the  receiver  operating  characteristic  (ROC)
and calibration curves. Decision curve analysis (DCA)
and  the  clinical  impact  curve  (CIC)  were  used  to
assess  the  clinical  applicability  of  the  model.
Statistical  significance  was  defined  as  P  <  0.05.
Statistical  data  processing  and  analysis  were
performed using SPSS version 26 (IBM; Armonk, NY,
USA) and R statistical software (version 4.2.3).

A total of 1,064 cases were included in this study,
of  which 496 (46.60%) were male and 568 (53.40%)
were  female,  the  mean  age  was  (36.59  ±  10.76)
years.  Those  with  normal  weight  accounted  for
48.80% and  those  who  were  overweight  accounted
for 26.80%. The general demographic characteristics
of  the  participants  are  presented  in  Supplementary
Table S2.

Chi-square  test  results  showed  significant
differences  between the  two groups  in  18  variables
related  to  the  occurrence  of  AMS  (P  <  0.10;

Supplementary  Table  S3).  These  variables  were
included  in  a  binary  logistic  regression  analysis.
Female  participants  were  more  likely  to  experience
AMS  than  male  participants  (OR:  2.10;  95%  CI:
1.47–2.99).  Obesity  was  also  associated  with  a
higher  likelihood  of  AMS  compared  the  absence
thereof  (OR:  3.23;  95%  CI:  1.70–6.11).  Similarly,
contacting a cold in the week before entering Xizang
increased the odds of AMS compared to not having a
cold  (OR:  3.54;  95% CI:  1.63–7.70).  Individuals  who
experienced a depressed or anxious mood one week
after  entering Xizang were more likely  to have AMS
than  those  who  did  not�  (OR:  10.34;  95%  CI:
6.48–16.50).  Current  smoking  was  also  associated
with  a  higher  likelihood  of  developing  AMS
compared  to  not  smoking  (OR:  2.86;  95%  CI:
1.90–4.31).  In  contrast,  individuals  who  lived  at
medium  altitudes  were  less  likely  to  develop  AMS
than  those  who  did  not  (OR:  0.32;  95%  CI:
0.22–0.44).  There  was  also  a  lower  risk  of  AMS  for
those  who  traveled  by  train  (OR:  0.41;  95%  CI:
0.28–0.61),  car  (OR:  0.48;  95%  CI:  0.33–0.69),  and
other  non-motorized  transport  (OR:  0.24;  95%  CI:
0.10–0.60)  compared  to  those  who  traveled  by
airplane  to  Xizang.  Similarly,  people  who  took
prophylactic  medication  were  less  likely  to  develop
AMS  than  those  who  did  not  (OR:  0.43;  95%  CI:
0.32–0.59;  Table  1).  Based  on  the  results  of  our
logistic regression analysis,  a model was established
and presented as a nomogram (Figure 1).

Discrimination  and  calibration  of  the  prediction
model  were  assessed  using  ROC  and  calibration
curves.  The  area  under  the  curve  (AUC)  value  is
0.827,  indicating  a  well-fitted  model  with  a  high
predictive  accuracy  (Figure  2A).  The  calibration  plot
in  Figure  2B  demonstrates  a  good  predictive
accuracy  between  the  actual  and  predicted
probabilities.  The  two  lines  in  the  figure  are  closely
aligned,  further  supporting  the  high  prediction
accuracy.  Additionally,  DCA  and  CIC  analyses  were
used  to  determine  threshold  probabilities,
corresponding  net  benefits,  and  the  number  of
people at risk according to the model (Figure 2C, D).
These  results  indicate  that  the  model  has  good
clinical utility and predictive effectiveness.

Previous studies have indicated that females may
be more susceptible to developing AMS than males,
possibly because of physiological differences and the
influence of sex hormones. Our findings support this
view.  However,  a  study  by  Yang  et  al.[4]  found  no
difference  in  the  incidence  of  AMS  between  sexes,
leading  to  mixed  and  inconclusive  reports  on  the
influence  of  sex.  Our  study  also  found  that
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individuals  residing  at  a  low  altitude  have  a  higher
risk  of  developing  AMS  than  those  residing  at  a
medium  altitude.  This  may  be  attributed  to  the
difficulty faced by low-altitude residents in adapting
to  hypoxia  environments  at  high  altitudes.  Our
findings support the hypothesis that obesity is a risk
factor  for  AMS.  Hypoxia  is  believed  to  have  greater
metabolic effects in obese individuals, who generally
exhibit  a  higher  ratio  of  basal  to  maximal  oxygen
consumption.

Our study found that the mode of transportation
to  Xizang  influences  the  occurrence  of  AMS.  The
ascent to the plateau was faster and more abrupt in
the  group  who  traveled  by  airplane,  resulting  in  a
higher  incidence  of  AMS  than  in  the  groups  who
traveled by train and car. Therefore, we hypothesize
that  a  relatively  slow,  steady  ascent  and  observing
“step  acclimatization”  at  an  intermediate  altitude
before  moving  on  to  a  high  altitude  is  preferable.

The  results  show that  prophylactic  medication  is  an
effective method for AMS prevention. A reduced risk
of  AMS  in  participants  taking  acetazolamide  as
prophylactic was reported in a recent study involving
travelers  to  Cusco,  Peru[5].  It  is  hypothesized  that
these  medications  not  only  improve  the  body’s
physiological  ability  to  cope  with  hypoxic  activity,
but also provides psychological  comfort by reducing
anxiety levels.

The association  between upper  respiratory  tract
infections  (URIs)  and  AMS  was  investigated  in  our
study.  The  results  indicate  that  individuals  who
caught  a  cold  in  the  week  before  entering  Xizang
were  more  likely  to  develop  AMS.  A  prospective
cohort  study  conducted  by  Chan  et  al.  reported
similar  findings[6].  Because  temperature  and  oxygen
levels  tend  to  decrease  as  altitude  increases,  it  has
been  suggested  that  cold  environments  could
potentially  heighten  the  vulnerability  to  URIs  and

 

Table 1. Results of the logistic regression of the occurrence of acute mountain sickness

Characteristic OR 95% CI P

X1 Female 2.10 1.47–2.99 < 0.001

X3 Residing at medium altitudes 0.32 0.22–0.45 < 0.001

X7 Obesity 3.23 1.70–6.11 < 0.001

X16 By train to Xizang 0.41 0.28–0.61 < 0.001

X16 By car to Xizang 0.48 0.33–0.69 < 0.001

X16 By other non-motorized transport to Xizang 0.24 0.10–0.60 0.002

X18 Taking prophylactic medication 0.43 0.32–0.59 < 0.001

X19 Contacting a cold in the week before entering Xizang 3.54 1.63–7.70 0.001

X21 Experiencing anxiety or depression within a week of entering Xizang 10.34 6.48–16.50 < 0.001

X24 Current smoking 2.86 1.90–4.31 < 0.001
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Figure 1. The nomogram for Acute mountain sickness.
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place  additional  strain  on  the  respiratory  and
circulatory  systems,  consequently  increasing  the
likelihood of developing AMS.

Individuals  who  experienced  depression  or
anxiety  within  a  week  of  entering  Xizang  had  a
higher  risk  of  developing  AMS  than  those  who  did
not.  It  has  been  established  whether  exposure  to
high  altitudes  can  lead  to  or  worsen  anxiety
symptoms[7]. Studies have indicated that anxiety can
affect  various  organs  by  disrupting  central  nervous
system function. AMS symptoms can simultaneously
contribute  to  the  development  of  anxiety,
demonstrating  a  complex  interplay  and  synergy
between AMS and anxiety.

Previous  studies  have  yielded  conflicting  results
regarding the potential  association between smoking
and  AMS.  Our  findings  are  consistent  with  those  of
previous  studies  conducted  by  Vinnikov  et  al.  in
occupational  populations,  indicating  that  smoking  is
an  essential  risk  factor  for  AMS  development[8].
However,  Gonggalanzi  et  al.  proposed  that  smoking

might  decrease  nitric  oxide  (NO)  levels[9],  potentially
protecting smokers from certain symptoms associated
with AMS. Therefore, a larger population-based study
is  required.  The  predictive  model  developed  in  this
study can assist clinicians in rapidly assessing the risk
of  AMS,  facilitating  the  rational  allocation  of  medical
resources,  supporting  clinical  decision-making,  and
enabling timely therapeutic intervention.

Ours  was  a  cross-sectional  study  with  certain
inherent  limitations  that  need  to  be  addressed  in
future studies,  such as  the small  sample size,  which
may  have  introduced  selection  bias  and  potentially
affected  the  results.  Although  we  have  internally
validated  the  nomogram  model  in  our  study,  it  is
important to conduct further research using external
data to confirm our findings.
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and Prevention, Xizang (NO. 2023-001). The purpose
of  the  study  was  explained  in  the  questionnaire
introduction  and  all  participants  participated
voluntarily and fully informed. 
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