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Abstract

Aim: An epidemiological assessment of the preexisting health conditions of trekkers
in the Solu-Khumbu region / Mount Everest (Nepal) to inform preventative and future
pre-travel advice.

Material and methods: Adult volunteers (n = 350, 122 female, mean age 42.7 y
(SD = 13.5), 35% aged 50 y+) completed a comprehensive health survey followed by
a basic medical examination while trekking at 2800-5160 m. Cardiological problems
were excluded.

Results: Only 51% sought some kind of medical pre-travel advice, and 150 reported one
or more preexisting health conditions (predominately orthopaedic and trauma surgery
n = 91). Many did not receive some, or all, of the recommended vaccinations. AMS
symptoms were reported by 213, 59/350 took acetazolamide, and 53 didn’t factor in any
acclimatisation days. None of the volunteers undertook specific muscular training be-
fore their trek (i.e. hiking with a rucksack the same weight as on trek), though 257/350
participated in some sport regularly back home. In those experiencing “a current pain”
(n=135), 64 had cephalgia, 28 had knee pain, 13 had shoulder pain, and more. Alcohol
abuse or dependence was probable in 30/84 assessed; and 26/350 were occasional or
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regular users of recreational drugs. Existing or past nicotine abuse was reported by
104/350 with an average consumption of 14.8 cigarettes a day, and 25 continued to
smoke during the trek with an average SpO, value of 90.9% (SD 3.8) vs. 90.5% (SD 4.4)
in non-smokers. In 308 who provided their height and weight, 219 had a normal BMI,

and 76 had pre-adiposity.

Conclusion: The preexisting health conditions of trekkers included a broad spectrum of
diagnoses and fitness. Exacerbations of some of these conditions can be consequential
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when compounded by remote locations, AMS and limited or no access to comprehensive
health care. Most would have benefited from comprehensive pre-travel medical advice.

Introduction

The number of trekking tourists to popular global des-
tinations continues to increase. For example, between
the 1980s and 2012 the number of visitors to Nepal has
risen by over 1000%," and with the exception of a col-
lapse in tourism during the COVID-19 pandemic, this
tendency has continued.> The diversity of trekking
trails in Nepal cannot be found in any other part of the
world and this attracts a wide variety of visitors, includ-
ing those with preexisting health conditions.

Of all the visitors to Nepal, 13.1% participated in
climbing or trekking activities. However there is also
a significant group of native Nepalese hikers, about
70%, who visit high altitude locations during pilgrim-
ages who are less studied.®® In parallel with this rise in
trekking visitors, the number of medical emergencies
has also increased. The spectrum of trekking emergen-
cies differs from those of mountaineering due to the
different risk profile of such tours, but also because the
travellers are significantly older, and thus statistically
more likely to be affected by chronic medical condi-
tions.””® Therefore factoring in these potential medi-
cal problems, in addition to altitude advice, should be
an integral part of their trip preparation.

While there is extensive literature about altitude-re-
lated diseases for any age group, sex and activity, stud-
ies specifically on the preexisting diseases of trekkers
at altitude are scarce. To shed more light on this, we
collected comprehensive data from 350 trekkers in the
Solo Khumbu area (Sagharmata National Park, Nepal)
regarding their preexisting health conditions. The car-
diovascular diseases of this same group have already
been published.”'® The current paper is therefore fo-
cused on all the other preexisting diseases reported
excluding cardiovascular ones. The goal was to estab-
lish an evidence base identifying the most relevant
preexisting diseases of such trekkers that may help
further inform the advice offered by doctors giving
pre-travel advice to future trekkers.
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Material and methods

Data acquisition was performed at Gorak Shep
(5207 m), Dingboche (4340 m), Tengboche (3860 m),
Namche Bazaar (3440 m) and in Lukla (2860 m), all of
which are located in the Solo Khumbu valley (Sagar-
matha / Mt. Everest National Park, Nepal). Gorak Shep
and Dingboche are more or less siuated at the highest
location of the trek (normally reached after 7 to 10 days)
and the participants were interviewed there. The inter-
views at the other locations were performed when the
trekkers returned from their trek (typically day 12 or 13
of their sojourn). Inclusion criteria were: 18+ years of
age, tourist type (trekking or expedition climber), and
no language barrier (English, German, or translation
of the questionnaire by a competent translator). Exclu-
sion criteria were: locals, age <18 years, and impaired
mental status of any origin which would deny the vol-
unteer’s ability to give informed consent.

The questionnaire included the following data: demo-
graphics (age, sex, height, weight, ethnicity, profession,
marital status), general lifestyle at home (diet, hydration,
sporting activity, smoking status, medicinal drugs used,
the use of performance-enhancing drugs - especially
acetazolamide'"'* or amphetamine), the actual tour
profile - organized group or individual (self-guided)
tour, the duration of the individual stages and acclima-
tisation days or detailed altitude profile where avail-
able, trip preparation (travel medicine advice received,
vaccinations), and any current complaints that may be
caused by the trekking tour or the altitude (e.g. head-
ache, nausea, dizziness, diarrhoea, shortness of breath,
muscular problems, joint problems or injuries).

The main part of the questionnaire focused on previ-
ous medical conditions (operations, their localisation
and causes, and preexisting illnesses). The following
important chronic diseases were included: diabetes
mellitus, cancer (if yes, which, since when and which
treatment), arterial hypertension, rheumatic and ortho-
paedic diseases, bronchial asthma, COPD, psychiatric
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diseases, infectious diseases and allergies. There was
also a category for “other” where participants could
provide any information about health disorders. Fur-
ther questions asked whether a deterioration in their
health situation occurred due to a preexisting chronic
illness during the trek, and whether the subject had
previously received information about their chronic
health impairment from their doctor. Topics of the au-
tonomic system like micturition, defecation, appetite,
thirst, and weight fluctuations were also included. Fam-
ily history and previous illnesses of close relatives were
documented.

A clinical check with the focus on orthopaedic top-
ics was followed by taking measurements of: blood
pressure, heart frequency, peak flow (Vitalograph as-
maPLAN+, Vitalograph GmbH - Hamburg, Germany),
and for those aged 40+ a fasting cholesterol level check
(Accutrend Plus® Cholesterol - Roche, Berlin, Germa-
ny). A total cholesterol of <200 mg/dl was recorded as
normal.'®'* Peripheral oxygen saturation was mea-
sured using a CMS50E pulse oximeter (Contec Medical
Systems - Qinhuangdao, China). Urine was tested using
Combur 9 Test® strips (Roche, Berlin, Germany), which
included semiquantitative tests for leucocytes, nitrate,
pH, protein, glucose, ketones, urobilinogen, bilirubin,
erythrocytes, and haemoglobin. The CAGE test was car-
ried out to assess whether, and to what extent, the col-
lective was at risk for alcohol misuse or dependence.'®
If two or more of the four questions were answered
positively, a risk or even dependence must be assumed,
which should then be verified by further measures.

Comparisons between the preexisting diseases and
sex, or the localisation of actual pain, were performed
using the Fisher’s exact test. The t-test was used for the
comparison of SpO, between smokers and non-smok-
ers. For almost all comparisons the significance level
was set at 5% due to the explorative nature of the inves-
tigation. Results were reported as frequencies and per-
centages or means, standard deviations (+ SD), medians
and ranges. The analysis was performed with SPSS V22
and Origin 8. The study was conducted according to the
Declaration of Helsinki (1964) after approval by the Eth-
ics Committee of RWTH Aachen University, Germany
(reference EK 196/11).
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Results
Collective and trip preparation

A total of 350 adult volunteers participated (n = 122,
where female were 35%). The largest to smallest de-
mographic groups by year bands were: ages 30-39
(n =93, 28%), 18-29 (n = 70, 20%), 40-49 (n = 70, 20%),
50-59 (n=61, 17%), 60-69 (n =50, 14%) and finally ages
70-79 (n =5, 1%) (Figure 1). Mean age was 42.7 years
(SD = 13.5; median = 40; range 18-76), and 32% of the
trekkers were aged 50+.
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Figure 1. Age distribution of the collective

Regarding ethnicity, the majority came from Eu-
rope 67% [n = 236; France 14% (n = 50), United King-
dom 11% (n =40), Germany 9% (n = 31), Switzerland 7%
(n = 24), Spain 6% (n = 22)]. Canada and the USA were
each represented by 6% (n = 22). Half of the collective
(n=178, 51%) had consulted a ‘doctor’ before travelling.
The ‘doctor’ specified by 88 volunteers was a general
practitioner, for 41 volunteers a physician with special
training in travel medicine was consulted, and 6 had
consulted an orthopaedic surgeon. 43 trekkers did not
specify the doctor’s speciality. The majority (n = 257,
73%) stated that they participated in sport regularly at
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home, but most of this group (n = 247 rsp. 71% of the
total collective) did no specific training to prepare for
the trek. On average, 8.3 days (SD = 3.7; median = 8;
range 5-37, Figure 2) were required for the ascent to
Gorak Shep with an additional day to Mount Everest
base camp.
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Figure 2. Days of ascent from Lukla (2860 m)
to Gorak Shep (5207 m)

Most of collective (n = 308) provided information on
their height and weight so that their Body Mass Index
(BMI) could be calculated. Mean BMI was 23.4 (SD = 2.9;
median = 23.2; range 17.2-38.5). The majority had
anormal BMI (n = 219; 71%). However, the BMI for 25%
(n = 76) of the volunteers was graded as pre-adiposity,
2% (n =7) had an obesity grade, and another 2% (n = 5)
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were slightly underweight. One subject was in the obe-
sity grade 2 range according to the WHO classification."®
Severe underweight or obesity grade 3 were not found.

Regarding travel-specific vaccinations, 273 individu-
als (78%) stated that they had ‘any kind of travel-related
vaccination’, and 64 (18%) did not provide any infor-
mation. Only 13 individuals (4%) negated having any
travel-related vaccinations. From the total collective
(n=350), 65% were vaccinated against hepatitis A, 63%
against hepatitis B, 52% against typhoid fever, and 24%
had received a rabies vaccination. Vaccination against
Japanese encephalitis had been done in 9%.

Pre-existing diseases

Ofthe 350 volunteers surveyed, almost half (n =150, 43%)
had reported one or more preexisting (chronic) con-
dition. More specifically, 32% had reported only one
preexisting disease, but 8% reported two, 2% reported
three, and 1% (n = 3) reported four different conditions.
There was no difference between sexes and the pres-
ence of at least one preexisting (chronic) condition. Or-
thopaedic and trauma surgery accounted for the largest
proportion (n = 91/150). Most orthopaedic diagnoses
were related to the knees (Figure 3). The second most
frequently occurring preexisting conditions were in the
field of cardiology (44/150), and details about this group
were published elsewhere.*®
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Figure 3. Distribution of orthopaedic diagnoses
by body region

Endocrine disorders were experienced by a total of
14/150 travellers. Urological, gynaecological and pul-
monological diseases were reported by 10 people in
each category. Other preexisting conditions reported
included gastroenterological disorders (n = 27/150),
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psychiatric disorders (n = 7/150), and 6/150 had an on-
cological history.

Symptoms and findings
during the trek

During their trek, 213 subjects (61% of the total collec-
tive) reported symptoms of acute mountain sickness
(AMS): 155 (74%) complained of insomnia, 64 (30%)
of cephalgia, 53 (25%) suffered from loss of appetite,
39 (19%) reported dizziness, and 29 (14%) suffered from
nausea or acute vomiting. The Lake Louise Score'’
of 62 test subjects was 3 to 5, indicating a mild AMS
(29% of the 213 affected with AMS symptoms). Four
trekkers had a score of 6 or more (2% of 213 affected)
indicating a severe AMS, and 147 subjects (69% of 213)
showed a score of only 1 to 2 which does not comply
with AMS but indicates an altitude-related deteriora-
tion. In summary, about one in three trekkers suffered
from AMS at some point during their trek, although
a fifth (n = 59/350; 17%) had taken acetazolamide (Di-
amox®) as a prevention. AMS symptoms corresponded
to the extent of acclimatisation, and 53 subjects stated
that they had not taken any acclimatisation days. The
fastest ascent to Gorak Shep (5207 m) took five days, the
longest 36 days.

A current pain was reported by just under half of
the total collective (n = 135/350; 39%). From this group
of 135 subjects experiencing a current pain, 64 (49%)
reported cephalgia, 28 (21%) had knee pain, 13 (10%)
had shoulder pain, 11 (8%) had abdominal pain, 7 (5%)
had neck pain, 6 (4%) reported chest pain, and 4 sub-
jects (3%) each complained of back and of hip pain. In
93% there was no association between presence of at
least one pre-existing (chronic) condition and the lo-
calisation of actual pain. The remaining 7% consisted
of persons with knee or back pain and a corresponding
precondition.

A total of 16 subjects (5% of the total sample) report-
ed a previous endocrine illness, of which 7 subjects
were being treated for hypothyroidism. A quarter of
the total collective (92/350; 26%) made themselves avail-
able for cholesterol testing. Eight of these subjects (9%)
who didn’t report any hypercholesterolaemia showed
slightly, or pathologically elevated values, with a mean
total cholesterol of 218 mg/dl and a maximum value of
288 mg/dl. Two others reported a preexisting hypercho-
lesterinaemia, but the results showed total cholesterol
concentrations lower than 150 mg/dl. Three subjects
reported type 2 diabetes. Actual blood glucose levels
were not possible to collect, but all diabetic persons
were positive for glucose in the urine test (Table 1).
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Fourteen individuals (4% of the total sample) report-
ed a preexisting pulmonary illness. Of these, 13 had
asthma and one had COPD. The peak flow measure-
ment for the latter was 380 L/min (79% of the normal
value). All asthmatics and the COPD subject had a short-
acting beta sympathomimetic drugs with them as an
on-demand medication. No one had a long-term medi-
cation, e.g. an inhalative corticoid.

Table 1. Results of urine tests

No. of subjects

Parameter Results (n=224)
+ 5
++ 3
Leucocytes
+++ -
A+ 1
Nitrite + 64
+ 176
Protein ++ 6
+++ 1
+ -
++ -
Glucose
+++ 2
A+ 1
+ 5
Ketone ++ 3
++ -
+ 4
++ -
Urobilinogen
+++ 3
A+ 1
+ —_
Bilirubin ++ -
4+ -
+ 8
++ 3
Erythrocytes
++ -
o+ -
+ 49
+ 13
Hemoglobin
4+ -
e+ 1

The most important risk factor for cardiocircula-
tory and pulmonary diseases was smoking. Smoking
also causes an increase in carboxyhaemoglobin (CO-
Hb) that is relevant to performance physiology.'®*®
A third of the collective (104/350, 30%) confirmed
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existing or past nicotine abuse, and 23/350 (7%) report-
ed continued cigarette consumption. On average, the
smokers consumed 14.8 cigarettes per day (SD = 11.0;
median = 15; range 0.2-60.0), the mean number of pack-
years smoked was 13.2 (SD = 13.0; median 8.75; range
0.5-60.0). The average SpO2 value of the smokers was
90.9% (SD = 3.8; median = 91; range 0-99) compared to
lung-healthy non-smokers at 90.5% (SD = 4.4; median
91; range 0-99) The difference was not significant. It
may come as a surprise that there was no significant
difference in SpO, between smokers and non-smokers.
In contrast to non-smokers, for whom a CO-Hb level of
around 1% is typical, smokers have a level of 5-15%.%°
Conventional pulse oximeters do not recognise CO-
Hb and show supposedly normal SpO, values. CO-Hb
absorbs light at a similar wavelength to oxygenated
haemoglobin, so CO-Hb is incorrectly interpreted as
O-Hb. It can therefore be assumed that this is a meth-
odological problem and that the smokers’ values are
falsely high.*

The peripheral oxygen saturation of the entire col-
lective is shown in Table 2.

Table 2. Oxygen saturation of the collective, differentiated
according to local altitude

Alti- Num- Mean Maxi- Mini-
. ber of mum  mum
Location tude . Sa0,
[m] partic- [9%] Sao, Sa0,
ipants [%] [%]
Lukla 2860 31 95.1 98 90
Namche 3440 23 92.6 98 83
Bazaar
Tengboche 3860 201 90.7 99 80
Dingboche 4340 79 88.9 99 68
Gorak 5207 6 81.6 88 78
Shep

A very small number (12/350, 3%) of individuals re-
ported a previous urological or gynaecological illness.
Diagnoses included a broad spectrum of different dis-
eases: benign prostatic hyperplasia (n = 2), prostate car-
cinoma with curative prostate resection (n=2), ureteral
stenosis (n = 2), pyeloplasty for recurrent pyelonephri-
tis (n=1), congenital unilateral renal aplasia (n=1), and
renal cell carcinoma (n = 1). Three women had previ-
ous gynaecological diseases (n = 2 breast cancer; n=1
uterus myomatosus).

Two-thirds (n = 224/350, 64%) of the total collec-
tive provided a urine sample for examination. Three
tests showed a significant glucosuria, all from diabetic
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patients. From those providing urine samples, 81.7%
(183/224) had proteinuria and 33.0% (74/224) had de-
tectable haemoglobin or erythrocytes in their urine.
Details are given in Table 2.

A total of 27/350 (8%) subjects reported a previous
gastroenterological illness. Most of these diagnoses oc-
curred long ago, had healed without any consequences,
and did not pose any risks when trekking. These diag-
noses included appendectomy (n = 14), cholecystec-
tomy (n = 3), and Gilbert’s (Meulengracht’s) syndrome
(n = 1). However, some of the trekkers suffered from
diseases which may deteriorate at any time including:
inguinal hernia (n = 4), colon carcinoma (n = 1), lactose
intolerance (n = 2), coeliac disease (n = 1), and primary
sclerosing cholangitis (n = 1).

Fourteen percent of the total collective experienced
diarrhoea during the trek (n = 50/350; 30 men/20 wom-
en). Their average age was 42 years (18-67), which cor-
responded well to that of the total collective.

Two trekkers reported a severe previous infectious
disease. A 57-year-old male reported a history of tuber-
culosis, and a 30-year-old male suffered from an HIV
infection. The latter was trekking with the long-term
medication of Atripla® which is a fixed drug combina-
tion of efavirenz 600 mg, emtricitabine 200 mg and
tenofovir 245 mg. His actual immune status was un-
known and not checked before departure.

Six individuals (2% of the total sample) provided in-
formation on previous oncological diseases. Diagnoses
included prostate carcinoma (n = 3), renal cell carcino-
ma (n = 1), colon carcinoma (n = 1), carcinoma in situ
of the breast (n = 1). All tumours had been completely
resected surgically; no metastases were known in any
patient. None of the subjects had current symptoms
suspicious of tumours or metastases.

Three trekkers reported pre-existing neurological
diseases: essential tremor, fibromyalgia, and migraine.
None of them had received any long-term therapy.

A total of 7 people provided information about an ex-
isting or previous psychiatric illness. Diagnoses included
transient psychosis induced by cannabis (n = 1), panic
attacks (n = 1), a depressive episode (n = 3), and anxiety
disorder (n = 1). One person did not provide details. The
drugs most often used as long-term medication were se-
lective serotonin reuptake inhibitors (SSRIs) like fluvox-
amine, escitalopram or sertraline and an antiepileptic
substance (lamotrigin).

Occasional or regular recreational drug use was re-
ported by a total of 26/350 individuals (7% of the total
sample). Most of this group (n = 20) consumed canna-
bis or drugs containing cannabis, and in addition, 5 of
these subjects also reported occasional cocaine and
amphetamine use.

www.hppajournal.pl



Trekking with non-cardiovascular preexisting health conditions at altitude 35

Occasional alcohol consumption was reported by
the majority of the collective (n = 273/350; n = 78%).
On average, these individuals drank alcoholic bever-
ages 2.4 times/week, with an average of 1.1 litres of
an alcoholic beverage being consumed per week. The
consumption of beer or wine was predominantly re-
ported. The maximum alcohol consumption was daily,
the minimum was once a week. The CAGE Test was an-
swered by 84 individuals. From this group of 84, the fol-
lowing answered up to four questions with a ‘yes’: 64%
(n = 54) answered yes to one question, 17% (n = 14) to
two questions, 18% (n = 15) to three questions, and one
person (1%) answered yes all four questions. According
to the CAGE test, alcohol abuse or alcohol dependence
is probable if a person answers two or more questions
positively." From this group of 84, 36% of the trekkers
must be considered at risk.

The majority of subjects who stated they were affect-
ed by a condition (n = 143) did not report any deteriora-
tion during the trek as a result. However, some reported
pain in the affected region. While 9 trekkers stated that
this did not impair their trip, two others (one with me-
dial meniscus lesion, the other with coxarthrosis) were
considerably impaired by pain. No other deterioration
except pain was reported.

Discussion

The present study was an epidemiological survey of
the prevalent preexisting conditions of trekkers in
the Solu-Khumbu region / Mount Everest (Nepal). The
aim of this study was to help inform and improve the
pre-travel medical advice trekkers receive to include
their preexisting health conditions. More comprehen-
sive pre-trip recommendations should help reduce
travel-associated problems through knowledge of the
local situation and of the demands of the tour.

When comparing the data from the current study
with the Nepalese tourism statistics, the age distribu-
tion matches, and there is also an association in terms
of the geographic origin of the travellers. The age and
sex distribution largely correspond to that of previous
studies on travellers to Nepal.?*** It can therefore be
assumed that the present results are a representative
demographic of trekkers in the Himalayas.

Overall, the data from the current study confirmed
that a relevant proportion of trekkers are travelling
with preexisting conditions. On the one hand, there
was enormously wide range of medical diagnoses af-
fecting the trekkers, but on the other hand, these
conditions were largely stable and only occasionally
showed a significant deterioration while travelling in
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exceptional cases. Half of all the 350 participants (51%)
sought qualified medical information before departure.
This was provided by doctors trained in travel medi-
cine and altitude medicine only in a minority of cases.
However, their trip preparation and vaccination status
were similar to those of previous studies, e.g. in the An-
napurna circuit. Lechner et al. reported 67% of travel-
lers being vaccinated against Hepatitis A, 65% against
hepatitis B, 46% against rabies, and 57% against typhoid
fever.>*® This is nearly identical to our actual results ex-
cept for rabies: 65%, 63%, 24%, and 52%, respectively.
However, neither our data, nor that of the referenced
ones cited, corresponded in any way to the official im-
munisation recommendations for Nepal. Every visitor
should have been vaccinated against typhoid fever,
hepatitis A, tetanus, diphtheria, poliomyelitis, rabies
and measles.?® If they also visited the southern parts
of the country (e.g. Terai), a Japanese Encephalitis vac-
cination and measures against malaria are additionally
recommended.*® Although some of the infections listed
here (e.g. rabies, hepatitis A) may be treated by a post
exposure prophylaxis, such vaccination must be given
within a short time from the infection. The remote loca-
tions of most treks will make this timely post exposure
vaccination impossible.

However, when one considers the large number
of factors that even a healthy trekker should take into
account to maintain health in such remote regions at
high altitude, with limited hygiene and minimal infra-
structure, the low level of specific training of the doc-
tors providing advice seems alarming. Particularly in
view of the large number of different preexisting condi-
tions, (which can create very specific risk constellations,
some will be discussed later), these doctors should have
a sound expertise in internal medicine, sports medicine,
and at least basic knowledge of orthopaedics in addition
to classic knowledge of travel medicine when advising
trekkers. In the case of orthopaedic diagnoses, specific
knowledge about knee complaints and back problems
are particularly important. This also emphasises that trip
physicians should be experienced in primary care.*

Among the complaints that showed a deterioration
during the tour, knee complaints dominated by far. This
includes two trekkers with total knee replacements. To
a lesser extent back and neck pain occurred. The high
luggage weight, the long distances trekked, and the alti-
tude profile collectively represented a major challenge
for the musculoskeletal system. Data from sports medi-
cine and physiotherapy suggest that these complaints
may be at least partially reduced by adequate muscu-
lar training.?”** Therefore, candidates who plan on
trekking should be advised to carefully consider their
training status. Their training should include hikes with
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a backpack which has a similar weight to the one they’ll
have when trekking. Surprisingly such a trip prepara-
tion wasn't performed by any of the participants. An-
other recommendation for persons with gonarthrosis
should be the use of trekking sticks, especially when
walking downhill.?*** However, hiking is still consid-
ered to be a low-risk activity for patients with knee
problems.?®

There is a controversial discussion in the literature
about a possible connection between increased AMS
prevalence and existing hypothyroidism due to inad-
equate substitution therapy or unrecognised hypothy-
roidism. Hypoxia leads to an increased enzyme activity
of the inactivating 3-deiodinase, and consequently to
reduced triiodothyronine (T3) levels.***” A simultane-
ous temporary adrenal cortical insufficiency with re-
duced cortisol production was also observed.*®*° This
could result in increased temperature intolerance,
faster fatigability and slower acclimatisation behaviour.
Thyroid hormones also appear to have an influence on
the 2,3-diphosphoglycerate concentration and thus
on erythropoiesis.*® However, even if it is still unclear
whether hypothyroidism decreases altitude acclimati-
zation or not, such disorders should be taken into ac-
count when advising trekkers.

The number of diabetic trekkers in our study was
lower than expected. Diabetics can now routinely un-
dertake such activities when using oral therapy if they
follow some simple rules.*’ However, they must get
some specific pre-travel advice, e.g. how to differen-
tiate AMS and hyperglycaemia.*! Insulin dependent
persons face another problem because insulin should
not freeze.*? Some data indicate that carbohydrate ab-
sorption is delayed at altitude.*® This may explain the
reports by diabetic mountaineers who experience more
difficult blood glucose management with increasing
altitude.**** In patients with type 1 diabetes, the in-
creased risk of ketoacidosis should be emphasised be-
cause renal compensation of respiratory high-altitude
alkalosis leads to considerable buffer loss.

One patient reported that she had undergone pitu-
itary resection for acromegaly and that there was in-
sufficient ACTH production by the pituitary gland with
inadequate adrenal cortical stimulation. Occasional
morning sickness, fatigue and headaches may be an
expression of a relative cortisone deficiency and may
be due to a lack of ACTH. Cortisone deficiency can be
quickly remedied by taking the morning dose of hy-
drocortisone immediately after waking up. However,
laypersons will have great difficulties in differentiat-
ing these symptoms from AMS. Reduced performance,
fatigue, tiredness, loss of appetite and abdominal pain
can be indications that the substitution dose is too low.
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Specific advice for such patients is mandatory before
departure.

The finding of protein in the urine samples provid-
ed by 83 out of 224 volunteers was remarkably high. It
cannot be assumed that these 83 volunteers had kid-
ney disease. Even in healthy people, there appears to
be a greatly increased permeability of the glomeruli at
altitude. It is not known whether the increased perme-
ability is caused by hypoxia or by hormonal changes.*®
On the other hand, the number of participants who
showed erythrocyturia or haemoglobinuria was re-
markably low. However there was constant exercise
over several days, and this may have induced such find-
ings.*”"*’ Due to the lack of detailed diagnostic possibili-
ties during the expedition, these findings must remain
open for future investigations.

The incidence of traveller’s diarrhoea was lower in
our study (14%) compared to previous ones which re-
ported 23% and up to 40% and more.**** This cannot be
explained by the actual data, and we also did not follow
the collective to the end of their trek so there may be
slightly more incidents of traveller’s diarrhoea. How-
ever, it can be assumed that the findings from this well
studied topic over many years have led to significantly
improved hygiene and health awareness in the region,
thus leading to a now lower incidence. For trekkers,
traveller’s diarrhoea is of special interest because even
the loss of only 1-2% of body fluids leads to a significant
performance decrease as each additional percentage
of water loss can be equated with an ascent of an addi-
tional 500 m in altitude. This effect is due to the increase
in blood viscosity, and thus the reduction in peripheral
perfusion may lead to the occurrence of AMS symp-
toms without an actual ascent in altitude.®®

Our study was performed while the discussion
whether sleep disturbance is a symptom of AMS or
not was still in progress. Therefore we used the ‘old’
definition with sleep quality included. This has also
the advantage of a more direct comparison with other
studies. However, the incidence of acute altitude sick-
ness (AMS) is difficult to compare with other publica-
tions as it was extremely variable due to the five differ-
ent altitude profiles. For example, Lechner reports an
incidence of 17% in Manang (3500 m) from the Anna-
purna Circuit,?® while Haunolder reports 72.6% from
the Solo Khumbu,’'® Murdoch (1995) reported 75%
Solo Khumbu,®® and 74% of patients in the Mustang
region (Nepal) were affected.’” However, all authors
were agreed that ascent rate was the most important
risk factor, and that this condition can be avoided at
least up to 5500 m in nearly all situations when ap-
propriate acclimatization was performed. The altitude
profile to include appropriate acclimatisation is easily
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available in many publications (e.g.*?) but neverthe-
less the incidence of AMS is still quite high. In our
study a significant number of trekkers suffered from
AMS as they obviously did not follow the recommen-
dation but climbed too high too fast.

Data regarding the use and abuse of alcohol and
drugs in the mountains is scarce. Decades ago the abuse
of amphetamines in the Austrian Alps was investigat-
ed.*® The authors found that 7.1% of alpinists above
3300 m of altitude, and 2.7% at 2500 m to 3300 m, were
positive. There are no reports about the incidence of
other drugs in mountaineering, also no detailed ones
about alcohol although the increased risk in skiing has
been documented.®®®? Although alcohol does not in-
crease the risk of AMS®® our data showed that trekkers
are abusing alcohol and substances to an alarming ex-
tent. From the 84 volunteers who answered The CAGE
Test questions in our study, in 36% of this group alcohol
abuse or dependance was probable. Even if no state-
ment regarding the individual risk of this behaviour in
the high mountains is possible from the available re-
sults, an urgent warning should be issued from a pre-
ventive medical point of view. After all, any change in
awareness by alcohol or drugs has direct consequences
for risk acceptance and risk management.

Special attention must be paid to the individual risk
profile when trekking due to adverse effects of long-
term medication. In the current study, this concerns
fluvoxamine, lamotrigin or sertraline, for example,
whose side effect profile includes symptoms that can
easily be associated with travel-related illnesses, such
as headaches, dizziness, tachycardia, diarrhoea, nausea
or vomiting. These symptoms may be misinterpreted
when travellers think about AMS or traveller’s diar-
rhoea. On the other hand, diarrhoea or vomiting may
reduce the uptake of necessary drugs which may have
a significant effect on drugs which have a small thera-
peutic index. Theoretically sedative drugs should in-
crease the risk of accidents (e.g. by stumbling because
they decrease reaction time). Such topics should be ad-
dressed during pre-travel advice.

The trekker with HIV is an interesting case. First of
all it demonstrated the advances in HIV therapy which
enables the patients not only to live a normal daily life,
but it also offered the opportunity for traveling in re-
mote regions. However, if the side effect profile of the
drugs is considered, then the following problems are
among the most common symptoms that occur very
frequently: cephalgia, dizziness, nausea, diarrhoea,
and vomiting. All of them may have significant impact
on the fitness to travel, especially in a remote area like
Solo Khumbu. Obtaining detailed pre-travel informa-
tion from this trekker’s doctor on how to manage such
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problems abroad should be mandatory for every HIV
patient before departure. An actual check of the im-
mune status before departure should be also recom-
mended. Of course, patients with reduced immune sta-
tus should get detailed advice concerning any infectious
risk during travel, especially water and food hygiene.

Conclusion

The preexisting health conditions of trekkers include
a very broad spectrum of diagnoses that would have
benefitted from comprehensive pre-travel medical ad-
vice. Only half of the 350 participants sought any type of
pre-travel advice. Although the number of significant in-
cidences when trekking was relatively small, we did not
follow through to the conclusion of the trek. Physicians
who provide travel advice to trekkers need a profound
knowledge of the local infrastructure, the exposure to
environmental factors, sound knowledge in different
medical disciplines, especially internal medicine, ortho-
paedics and sports medicine, in addition to classic trav-
el medicine topics. Apart from cardiovascular disease
(see™'?), the most important medical problems in the
population studied due to their potential risk or frequen-
cy were knee complaints, diabetes, and asthma/COPD.
A significant number suffered from AMS and did not
receive some, or all, of the recommended vaccinations.

References

[1] Government of Nepal. Nepal tourism statistics 2012. Kath-
mandu: Ministry of Culture, Tourism & Civil Aviation,
Planning & Evaluation Division Statistical Section; 2013.

[2]  Luitel HM, ed. Nepal tourism statistics 2021. Kathmandu:
Ministry of Culture, Tourism & Civil Aviation; 2022.

[3] Basnyat B. Acute mountain sickness in local pilgrims
to a high altitude lake (4154 m) in Nepal. J Wild Med.
1993;4(3):286-292. doi: 10.1580/0953-9859-4.3.286.

[4] Basnyat B, SubediD, Sleggs ], 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 Environ
Med. 2000;11(2):89-93. doi: 10.1580/1080-6032(2000)011.

[5S] MaclInnis M]J, Carter EA, Freeman MG, et al. A prospec-
tive epidemiological study of acute mountain sickness in
Nepalese pilgrims ascending to high altitude (4380 m).
PLoS One. 2013;8(10):e75644. doi: 10.1371/journal.
pone.0075644.

[6] Zafren K, Pun M, Regmi N, et al. High altitude illness in
pilgrims after rapid ascent to 4380 m. Travel Med Infect
Dis. 2017;16:31-34. doi: 10.1016/j.tmaid.2017.03.002.

Health Promotion & Physical Activity, 2024, 28 (3), 29-40


https://doi.org/10.1580/0953-9859-4.3.286
https://doi.org/10.1580/1080-6032%282000%29011
https://doi.org/10.1371/journal.pone.0075644
https://doi.org/10.1371/journal.pone.0075644
https://doi.org/10.1016/j.tmaid.2017.03.002

38

Original article

T. Kupper, C. Apel, D. Bertsch, et al.

(7]

(8]

&)

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Kiipper T, Hemmerling AV, Caesar M. Risikomanagement
beim organisierten Trekking. In: Waanders R, Frisch H,
Schobersberger W, Berghold F, eds. Jahrbuch 2003 der
Osterreichischen Gesellschaft fiir Alpin- und Hohenmedizin:
Thema Projekt Silberpyramide: Freie Themen. Innsbruck:
Osterreichischen Gesellschaft fiir Alpin- und Héhenme-
dizin; 2003:41-52. Available from: https://alpinmedizin.
org/at/themen/230-jahrbuch-2003.

Lechner K. Risikomanagement beim trekking [= Risk ma-
nagement while trekking]. [doctoral dissertation]. Aachen:
Rheinisch-Westfilische Technische Hochschule, Inst fiir
Arbeits- und Sozialmedizin; 2013.

Haunolder M. Trekkers with Preexisting Cardiopulmona-
ry Diseases in the Everest Region. [doctoral dissertation].
Aachen: RWTH Aachen Technical University, Institute
of Occupational and Social Medicine; 2020.

Haunolder M, Apel C, Bertsch D, et al. Cardiovascular risk
profiles and pre-existing health conditions of trekkers in
the Solu-Khumbu region, Nepal. Int J Environ Res Public
Health. 2022;19(24):16388. doi: 10.3390/ijerph192416388.
Bradwell AR, Dykes PW, Coote JH, et al. Effect of acetazo-
lamide on exercise performance and muscle mass at high
altitude. Lancet. 1986;1(8488):1001-1005. doi: 10.1016/
s0140-6736(86)91272-9.

Fulco CS, Muza SR, Ditzler D, et al. Effect of acetazolami-
de on leg endurance exercise at sea level and simulated
altitude. Clin Sci (Lond). 2006;110(6):683-692. doi: 10.1042/
CS20050233.

Lohmann M. Laborwerte verstehen: Blut-, Urin- und Stuhla-
nalysen: Normalwerte im Uberblick: Fachbegrie und wichtige
Abkiirzungen. Murnau a. Staffelsee: Mankau Verlag; 2023.
Stalla GK. Therapielexikon Endokrinologie und Stowechsel-
krankheiten. Heidelberg: Springer Verlag; 2007.

Ewing JA. Detecting alcoholism: The CAGE question-
naire. JAMA. 1984;252(14):1905-1907. doi: 10.1001/
jama.252.14.1905.

DA-GGSf Adipositas. Definition von iibergewicht und adipo-
sitas [= Definition of overweight and obesity]. Martinsried:
Deutsche Adipositas-Gesellschaft; 2023.

Roach RC, Hackett PH, Oelz O, et al. The 2018 Lake Lo-
uise Acute Mountain Sickness Score. High Alt Med Biol.
2018;19(1):4-6. doi: 10.1089/ham.2017.0164.
Unverdorben M, der Bijl A, Potgieter L, et al. Effects of
levels of cigarette smoke exposure on symptom-limi-
ted spiroergometry. Prev Cardiol. 2007;10(2):83-91. doi:
10.1111/5.1520-037x.2007.06036.x.

Adir Y, Merdler A, Haim SB, Front A, Harduf R, Bitter-
man H. Effects of exposure to low concentrations of car-
bon monoxide on exercise performance and myocardial
perfusion in young healthy men. Occup Environ Med.
1999;56(8):535-538. doi: 10.1136/0em.56.8.535.

Zander R. Cohb-onzentrationen im blut bei rauchern
und nichtrauchern. In: Zander R, Mertzlufft FO, eds. Der

Health Promotion & Physical Activity, 2024, 28 (3), 29-40

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Sauerstoff-Status des arteriellen Blutes: Interdisziplindres
Maingzer Symposium d. Angewandten Physiologie u. Klin.
Anaesthesiologie, Mainz, 3./4. Oktober 1986. Mainz: Karger
(Basel), 1986:183-186.

Thieme S, S Bosch. Kohlenmonoxid: Unterschitzte Ge-
fahr fiir Patienten und Retter. Retten! 2017;6(3):218-229.
doi: 10.1055/s-0042-124038.

Scharfenberg C, Lechner K, Giet S vd, et al. The need for
specific first aid and emergency knowledge whilst trek-
king in remote areas - results of the ADEMED (Aachen
DEntal and MEDical) Expedition to the Annapurna re-
gion, Nepal. Health Prom Phys Act. 2021;14(1):17-24. doi:
10.5604/01.3001.0014.8098.

Lechner K, Scharfenberg C, Hettlich EM, et al. Risk mana-
gement and first aid knowledge of trekkers in Nepal. Health
Prom Phys Act. 2020;13(4):21-24. doi: 10.55225/hppa.174.
Kiipper T, Hettlich C, Horz H-P, et al. Dental problems
and emergencies of trekkers -epidemiology and preven-
tion. Results of the ADEMED Expedition 2008. High Alt
Med Biol. 2014;15(1):39-45. doi: 10.1089/ham.2013.1108.
Robert Koch Institute. [Table of countries]. Epidemiol Bull.
2023;(14):134.

Basnyat B, Litch JA. Medical problems of porters and
trekkers in the Nepal Himalaya. Wilderness Environ
Med. 1997;8(2):78-81. doi: 10.1580/1080-6032(1997)008
[0078:mpopat]2.3.co0;2.

Miiller G, Lyssenko L, Giurgiu M, et al. How effective
and efficient are different exercise patterns in reducing
back pain? Eur J Phys Rehabil Med. 2020;56(5):585-593. doi:
10.23736/S1973-9087.20.05975-4.

Edinborough L, Fisher JP, Steele J. A comparison of the
effect of kettlebell swings and isolated lumbar exten-
sion training on acute torque production of the lumbar
extensors. J Strength Cond Res. 2016;30(5):1189-1195. doi:
10.1519/JSC.0000000000001215.

Park S, Min S, Park S-H, Yoo ], Jee Y-S. Influence of iso-
metric exercise combined with electromyostimulation
on inflammatory cytokine levels, muscle strength, and
knee joint function in elderly women with early knee
osteoarthritis. Front Physiol. 2021;12:688260. doi: 10.3389/
fphys.2021.688260.

Mersmann F, Laube G, Marzilger R, Bohm S, Schroll A,
Arampatzis A. A functional high-load exercise interven-
tion for the patellar tendon reduces tendon pain preva-
lence during a competitive season in adolescent han-
dball players. Front Physiol. 2021;12:626225. doi: 10.3389/
fphys.2021.626225

Samuel D, Rowe P, Hood V, Nicol A. The relationships
between muscle strength, biomechanical functional
moments and health-related quality of life in non-elite
older adults. Age Ageing. 2012;41(2):224-230. doi: 10.1093/
ageing/afr156.

www.hppajournal.pl


https://alpinmedizin.org/at/themen/230-jahrbuch-2003
https://alpinmedizin.org/at/themen/230-jahrbuch-2003
https://doi.org/10.3390/ijerph19241638
https://doi.org/10.1016/s0140-6736%2886%2991272-9
https://doi.org/10.1016/s0140-6736%2886%2991272-9
https://doi.org/10.1042/CS20050233
https://doi.org/10.1042/CS20050233
https://doi.org/10.1001/jama.252.14.1905
https://doi.org/10.1001/jama.252.14.1905
https://doi.org/10.1089/ham.2017.0164
https://doi.org/10.1111/j.1520-037x.2007.06036.x
https://doi.org/10.1136/oem.56.8.535
https://doi.org/10.1055/s-0042-124038
https://doi.org/10.5604/01.3001.0014.8098
https://doi.org/10.55225/hppa.174
https://doi.org/10.1089/ham.2013.1108
https://doi.org/10.1580/1080-6032%281997%29008%5B0078:mpopat%5D2.3.co%3B2
https://doi.org/10.1580/1080-6032%281997%29008%5B0078:mpopat%5D2.3.co%3B2
https://doi.org/10.23736/S1973-9087.20.05975-4
https://doi.org/10.1519/JSC.0000000000001215
https://doi.org/10.3389/fphys.2021.688260
https://doi.org/10.3389/fphys.2021.688260
https://doi.org/10.3389/fphys.2021.626225
https://doi.org/10.3389/fphys.2021.626225
https://doi.org/10.1093/ageing/afr156
https://doi.org/10.1093/ageing/afr156

Trekking with non-cardiovascular preexisting health conditions at altitude

39

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Vincent KR, Vincent HK. Resistance exercise for knee
osteoarthritis. PM R. 2012;4(5 Suppl):S45-52. doi:
10.1016/j.pmrj.2012.01.019.

Koukoutsi A. The use of hiking sticks in the mounta-
ins - recommendation of the Medical Commission of
the Union Internationale des Associations D’alpinisme
(UIAA). Health Prom Phys Act. 2020;4(13):18-20. doi:
10.55225/hppa.173.

Bohne M, Abendroth-Smith J. Effects of hiking down-
hill using trekking poles while carrying external loads.
Med. Sci Sports Exerc. 2007;39(1):177-183. doi: 10.1249/01.
mss.0000240328.31276.fc.

Fink C, Hoser C, Benedetto KP. [Sports capacity after rup-
ture of the anterior cruciate ligament--surgical versus non
-surgical therapy]. Aktuelle Traumatol. 1993;23(8):371-375.
Diano S, Horvath TL. Type 3 deiodinase in hypoxia: To
cool or to kill? Cell Metab. 2008;7(5):363-364. doi: 10.1016/j.
cmet.2008.04.008.

Ma Y, Freitag P, Zhou ], Briine B, Frede S, Fandrey J.
Thyroid hormone induces erythropoietin gene expres-
sion through augmented accumulation of hypoxia-indu-
cible factor-1. Am J Physiol Rwgul Integr Comp Physiol.
2004;287(3):R600-607. doi: 10.1152/ajpregu.00115.2004.
Richalet JP, Letournel M, Souberbielle J-C. Effects of hi-
gh-altitude hypoxia on the hormonal response to hypo-
thalamic factors. Am J Physiol Regul Integr Comp Physiol.
2010;299(6):R1685-1692. doi: 10.1152/ajpregu.00484.2010.
Wright AD. Birmingham Medical Research Expeditiona-
ry Society 1977 Expediton: thyroid function and acute
mountain sickenss. Postgrad Med J. 1979;55(645):483-486.
doi: 10.1136/pgmj.55.645.483.

Adams WH. Erythrocyte 2,3-diphosphoglycerate and
adenosinetriphosphate in cretins living at high altitude.
Acta Haematol. 1976;56(1):14-18. doi: 10.1159/000207914.
Hillebrandt D, Gurtoo A, Kiipper T, et al. UTAA Medical
Commission recommendations for mountaineers, hill-
walkers, trekkers, and rock and ice climbers with diabe-
tes. High Alt Med Biol. 2023;24(2):110-126. doi: 10.1089/
ham.2018.0043.

Kiipper T, Schraut B, Rieke B, et al. Drugs and drug admi-
nistration in extreme climates. J Travel Med. 2006;13(1):35-
-47. doi: 10.1111/§.1708-8305.2006.00007.x.

Admetlla J, Leal C, Ricart A. Management of diabetes
at high altitude. Br J Sports Med. 2001;35(4):282-283. doi:
10.1136/bjsm.35.4.282-a.

Brubaker PL. Adventure travel and type 1 diabetes:
The complicating effects of high altitude. Diabetes Care.
2005;28(10):2563-2572. doi: 10.2337/diacare.28.10.2563.
Hao K, Kong FP, Gao YQ, et al. Inactivation of corticotro-
pin-releasing hormone-induced insulinotropic role by
high-altitude hypoxia. Diabetes. 2015;64(3):785-795. doi:
10.2337/db14-0500.

www.hppajournal.pl

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

Winterborn MH, Bradwell AR, Chesner IM, Jones GT.
The origin of proteinuria at high altitude. Postgrad Med J.
1987;63(737):179-181. doi: 10.1136/pgm;j.63.737.179.
Altschule MD. Runners’ hemoglobinuria - in men, dogs
and horses. Pharos Alpha Omega Alpha Honor Med Soc.
1981;44(1):33.

Uhrig HT, Gainer BJ. A case of march hemoglobinuria.
Mil Med. 1991;156(5):A9.

Abarbanel J, Benet AE, Lask D, Kimche D. Sports he-
maturia. J Urol. 1990;143(5):887-890. doi: 10.1016/
$0022-5347(17)40125-x.

Timmermann LF, Ritter K, Hillebrandt D, Kiipper T.
Drinking water treatment with ultraviolet light for
travelers - evaluation of a mobile lightweight system.
Travel Med Infect Dis. 2015;13(6):466-474. doi: 10.1016/j.
tmaid.2015.10.005.

Taylor DN, Houston R, Shlim DR, Bhaibulaya M, Ungar BL,
Echeverria P. Etiology of diarrhea among travelers and
foreign residents in Nepal. JAMA. 1988;260(9):1245-1248.
Pandey P, Bodhidatta L, Lewis M. Travelers’ diar-
rhea in Nepal: An update on the pathogens and anti-
biotic resistance. J Travel Med. 2011;18(2):102-108. doi:
10.1111/j.1708-8305.2010.00475.x.

Murphy H, Pandey P. Pathogens for travelers' diarrhea
in nepal and resistance patterns. Curr Infect Dis Rep.
2012;14(3):238-245. doi: 10.1007/s11908-012-0253-9.
Murphy H, Bodhidatta L, Sornsakrin S, et al. Traveler’s
diarrhea in Nepal - changes in etiology and antimicrobial
resistance. J Travel Med. 2019;26(8):taz054. doi: 10.1093/
jtm/taz054.

Cumbo TA, Basnyat B, Graham J, Lescano AG, GambertS.
Acute mountain sickness, dehydration, and bicarbonate
clearance: Preliminary field data from the Nepal Hima-
laya. Aviat Space Environ Med. 2002 Sep;73(9):898-901.
Murdoch DR. Symptoms of infection and altitude illness
among hikers in the Mount Everest region of Nepal. Aviat
Space Environ Med. 1995;66(2):148-151.

Poudel KM, Poudel TR, Shah N, et al. Ascent rate
and the Lake Louise scoring system: An analysis of
one year of emergency ward entries for high-altitu-
de sickness at the Mustang district hospital, Nepal.
PLoS One. 2022;17(10):e0276901. doi: 10.1371/journal.
pone.0276901.

Kubalova J. Recommendation of the UIAA Medical Com-
mission. Vol. 1: 4 x 4 Health Rules for Mountaineers. Bern:
Union Internationale des Associations d’Alpinisme; 2008.
Roggla G, Roggla M, Zeiner A, et al. [Amphetamine do-
ping in leisure-time mountain climbing at a medium alti-
tude in the Alps]. Schweiz Z Sportmed. 1993;41(3):103-105.
Fahrenkrug H, Klingemann HK. Alcohol and accidents in
Switzerland - a critical review. Addiction. 1993;88(7):969-
982. doi: 10.1111/j.1360-0443.1993.th02115.x.

Health Promotion & Physical Activity, 2024, 28 (3), 29-40


https://doi.org/10.1016/j.pmrj.2012.01.019
https://doi.org/10.55225/hppa.173
https://doi.org/10.1249/01.mss.0000240328.31276.fc
https://doi.org/10.1249/01.mss.0000240328.31276.fc
https://doi.org/10.1016/j.cmet.2008.04.008
https://doi.org/10.1016/j.cmet.2008.04.008
https://doi.org/10.1152/ajpregu.00115.2004
https://doi.org/10.1152/ajpregu.00484.2010
https://doi.org/10.1136/pgmj.55.645.483
https://doi.org/10.1159/000207914
https://doi.org/10.1089/ham.2018.0043
https://doi.org/10.1089/ham.2018.0043
https://doi.org/10.1111/j.1708-8305.2006.00007.x
https://doi.org/10.1136/bjsm.35.4.282-a
https://doi.org/10.2337/diacare.28.10.2563
https://doi.org/10.2337/db14-0500
https://doi.org/10.1136/pgmj.63.737.179
https://doi.org/10.1016/s0022-5347%2817%2940125-x
https://doi.org/10.1016/s0022-5347%2817%2940125-x
https://doi.org/10.1016/j.tmaid.2015.10.005
https://doi.org/10.1016/j.tmaid.2015.10.005
https://doi.org/10.1111/j.1708-8305.2010.00475.x
https://doi.org/10.1007/s11908-012-0253-9
https://doi.org/10.1093/jtm/taz054
https://doi.org/10.1093/jtm/taz054
https://doi.org/10.1371/journal.pone.0276901
https://doi.org/10.1371/journal.pone.0276901
https://doi.org/10.1111/j.1360-0443.1993.tb02115.x

40 Original article T. Kupper, C. Apel, D. Bertsch, et al.

[61] Cherpitel CJ, Meyers AR, Perrine MW. Alcohol con- [63] Schneider M, Bernasch D, Weymann J, Holle R, Bartsch P.
sumption, sensation seeking and ski injury: A case- Acute mountain sickness: Influence of susceptibility,
control study. J Stud Alcohol. 1998;59(2):216-221. doi: preexposure, and ascent rate. Med Sci Sports Exerc. 2002;
10.15288/jsa.1998.59.216. 34(12):1886-1891. doi: 10.1097/00005768-200212000-00005.

[62] Gaudio RM, Barbieri S, Feltracco P, et al. Impact of alco-
hol consumption on winter sports-related injuries. Med
Sci Law. 2010;50(3):122-125. doi: 10.1258/msl1.2010.010007.

Health Promotion & Physical Activity, 2024, 28 (3), 29-40 www.hppajournal.pl



