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Abstract 

To determine if lung function before altitude exposure can predict AMS 

spirometric testing in ten healthy participants (six males, four females) was 

conducted before and after 40 days of trekking in Nepal. Parameters of VC, FEV1, 

FEV1/FVC and PEF were measured and compared to daily Lake Louise (LL) 

scores, the protocol for detecting AMS. The total LL score for each participant 

was noted after twelve days with the same speed of ascent, and after the trek 

including different routes and altitudes. FEV1 correlated to LL scores after twelve 

days of trekking, FEV1/FVC or PEF did not correlate with LL scores neither did 

any of the other parameters. Pre spirometry and LL scores after the trek did not 

correlate except for VC in percent predicted, accepted as a trend. Every 

participant assessed LL scores ≥ 3 at least once but only one participant was 

diagnosed with AMS. The decrease in VC from pre to post spirometry was 

significant while decreases in FEV1/FVC and PEF were accepted as trends. The 

change in FEV1 was not significant. Due to few correlations in percent predicted 

and LL scores the conclusion of the study was that pre spirometry does not predict 

AMS.  

 

Keywords: Hypoxia, illnesses due to ascent, Lake Louise Score, Lung function
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Definitions 
These are the definitions of the spirometric parameters used in the present study 

(Cedar, 2012; Jonson& Wollmer, 2005; Sandström & Eklund, 2009). 

 

Vital capacity (VC) is the maximal amount of air an individual is capable of 

exhaling after a maximal inhalation (liters, L).  

 

Forced expiratory volume during the first second (FEV1) is a rate of flow 

describing the total amount of air being exhaled during the first second of a forced 

exhalation (liters* second-1).  

 

The ratio of FEV1 and Forced vital capacity (FEV1/FVC), usually expressed as a 

percentage, describes how much air can be expired out during the first second as a 

proportion of a total forced exhalation. It is also known as the Tiffeneau Index. 

Low values are considered to be < 70%. This value should not be confused with 

percent predicted for FEV1. 

 

Peak expiratory flow (PEF) is a measurement of the maximal flowrate of 

expiration and examines the resistance of the lung (l*second-1).  

 

Percent predicted is a comparison of the actual value to a normal reference value 

of individuals of the same sex, age, height and sometimes race and weight.  
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Introduction 
Breathing is one of the most essential functions keeping us alive. The access to 

oxygen and the energy delivery to tissues and working muscles are vital, and any 

disturbances may have a massive impact on the individual health. At sea level the 

ambient partial pressure of oxygen (PO2) is higher than the PO2 in the arterial 

blood. This difference causes oxygen (O2) to diffuse from the alveoli into the 

capillaries. Alternatively the partial pressure of carbon dioxide (PCO2) in the 

capillaries is higher than in the alveoli and therefore will cause CO2 diffusion over 

to the alveoli to be exhaled out. This diffusion is important for keeping 

homeostasis in the body and avoiding oxygen debt in the tissues also known as 

hypoxia (Wilmore, Costill & Kennedy, 2008). When ascending to higher altitudes 

the ambient O2 - percentage remains the same (21%) but the ambient PO2 is 

reduced and negatively affects the diffusion in the alveoli (Peacock, 1998). The 

delivery of O2 to the tissues is therefore decreased due to decreased O2 content in 

the blood. In other words, at altitudes greater than ≥ 2000 meters above sea level 

(m.a.s.l.) the normal body function is no longer optimal for providing the tissues 

and the working muscles with oxygen. An increased breathing frequency, referred 

to as hyperventilation is therefore to be expected as an acute compensation-

strategy for hypoxia (Peacock, 1998; West, 2006). The function of the lung 

therefore plays an important role in every individual’s ventilation capacity since it 

affects the oxygen uptake and especially the ability to breathe. Hyperventilation 

also causes a fall in PCO2 in the arteries and often results in respiratory alkalosis 

or elevated blood-pH (Chin et al. 2007; West, 2006). However pH often returns to 

normal levels in a couple of days due to the stimuli of the kidneys to increases 

secretion of bicarbonate that resets pH in the blood (Jonson & Wollmer, 2005). 

Hypoxia and the stimuli of the kidneys also cause an increase of erythropoietin to 

increase the production of red blood cells in the bone marrow (West, 2006; Jonson 

& Wollmer, 2005). 

 

Spirometry is a common method for examining the lung function among patients 

with different types of pulmonary diseases. Some of these diseases have 

similarities with conditions appearing at high altitude, for example the obstruction 

of smaller airways (Ge et al. 1997). Spirometric changes among individuals 

exposed to high altitudes have therefore been of interest for researchers (Sonmez 
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et al., 2009; Peacock & Jones, 1997), especially the potential possibilities to 

prevent high altitude illnesses such as acute mountain sickness (AMS), high 

altitude pulmonary edema (HAPE) and high altitude cerebral edema (HACE) due 

to hypoxia (Selland et al. 1993; Clarenbach et al. 2012). These studies, however, 

often focus on the occurrence of HAPE among individuals with a history of 

HAPE (Selland et al.1993). 

 

Every individual at high altitude experiences oxygen debt, but the reactions to the 

changes in the environment might differ between individuals. Dizziness, 

headache, anorexia, sleep disturbances and nausea are all examples of reactions to 

altitudes >2500 m.a.s.l and also symptoms of AMS (Kayser, 1991). These 

symptoms are usually estimated by protocols such as the Lake Louise (LL) 

scoring protocol where the individuals evaluate their perceived wellbeing in terms 

of headache, gastro- intestinal symptoms, fatigue, dizziness and sleeping quality 

(Burgess, Johnson, Edwards & Cooper, 2004). These symptoms are also relatively 

common during the first hours at altitude but they often pass in a couple of days 

and are not considered to be dangerous as long as they are taken care of and the 

speed of ascent is adjusted (Cingi, Erkan & Rettinger, 2010; Schneider, Bernasch, 

Weymann, Holle & Bärtsch, 2002). If individual sensitivity to high altitude is 

predictable at sea level, prior to high altitude, it would make it easier for 

individuals to plan their treks and adjust the speed of ascent.  

Aim of the study 
Although there are multiple studies done on high altitude spirometry there are no 

study, to the author known, that focus on lung function testing prior to high 

altitude exposure and the occurrence of AMS during the exposure among healthy 

individuals without previous experience of high altitude related illnesses. The aim 

of this study was therefore to evaluate if pre spirometry testing is a viable method 

to predict individual risk of developing AMS. 

Methods 
Participants 

The study was approved by the Regional Human Ethical board in Umeå 

(Sweden), the corresponding board in Kathmandu (Nepal) and in agreement with 

the declaration of Helsinki. Ten participants (Table 1) from a Swedish University 
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participated in a 40 day trek in Nepal. They were all healthy in terms of no 

medication or known disease. Both women and men had normal or high percent 

predicted values, taking sex, age and body height in consideration, in pre 

spirometry. 

 

Table 1. Description of the participants. The percent predicted is comparison of 

the actual value to a normal reference value of individuals with the same 

characteristics. 
Subjects  Height (cm) Weight 

(kg) 

Age 

(years) 

VC pred. 

(%) 

FEV1 pred. 

(%) 

FEV1/FVC pred. 

(%) 

PEF pred. 

(%) 

n= 10 177.2 ± 10.1  71.4 ± 10.1 26 ± 9 106.5 ± 9.5 110.5 ± 10.3 105.1 ± 8.2 108.5 ± 14.1 

Male 

n= 6 

184.0 ± 4.9 77.4 ± 5.7 23 ± 4 106.1 ± 10.1  111.1 ± 12.7 101.1 ± 7.2 107.1 ± 10.9 

Female 

n=4 

166.9 ± 5.9 62.4± 9.5 30 ± 14 107.3 ± 10.3 109.6 ± 6.6 111.1 ± 5.0 110.6 ± 17.1 

 

Procedure 

The participants performed a pre- and a post spirometry test in Östersund, Sweden 

(330 m.a.s.l), 20 days before and six days after trekking in Nepal. The test 

included four maximal inhalations each followed by a maximal exhalation in a 

spirometer (Spirobank USB, Waukesha, Wisconsin, USA). The first two 

exhalations were long and controlled, with an objective to of empty the lungs 

maximally to measure VC (L). Next the participants performed two exhalations as 

rapidly as possible to measure FEV1 (l* sec-1), FEV1/FVC (%) and PEF (l* sec-1). 

A nose-clip was used to avoid leakage through the nose while exhaling in the 

spirometer. For each of these parameters, both absolute values in terms of liters or 

ratio and the percent predicted were noted since the percent predicted took gender, 

age and height in consideration.  

 

For detecting Acute Mountain Sickness during the trek the LL scoring protocol 

was used. Every participant kept a diary of their perceived comfort in terms of an 

everyday LL score where scores from 0 (no discomfort) to 3 (severe discomfort) 

were assessed for headache, gastro-intestinal symptoms, fatigue/ weakness, dizzy/ 

lightheadedness and sleeping quality (Appendix 1). The scores noted where then 

summarized to form a total LL score for the day where a score ≥ 3 including 

headache was considered to imply AMS (Dallimore, Foley & Valentine, 2012; 

Rupp et al. 2012). The LL scores were first estimated at sea level for three days 

before high altitude exposure as a baseline sample for perceived discomfort. In the 
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fields the LL scores were estimated every morning during the first half an hour 

after waking up since the symptoms are most prevalent then (Schneider et al. 

2002). After the trek the daily LL scores for each individual was summarized 

together to create an individual total score for the first twelve days up to Na at 

4200 m.a.s.l. and a total score for the whole trek. These first twelve days have 

been the main period of interest for the study since the exposure to high altitude in 

terms of sleep altitudes were the same for all participants. 

 

The trekking protocol   

The altitudes expressed in this study represent the altitudes where the participants 

slept and not maximal altitudes reached during the day. The whole trek started 

March 2013 and lasted for 40 days with the first sleep at 1370 m.a.s.l. 

(Kathmandu). All the participants kept the same speed of ascent from Kathmando 

for the first twelve days (2830 m) up to Na (4200 m.a.s.l) where they spent at least 

four days before taking different routes (Figure 1.). 

 

Data analysis  

When analyzing the results from the pre- and the post spirometry tests, individual 

means for each variable were used to calculate group means. The normal 

distribution for these values was determined by Shapiro Wilks test in IBM SPSS 

(version 21, Chicago, USA). The correlation between the pre spirometry and the 

total LL scores up to Na and from the whole trek was analyzed by the Pearson’s 

correlation assessment in Excel 2013 (Microsoft, Redmond, USA) as well as the 

correlation between the three stages of LL scores (Baseline, after twelve days of 

trekking and the total LL scores after the whole trek). Correlations were 

considered significant at a level of p ≤ 0.05 (the critical value = 0.632) and trends 

accepted at a level of p= 0.1 (the critical value = 0.549). Student’s paired T-test 

was used for the changes in spirometry from the pre- to the post tests. Differences 

were considered significant at a level of p = 0.05. Trends were accepted at a level 

of p= 0.1. Descriptive statistics are presented as means and standard deviation (SD 

±). 
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Figure 1. The trekking route, where the participants took different routes after Na (4200 m.a.s.l). n = the amount of individuals at that specific altitude
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Results 
There were significant correlations between baseline LL scores and LL scores 

after trekking up to Na (r = 0.644, p < 0.05) as well as LL scores after Na and 

after 40 days of trekking (r= 0.826, p < 0.05). The correlation between baseline 

LL scores and from the 40 day-long trek was not significant (NS) but accepted as 

a trend (r = 0.567, p < 0.1). Baseline LL scores did not correlate with any of the 

measured parameters from pre spirometry. 

 

After twelve days of trekking 

Vital capacity (VC) 

The correlation between VC in terms of liters from pre spirometry and the LL 

scores after twelve days of trekking was accepted as a trend seen in figure 2a (r = 

-0.575, p < 0.1) while considered not significant in percent predicted seen in 

figure 2b (r = -0.256, p > 0.05).  

 

Figure 2a. The vital capacity and Lake Louise 

score after twelve days of trekking (r= -0.575, p < 

0.1). 

 
Figure 2b. Percent predicted from pre spirometry 

for the Vital capacity and Lake Louise score after 

twelve days of trekking (r = -0.256, p > 0.05). 

 

Forced expiratory volume during the first second (FEV1) 

After twelve days of trekking there was a negative correlation in FEV1 in liters 

from pre spirometry and LL scores seen in figure 3a (r = -0.638, p < 0.05). 

However, FEV1 in percent predicted and LL scores (figure 3b) was not correlated 

(r = -0.452, p > 0.05).  
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Figure 3a. The FEV1 prior to high altitude 

exposure and Lake Louise score after twelve days 

of trekking (r= -0.638, p < 0.05). 

 
 

Figure 3b. Percent predicted from pre spirometry 

for FEV1 and Lake Louise score after twelve days 

of trekking (r = -0.452, p > 0.05).

 

FEV1/FVC 

There was no correlation between pre spirometry FEV1/FVC and LL scores after 

twelve days of trekking seen in figure 4a and 4b (r = 0.221 and r = 0.241, 

respectively, p > 0.05). 

 
 

Figure 4a. The FEV1/FVC prior to high altitude 

exposure and Lake Louise score after twelve days 

of trekking (r= 0.221, p > 0.05). 

 
 

Figure 4b.  Percent predicted from pre spirometry 

for FEV1/FVC and Lake Louise score after 

twelve days of trekking (r = 0.241, p > 0.05).

Peak Expiratory Flow (PEF) 

Pre spirometry PEF and LL scores after twelve days of trekking seen in figure 5a 

(r = -0.530, p > 0.05) and figure 5b was not correlated (r = -0.151, p > 0.05). 
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Figure 5a. PEF prior to high altitude exposure 

and Lake Louise scores after twelve days of 

trekking (r= -0.530, p > 0.05). 

 

Figure 5b. Percent predicted from pre spirometry 

for PEF and the Lake Louise scores after twelve 

days of trekking (r = -0.151, p > 0.05). 

 

Comparing Lake Louise scores for the whole trek with spirometry 

There were no significant correlations between pre spirometry in percent 

predicted and LL scores after the whole trek, except for VC that was accepted as a 

trend seen in figure 6 (r = -0.598, p < 0.1). The LL scores and the pre spirometry 

in liters for VC (r = -0.442), FEV1 (r = -0.425) and PEF (r = -0.191) had weaker 

correlations after the whole trek than after twelve days while the LL scores and 

FEV1/FVC had a stronger correlation than after twelve days (r =0.447), none of 

the findings were significant nor accepted as trends.  

 

 

Figure 6. The percent predicted for VC and the total Lake Louise scores after the whole trek (r = -0.598, p < 

0.1). 
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Change in spirometry from pre to post tests 

The overall group findings from pre- to post spirometry in liters indicates a 

significant change in the group mean in VC with a change of 291ml ± 225 ml (~ 

5.5%) (p= 0.003, p < 0.05). FEV1 (figure 6) was considered not significant with a 

change of 54 ml ± 750ml (~1.2%) (p =0.825). PEF with a change of 723 ml ± 

1083 ml (~ 7.5%) and FEV1/FVC with a change of 3.2% ± 4.6% were accepted as 

trends also presented in  figure 6 and 7 (p = 0.064 and p = 0.055, respectively).  

The same pattern of correlations were noted for percent predicted, where the 

decrease in VC was significant 5.96 ± 4.55% (p = 0.003) and FEV1/FVC 3.80 ± 

5.45% and PEF 7.53 ± 12.75% were accepted as trends (p = 0.055 and p = 0.095, 

respectively). For each individual there were no correlations or trends between the 

spirometric changes from pre to post spirometry and total LL scores after the 

whole trek or after twelve days up to Na. 

 

 

Figure 6. Changes in spirometry in terms of liters 

from pre to post tests.  

 

 

 

Figure 7. The changes in FEV1/FVC from pre- to 

post spirometry tests (3.5 % ± 4.6%) accepted as 

a trend (p < 0.1). 
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compared with the others after day 23, at 827 m.a.s.l. and 1370 m.a.s.l., did not 

suffer from AMS and stayed down for other reasons. 

Discussion 
Pre spirometry and Lake Louise scores 

The main purpose of this study was to examine the possibility to predict AMS by 

spirometry testing prior to altitude exposure. The relationship between spirometry 

and AMS is previously questioned among researchers and some correlations 

between a decrease in PEF and AMS have been suggested (Pollard, 1996; 

Stockley & Green, 1979). In the present study it appears that pre FEV1 (l* sec-1) is 

correlated to LL scores after trekking from Kathmandu (1370 m.a.s.l) to Na (4200 

m.a.s.l) with an ascent of 2830m in twelve days. The results indicated that lower 

FEV1 values prior to high altitude caused higher LL scores among individuals, 

which support the findings of Anholm, Houston, & Hyers (1979) who found a 

correlation between a decrease in FEV1 (and FVC) and dysapnea and headache 

among individuals visiting a ski resort at 2.835 meters. Mason et al. (2000) 

however, did not find any correlations between spirometric changes and AMS 

symptoms in individuals trekking in the Nepalese Himalayas.  

 

FEV1 is considered to be one of the most important parameters in lung function, 

as it evaluates the function of the smaller airways especially in obstructive lung 

diseases due to increased resistance in the airways (Svenningsen et al. 2014; 

Jonson & Wollmer, 2005). Asthma, for example, is a relatively common 

obstructive disorder and numerous studies have focused on asthmatics and ascent. 

Several findings suggest no risk with ascent among individuals with controlled or 

mild Asthma compared to healthy individuals (Huisman, Douma, Kerstjens, & 

Renkema, 2010; Luks & Swenson, 2007), while others have found significant 

decreases in FEV1 and increased AMS among asthmatics as well as an increased 

intake of medication (Seys et al. 2013). There are also other more complicated 

illnesses due to obstruction of the lungs that suggest no or minimal exposure to 

high altitude for diagnosed individuals (Luks & Swenson, 2007). Therefore the 

findings in the present study suggest further investigation if lower pre spirometric 

FEV1 values among healthy individuals as well could cause difficulties at altitude. 

The same trend as for FEV1 was noticed for VC (liters) indicating that lower 
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values prior to high altitude exposure caused higher LLS. This could perhaps be 

due to smaller lungs (Appendix 2), which also could help to describe earlier 

findings of a more frequent sensitivity to high altitude among women compared to 

men (Kayser, 1991; Dallimore & Rowbotham, 2009). However, for the same 

measurements but in percent predicted, taking gender, age and body height in 

consideration, none of the correlations were significant, as well as FEV1/ FVC did 

not correlate to LL scores. Therefore these findings should be considered as 

possibilities instead of facts and further investigations in bigger groups of both 

sexes are needed before any spirometric predictions can be stated. 

 

Limitations of the study 

The main limitation of the study is the size of the group and the fact that the group 

consisted of both men and women that could have caused gender specific 

differences in spirometry. That could explain the reported correlation in absolute 

values and LLS in opposite to the percent predicted for the same variable. The 

small size of the group is a common limitation in high altitude research and 

therefore a lot of questions considering the human acclimatization and reaction to 

high altitude are still unanswered. When it comes to spirometric changes from pre 

to post test the difference in altitude exposure after Na is also something to carry 

in mind. However, earlier research suggesting no or minimal spirometric changes 

at different altitudes could explain why the difference in trekking routes wouldn’t 

be crucial for the change (Sonmez et al. 2009; Peacock & Jones, 197; Selland et 

al. 1993; Mason et al. 2000). Self-assessment protocols, such as the LL, always 

include individual differences and comparison between participants can be 

difficult. There is also a potential learning effect in the execution of the 

spirometry test. It could therefore have been of interest to use spirometric values  

from during the trek to investigate the potential change in spirometry during the 

trek, however that was not the main purpose of the study.  

 

The fact that there were no correlations for pre spirometry in and LL scores after 

the trek, except for VC in percent predicted accepted as a trend, could perhaps be 

explained by acclimatization to high altitude or due to different routes. During the 

18th day all the participants headed back down to Kathmandu (1370 m.a.s.l) due to 

weather and trekking difficulties forcing a new route and ascent in day 24. Pre 
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exposure to high altitude and adjusted speed of ascent are considered to be two of 

the main factors for preventing AMS (Schneider et al. 2002) where a pre exposure 

lead to a so called carry – over effect of acclimatization. This could explain the 

more occurring ≥ 3 LL scores in the beginning of the trek compared to later on 

during the second ascent. However, it is worth noticing that during the second 

ascent some of the participants went for higher altitudes than during the first 

ascent up ta Na, causing new demands on their bodies and in some cases perhaps 

resulting in higher LL scores. Therefore it is also of importance to consider the 

altitudes at where the LL scores were assessed after Na. Individuals at higher 

altitudes might suffer from more symptoms, in other words estimate higher scores 

on the LL protocol but still stay at higher altitudes compared to perhaps more 

sensitive individuals not reaching the same altitudes and therefore also assessing 

lower LL scores.  

 

Every participant assessed ≥ 3 LL scores at least once during the trek, which in 

some cases would be considered as AMS. However, for most participants there 

were no, or minor headache and the symptoms were milder or disappeared during 

the next day reminding of the earlier mentioned findings from Cingi et al. (2010). 

The most frequently assessed symptoms were sleeping difficulties and feeling of 

fatigue/ weakness supporting the finding from Dallimore et al. (2012) and could 

be due to other factors than just altitude. Notable in this context is that The LL 

Score protocol has also been claimed to overestimate the presence of AMS 

(Dallimore et al. 2012). The discomfort from exercise at high altitude might be 

noted as AMS symptoms or High altitude headache in terms of LL scores but 

could also be due to strenuous exercise or other independent factors such as 

history of migraine or dehydration (Burtscher, Mairer, Wille & Broessner, 2011). 

Strenuous exercise at high altitude, however, have been suggested to actually 

cause AMS (Imray et al. 2005) while Rupp et al. (2013) found no difference in 

AMS after exercise compared to rest at high altitude. The individual fitness or 

exercise habits have been studied as a factor affecting sensitivity to high altitude, 

but have not yet been proven to cause or prevent AMS (Burtscher et al. 2011). 

Therefore it would have been of interest for the present study to assess LL scores 

in the evening as well, after a day of trekking and carrying their equipment. 

Another limitation of this study is the absence of results for O2-saturation in the 
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blood or hydration status even though it was measured during the trek (Appendix 

1). Dehydration could, as mentioned, cause symptoms similar to AMS and result 

in higher LL scores (Burtscher et al. 2011). Those results however were included 

in another study from the same trek.   Only one participant was diagnosed with 

both AMS and HAPE and for this participant the daily LL score stayed high from 

day to day before flown down and headache was a recurring symptom. 

 

Interestingly the AMS- diagnosed participant and another not diagnosed 

participant (both of the same sex, age and with similar body size) had the same 

route and speed of ascent up to their peak sleep altitude at 5100 m.a.s.l. in day 33. 

The first participant was thereafter brought down due to AMS and HAPE and 

assessed higher LL scores compared to the other one who assessed 0 LL score at 

that time. Since LL scores from twelve days correlated to the total LL scores after 

the whole trek the indicated negative correlation between pre spirometry FEV1 

(l*sec-1) and LL scores after twelve days, as well as the trend accepted for VC, 

could perhaps explain the sensitivity to altitudes  in the beginning of the trek. The 

pre spirometric differences between these two participants in both liters and 

percent predicted for VC and FEV1 also showed lower values for the later on 

AMS- diagnosed participant. Due to the small size of this study, as well as the not 

significant correlation for LL scores and pre predicted spirometry, no individual 

differences can explain the general situation for a population, therefore further 

investigations are needed to prove if AMS or at least increased sensitivity to 

altitude is predictable in terms of pre spirometry.  

 

Change in spirometry  

The overall group findings from pre to post spirometry indicates a significant 

decrease in VC (L) and percent predicted, in contrast to Sonmez et al. (2009) that 

found no changes in VC after one week of altitude climbing. The present study 

support earlier research suggesting no or minimal change in FEV1 (Peacock & 

Jones, 1997; Selland et al. 1993; Mason et al., 2000) at different altitudes. In 

contrast to Casan et al. (1999) who suggested an increased PEF among middle-

aged active women, there was a trend accepted for a decrease in PEF as for 

FEV1/FVC. A decrease in FEV1/FVC would support an obstruction of the lung 
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from pre to post high altitude exposure, even though the group mean still is 

considered healthy (>70%).  

 

FVC alone was unfortunately not measured in this study, but the accepted 

decrease in VC though could perhaps suggest a similar change in FVC. In healthy 

individuals VC and FVC are mostly similar, while individuals with an obstructive 

disease often have a lower FVC than VC (Larsson, 2013). On the other hand, 

since there was a trend accepted for a decrease in FEV1/FVC, but no change in 

FEV1 it could perhaps be assumed that the FVC increased over time. That would 

then be in contrast to the significant decrease in VC. This study support some 

changes but only one of them was significant. Due to mostly trends accepted and 

the size of the variety between individuals for each variable this study suggest 

further investigation on spirometric changes at altitude.  

 

Conclusion 

In conclusion, the main findings in this study show a negative correlation between 

FEV1 prior to high altitude and LL scores after twelve days of ascent to 4200 

m.a.s.l. However, for the percent predicted, taking reference values in 

consideration and therefore is more preferable, there were no correlations with LL 

scores from the first twelve days. VC and LL scores after the whole trek showed a 

trend of correlation, but due to the lack of correlation earlier on and the different 

exposure to altitude, this study conclude that the risks of developing AMS are not 

predictable at sea level by pre spirometry only, at least not among healthy 

individuals with no experience of altitude caused illnesses. 
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Appendix 1 
 

The Lake Louise Score protocol 
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Appendix 2 
Lung function and spirometry curve.

 
Figure 8. Lung function curve, Tidal volume (TV) = the total amount of air for 

one inspiration and expiration at rest, Inspired reserve volume= the maximal 

amount of air in an inhalation except TV, Expired reserve volume= the maximal 

amount of air in an exhalation except TV, VC= the sum of these three volumes, 

Residual volume= The amount of air left in the lung after exhalation and Total 

lung capacity= The total amount of air in the lungs after a maximal inspiration.  

http://www.nuffieldfoundation.org/practical-biology/using-

spirometer-investigate-human-lung-function  

 

 
Figure 9. Spirometry curve 

http://ertglobal.wordpress.com/2011/04/29/spirometry/

http://www.nuffieldfoundation.org/practical-biology/using-spirometer-investigate-human-lung-function
http://www.nuffieldfoundation.org/practical-biology/using-spirometer-investigate-human-lung-function
http://ertglobal.wordpress.com/2011/04/29/spirometry/
http://ertglobal.files.wordpress.com/2011/04/spirograms1.png
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