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Abstract 

Hypoxic conditions in high altitude environments create challenges for the human body. Hypoxia arises when 

there is a reduction in the amount of oxygen entering the blood and occurs in healthy people at high altitude. 

This paper outlines a study abroad program that was designed to expand student understanding of the theoretical 

perspectives of altitude physiology through direct fieldwork in Peru. A total of twenty-nine (age 21 ± 2 years; 

women: 19, men: 10) students participated in at least one of two Core Studies (Core 1 (n=14), women: 11, men: 

3; Core 2 (n=15), women: 8, men: 7). The students completed the studies and, in turn, experienced first-hand the 

physiological challenges and factors of exertion that are impacted by exposure to high altitude. “Peru: Life at the 

Top”, encompassed three days of rigorous laboratory preparation and concluded with a high altitude hike across 

the Peruvian Andes. Before the trip, peak oxygen consumption (VO2max), and total and regional body 

composition were assessed. Students were instructed to administer and interpret two questionnaires; the Lake 

Louise Score Questionnaire (to assess acute mountain sickness (AMS)), and the Exercise Task Self Efficacy 

Questionnaire (to assess levels of self-efficacy for performing vigorous exercise at altitude). Core Study 1 

reported that the number of students exhibiting at least mild AMS increased from 6 (54%) at 3,400 meters to 9 

(64%) at 3,800 meters. A higher AMS score at 4,100 meters was associated with greater android (r=0.72, p< 

0.01), trunk (r=0.73, p< 0.01) and total body (r=0.71, p < 0.01) fat. Core Study 2 showed a statistically 

significant difference in exercise task self-efficacy across each survey (p < 0.008). This experience allowed 

students to review their understanding of some of the generalized effects of hypoxia on the body. In addition, 

teams of students were taught the scientific method and subsequently designed an original research project that 

was then implemented during the study abroad experience. The findings from these projects were disseminated 

to the scientific community at local and regional scientific conferences. Finally, the scientific focus of the trip 

was supplemented with a rich cultural experience that helped to bolster learning and enrich personal growth. 

Key Words: The Andes, Hypoxic Environment, Exercise Science, Teaching 

 
Introduction 

One of the principal objectives of the undergraduate exercise physiology course offered at our 

university is to develop a theoretical perspective of the physiological challenges and factors of exertion impacted 

by travel to high altitude. Notably, exposure to the low barometric pressure upon ascent to high altitude results in 

an almost immediate increase in minute ventilation to compensate for the lack of oxygen reaching the tissues. 

The reduction in barometric pressure, which occurs with increasing altitude, influences the inspired oxygen 

concentration, and can significantly affect performance. In addition, tissue hypoxia trigger numerous regulatory 

mechanisms, which, in most cases, help the individual tolerate and adapt to the low oxygen conditions. However, 

in other cases, maladaptive responses occur, that in turn cause one of three forms of acute altitude illness that 

include acute mountain sickness (AMS), high altitude cerebral edema (HACE) and high altitude pulmonary 

edema (HAPE) (Fisher et al., 2019; Luks, Swenson, & Bartsch, 2017). 

AMS consists of nonspecific symptoms that occur at altitudes of ⩾ 2,500 meters in un-acclimated 

individuals with a usual delay of 4 - 12 hours after arrival at a new altitude. The leading symptom is headache. 

Additional symptoms are loss of appetite or nausea, dizziness, fatigue or lassitude and insomnia. The symptoms 

are usually most pronounced after the first night spent at a new altitude (Luks et al., 2017).The progression of 

symptoms, including nausea and headache, not responding to first line antiemetics and analgesics and increasing 

lassitude may point to progression of AMS to HACE (Fisher et al., 2019). Because exceedingly rapid ascent 

remains the primary risk factor for developing acute altitude illness, undertaking a slow ascent to the target 

elevation remains the best method for altitude illness prevention (Bartsch & Swenson, 2013). Thus, the 

physiological adaptations during acclimatization to high altitude might be used to allow students to review their 

understanding of some of the generalized effects of hypoxia on the body. 
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Yet, it is impossible to replicate these experiences in the classroom, considering that our university is 

located approximately 463 feet (141 meters) above sea level. Consequently, guided by experiential learning 

methodology, we developed a study abroad program entitled, “Peru: Life at the Top”, that would allow students 

to expand upon theories acquired in the classroom through direct fieldwork at a high altitude destination. To 

date, our short-term (11 days) study abroad program has been offered on two occasions (summers of 2014 and 

2016) and has enrolled a total of 31 students. In order to attract students from across campus, no prerequisites 

were required. Still, 80% of the students who enrolled were from the Exercise Science discipline. Occupational 

Therapy, Biology and Sports Management majors also enrolled. Students who successfully completed the 

program earned 6 free elective credits toward graduation. Exercise Science students could apply these credits to 

the electives requirement for the major.  

The purpose of this report is twofold; a) provide science educators, who may not traditionally see a fit 

with study abroad, with a template to plan, organize and execute similar field course expeditions that bridge the 

gap between human physiology theory and application, and b) report the findings of several student led projects 

(e.g., acute altitude illness, exercise performance, etc.) to provide the reader with a fresh view of existing 

information as it relates to physiological responses that low land natives undergo when making incremental 

ascents to high altitude. 

 

Conception of the Peru: Life at the Top study abroad program  

The name of our program was inspired by Professor Dame Frances Ashcroft, whose popular science 

book, “Life at the Extremes: The Science of Survival”(Ashcroft, 2000) provided context for the program. In her 

book, she explains, “The scientific study of human physiology is based on controlled experiment.” She further 

explains that one of the reasons why physiologists frequently use themselves as experimental subjects is because, 

“It is often easier to understand something by experiencing it yourself than from a second-hand description.” 

This is the essence of experiential learning!  

Peru was chosen as a destination because of its mountainous terrain, thereby ensuring that students 

would be both physically and intellectually challenged. Further, it would offer students the rare opportunity to 

examine the lifestyle of native populations who had been living at high altitude for centuries. Last, immersion 

into the Peruvian’s millenarian history and culture, not to mention a visit to the Inca city of Machu Picchu, 

(designated in 2007 as one of the “New 7 Wonders of the World”), would provide a unique, lifetime experience 

that would augment the academic content of the program.  

 

Logistical support  

A critical contributing factor to the success of our program was the collaborative approach to faculty-

led study abroad programming employed at Towson University. The Study Abroad Office is responsible for 

budget development, insurance, billing, risk mitigation and emergency response. Moreover, all Towson 

University faculty-led study abroad programs are wholly self-supporting, hence all the costs of offering the 

program, including faculty salary and expenses, must be covered by the fee charged to the students, which was 

approximately $5,000. Working with our Study Abroad Office to identify a suitable third-party education abroad 

provider allowed the faculty directors to focus on delivering the academic content of the program. The provider 

(Center for International Studies - CIS) facilitated all on site logistics, including housing, meals, transportation, 

cultural activities, translation and guide services and 24/7 emergency support. In addition, the organization’s 

site-specific expertise, knowledge of the local area, and access to resources on the ground was invaluable to the 

successful implementation of the program.  

Note: Prior to submitting a study abroad application, we recommend faculty speak to the study abroad office at 

their respective university. Not all universities offer such a comprehensive service and it may be the 

responsibility of the faculty member to work out travel plans, on site logistics and find an educational provider. 

This can be extremely time consuming and the faculty member needs to ensure that such efforts fit within one’s 

plan for promotion and tenure.  

 

Methods 

Program design 

We modeled Peru: Life at the Top after incremental ascent studies like the Pike Peak Expedition of 

1910 (West, 2012), the 1981 American Medical Research Expedition to Everest (AMREE) (West, 2010), and 

more recently, Caudwell Xtreme Everest (CXE). The CXE, for example, was launched in 2007 to investigate 

human adaptation to environmental hypoxia. Over 200 healthy individuals were investigated at sea level and 

throughout a trek to Everest Base Camp at 5,300 meters, while 15 physicians and scientists continued 

experimentation as they ascended up to 8,000 meters. The design and conduct of CXE study is described in 

intimate detail elsewhere (Grocott et al., 2016; Levett et al., 2010) 

Similar to CXE, we intended for students to collect a wide array of physiologic/psychological data on 

themselves at sea level and during an incremental ascent (and subsequent descent) in the Andes mountain range 

to address hypotheses as they relate to human physiology and altitude stress. Since it was expected that the 

students enrolling in this program would be neither seasoned mountaineers nor trained scientists, we employed a 
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hybrid approach, such that the actual travel abroad was preceded by three Preparation Days of rigorous 

instruction and laboratory-based experimentation at our university. 

In anticipation that some of the data collected might be eventually disseminated to the scientific 

community via conference presentations or papers, the faculty directors obtained approval from the Towson 

University Institutional Review Board (Approval number: 14-A085). All students provided written informed 

consent to use their data for research purposes. Completion of medical forms, vaccination history, and 

emergency contact information were taken care of by the Study Abroad Office before the trip began. While 

study abroad programs most closely align with teaching, we encourage faculty directors to incorporate research 

and/or service learning into study abroad programs as a means to bolster his/her academic portfolio.  

 

Preparation days 

Data collection 

Students reported to our human performance laboratory on the morning of each preparation day to 

undergo testing protocols. Peak oxygen consumption (VO2max) was determined with a Bruce treadmill protocol 

(Hall-Lopez et al., 2015; Hanson et al., 2016) using a True One 2400 Metabolic Measurement System (Parvo 

Medics; Sandy, UT, USA) with breath-by-breath analysis. Total and regional body composition was assessed 

using dual energy X-ray absorptiometry (DXA; GE Healthcare; Madison, WI, USA) and scans were analyzed 

with the enCORE software (Encore Software, LLC; Novato, CA, USA. Version 14.0). The decision to assess 

VO2max in the lab was based on years of evidence demonstrating that exercise capacity of low land natives is 

impaired upon acute exposure to high altitude. Also, there is evidence that obesity is associated with the 

development of AMS. Thus, we felt that undergoing these tests (along with calibrating the equipment and 

interpreting the data) would serve as the spark for formulating new research questions and hypotheses, especially 

when supplemented with discussions of assigned readings/lecture materials (see Table 1). We expected that most 

students would not know how to begin, so we provided guidance and assistance throughout the day so that they 

would eventually arrive at a formal project.  

Note: For example, given previous research findings suggesting that obesity is associated with the development 

of AMS (Yang et al., 2015) atypical line of questioning from the faculty director might be -“Now that you have 

undergone testing and have read over the literature, tell me what we know about the relation between obesity 

and AMS? What are the limitations of previous research? What advantages/disadvantages does the DXA 

provide? How can I use this data to advance a new hypothesis? What would the hypothesis be? What additional 

data (i.e., dependent/independent variables) do I need to test this hypothesis?” . . . OR . . . “Your VO2max was XX 

ml/kg/min. An elite cyclist’s VO2max is XX ml/kg/min. What are the factors limiting oxygen delivery to the 

muscles? How are these factors affected by exposure to high altitude? How can I test fitness at high altitude if I 

do not have access to a metabolic system? What might happen to your fitness level after spending 1 month at 

altitude? 

 

Journal clubs 

Prior to the start of the program, students were asked to read one or two scientific articles related to six 

topic areas and answer ten open-ended questions related to that topic. Please see Table 1 for the list of topics and 

examples of corresponding questions. During the preparation days we held one-hour long journal clubs, at which 

time students were asked to share their answers to the questions, while the faculty directors facilitated 

discussion. Each discussion was designed to establish a theoretical foundation on the topics to be addressed, 

stimulate critical thinking, and prepare students for the challenges they might face during the upcoming trip. 

Since human responses to hypoxia include acute changes and acclimatization, developmental adaptations, and 

genetic adaptations we devoted three separate journal clubs to each topic.  

Moreover, both AMS and disturbances in sleep are frequent occurrences in low land natives sojourning 

to high altitude. Consequently, we felt it was critical to spend time discussing each topic (and incorporate ways 

in which to measure AMS and sleep - see research primer), since it was likely that some students would 

experience these conditions and would therefore need to be adequately prepared. Finally, a journal club was 

devoted to athletic performance at high altitude in order to provide further context for assessing aerobic capacity 

earlier in the day. 

Note: While there are many formats the journal clubs could take, we followed the example outlined by Tansey 

(Tansey, 2008) who cites the seminal work of Operation Everest 1 (OP EV 1) to outline the physiological 

responses that take place when a lowland native is subjected to a hypobaric environment. These physiological 

responses have been also reported in other high altitude sites (Tymko et al., 2020). Finally, Tansey helpfully lists 

key questions with standardized answers to be adopted/adapted by the instructor.  

 

Research primer 

To further prepare the students for the impending research expedition we provided the group with a 

research primer, during which they were introduced to the steps of the scientific method through lectures. We 

used the textbook “Conducting and Reading Research in Kinesiology” by Baumgartner and Hensley to guide this 

process. They were taught, through a series of brief lectures, how to (a) develop a research plan and formulate a 
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hypothesis, (b) identify independent/dependent variables, and (c) employ basic inferential statistics to test their 

hypotheses. On the second preparation day, the faculty directors formed “expedition teams” composed of two to 

three students. Each team was tasked with designing an original research protocol that could be implemented in 

Peru. To assist with this process, students were encouraged to draw from the lectures and readings and to explore 

ways in which to use the laboratory data that was being collected in the morning sessions. Furthermore, we 

exposed the students to a number of research instruments that could be feasibly employed in the field. These 

included the following; (a) an Easy One® Plus Diagnostic spirometer (ndd Medical Technologies Inc., Andover, 

MA, USA), capable of measuring forced expiratory volume of the lungs; (b) three Morpheus Ox portable single-

channel (pulse oximeter) photophlethysmography (PPG; WideMed Ltd., Herziliya, Israel) based devices, capable 

of assessing reductions in oxygen saturations and apneic events from blood volume changes in the micro 

vascular bed of the finger; (c) eight wrist mounted triaxial accelerometers (Actigraph model GT3X+; Pensacola, 

FL, USA), capable of capturing high resolution physical activity and sleep/wake information; and (d) two 

custom built, 16 inch collapsible step stools that could fit into a hiking pack. In addition, we had (e) a case of 70 

ml shots of beetroot juice (6.45 mmol nitrate concentration) and a case of placebo shots that had been used in a 

previous, unrelated experiment.  

 

Table 1. Journal club topics 

 

Topic - Selected Reading(s) Example Questions and Points of Discussion 

1) Sleep physiology at altitude 

(J.V. Weil, 2004) 

Describe how sleep architecture changes upon immediate ascent to high altitude 

and during an extended stay at altitude; What is believed to be the primary 

factor responsible for self-perceived poor sleep quality? Explain how hypoxia 

and hypocapnia result in periodic breathing 

2) Acute responses to altitude 

stress (E. Tansey, 2008) 

Describe the proposed mechanism mediating ventilatory acclimatization in the 

initial days and weeks of prolonged hypoxia following initial ascent to high 

altitude; Why is the response to high altitude hypoxia not consistent among 

individuals of similar health and age? What mechanisms explain further 

ventilatory changes that occur after years living at high altitude? 

3) Adaptations to living at high 

altitude (A.R. Frisancho, 2013) 

Describe the relation between altitude and ventilation between sojourners and 

natives of high altitude at different levels of exercise; What is/are the purported 

reason(s) for increased pulmonary diffusing capacity of the highland native and 

why does this offer and advantage at high altitude? 

4) Physiological differences 

between Andeans vs. Tibetans 

(A. Hurtado et al., 2012) 

Andean populations show higher erythrocytosis compared to Tibetan and 

African populations. Why might this be linked to pulmonary hypertension and 

hyper viscosity? The rate of cardiovascular disease risk factors (e.g., obesity) is 

lower among highlanders compared to low altitude populations. What does this 

imply about the causes of hypertension in each one of these groups? 

5) Altitude training for sport (C. 

Lundby et al., 2012) 

What mechanisms have been theorized to explain why there is an increase in 

performance with live high-train low (LHTL)? What could be potential reasons 

for a beneficial altitude dose-response between 2100 and 2500 m on subsequent 

sea level performance? 

6) High altitude illness (J.V. Weil 

et al., 2007) 

Identify 3 risk factors for high altitude illness; Describe the symptoms and 

pathophysiology of high altitude pulmonary edema; What is the most effective 

treatment for pulmonary edema? 

 

Finally, since the students were about to embark on a physically challenging hike at altitude, we felt it 

was important for them to recognize the signs and symptoms of AMS. Thus, they were trained on how to 

administer and interpret the results of a modified Exercise Task Self-Efficacy scale (McGrane, Belton, Powell, 

Woods, & Issartel, 2016; Rogers et al., 2006), to assess their level of confidence for completing the journey and 

the Lake Louise Score Questionnaire (LLSQ) (Roach et al., 2018), to assess AMS. A positive diagnosis for AMS 

is based on a) a rise in altitude within the last four days, b) presence of a headache, plus c) presence of at least 

one of the following symptoms; gastrointestinal distress, fatigue/weakness, dizziness/lightheadedness or 

difficulty sleeping [each item is ranked on a scale of 0-non to 3-severe] and d) a total score of three or more.   

Note: Shortly before our first trip in 2014, MacInnis and colleagues (Macinnis, Lanting, Rupert, & Koehle, 

2013) reported that sleep quality was not strongly associated with other symptoms of AMS using the LLSQ, 

suggesting that sleep impairment at altitude be considered separately from other AMS symptoms. This paper was 

incorporated into our journal club discussion of AMS. While the LLSQ was ultimately chosen to assess AMS 

because of its ease of use in the field setting, the Macinnis paper and others (Horiuchi, Endo, Akatsuka, Uno, & 

Jones, 2016) provided the context to discuss the strengths and limitations of the questionnaire. It also provided a 

relevant example of how science is continually evolving and that new scientific discoveries affect clinical 

practice. 
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The afternoon of the last preparation day was dedicated to refining research questions and making final 

plans for the trip. We reviewed the travel itinerary, emergency procedures that had been provided by the study 

abroad office and list of personal items needed for the overnight trek. Each student was given the responsibility 

for transporting certain research instruments. This included making sure we had spare batteries, power adapters, 

writing utensils and questionnaires. Finally, the student expedition teams were evaluated by the faculty directors 

on their ability to deliver a 10-minute research proposal, effectively outlining the study design, hypotheses, 

methodological plan, statistical approach and expected findings of their project. They would be further evaluated 

based on the ability to implement the study using a meticulous approach and reporting the data in a clear and 

concise manner. Finally, the capstone assignment included producing a 3x4 foot scientific poster using a 

standard IMRAD format: introduction, methods, results and discussion.  

 

Study abroad - Lima 

 After three days of laboratory preparation, and a full day of travel, we landed in Lima (161 meters), 

Peru at about 10 PM local time. Since our intent was to supplement the scientific focus of the trip with a rich 

cultural experience, we scheduled several excursions to take place in and around the capital city in the four days 

prior to traveling to high altitude. More information on these excursions and how they were incorporated into the 

program curriculum can be found here 

https://towsonabroad.wordpress.com/2014/07/15/summer-2014-peru-life-at-the-top/ 

 

Study Abroad - High Altitude Expedition 

Day 1 

We flew from Lima and arrived in Cusco (3,400 meters) at approximately 9 AM local time. The 

remainder of this day was spent traveling by bus to archeological sites located in the towns of Pisac (2,972 

meters), Urubamba (2,871 meters) and Ollantytambo (2,791 meters). Upon our return to Cusco that evening, we 

met two guides from a licensed touring company who were responsible for leading us on our high altitude trek 

the next day. They were native to the region but spoke English and were trained in high altitude emergency 

medicine. The Peruvian government tightly regulates all hiking in this region and reservations for these tours 

must be made at least 6 months in advance. At this meeting, the guides reviewed the trek itinerary and provided 

instructions on how to prepare. The company provided all camping gear, including sleeping bags and tents, water 

and food.  

 

Day 2-3 

On the morning of day 2, we were transported by bus to the start of the trailhead in Tambomachay 

(3,850 meters). There, our guides joined us along with a team of 15-20 porters who were also employed by the 

company to carry our gear, provide meals and set up our overnight camp. We embarked on a 2-day, 14-mile hike 

over the Huchuy Qosqo pass. The ascent profile of the trek, along with approximate time between checkpoints 

and research assessments is provided in Fig. 1. 

The temperature on the first day of the trek was approximately 19 °C. This dropped to approximately 2 

°C at night and increased to 24 °C the following day. The guides ensured that our rate of ascent to the first 

checkpoint was approximately 75 meters per hour. Despite discussing the utility of carbonic anhydrase inhibitors 

in preventing/treating altitude sickness during our journal club, no students reported using any prescribed drugs 

during the trek. Since the porters provided all meals the dietary content was similar between students (consisting 

mainly of rice and potato-based dishes with a protein), although we found it difficult to keep track of the 

quantity. Water, or other beverages, was ingested ad libitum.  

After a full day of hiking, we arrived at our campsite at approximately 6 PM and all of the students had 

retired to their tents by 10 PM. The next day, we started the descent at 8 AM, spent 1 hour touring the Inca ruins 

in Huchuy Qosqo and arrived in the town of Lamay at 1:30 PM. After eating a lunch, we were transported by bus 

and later train to Aguas Calientes (2,040 meters), the small village, which serves as the principal access point to 

Machu Picchu. We spent the evening in a hotel and toured the “lost city” the following morning. 

 

Assessments 

Symptoms of AMS were assessed in all students at 24 h (3,400 meters), 29 h (4,100 meters), 34 h 

(3,800 meters) and 53 h (2,941 meters) after arrival in Cusco, while the Exercise Task Self-Efficacy Scale (SEA) 

was completed in Lima and twice in Cusco; immediately before (PRE) and after completing the trek (POST). 

Forced vital capacity (FVC) and forced expiratory volume in one second (FEV1) were assessed at sea level and 

once again at the overnight camp. We assessed the parameters on a subgroup of porters at the camp. Last, 

aerobic capacity was estimated using the Queens College Step Test. Predicted VO2peak was derived from the 

immediate post exercise heart rate in accordance with standardized equations (Bennett, Parfitt, Davison, & 

Eston, 2016).  
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Figure 1. Ascent profile of the 2-day high altitude expedition over the Huchuy Qosqo Pass in the Andes 

Mountains of Peru. AMS; acute mountain sickness. 

 

A subsample of students wore the accelerometers on the non-dominant wrist for five consecutive days, 

starting on the day prior to embarking on the trek and continuing until the final day in Cusco. These same 

students had worn the watches during a typical week on campus for an unrelated study. Three women with the 

highest, lowest and median total body fat, derived from the DXA, were fitted with a Morpheus Ox device in 

Lima, at the overnight camp and in Aguas Calientes.   

 

Statistical Analysis 

 The statistical approach varied by study design and the data are presented as mean ± SD. Pearson 

correlations were used to investigate associations between stated outcomes (Core Study 1, Project 3, Project 6). 

One-way analysis of variance with repeated measures was used to compare within-group differences in stated 

outcomes at sea level and varying altitudes (Core Study 2, Project 4 & Project 7). In the case of significance, 

post hoc comparisons were performed by Tukey Honest Significance Difference test. Paired samples t-tests were 

used to compare within-group differences in stated outcomes at sea level and altitude (Project 3 & Project 5). An 

independent samples t-test was used to compare difference in lung function between students and high altitude 

natives. Probability values of 0.05 or less were considered to be statistically significant. The statistical software 

SPSS v22 was used for data analysis. 

 

Results 

Core studies 

All students participated in at least one of two core studies, depending on the year they enrolled in the 

program. The central aim of the Core Study 1 was to investigate the relation between AMS and body fat 

distribution. In brief, fourteen students (21 ± 2 years; 11 women and 3 men) completed the study. The number of 

students exhibiting at least mild AMS increased from 6 (54%) at 3,400 meters to 9 (64%) at 3,800 meters. A 

higher AMS score at 4,100 meters was associated with greater android (r=0.72, p <0.01), trunk (r=0.73, p<0.01) 

and total body (r-0.71, p<0.01) fat. At 4,100 meters, 10 of 14 students reported a LLSQ score of 3 or more, but 

no students had signs of HACE or HAPE.  

Core Study 2 was designed to examine whether levels of self-efficacy for performing vigorous exercise 

at altitude would change after completing the 2-day hike. Fifteen students (age 21 ± 1.6 years; 8 women and 7 

men) completed the Exercise Task Self Efficacy Questionnaire at all three time points. The 12-item scale 

assessed confidence in performing vigorous exercise at high altitude without stopping for increasing periods of 

time (starting at 5 minutes and increasing to 60 minutes). Scores ranged from 0 (Not at all confident) to 100 

(Highly confident). There was a statistically significant difference in exercise task self-efficacy across each 

survey, as determined by repeated measures ANOVA (F (2,28) = 5.82, p<0.008). Post hoc analysis revealed a 

lower exercise self-efficacy score at PRE (20.7 ± 14.3 AU) compared to SEA (33.7 ± 20.4 AU) (p=0.006) and 

POST (34.4 ± 22.9 AU) (p=0.004). There was no difference between SEA and POST exercise self-efficacy 

scores (p=0.904).  

Additional studies 

Subgroups of students were also included in several smaller studies. The studies included below 
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represent only those projects that were ultimately presented at regional scientific conferences. Differences in 

sample size reflect a compromise between equipment availability or technical difficulties that resulted in loss of 

data. 

Project 3. Effects of high altitude exposure on pulmonary function 

Purpose: To examine the change in lung function of lowland natives sojourning to high altitude, and 

compare lung function of these individuals to native highlanders. Thirteen students (20.8 ± 1.9 years; 10 women 

and 3 men) and six male high altitude natives (20 ± 1.5 years) completed the protocol. Among the college 

students, higher VO2max was associated with greater lung capacity (FVC) (r=0.61, p=0.03). At sea level the FVC 

and FEV1 of the college men was 4.82 ± 0.92 liters and 4.22 ± 0.66 liters, respectively, compared to 3.70 ± 0.60 

liters and 3.19 ± 0.42 liters among the women (both p’s<0.05). Upon ascent to 3,550 meters, the FEV1/FVC of 

the group increased at altitude from 0.87 ± 0.06 to 0.90 ± 0.06 (p <0.01). The FVC and FEV1 among the native 

highlanders were 5.04 ± 0.42 liters and 4.27 ± 0.31 liters, respectively, but no difference was observed compared 

to college men. The FEV1/FVC of the college men at altitude was 0.93 ± 0.03 compared to 0.85 ± 0.06 for the 

native highlanders (p=0.03). 

Project 4. Effects of altitude on step test performance 

Purpose: To examine the effect of altitude on performance of the Queens College Step Test. Ten 

students (age 21 ± 1.7 years; 9 women and 1 men) completed all aspects of the study. The measured VO2max was 

42.2 ± 6.1 ml/kg/min. Measured VO2max was associated with estimated VO2max at sea level (r= 0.81, p= 0.005). 

Estimated VO2max was reduced from 38.0 ± 6.5 ml/kg/min at sea level to 34.2 ± 4.7 ml/kg/min at 3,800 meters 

(p<0.001). No difference was observed between estimated VO2max at 2,040 meters and sea level.  

Project 5. Assessing physical activity energy expenditure (PAEE) during a high altitude trek  

Purpose: To quantify physical activity energy expenditure and step counts during a high altitude hike. 

Eight students (age 21 ± 2 years; 5 women and 3 men) completed the study. The average total daily step counts 

achieved during the hike was 26,635 ± 2,312 steps/day (day1) and 22,326 ± 2,113 steps/day (day 2) versus 9,258 

± 1,656 steps/day (for a typical day) at sea level (both p’s <0.01 compared to sea level). Similarly, PAEE during 

the hike was 2,983 ± 917 kcal (day 1) and 2,797 ± 860 kcal (day 2) versus 1,395 ± 380 kcal at sea level (both p’s 

< 0.01 compared to sea level). 

Project 6. Relation between sleep quality and AMS 

Purpose: To examine (a) the effect of acute altitude exposure on sleep quality as determined by 

actigraphy, and (b) the relation between sleep quality and self-reported AMS symptoms. Eight students (age 21 ± 

2 years; 5 women and 3 men) completed the study. Marked reductions in total sleep time were observed in Lima 

(322 ± 18 min), at 3,400 meters (341 ± 19 min) and at 2,040 meters (312 ± 25 min), compared to baseline (419 ± 

18 min) (all p’s <0.05). No change in sleep efficiency or the number of awakenings was observed across the 

nights of travel, compared to baseline. Five students reported AMS at 4,100 meters (mild: 4; severe: 1). Lower 

sleep efficiency at 3,400 meters was associated with higher AMS score at 4,100 meters (r=-0.69, p=0.05).  

Project 7. Effects of nitrate on step test performance at altitude 

Purpose: To examine the effect of beetroot juice ingestion on Queens College step test performance at 

sea level and altitude. Students performed a Queens College step test at sea level. The test was repeated at sea 

level, 90 minutes after ingesting a 70 mL shot of beetroot juice (6.45 mmol nitrate concentration). The step test 

was completed twice more at an altitude of 3,500 meters; both with placebo and beetroot juice ingestion. All 

tests were separated by at least 24 hours. Twelve students (age 21 ± 1.7 years; 6 women and 6 men) completed 

all aspects of the study. The estimated VO2max at sea level without and following nitrate supplementation was 

45.2 ± 9.3 ml/kg/min and 46.8 ± 9.1 ml/kg/min, respectively. The estimated VO2max at 3,500 meters increased 

from 45.2 ± 9.8 ml/kg/min to 47.7 ± 12.3 ml/kg/min following nitrate ingestion. However, one-way repeated 

measures ANOVA revealed no differences in mean estimated VO2max across conditions, F(3,33) = 1.31, p=0.29).  

Project 8. Sleep at altitude case studies 

Purpose: To examine sleep behavior in three women who differ by body composition. Total body fat 

percentages and maximal aerobic capacities for the three women who underwent PPG monitoring were 23%, 

34%, and 43% and 39.4 ml/kg/min, 46.5ml/kg/min and 27.6 ml/kg/min, respectively. The mean overnight SaO2 

at sea level among these women was 95.7%. None of the women experience sleep-disordered breathing at sea 

level, defined as an oxygen desaturation index (ODI) > 5 event/hour of sleep. At 3,400 meters, the leanest 

woman experiences an ODI of 12 events/hour, while the woman with the highest % body fat exhibited an ODI of 

52 events/hour. Data at 3,400 meters for the third woman was excluded from analysis because the PPG estimate 

sleep time was < 2hours. 

 

Discussion 

Our main goal in having students design, implement and participate in the above experiments was to 

enhance their understanding of high altitude physiology through the lens of a scientist. Students returned from 

the trip having engaged in all aspects of the scientific method (i.e., systematic observation, measurement, 

experiment and the formulation, testing, and modification of hypotheses). The nine presentations at local or 

regional conferences (7 published as abstracts ((Aranow, Milford, & Dobrosielski, 2015; Bates, Mockler, & 

Dobrosielski, 2015; Doupoux, Sweeney, Katula, & Dobrosielski, 2017; Goss, Farley, Moran, & Dobrosielski, 

http://www.efsupit.ro/


DEVON A. DOBROSIELSKI, KYLE M. LEPPERT, LIZ H. SHEARER, ARTURO A. ARCE-ESQUIVEL 

--------------------------------------------------------------------------------------------------------------------------------------- 

----------------------------------------------------------------------------------------------------------------------------  

JPES ®      www.efsupit.ro  
1876 

2017; Guadagno, Payne, & Dobrosielski, 2015; Phan, Zatorski, & Dobrosielski, 2015; Ryan, Cravens, Nicholl, 

& Dobrosielski, 2017) and two peer reviewed manuscripts (Dobrosielski, Guadagno, & Phan, 2017; 

Dobrosielski, Humpert, & Heyman, 2017) resulting from these programs (see Table 2) demonstrate student 

achievement in reaching this goal. Upon our return from the expedition the students needed considerable 

guidance to prepare their data for dissemination to the scientific community. We met with each expedition team 

to prepare. Some of the comments shared by students during this preparation suggested that their experience had 

a considerable impact on learning. Examples of these comments related to each project are below, with key 

words or phrases indicative of an improved understanding of the scientific method underlined: 

Core Study 1: “There have been several studies that have shown a relationship between body fatness 

and altitude sickness . . . but they were chamber studies or used BMI. The research gap that we filled was that we 

used the DXA to show that central fat, per se, may be an important risk factor for AMS. The application of this 

research is that obese people need to take precaution before hiking at high altitudes.” 

Core Study 2: “I was really nervous about completing the trek once I arrived in Cusco and felt sick. But 

after I completed the trek, I was really confident. Based on the data from our study, it looks like I wasn’t the only 

one. Performance accomplishments seem to improve self-efficacy. The application is that more people might 

participate in physical activities if they had this mastery experience. 

 

Table 2. Research projects designed and implemented by student expedition teams 

 
Title Study Design Main Findings Conference Presentation 

The effects of altitude on 

step test performance 

A 3-minute step test was 

administered at sea level, 

at 3,800 m and at 2,040 m 

Performance reduced by 

11% at 3,800 m compared 

to sea level 

Mid-Atlantic ACSM 2014 

The association between 

body composition and 

acute mountain sickness 

Total body and regional 

body fat were assessed by 

DXA. AMS was assessed 

at 3,300, 4,100, 3,550 and 

2,430 meters 

Greater central adiposity, 

but not total body fat % 

was associated with 

greater AMS severity at 

high altitude 

Mid-AtlanticACSM 2014 

Effects of high-altitude 

exposure on pulmonary 

function in college 

students 

 Spirometry was assessed 

at sea level and at 3,550 

meters  

No significant change in 

FVC or FEV1 among 

college students.  

Mid-Atlantic ACSM 2014 

Assessing physical 

activity during a high-

altitude hike in Peru 

Energy expenditure was 

assessed for 7 days at sea 

level and during 2 days of 

high altitude hike 

During hike, daily 

physical activity increased 

two-fold compared to sea 

level  

Mid-Atlantic ACSM 2014 

Assessing sleep at high 

altitude 

Sleep quality was assessed 

at sea level and at altitude 

using pulse oximeter and 

PPG in three women 

Periodic breathing at 

altitude was most severe 

in the woman with highest 

BMI 

Maryland Sleep Society 

2015 

The relation between sleep 

quality and acute 

mountain sickness 

Sleep quantity was 

assessed at sea level and at 

altitude. AMS was 

assessed at altitude 

Lower sleep efficiency 

was associated with more 

severe AMS 

Maryland Sleep Society 

2015 

Self-efficacy to perform 

exercise before and after a 

high-altitude hike 

Exercise self-efficacy was 

recorded at sea level, 

before and after 

completing high altitude 

hike 

Self-efficacy to exercise at 

altitude returned to 

baseline after completing 

a high altitude hike 

Mid-Atlantic ACSM 2016 

Effects of nitrate ingestion 

on estimated fitness at sea 

level and altitude 

Step test performance was 

measured before and after 

ingestion of nitrate at sea 

level and at 3,500 meters 

No significant effect of 

nitrate ingestion on step 

test performance at 

altitude was observed 

Mid-Atlantic ACSM 2016 

ACSM; American College of Sports Medicine, DXA; dual energy X-ray absorptiometry, AMS; acute mountain 

sickness, FVC; forced vital capacity, FEV1; forced expiratory volume in one second. BMI; body mass index. 

 

Project 3: “I expected the porters to have higher lung volumes than the guys in our groups since they 

may have the adaptations, we talked about in journal club but the pulmonary test is difficult to do and I noticed 

they were struggling. This could be a limitation of the study.” 

Project 4: “It was really interesting that step test performance declined by about 11% at the higher 

altitude (3,800 meters) but not when we were in Aguas Calientes (2,040 meters). This indicates there is an 

altitude threshold for reduced aerobic capacity, consistent with the literature.” 

Project 5: “Comparing the number of steps we took on the first day of the hike to what we take during a 

typical day on campus was shocking! I can see why an observational study could be so important and how this 

might be used to encourage people to be physically active.” 
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Project 6: “The fact that the group slept less during the hike was not surprising. I would have expected 

sleep quality at high altitude to be worse, but I don’t think the actigraph is a good tool to documenting sleep-

wake in individuals who lie motionless for a long time. This was definitely a limitation in our methods.”  

Project 7: “I was sure that drinking the beetroot juice would improve the step test in a hypoxic 

environment because it would help with dilation and blood flow delivery to the muscles . . . and previous studies 

show it can improve exercise performance. But we didn’t find anything. Maybe the dose wasn’t enough or we 

didn’t wait long enough before doing the test. Also, maybe we weren’t high enough to show any effect.” 

Project 8: “The fact that the [the woman with the highest visceral fat] experienced the most apneic 

events and more AMS at altitude lends more evidence to support the theory that obesity, poor sleep and AMS are 

linked. Unfortunately, we were limited by a small sample size.” 

 

Conclusions 

The exposure to low barometric pressure results in an almost immediate increase in minute ventilation 

to compensate for the lack of oxygen reaching the tissues. The variation in barometric pressure which occurs 

with altitude influences the inspired oxygen concentration at extreme altitudes and can significantly affect 

performance. Clearly, investigations at high altitude can be beneficial to understand not only the physiological 

responses of healthy humans to hypoxia, but also the pathophysiology of different chronic conditions, where 

hypoxia is a main feature. It is important to emphasize that our students experienced signs of mild AMS. No 

students exhibited signs of HACE or HAPE. The Peru: Life at the Top study abroad program allowed students to 

experience first-hand the challenges faced by the human body when undergoing acute altitude stress (i.e., bridge 

the gap between human physiology theory and application). There were anecdotal reports among some students 

that the experience was life changing and judging by comments shared during discussion sections, the 

experience bolstered their understanding of the scientific method. Importantly, while the program was designed 

to enhance the learning experience of students across the university, it also provided scholarship opportunities 

for both students and faculty that enhanced academic and professional growth. 
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