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ABSTRACT 

 

 

      Energy balance during multiday remote backpacking has not been sufficiently 

studied among general populations. Activities such as hiking that are conducted under a 

fixed energy input or rations and can result in an energy deficit in the body. Continued 

energy deficit can result in a myriad of medical problems such as injury, muscle 

cramping, depression, dehydration, and reduced coordination, which can lead to collapse, 

hypoglycemia, energy electrolyte imbalance and depressed immune function. The 

purpose of this study is to define the energy expenditure balance among a sample of 

participants engaging in strenuous outdoor activities. Anthropomorphic, resting metabolic 

rate and body mass index measurements were taken pre and post course. Course diet logs 

were taken as well as trip route logs, which included kilometers traveled as well as meters 

climbed in elevation. Energy expenditure was calculated using distance traveled and 

climbed and resting metabolic rate. Energy intake was calculated from diet logs. Results 

suggest that subjects in the study operated in an overall energy surplus but significant 

differences over the 7-days course were found when comparing energy balance day by 

day. A repeated measure ANOVA (actual and results) showed significant differences in 

energy balance over the course of the seven days. Post-hoc analysis suggested energy 

balance deficits differed significantly between day one and day two, day one and day 

four, day two and day six, day three and day four, day three and day six, and day four and 

day six.  Many variables could have contributed to deficits on these days such as human 

factors, stress, event timing and increased energy expenditure. Understanding the pattern 

of energy deficits may help prepare those planning to engage in strenuous outdoor 

activities as well as inform organization that lead such activities. 
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INTRODUCTION 

 

 

Many people in the United States participate in outdoor activities. In 2011, 12% 

of Americans ages six and older participated in hiking and 34.4 million people 

participated in hiking activity ("Outdoor Recreation, Participation Report," 2010). In the 

United States, nearly 7 million of these people participated in backpacking, suggesting 

that specific focus on the health and safety of this group warrants concern ("Outdoor 

Recreation, Participation Report," 2010). 

Hiking and other activities done in the backcountry can result in increased energy 

expenditure and decreased energy intake. Overexertion and energy deficit on extended 

backcountry travel activities can cause exercise associated collapse, muscle cramps, 

heatstroke, hypoglycemia, hypothermia, hyponatremia, cardiac arrest, orthopedic 

conditions and rhabdomyolysis.  Experiencing these medical conditions while in an 

isolated setting can result in delay to treatment, extreme cost of evacuation to death.  

Understanding the energy requirements of these activities will aid in developing 

nutritional recommendations, which may prevent possible medical complications for 

these participants. 

 Education on how to safely participate in the outdoor activity of backpacking can 

be acquired from books, Internet resources, peers, and educational courses. The National 

Outdoor Leadership School (NOLS) has been offering education on wilderness travel 

since 1965. As a leader in outdoor education, NOLS continues to research and develop 

curriculum to provide the best curriculum and support for its students. This research was 

initiated in collaboration with NOLS’ Curriculum and Research Manager in order to 
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evaluate current practices in field nutrition at NOLS. The National Outdoor Leadership 

School has a significant need for this information as it provided backpacking education of 

approximately 3,085 students in 2011 (Gookin, 2013). All of these participants were 

involved in outdoor expedition activities that ranged from 12-96 days (Gookin, 2013). 

 Nutrition is provided for NOLS courses in the form of dried rations. Current 

practice for determining food supplies for these backpacking courses is to use a pound 

per person per day (PPPPD) format (Pearson, Pearson, & Clelland, 2012). Without 

having energy expenditure field data, specifics of whether these rations provide enough 

energy to sustain the participant over an extended period cannot be determined. There is 

limited research on extended period backpacking energy balance. Currently energy 

expenditure recommendations are based on Military Dietary Reference Intakes. As one 

can imagine, military activities have similarities and differences from recreational 

backpacking. Understanding the energy expenditure of participants on backcountry trips 

will allow for changes in nutrition, activity, and management of medical pathologies. 

With this information, nutritional experts will be able to understand the dietary needs of 

backpackers and make recommendations for energy balance. Knowledge of the energy 

needs for backpackers will also provide basis for medical providers to counsel 

participants in their pre activity physical exam, regarding signs and symptoms of serious 

medical conditions that they may encounter during their extended backcountry activities. 

Further research in this area may also result in specific food recommendations that will 

promote for energy balance for participants.  
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 The National Outdoor Leadership School will be able to use the energy balance 

information in their rationing process for their courses company wide. With an 

understanding of baseline estimate of energy requirements accurate rationing can help 

prevent over packing of heavy foodstuffs on extended trips. The National Outdoor 

Leadership School furthermore will utilize this information as a basis for future study 

looking into counseling that may be done to prepare students for their courses.  

 

Purpose of the Study 

 

 

 The purpose of this study is to 1) define the energy expenditure balance of 

participants on NOLS multiday backcountry trips and 2) to determine the extent to which 

an energy deficit exists in order to make recommendation and provide background for 

future studies.  
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LITERATURE REVIEW 

 

 

Introduction 

 

 

Minimal research has been conducted in the arena of long-term energy balance 

while backpacking among general populations.  Perhaps because of the challenge in 

measuring energy expenditure outside the lab, studies to date have used small sample 

sizes of 1-3 subjects over a short period of observation or food deprivation in military 

troops (Hill, Swain, & Hill, 2008; Hoyt & Friedl, 2006). These subjects are ultra 

endurance athletes who are being tested over 3 months. Notable studies on exercise and 

food deprivation include; Tour de France athletes, Norwegian military training exercises, 

U.S. Army Ranger course, G-2 trans Greenland expedition, Zimbabwean commando 

training, Trans-Antarctic expedition and U.S. Marine Corps ‘Crucible’ recruit training 

exercise (Hoyt & Friedl, 2006). None of these sample groups represents well represents 

the specifics of participants or programing at NOLS in a generalizable fashion. NOLS 

participants are novices in the activities in which they are learning and are attending the 

outdoor school to learn the leadership and travel skills necessary to travel in the 

backcountry. It is the responsibility of the institution, NOLS, to provide adequate 

supplies and nutrition for their participant’s in a wide variety of activities and climates.  

NOLS participants come to courses in a variety of fitness levels. The enrollment 

process includes a physical exam and health screening by a medical provider and the 

program informs possible participants that prior physical conditioning is a necessity 

(Appendix A).  Survey questions on the health form include; Does the applicant exercise 
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regularly?, Is this person overweight?, Underweight? If so, how much?. This health 

survey utilizes the health care provider as the filter for determining if the applicant is 

medically fit for the activities described.  

Most typical fit young men have body fat stores around 15% or approximately 10-

11 kg equaling approximately 100,000 kcal of energy (Friedl et al., 1994). Energy stores 

of 100,000 kcal provides many of the theoretical energy deficiencies during strenuous 

outdoor activities. Backpackers on average expend roughly 5000 kcal a day (Auerbach, 

2012).  Energy expenditure while in the backcountry can range from 44-55 kcal/kg/day 

(Hill et al., 2008).  Additional kcals are required for higher intensity activities such as 

climate, age, sex, health and metabolism (Auerbach, 2012; Hill et al., 2008).  

 

Energy Balance 

 

 

Energy balance equals energy intake (food) plus stored energy (fat and muscle) 

minus energy expenditure.  Four to six percent body fat represents the lower limit for 

healthy men and this corresponds to a sum of four skinfolds <20 mm (Friedl et al., 1994). 

The body consists of two compartments; body fat, which includes the entire content of 

chemical fat or lipids in the body, and the fat-free mass (FFM), which includes all the rest 

of the body apart from fat (Durnin & Womersley, 1974). Nutrition in the backcountry 

differs from the nutritional recommendation for the general public (Hesterberg & 

Johnson, 2013). The specifics of exact energy expended during activities and the exact 

nutritional energy daily are not as much of a concern for the advanced practice provider. 

The advanced practice provider will be more concerned with total body weight lost or 
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gained over the period of the trip.  The average of energy balance will be see in the 

changes in body weight.  

Energy balance can be determined in very sophisticated to very elementary ways. 

Previous studies have utilized VO2 and heart rate correlations to determine energy 

expenditure by determining the basal metabolic rates of individuals. VO2 is reached when 

oxygen consumption remains at steady state despite an increase in workload. Hill et al. 

2008 utilized a small cohort of 3 subjects over a 5-day backpacking trip to analyze energy 

expenditure from VO2. This study’s subjects had a wide range of VO2 max between 57-

72 ml*min
-1

*kg
-1

 (Hill et al., 2008). Hill et al. 2008 compared two methods to determine 

energy expenditure: 1) terrain and 2) heart rate. The terrain method involved a calculation 

using meters traveled and meters climbed. The heart rate calculation was based on VO2 

correlations to HR to define energy expenditure. There was a 28% decrease in energy 

expenditure when comparing the Terrain Method to the heart rate method (Hill et al., 

2008). This discrepancy provides challenges for analyzing energy expenditure. Actual 

weight loss during this study was very close to the predicted weight loss due to the 

calculated energy deficit (Hill et al., 2008). This study suggests the heart rate method of 

calculating energy expenditure was more accurate as well as that predicted weight loss 

was very close to expected weight loss.  Despite the strengths of this study it was 

conducted over a short period of time with a very small cohort. In an extended expedition 

environment present at NOLS challenges occur when trying to track heart rate for 

multiple participants over an extended period of time.  
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 Energy expenditure can be calculated over a period of time in many different 

ways. Equations for EE due to distance = (m traveled)(combined mass)/(2000 kg • m • 

kcal–1), EE due to elevation gain = (m gained)(combined mass)/ (111.1 kg • m • kcal–1) 

were used to calculate terrain based energy expenditure of hiking (American College of 

Sports Medicine, 2006). Average caloric expenditure uphill was 9.85 kcal/min and 

downhill was 5.64 kcal/min(DeVoe, Gotshall, & Subudhi, 1997). Challenges are present 

in the wilderness backcountry setting because of increased load of monitoring equipment. 

For simplicity estimating total energy expenditure in the backcountry environments 

considers food intake and changes in body composition (Hoyt et al., 1991).  

 In understanding the changes in body composition it may be possible to understand 

the changes in energy balance for backpacking participants over a longer period of time. 

Energy expenditure during activity has been shown to be similar across sexes based on 

weight (approximately 350 kj/kg per day) (Hoyt et al., 2006). Fat-predominate 

metabolism implies reduced glycogen use, a significant capacity for endurance exercise 

and less loss of FFM (Hoyt et al., 2006).  

 

Health 

 

 

An individual’s health and performance is very important to being successful in 

the backcountry(Auerbach, 2012). As an individual continues to be in an energy deficit 

changes occur in the body. Specifically weight is lost in the form of fat, muscle and fluid 

hydration.  Total body weight and fat mass are the main components of rapid weight loss 

in the athlete over a short term fast (Sagayama et al., 2014). 
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Fat is essential to life as components of cell membranes, nerve sheaths and other 

cellular constituents (Friedl et al., 1994). As body fat decreases to a point of 4-6% the 

body starts to catabolize fat free mass (FFM). FFM is mass made up of muscle. Women 

use more fat mass and less FFM to meet metabolic fuel requirements and thus preserving 

FFM (Hoyt et al., 2006). Muscle catabolism resulting from energy deficiency can cause 

morphologic changes and decreased strength (Friedl et al., 1994). Men preserve lean 

mass more effectively if they have a greater initial body fat availability (Hoyt & Friedl, 

2006).  

Energy deficit can also result in neurologic changes in the body. The Minnesota 

Experiment studied the effects of food deprivation in humans during the post war 1940’s. 

This study showed that the neurological deficits in semi-starvation subjects were largely 

absent (Keys, Brozek, Henschel, Mickelsen, & Taylor, 1950). The only positive 

neurological deficit present in the Minnesota Experiment of the semi starvation group 

were diminished patellar reflexes in a few subjects (Keys et al., 1950). Reduction in fast-

twitch type II muscle fibers was evident in a 3 week study of Swedish ski troops in 

energy deficit (Schantz, Henriksson, & Jansson, 1983). This is comforting information 

for the backcountry traveler. Despite this situation, there are still psychological changes 

that occur while in energy deficit. 

Many expeditions through history have encountered a semi-starvation state in 

which extreme energy deficit has occurred (Keys et al., 1950). In the Minnesota 

Experiment “tiredness, appetite, muscle soreness, irritability, apathy, hunger pain, and 

ambition” were all significant self-rated by study subject of the psychological testing 
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(Keys et al., 1950). The sensation of hunger pain is important, as it is often something 

perceived by students on NOLS courses because they have a rationed diet provided for 

them. Many subjects during the Minnesota Experiment utilized hot drinks to “fill up” and 

reported reduced hunger pains (Keys et al., 1950). Cannon (1912) did the first 

physiological research on hunger pains finding that they related to a reduced volume of 

the stomach by an increased contraction. Hunger is the dull ache or gnawing sensation in 

the mid-chest region and the epigastrium and can be mitigated by chewing and smoking 

(Cannon & Washburn, 1912; Carlson, 1916). The stresses of energy deficit result in 

emotional instability (Keys et al., 1950). 

The consequences of providing a nutritionally inadequate diet are well 

documented. Dietary insufficiency can depress immune function(Keusch, 2003), prolong 

recover from illness and injury (Brown, 1994) and compromise physical performance 

(Hermansen, Hultman, & Saltin, 1967). It is important to be aware of risk factors when 

operating in negative energy balance. The rate of weight loss and the total amount of 

body weigh lost are important risk factors to consider (Hoyt & Friedl, 2006). Despite 

significant weight loss in Army Rangers; grip strength did not change and strength 

capacity only decreased modestly (Hoyt & Friedl, 2006). Physiological changes in Army 

Rangers included; metabolic conservation, subclinical suppression of the thyroid axis, 

low core body temperatures, greater susceptibility to hypothermia, increased economy of 

motion and increased susceptibility to bacterial infection (Hoyt & Friedl, 2006).  

Despite the negative effects of being in energy deficit it has been shown that 

individuals can return to pre energy deficit levels in 5 weeks with rest and re-feeding 
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(Hoyt & Friedl, 2006). Adequate diet and appropriate work/rest cycles can minimize 

degradation of endurance capacity (Hoyt et al., 2006). It also emphasizes the importance 

of re-feeding to allow recovery from deficits that will occur during field deployments 

(Tharion et al., 2005).  Despite the many negative effects of a negative energy balance 

there are some positives with improvements in hepatic fat, liver function tests, and insulin 

resistance despite regaining of weight (Haufe et al., 2013). As a medical care provider it 

is essential to understand the effects of an extended energy balance and be able to counsel 

patients on these points.  

 

Fitness 

 

 

Human endurance during activity is based on numerous factors including fitness, 

oxygen consumption, fuel, hydration and genetics (Robergs & Roberts, 1997). Fitness 

level can affect a person's energy expenditure, as they will be able to perform the same 

with less breath or “VO2”. Energy balance is essential to continued activity over long 

periods of time. Fitness and pack weight affects a backpacking participants comfort and 

VO2 max (Shoenfeld, Shapiro, Portugeeze, Modan, & Sohar, 1977).  Carrying a heavier 

pack decreases participant comfort, increases heart rate, and decreases VO2 (Shoenfeld et 

al., 1977). VO2  is dependent on absolute weight of the carried load rather than to the 

weight of the subject or the load percentage to body weight (Shoenfeld et al., 1977). No 

changes were observed in creatine-phosphokinase (CPK), in subjects not exposed to 

excessive physical stress(Shoenfeld et al., 1977). Therefore developing rhabdomyolysis is 

not significant (Shoenfeld et al., 1977). To avoid significant decrease in VO2 max the 
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maximum backpacking load carried by individuals in good physical conditions for long 

distance should not exceed 25 kg (Shoenfeld et al., 1977).  

NOLS participants may want to increase their fitness level to increase their 

efficiency and comfort during backpacking activities. Daily walking with loads of 3-6 kg 

can improve the aerobic capacity of subjects with low initial fitness(Knapik, Harman, & 

Reynolds, 1996). Load carriage speed can be increased with physical training that 

involves regular running and resistance training. Training with loads can result in greater 

energy efficiency since walking with backpack loads over several weeks decreases 

energy cost (Taylor, Heglund, McMahon, & Looney, 1980). It is possible to substantially 

improve aerobic physical fitness in three weeks by walking daily with a light backpack 

load (Shoenfeld, Keren, Shimoni, Birnfeld, & Sohar, 1980). The most pronounced 

increased in aerobic work capacity (VO2 max) while carrying a pack was a result of 

walking 5km/hr for thirty minutes with a 3-kg pack for 3 weeks and a 6-kg pack for 1 

week (Shoenfeld et al., 1980).  

 

Summary 

 

Although some research has been done to understand the occurrence of energy 

deficit in highly specific populations, little data-based information is available to advise a 

program such as NOLS on specific trends in energy deficit among more general 

populations.  Knowledge of energy balance among NOLS participants will provide 

information that can be used to tailor activity and provisions in order to keep participants 

in a health balance and avoid possible ill health effects. By knowing the total energy 
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requirements of the trip especially those that are of long duration and the body fat 

reserves of participants, medical personnel may be able to identify individuals at 

increased health risk because of low body fat energy reserves (Tharion et al., 2005). 

Understanding the energy requirements, energy balance and ways of improving energy 

efficiency will prove beneficial information for NOLS participants on backpacking 

courses.  
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METHODS 

 

 

Study Design 

 

 

The purpose of this study was to determine the energy balance for participants in 

courses provided by the National Outdoor Leadership School (NOLS). There have been 

few specific studies examining this topic of energy expenditure on extended expeditions. 

This information was requested by NOLS in order to better understand the energy 

balance of their participants, provide a foundation for future nutritional studies, and to 

provide scientific evidence to support nutritional decisions for these expeditions.  This is 

a nested study from data collected by Cara Ocobock of Washington University. Data 

analyzed for this thesis includes only a small subset of data associated with a 7-day 

hiking period.   

 

Setting and Sample 

 

 

This study took place in the mountains of the Wind River Range of Wyoming and 

Absaroka mountain range of Montana.  Over a three-month time span from June to mid 

August in the summer of 2011 and September to mid December in the fall of 2011 study 

subjects participated in a combination of backpacking, rock climbing, river rafting, and 

backcountry skiing. The analysis reported here specifically investigated subjects while 

backpacking and omitted an examination of other activities. While participating in these 

activities, participants lived outdoors in tents and prepared their own meals on camp 

stoves.   
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 Fifty-nine students of the National Outdoor Leadership School semester program 

participated in this study. Semester programs at NOLS take place in the Fall and Summer 

seasons. Two separate cohorts were defined based on the semester program for which 

they were enrolled; two summers and two fall. The two summer courses  (n=25) lasted 3 

months each and the two fall courses (n=28) lasted four months each. A pilot study (n=6) 

was also conducted in the summer of 2010 to determine the feasibility of data collection.  

To be included in the study, participants must apply to the NOLS program and be 

accepted based on written response and clearance by a medical doctor that they are fit for 

the activities involved in the program. 

 

Protection of Human Subjects 

 

 

This study was initially approved by the Institutional Review board of 

Washington University of St. Louis, Missouri for the primary research of Cara Ocobock 

(Appendix A). The Institutional Review board at Montana State University granted 

secondary approval (see Appendix B). 

 Subjects of this study were consented upon their admission to the study. These 

subjects were notified of the risks, benefits, and requirements of the study (Appendix B). 

Subjects received no official compensation for participation. However, as a gesture of 

appreciation, subjects received a NOLS t-shirt, a selection of three NOLS books, and 

were provided candy bars and fresh fruit while on their course in the wilderness. 

 

 



15 

 

Data Collection Procedure 

 

 

Anthropomorphic data was collected at different locations across the Western 

United States. (Table 1) 

 

Table 1. Course locations.  

Course Pre-Course  Mountain 

Range 

Post-

Course 

WSS 1 Lander, WY Absaroka 

Range, 

WY 

Lander, 

WY 

WSS 2 Vernal, UT Absaroka 

Range, 

WY 

Lander, 

WY 

FSR 5 Lander, WY Wind 

River 

Range, 

WY 

Lander, 

WY 

FSR 8 Lander, WY Wind 

River 

Range, 

WY 

Lander, 

WY 

 

Pre, interval, and post body weights were recorded to determine anthropomorphic 

changes throughout the test period. Diet logs were recorded to determine caloric intake 

(Appendix D). Weight change, energy consumed through food, distance traveled, 

elevation gained and resting metabolic rate were used to determine overall energy 

balance. 

Upon entering the study descriptive data was collected that included age, gender, 

and geographic hometown. The parent study neglected to collect other descriptive 

variables of race, education, income, and marital status. 
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 The subject’s anthropomorphic measurements were taken at the beginning of the 

study. These measurements included body weight and height. Weight was measured in 

kilograms on a factory-calibrated scale, Tanita BC-558 Ironman Segmental Body 

Composition Monitor (Tanita Corporation, Arlington Heights, IL, USA). Height was 

measured with a cloth tape. Resting metabolic rates were collected from each subject 

using a portable respirometry unit (Costmed K4b2, Chicago, IL, USA) following the 

procedures of (Gayda et al., 2010). This system measures oxygen consumption and 

carbon dioxide production using a breath-by-breath analysis. Resting metabolic rate 

measurements were taken early in the morning before subjects had their first meal. 

Subjects were in a supine position on foam pads placed on the floor and rested 15-20 

minutes before measurements were taken. Measurements were then taken for 6-8 minutes 

with the last four minutes of the measurement averaged to determine RMR in kcal/24 

hours.  

Subjects were asked to keep self-reported activity and food diaries for the 

duration of the study. Subjects reported activity type (hiking, walking, climbing, cross 

country skiing, digging snow etc.). Hiking activity was quantified in distance and 

elevation gained. Subjects reported type and quantity of food. Collapsible measuring cups 

were provided to aid measuring accuracy, though many subjects opted not to use these 

and instead estimated food amounts. Activity diaries kept by subjects were transcribed to 

an excel database over a period of time from April 2013 to July 2013. Data for each day 

was entered separately to include the activity and its corresponding distance and elevation 

(Appendix C). All distances and elevations were converted to meters. Data from the food 
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logs were also transcribed into a database on a day-by-day basis (Appendix D). Calories 

were calculated and assigned to each food entry using the NOLS Cookery (Pearson et al., 

2012), NOLS Backcountry Cooking (Pearson & Kuntz, 2008), NOLS Backcountry 

Nutrition (Ryan, 2008), and the official USDA National Nutrient Database for Standard 

Reference (USDA, 2012). Calories were summed for each day along with total 

carbohydrates, dietary fiber, sugar, protein, total fat, trans fat and saturated fat. The 

average daily caloric intake for each subject was calculated. Undergraduate students at 

Washington University transcribed data sheets.  

Daily energy expenditure was calculated by utilizing a terrain model. Energy 

expenditure due to distance traveled and elevation gained was calculated by the following 

equations (American College of Sports Medicine, 2006).

EE due to distance (EED)= (m traveled)(combined mass)/(2000 kg/m/kcal
-1

) 

EE due to elevation (EEE)= (m traveled)(combined mass)/(111.1 kg/m/kcal
-1

) 

Estimated backpack weight was utilized to determine combined mass. An assumption 

was made that packs weighed 30% of body weight.  Daily pack weights were not 

collected during this study. Previous studies utilized pack weights of 26% (DeVoe et al., 

1997). Thirty percent of body weight was decided upon as it is a reference weight for 

NOLS maximum pack weight (Harvey, 1999). Energy expenditure of decent in elevation 

was considered to be similar to level walking (Hill et al., 2008). 

Total energy expenditure was calculated by the following equation.  

 Resting Metabolic Rate (RMR) 

 RMR+ EED+ EEE= Total Daily Energy Expenditure (TDEE) 
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Total daily energy balance was calculated by the following equation.  

(TDEE)-Total Energy Intake= Total Daily Energy Balance.  

  

Instruments 

 

 

Scale Tanita BC-558 Ironman Segmental Body Composition Monitor 

Body Tape 

Stature (Height): heels together stretching upward to the fullest extent (Weiner & Lourie, 

1969).  

Weight: nude or lightweight shorts. (Weiner & Lourie, 1969) 

Portable Respirometry Unit Costmed K462  

 

Data Analysis 

 

 

 Data was consolidated into IBM SPSS Version 21. A review was conducted of the 

data for missing values. Six subjects were identified to have missing values in their food 

logs and post course body weight. Of these six subjects, 5 had missing data exceeding 

50% and were treated by listwise deletion.  The remaining subject missed post course 

body weight and was treated by replacement with pre course weight as a conservative 

approach to maintain the sample. Although each course had varied trip lengths from 

seven to eleven days, all subjects engaged in a strenuous hiking section for a minimum 7-

day duration. For this reason, only the first 7 days of hiking activity were selected for all 

four groups for the current analysis. 
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 Descriptive analysis was performed with regard to age, pre-hike and post-hike 

body weight, total course energy balance, body weight loss, pre-hike and post-hike BMI, 

hometown location and overweight classification. Overweight is defined as a body mass 

index greater than equal to 25.0. Normal weight is defined as body mass index less than 

or equal to 24.9. Daily energy balance means were calculated over the 7-day course. A 

repeated measures ANOVA with a Greenhouse-Geisser correction and Bonferroni 

corrected t-test were also conducted on daily energy expenditure. A descriptive analysis 

of total energy balance was conducted.  
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RESULTS 

 

 

 The subjects lost weight over the duration of their course even with an average 

total energy balance of 1286 kcal (Table 2). There was a large range of total energy 

balance across individuals (Table 2).  

 

Table 2. Descriptive analysis of subjects (n=48) 

 Range Minimum Maximum Mean x(sd) 

Age 18 18 36 20.83 3.9 

Pre-hike (kg) 57.2 55.9 113.1 75.0 13.0 

Post-hike (kg) 50.0 58.0 108.0 72.7 11.5 

TE Balance 

(kcal) 

19528.5 -9471.9 10056.6 1286.0 3924.3 

Weight Loss 

(kg) 

14.1 -2.7 11.4 2.3 2.9 

 

 

Table 3.  Descriptive analysis of participants “normal weight” and “overweight” at pre-

hike and post-hike times. (n=48) 

 Frequency Percent 

Pre Trip “Normal Weight” 35 72.9 

Pre Trip “Overweight” 13 27.1 

Post Trip Normal Weight 38 79.2 

Post Trip Overweight 10 20.8 
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The majority of the participants in this study were male (70.8%) and resided in the 

western, northeastern and southern United States.  

 Mean daily energy balance varied throughout the study duration (Figure 1). Day 1 

and day 6 resulted in a negative mean daily energy balance (Table 7). A repeated 

measures ANOVA with a Greenhouse-Geisser correction determined that mean energy 

balance differed statistically significantly between time points (F (3.136, 147.378) = 

4.326, P < 0.0005). Post hoc tests using the Bonferroni correction revealed that there was 

a time effect on energy balance on specific days (Table 7). There were significant 

negative mean differences between days 1 < 2, days 1 < 4, and days 3 < 4 (Table 7). 

There was a significant positive mean difference between days 2 > 6, and days 3 > 6 

(Table 7).  

 

Table 4. Daily Energy Balance Means (n=48) 

 Mean Standard Deviation 

Day 1 Energy Balance (kcal) -181.6 890.2 

Day 2 Energy Balance (kcal) 484.2 956.2 

Day 3 Energy Balance (kcal) 360.6 1013.7 

Day 4 Energy Balance (kcal) 568.2 1043.8 

Day 5 Energy Balance (kcal) 146.9 1157.7 

Day 6 Energy Balance (kcal) -225.0 1135.8 

Day 7 Energy Balance (kcal) 132.8 1453.8 
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Figure 1. Mean Daily Energy Balance. 

 

 

Table 5. Significant daily difference in energy balance (n=48) 

 Mean Difference x(sd) Exact p-value (two 

sided) 

Day 1 to Day 2 -665.8 131.1 0.000 

Day 1 to Day 4 -749.8 188.7 0.005 

Day 2 to Day 6 709.2 187.6 0.009 

Day 3 to Day 4 -207.6 17.7 0.000 

Day 3 to Day 6 585.6 154.0 0.009 

Day 4 to Day 6 793.2 155.4 0.000 
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DISCUSSION 

 

 

Introduction 

 

 

Hiking for multiple days in a remote wilderness setting results in an energy 

expenditure. In these backcountry setting resources such as food can be limited. 

Backpackers try to plan food rations to cover their energy needs while on their trip. Over 

rationing can result in increased backpack loads and therefore increase the work of 

backpacking travel (Pandolf, Givoni, & Goldman, 1977; Shoenfeld et al., 1977). Under 

rationing can result in an energy deficit. In this context of NOLS courses there is an 

opportunity for energy deficit in the body due to limited food stocks. Program goals on 

courses at the NOLS traditionally do no account for situations of energy deficit. For 

example, course goals may include hiking from point A to point B with little 

consideration for the amount of energy (food rations) that will be required to accomplish 

the task. Despite this, instructors at NOLS are conscious of the broad energy needs of the 

participants. Instructors educate students on the necessity of good nutrition and hydration 

to support their expeditionary goals, but would benefit from information to guide 

decisions regarding energy balance.  

In this study, energy balance was defined for 48 subjects over the period of seven 

days in a backcountry setting in the wilderness of the Absaroka and Wind River mountain 

ranges of Wyoming. Understanding the specific nutritional needs while traveling in the 

backcountry will help prevent many of these medical problems such as injury, 

hypoglycemia, electrolyte imbalance and depressed immune function, which can lead to 
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collapse, muscle cramping, depression, and altered mental status. The information from 

this study will allow NOLS to customize their daily rationing process and educational 

focus for their courses. With a baseline estimate of energy requirements, accurate 

rationing can prevent over packing of heavy foodstuffs on extended trips. Understanding 

the energy balance on NOLS courses will also help instructors dispel conceptions of 

starvation symptoms experienced on courses. This study also will provide valuable 

information for consoling dietary behaviors for participants on backpacking expeditions.  

 

Review of Results 

 

 

Independent subjects in this study had different energy balances on their seven-

day hiking course. Subjects were primarily in their third decade of life coming to 

participate in NOLS programming. At the start of the course subjects Body Mass Index 

(BMI) varied with 27.1% classified as overweight. The BMI levels pre and post course 

suggest that no subjects displayed a critically low body mass composition. Therefore the 

medical concerns surrounding low body fat mass were not a concern for the subjects 

(Deurenberg, Weststrate, & J.C., 2007). The body fat reserve present in all subjects 

throughout the course can be depended on for situations where energy expenditure is 

greater than energy intake.  For example if the course elects to do a fast for one day, their 

body composition would allow for this negative balance. Or if the course for some reason 

had lost food and had to endure a non-elective fast, they would have the energy stores to 

complete the course.  
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The average energy balance of participants on NOLS multiday backcountry trips 

resulted in an overall positive balance for the hike. Specific days within the course (Day 1 

and Day 6) resulted in a daily negative energy balance. The extent of this energy balance 

deficit was minimal. Many reasons for this may be suggested. It is important to quantify 

this energy deficit not only in numbers of kcals but also in more tangible means. The 

Mars company candy bar Snickers contains 250 kcal and this kcal value was the extent of 

the mean energy deficit on these days (Mars, 2014). Weight loss did occur across the 

surveyed group by an average of 2.3 kg. There were a few individuals who did gain 

weight within the group. Weight loss is a product of energy intake plus energy stores 

minus energy expenditure. The participants on average on the course lost weight. This is 

a contradiction of the positive mean energy balance identified. This is likely due to the 

large range of total energy balance in the study, 19528.5 kcal. Reasons for this range 

many include individual factors such as resting metabolic rate, BMI, hydration status, 

body composition, pre hike fat stores and fitness level. Overall the majority of individuals 

were able to maintain energy balance throughout the whole test period with a few 

individuals operating in deficit therefore depending on their fat stores.  

NOLS is in the business of educating students how to successfully manage 

themselves and groups in the mountains (NOLS, 2014). Definitive reasons why energy 

balance was negative cannot be given from this energy expenditure study as these factors 

were not tracked and were beyond the focus of this study. There may possible human 

factors that contribute to the negative energy balance on these days. Day one of hiking 

trips at NOLS often includes many classes on backpacking tasks from tent set up to 
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cooking. A novice backpacker with little experience on how to prepare meals on a 

backcountry stove may contribute to the negative balance on day one. This may be the 

reason for half of the subjects as this was their first experience participating in NOLS 

programing. The other half of the subjects had already participated in other NOLS 

activities for a few weeks, which would have allowed them time to become proficient at 

cooking. One would assume that by day six proficiency in cooking might be established 

for many participants, therefore other reasons for energy deficit may need to be 

considered. Locating food with in large backpacks can often provide a challenge for the 

novice and may be a viable reason for lack of energy intake. Motivation to cook higher 

calorie foods or multi course meals may also be a contributing factor. There is also the 

motivation and stress variable that may affect individual’s drive to each resulting in some 

subjects eating more than others. Timing of the first day’s events may also contribute to a 

lack of time to cook. Many variables may contribute to this negative energy balance on 

the first day of the back backpacking course. The energy deficit on day one is statistically 

different from Day 2 and Day 4.  Continued analysis of the factors contributing to day 

one energy deficit should be further examined.  

Mean energy balance was also negative on day 6 of the course. Again many 

reasons could contribute to why this balance was negative. Lack of food rations at the end 

of a hiking trip may be a reasonable conclusion except that the energy balance returned to 

positive for day seven. There is also the possibility that on day six there was increased 

energy expenditure in the form of increased mileage and elevation gained that could not 

be balanced by food intake. With increased time spend hiking there may be a reduced 
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time available in the day to cook. This time reduction for a novice backpacker may have 

resulted in them eating a low calorie quick snack for a meal instead of preparing 

something with higher calories. Elevation may have also contributed to anorexia and 

reduced food intake up to 10-50% (Rose et al., 1988). Fatigue and lack of motivation for 

cooking higher calorie meals could also have contributed to this energy balance deficit. 

Weather may also have contributed to the inability to cook.  

Day 6 is also statistically important, as it is different than Day 2, Day 3, and Day 

4. Day 6 brings up some important points with regarding the energy balance for NOLS 

courses. With the negative down trend toward day 6 without a statistically different value 

at Day 7 there is the possibility that day 7 is a negative value and the participants will 

continue to trend negative in the future.  

 

Significance to Nursing 

 

 

 Specific information regarding energy balance for participants in multiday 

backpacking trips is important to nursing providers for many reasons as discussed above. 

The specifics of exact energy expended during activities and the exact nutritional intake 

daily are not as much of a concern for the advanced practice nurse as they will see the 

averages of this relationship through clinical presentation and weight gain or loss. 

Understanding the need for participant of these activities to be of a normal weight 

provided an energy buffer for possible situations of energy deficit that may be 

encountered on backcountry courses. In this study no participants came to their courses 

underweight. Many medical providers will be signing medical release forms for their 
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patients to participate in these programs. Patients who are underweight at the start of 

these backpacking excursions have a higher risk of reducing their fat stores to a critical 

level during the trip. Basically the energy balance between stored energy, expended 

energy and energy intake is more delicate (Tharion et al., 2005). Subjects that have been 

diagnosed or have behaviors congruent with anorexia and bulimia or other eating 

disorders may be at a higher risk in energy deficit situations.  

Rural Nurse Practitioners are the front line for treating and counseling patients 

who are participating in rigorous physical activity while living outdoors.  Graduates of 

family physician residencies and nurse practitioner programs provide care 48% and 38% 

respectively, of the time in rural areas (Edwards et al., 2006). Rural towns are the primary 

location for staging multiple day backpacking trips. Backpack weight may contribute to 

injuries, and if pack weight can be minimized though variable pieces such as food weight 

it is possible that musculoskeletal injuries and traumatic injuries may be reduced. Sprains 

and strains account for 80% of the injuries during wilderness recreation(Gentile, Morris, 

Schimelpfenig, Bass, & Auerbach, 1992). Proper nutrition providing for energy balance 

may also prove for better health and decrease the incidence of gastrointestinal 

complaints. Nutritional education in primary care is not always a priority because of 

limited visit time and limited educational materials (Kenner, Taylor, Dunn, Gruchow, & 

Kolasa, 1999). 

 For the medical provider this study provided important information regarding the 

energy balance while participating in backpacking and camping activities. Specifically it 

is important that providers know that there is a positive energy balance for participants 
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and it would be unnecessary to add energy stores before a NOLS course if the patient is 

in the normal weight category.  

 

Study Limitations 

 

 

 This study was primary limited by a few factors: study length and subject 

numbers. With a short course length of seven days it is hard to determine if longer 

courses would continue to have a negative energy balance that continued beyond day 6. 

This study was also limited by how energy expenditure was calculated through a terrain 

model for hiking and elevation gain. This study was limited by the energy balance 

assessment technique. It would be ideal to gather daily pack weight data to provide more 

accurate calculations of energy expenditure. The study could also be limited participants 

inaccurately tracking their food consumption in their diet diary resulting in increased or 

decreased energy intake.  

 

Future Study Recommendations 

 

 

Future studies should repeat the procedures here for longer durations. With this 

extended data set information could be analyzed for changed in energy balance over time 

but also with regards to the activity that they are participating in. Further analysis of 

individuals in energy deficit during this study should be done. This analysis will provide 

more answers to why they may be in deficit during these activities. Other energy 

expenditure monitoring techniques should be considered. Portable energy expenditure 

monitoring is recommended for future investigation of energy expenditure on 
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backpacking trips. Future studies may include using diets that more specifically meet 

energy needs of participants without creating a surplus. This may allow pack weights to 

be decreased through reduction in ration weight. 
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Name: 

 

Activity Journal 

Date: 

 

Activity Distance/Elevation Activity Distance/Elevation  

Hiking 6 mi, 200 ft elevation   
Multi-pitch climbing 800 ft elevation   

    

    

    

    

    

    

    

    

    

    

    

    
 

Date: 

Activity Distance/Elevation Activity Distance/Elevation  
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Name: 

 

Food Journal 

Date: 

 

Food Quantity Food Quantity  

Ex: pasta & cheese 1 cup   
Ex: coffee w/ cream 4 oz + 1 tbs cream   

    

    

    

    

    

    

    

    

    

    

    

    
 

Date: 

Food Quantity Food Quantity  

    

    

    

    

    

    

    

    

    

    

    

    

    

    


