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ABSTRACT
The purpose of this study was to assess physiologic changes during a 592-mile hike of
the Appalachian Trail. The participants included 2 physically active nonsmoking male
adults, 23 and 26 years of age. The participants were both experienced backpackers
attempting a 592-mile northbound hike of the AT in the summer of 2006. Participants
were tested before and after hiking. Participants underwent the following tests: resting
BP, resting HR, height and weight, body fat, BMD, lactate threshold, VOzpeax, maximal
HR, curl-ups, push-ups, and sit-and-reach. Although the hike was ended prematurely
after 474 miles, many changes were observed. Body mass, body fat, and girth
measurements (except the calf) decreased for both subjects. VO,peax and lactate threshold
increased. In conclusion, many positive physiologic changes were seen after hiking 474
miles on the AT. Further research is needed on more diverse subjects attempting the

entire trail.



TABLE OF CONTENTS

CHAPTER PAGE
CHAPTER )65 0 568500 isusisssnessasvmes ivesssssonessrsrssmmsesasns s susassavein susih sipndtsns soavwassssonsussasasys 1
BN TREIDIEIC TN, . ccvivs e o somanenssssneseosssesorssssmsssonasbon ssssbonmen shed ves suams sossssasasnsssasnass 1
D i e PRt s s s 50 asiass es $H 55 999 ¥ 54 TSN § 500 55 80WORT 037 0 4ib 000 0t 001 009 SHSTHTHS 3
RPN S0 0 B i 7 o s s sl s s s s 5534 0T 0wl 44 008 008 sans a8 soasonsnssn 3
OIEABUEEIIR 2. .o v s cwssisus. « cvssnnaions susasosssesssn ssanss sbssassssabapsonsh oia sndsnassussssbonsanasusbussa 5
REVIEW OF LITERATURE .........coctoiitrieteeeeeter et e saesaessesaesesee e 5
The Appalachlian TIAL ... suusismtocmeisemsmesssvbosesessiaioisisissesssssssssssssess 5
Appalachian Trail HIKETS ........c.ceerereereeeerereiestneressesesseeessesessesessssssessssesssssensessees 6
Ultra Endurance EVENtS .........ccoceeiiiiiiiiiiiiiniieenitneeitnee et snaee s 7
Aerobic Exercise Adaptations...........coocuuveiiniiieieiciiriieic s 9
Physical Activity Prevalence and Recommendations...........cccceevueirveesnneenennneenne 10
Walking as Physical ACHIVItY.........ccovuerveiieriuiiieiniieniiensiesseesessesssesssessseessssseeseessens 11
EnciRy Cobt of WAKIRE. ....... .o cocovvvnncsasasmionssnsssonsseiosssnnminssaomsessansssdsss sissdonsainssss 12
Grade WalKing.......ccoevevueeueeriireenieeestetestesessirtessseseesessessssesssesesssessnssssssessesnnnne 12
Walking with @ BaCKPaCK ........cccevvuiivieniniiiniienientcseseseese e see e saesre s svasnes 13
PRI NIEEL . ........c.coicnenen e ecciaanctenseconnonsnsmin sossn v s onsessnasaiten ses sasstenananss 15
ORI 55 5. 08 s wbscs . 1555 5550 50 ossnsisesnassassnesisssFonssoussnisnasen siosssass sessssas bnssbrssnsssessnsonss 16
A L I o, SRy o 35 v o v oo s Fomasiions o S¥uSsiopaomms iessine svvs swevssanssvosesess 17
RIS IR T . . e o s e s 5 85w 5's g3 Bomm prrna ST oS+ 1D o Heowebb 55 s 3w 17
ZAIBEIRIRGE. . 555150 e 5 D S onTuimin s s 0§ ¥l S BHTRA 4 sl o e TPHEHT s o v o0as swavissasos 17
IRIBMEIINIERONN. ... ... o« o505 o0 susmussnsoss i nadnosaonmssabsssnsonssassess Sonssbssussussssnsbitnsssovesvssnis 17
PREDOSEL . ..cvievoveeciornersrnonismsorsesaisontosmonssnssorsssesssssspaesstsnasossesssses sassonsessrssussssnsorasssssss 20
BERIRIIRIEIS .. .. oo ooovninivorvivisunssassorsssusneossonsossesnssnsssisssssosossassnsssestssessus bavesssssssssess 20
L b SR S 111355 « 55+ 0 § 5044 040404044440 4444 045 048 05 0405450840854 49 454 SF4T0 0048 0448880500 45082000208 20
PR OIOIRIIES s0tv.. e o ainenessunensuesarneasnensanessaesssnesanersatnssensssansanansasassassnesssnesannessimeses 20
O R BOROCBLS S covetins:s civs s v s sssesnsenssnsverasssavessasessnntsssnssesassasnssaanssans soshes baban samensan 21
Hiking Protocol 0n the AT ...............oeeveneeeiieerinieieneeeecineessetessseseeessseessssis e s sesunsnes 24
I e 1 s o0 s 0 b usus s b 04 a0 e ovd sooa Sl O BPUACHM TSRS 40 A A0TY 24
DISCUSSION ...c.cureuireereteeeeeesesenseeeeseessressessesseensessessessesseensmssesssesssessessessesssesesnses 26
TLERBUMRRGIIIG . ot s o2 et kst duascaassaesransonssatonaennanssnarnasnssnmasiassvtasnssbiantasnifivessanes 28
REEEREEINIERIS . ... o vesivasisiivesisansossossosnsnssusnssssaosss sussssnsarsansbusssssassisonsnsanions sbosassss 31
APPENDICES ........ooiiieieintieineeeetestneestses s estsss e s essessessessese s nneesssasssessnens 38
Appendix A: Informed Consent.............ccoeuevuevienieniininnrenens e eceeeeeeenes 39
Appendix B: Health History Questionnaire...........ccocecueeeeeeeeenneeneesseeneseessenennes 45



vi

LIST OF TABLES
Table 1: Physiological Changes in Response to Backpacking 474 Miles on the AT. (N=2)
........................................................................................................................................... 25



vil

LIST OF FIGURES
Figure 1. Changes in RER in Response to Backpacking 474 Miles on the AT. (N=2).... 26






CHAPTER 1
INTRODUCTION

The Appalachian Trail (AT) is a 2175-mile footpath stretching from Springer
Mountain, Georgia to Mount Katahdin, Maine. Founded by Benton Mackaye, this
wildemess hiking trail crosses 14 states and extends along the crest of the Appalachian
Mountains. Every spring, approximately 2000 people start hiking north at Springer
Mountain in hopes of reaching Mount Katahdin before the October 15™ closing of the
park, but only about 15-20 % will complete their journey (1). A smaller number start at
Mount Katahdin and hike south to Springer Mountain. These hikers are referred to as
thru-hikers, or those that hike the entire trail continuously. Others choose to complete the
trail in more than one trip. Known as section hikers, these people may hike a couple of
days, a couple of weeks, or possibly a couple of months at a time. A third group of hikers
are known as flip-floppers, or those that start at one end and hike for a distance, receive
transportation to the opposite end, and hike until they reach their first stopping point. Of
those completing the entire trail, section hikers represent 20% of the total, flip-floppers
make up 5%, and thru-hikers make up the remaining 75%. To date, almost 9,000 people
have hiked the entire AT (1).

According to a 1997 study by Boulware et al., the top reasons for not completing
the hike were injury, time limitations, and psychosocial reasons (2). Past research on
hiking has focused mainly on medical and social issues, and the studies were prospective
in nature (2, 3, 39). Of the studies involving thru-hiking, most limited the study duration

to 7 days (4). An exception was a 1985 study by Sparling et al. (5) on physiological
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changes experienced by an AT hiker. Although the participant completed 1700 miles of

the trail, few physiological changes were seen.

Most studies on ultra endurance events focus on medical issues or energy
expenditure. Of 6 studies involving adventure races, all focused on medical issues during
or after the event (6-11). Several Tour de France studies have compared energy
expenditure to energy intake (12-14).

Aerobic exercise, such as hiking, elicits many positive adaptations, such as
increases in maximal oxygen uptake (VO2may), lactate threshold (LT), stroke volume,
maximal cardiac output, maximal oxygen extraction, insulin sensitivity, and HDL
cholesterol. Decreases in resting heart rate and blood pressure have been reported (15-
21). Some changes occur after a single bout of exercise while others occur only after
weeks of training (22).

Walking is often recommended to achieve health related benefits. Walking is
inexpensive, low impact, does not require any new skills, and can be done almost
anywhere and at anytime. Depending upon speed and grade, walking has an energy
requirement of between 2.5-16.8 METs (23, 24). Walking at a speed of 3.0 mph (a
common backpacking speed) on a flat surface has an energy cost of 3.3 METs, but
carrying a 30 Ib (13.6 kg) load increases the cost to 7 METs. Climbing hills with the 30
1b load raises the energy cost to 8 METs (25-27). Downhill walking at lower gradients
requires less energy than walking on a flat surface, but as the negative gradient increases,
the energy cost rises (28).

In addition to the changes in grade, hiking on the AT requires greater energy cost

than normal walking due to the hiker wearing a backpack. Loads for section hikers vary



but usually fall between 25-50 Ibs, or 11.4-22.7 kg (1). Heart rate and oxygen
consumption increases with a pack (29). As compared to walking at the same speed and
grade with no load, Keren showed a 17% increase in heart rate and a 25% increase in
VO2 when walking with a 20 kg load at 4 mph on a 5% inclined treadmill (29). Often,
the gait is changed when wearing a backpack as well (4).

Many hikers use hiking poles during their journey. In a study by Schwameder
(30), hiking poles reduced lower extremity forces while walking down a 25% grade. In a
study of uphill walking with a load, poles improved backpacking kinematics,
‘redistributed muscular demand, and improved comfort (31). Poles may also help prevent
falls on uneven terrain (31). However, studies disagree on whether the use of poles
affects metabolic cost, with some studies showing that they increase it (32, 33), and
others showing that they have no effect (31).
Purpose

Past research on hiking has focused mainly on medical and social issues. The
studies were prospective in nature. Of the studies involving thru-hiking, most were
carried out over 7 days. Therefore, the purpose of this case report is to assess physiologic
changes during a 592-mile hike of the Appalachian Trail.
Hypothesis

Based on previous research involving physiologic adaptations to exercise, we
hypothesis that:

There will be physiological changes that occur during a 592-mile hike on the AT,

such as increases in lactate threshold, VOzpeax, bone mineral density, abdominal



strength, upper body strength, and flexibility and decreases in weight and % body

fat.



CHAPTER 2
REVIEW OF LITERATURE

The primary aim of this study was to assess physiological changes of hiking
continuously. In order to do this, it was important to address a number of topics, ranging
from the Appalachian Trail, to walking as a form of physical activity, grade walking,
walking with a loaded backpack, and walking with poles.

The Appalachian Trail

The Appalachian Trail (AT) is a 2175-mile footpath stretching from Springer
Mountain, Georgia to Mount Katahdin, Maine. The trail was founded by Benton
MacKaye because “people living in a post war industrial focused society grappling with
rising unemployment needed to refocus their attention on leisure time” (34). The trail
was finished in 1937 and is maintained primarily by volunteers (35).

With 2/3 of the nation’s population living within 550 miles of the trail, the AT is
the most popular hiking destination in the US (2, 36). The trail crosses 14 states, and
although over 2000 miles in total, is only 1200 miles in straight line distance. This
wildemess hiking trail extends along the crest of the Appalachian Mountains, crossing 6
national parks and 8 national forests. Ninety-nine percent of the AT is on public land
with the remaining 1% on private land (37). The trail crosses a major road often. The
longest stretch on the AT without a crossing is 32 miles, which occurs in the Smoky
Mountains (35).

The AT is the nation’s longest marked footpath (38). White rectangular blazes (5
cm by 15 cm) on trees or rocks identify the trail. Double blazes are placed by tums or

junctions. Blue blazes mark side trails that lead to shelters, water supplies, or vistas (36).



The trail is “not exactly a nice, easy, paved bike path” (35). The terrain is uneven
with rocks, roots, and turns. The trail ranges from flat to rolling, to steep climbs that
require scrambling up rocks. The single greatest climb is the northern terminus at Mount
Katahdin which climbs 4198 feet in 5.2 miles, an average grade of 15.3% (37).
Appalachian Trail Hikers

Every spring, approximately 2000 people start hiking north at Springer Mountain
in hopes of reaching Mount Katahdin before the Oct 15" closing of the park, but only 15-
20% complete their hike (1). A small number start at Mount Katahdin and hike south to
Georgia. Some start at one end and hike to a certain point, then receive transportation to
the other end and hike until they reach where they left the trail. Others who are unable or
unwilling to spend 6 months on the trail hike the AT in sections, with many taking years
to complete the entire trail. Regardless of which method used, the aim is to become a
“2000-miler”, meaning to have “hiked the entire trail between Springer Mountain in GA
and Mount Katahdin in MA”. As of 2005, 9000 people have achieved this goal (1).

According to a 1997 study of 280 backpackers hiking longer than 7 days, the top
reasons for not completing the hike were injury, time limitations, and psychosocial
reasons (2). Musculoskeletal injuries were common, with acute joint pain being the #1
complaint. 11 hikers suffered fractures, with 5 stress fractures, S due to falls, and 1
unclassified. The most common illness was diarrhea, which was experienced by 56% of
hikers.

Crouse studied successful hikers and section hikers in 1987-88 (39). Of 180
hikers who completed the trail, 82% experienced injuries or illness, with 5% reporting at

least 1 lost day of hiking due to injury or illness. 25% sought medical attention and 3



were hospitalized. 62% had extremity or joint pain. Of 10 fractures, 3 were stress
fractures, 3 were due to trauma, and 1 was due to overuse. 1 hiker was struck by
lightning. 63% had diarrhea at least once. Hikers lost an average of 11.8 1bs (5.4 kg).
Their average pack weight was 45.6 Ibs (20.7 kg).

The Appalachian Trail Conference (ATC) reports 10% of hikers quit by the end
of the 1* week. Reasons for quitting included starting too early, heavy rains or snow,
overly ambitious schedule, unexpectedly rugged terrain, overspending budget, poor
physical shape, ill-fitting boots and equipment, and no sense of humor. The average
hiker spends $3000-$5000 on the trail, plus an additional $1000-2000 on gear before the
hike (1). The average hiker is 35 years of age (2).

Although most hikers take 5-7 months to complete their journey, the hike can be
done much faster as proven by Andrew Thompson. In 2005, he set a record of
completing the trail in 47 days, 13 hours, and 13 minutes. However, unlike most hikers,
he was not self supported, with a crew of people helping him along the way (40).

Ultra Endurance Events

Most studies on ultra endurance events (those lasting longer than 6 hours) focus
on races lasting less than 24 hours, such as ironman triathlons or ultra marathons. Very
few studies examine multi-day events. Adventures races are non-stop and consist of
multi-sport disciplines such as running, orienteering, mountain biking, flat-water and
whitewater paddling, and rope skills. In studies of expedition length adventure races,
which last from 36 hours to 10 days, all 6 studies focused on injuries and illnesses (6-11).
Blisters were the most common soft tissue injury (6, 8, 10). In Townes’ study of Primal

Quest 2002 in Telluride CO, respiratory illness was the most common reason for
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withdrawal; this was not surprising since the race began at an altitude of over 9500 feet
and ascended to over 13,500 feet (8, 9). At Primal Quest 2006 in Moab, Utah, where
temperatures reached over 100 degrees F, one athlete suffered from heat stroke (10).
After Eco-Challenge 2000 in Borneo, a leptospirosis outbreak occurred (41).

The Tour de France is a 3 week professional bicycle race covering approximately
2,000 miles. Lucia (42) evaluated heart rate response to various stages of the tour and
found heart rate depended upon the terrain and role of the cyclist in his team. Heart rate
was lowest in the flat stages, higher in the mountains, and highest during the time trials.
Westerterp (12) used doubly labeled water to measure daily EE during the tour. Cyclists
reached an average daily metabolic rate of 3.4-3.9 or 4.3-5.3 times their basal metabolic
rate (BMR). As a comparison, men performing heavy labor have a daily metabolic rate
of 4 times BMR. A study by Saris (13) on food intake during the tour found cyclists diet
to be made up of 62% CHO, 15% protein, and 23% fat. Sweet cakes were their most
important food. Average daily water intake was 6.71 L. Although the cyclists’ EE was
7810 kcal/day, their EI was only 5900 kcal/day. In the Tour of Italy, amateur cyclists had
an EE of 9,033-12,976 kcal/day (14).

In a similar study on EE, Hill and Davies (43) examined a runner during a 7
month endurance run around Australia. The subject ran an average of 76.74 miles/day
and had an average EE of 6321 kcal/day, with a daily water intake 0of 6.083 L. A
sedentary man of similar size would have an average EE of only 2390 kcal/day.

A study by Case (44) examined nutritional intakes of IditaSport participants.
Athletes ran, biked, skied, snowshoed, or did a combination of the disciplines for an

average of 24.5 hours in Alaska. EE was higher for all disciplines due to the snow and



cold weather (event took place in February). The estimated EE for biking was 11,237
kcals, 22,124 for skiing and snowshoeing, and 20,454 for running. The average EI was
only 7,373 kcals. Although there was an average weight loss of 1.3 kg, there was no
change in % body fat. A urine test revealed ketonuria in 83%, blood in 70% and protein
in 92% of the samples.

Perhaps the greatest EE for an event was back in 1911/12 and 1914/16 during the
Antarctic sledding expeditions (45). Polar explorers man-hauled sleds for up to 10 hours
a day for 159-160 consecutive days. Total caloric expenditure for these expeditions is
estimated at 1,000,000 kcals. In comparison, total caloric expenditure for the entire Tour
de France is about 168,000 kcals and for the Run Across America is 340,000 kcals.
Noakes comments, “Given good health and an adequate food supply to prevent starvation
and scurvy, these limits [of human endurance] are set by the mind, not by the body” (45).
Aerobic Exercise Adaptations

Aerobic exercise, such as hiking, evokes many positive physiological adaptations,
such as increases in the following: maximal oxygen uptake, lactate threshold, stroke
volume, maximal cardiac output, maximal oxygen extraction, insulin sensitivity, and
HDL cholesterol. Decreases in resting heart rate and blood pressure have been reported
(15-21). Some changes occur after a single bout of exercise while others occur only after
weeks of training (22).

If training is not continued, a detraining effect occurs. After 12 days of no
training, VO,nmax decreases by 7%. Lactic acid concentration in the blood increases for
the same submaximal work rate, meaning LT shifts to the left and lactate accumulation

occurs at a lower exercise intensity than before (46).
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Aerobic exercise consists of structured physical activity. Physical activity is
“bodily movement produced by skeletal muscles that requires energy expenditure at a
level to produce healthy benefits” (47). Regular physical activity helps reduce the risk of
heart disease and lowers the risk of developing diabetes. It is associated with a decreased
risk of colon cancer and helps prevent high blood pressure and reduce blood pressure in
persons with elevated levels. Regular physical activity may also increase lean muscle
and decrease fat (48). In addition, physical activity, especially weight bearing activities
such as walking, may also enhance bone mineral density (BMD), which helps prevent
osteoporosis (49-52). Although a study by Lord (53) showed no improvement in bone
mineral density, physical activity still decreased fracture risk, dﬁe to the improvements in
quad strength and postural sway.

Physical Activity Prevalence and Recommendations

Although physical activity has been shown to evoke many positive health
benefits, 40% of Americans are sedentary (48). Healthy People 2010, a health promotion
and disease prevention agenda that was designed as a road map for improving the health
of all people living in the US by the year 2010, hopes to change this by listing physical
activity as one of the top 10 health indicators. The objective is to increase the number of
adults who regularly, preferable daily, perform moderate-intensity physical activity for at
least 30 minutes per day. This is in accordance with the American College of Sports
Medicine (ACSM) and Center for Disease Control (CDC) guidelines for health (23). By

2010, Healthy People 2010 hopes to increase this number from 20% to 30% (54, 48).
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Walking as Physical Activity

Walking is reported as the nation’s most popular leisure time physical activity.
Hippocrates wrote “walking is man’s best medicine” (15). It is inexpensive, accessible,
does not require any special skills or equipment and is an effective exercise for weight
loss and maintenance (54, 55, 22). In a study by Thompson, women who walked more
that 10,000 steps per day had a lower percent body fat than those that walked less than
6,000 steps per day (56).

Walking may also help maintain bone mineral density (BMD). In the Nurses
‘Health Study by Feskanich (50), women who walked 4 hours per week or more had a
41% lower risk of hip fractures that sedentary controls. A study by Tumer (51) showed
that walking was a significant variable for reducing the risk of osteoporosis. In this
study, 3310 women aged 50 and over were interviewed about their physical activity.
Walking, along with bicycling, aerobics, and dancing, was a moderate predictor for
positive bone density. Puntila (49) showed a smaller loss of lumbar bone mineral content
among walkers and joggers as compared to sedentary women. Harada (57) showed an
increase in femoral neck BMD as well as lumbar BMD with walking.

Walking provides some of the same health benefits of vigorous physical activity,
such as decreased risk of type II diabetes, decreased blood pressure, decreased risk of
cardiovascular events, and increase in HDL cholesterol. However, as compared to
vigorous physical activity, walking has a lower risk of injury and sudden death (15, 19,
20, 55, 58). Most people who walk for exercise do so on a regular basis, and walking
programs have lower dropout rates than more vigorous exercise programs (59). Walking

is an equal opportunity activity; it is as prevalent for low income families as high income
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families. This is important since those with lower socio-economic status usually engage
in less physical activity (59).
Energy Cost of Walking

The energy cost of walking depends on speed, body weight, and whether walking
on a horizontal surface or up and down a grade (23, 60). Walking at a normal speed of 3
mph on level ground will increase the body’s energy requirement to 3 times the resting
level (from 1 MET resting to 3.3 METs walking) (61). The energy cost of walking
increases linearly for speeds ranging from 2-3.5 mph and curvilinearly from 3.5-5.0 mph
(60, 62). Most normal weight adults choose a walking speed that minimizes energy cost
per a given distance, which is 3 mph (62).

Males usually expend more energy walking due to their greater weight (60, 62).
When walking at a normal speed, a 100 kg person has twice the energy cost as compared
to a 50 kg person (23).

The type of terrain influences the energy cost of walking. The softer the surface,
the greater the penetration of the foot, so the higher the energy cost. For example, loose
sand requires twice the energy of a blacktop surface and 3.5 cm (1.4.in) deep soft snow
requires 4 times the energy. The increase in energy required is due to a combination of
more muscle mass recruitment, added lift work, and more forward stooping posture (25).
Grade Walking

Walking up or down a grade changes the energy cost of walking. As the incline
increases, the energy cost of walking increases (28). The oxygen cost of grade walking is
computed as the sum of the oxygen cost of horizontal walking, the oxygen cost of the

vertical component, and the resting metabolic rate (23). Walking up a slope with an 8%
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grade (a common grade for the AT) requires twice the energy expenditure compared to
walking at the same speed on level ground (23). Walking at a 15% uphill grade requires
3 times the energy required to walk on level ground (63). Women have higher energy
cost than men at high gradients, due possibly to smaller size, different body mass
distributions, and greater movement of the upper limbs (63).

Energy expenditure is less for gentle downhill grades than for level walking (28,
64). However, after a point, the energy cost increases due to the braking component or
the act of “resisting gravity to maintain a walking rhythm” (64). This point is variable
depending on the individual’s walking characteristics and walking speed but occurs
between -6% and -15% grades (64).
Walking with a Backpack

Not surprisingly, wearing a backpack increases energy expenditure. As compared
to walking at the same speed and grade with no load, Keren (29) showed a 17% increase
in heart rate and a 25% increase in VO; when walking with a 20 kg load at 4 mph on a
5% inclined treadmill. In a study by Epstein (65) where subjects walked at 6.4 km/hr (4
mph) with and without a 20 kg backpack load, VO, increased from 43% of VO2max
without the load to 53% VOmax With the load. Soule (66) showed that increasing the
backpack load increases energy expenditure, although to not the same extent as
increasing the speed. At 3.2 km/hr (2 mph), subjects worked at 35% VOzmax With a 35 kg
backpack and 45.9% VOazmax With a 70 kg backpack. However, when the backpack load
stayed the same (at 35 kg) and walking speed increased to 6.4 km/hr (4 mph), oxygen

uptake increased to 73% VOaznax.
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Another study by Lyons (67) showed that increasing load carriage from 20-40 kg

increased metabolic and cardiovascular demands more than when increasing load
carriage from 0 to 20 kg.

Wearing a backpack causes changes in walking gait. In a 7-day backpacking trip
through the Grand Canyon (4), the subject, while wearing a 20 kg load, walked uphill
with little side to side or vertical motion and using only deliberate linear steps. During
downhill walking, he took deliberate side to side steps and increased vertical motion thru
more bending of the knees.

‘At speeds above 8.5 km/hr (5.27 mph), it is more economical to run than to walk
(68). Wearing a 20 kg backpack decreases the speed at which this occurs to 7.7 km/hr
(4.8 mph) (29).

Caloric expenditure increases when walking with a backpack. Devo’s hikers
expended 408-702 kcals/hr depending upon difficulty of terrain (4). Sparling’s AT hiker
expended an estimated 312 kcals/hr during the hike (5).

However, Patton (69) showed that predicted values may underestimate the actual
metabolic cost of prolonged backpacking. In his study, 15 male subjects walked at 12 km
(7.4 miles) with loads of 31.5 kg, 49.4 kg and 0 kg. In the unloaded condition, VO,
remained constant throughout the trial, which was expected. However, with the 31.5 and
49.4 kg loads, VO, increased throughout the trial (i.e. VO, drift). During the final minute
of the trial, actual VO, values were 10-16% higher than the predicted values. The 49.4
kg load elicited a higher VO, than the 31.5 kg load. A similar study by Epstein (65)
found an 8.8% increase in VO, during a 2-hour inclined treadmill walk with a 40 kg load.

No change in VO, over time was seen during the same walk with a 25 kg load.
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Hiking with Poles

Increasing numbers of hikers and backpackers are now using hiking poles.
Hiking poles have been more prevalent in Europe but are now being used more in the US
(31). Manufacturers of hiking poles claim that using poles reduces impact forces on the
lower extremities by as much as 21% (70) and pole users say they reduce the pain of sore
knees and swollen feet (31).

Studies disagree on whether hiking poles change the energy cost of walking.
Studies of unloaded level walking with exerstriders and power poles (both similar to
hiking poles) found an increase in energy expenditure which they attribute to the
increased recruitment of the arm muscles (32, 33). However, Knight and Caldwell (31)
examined the effects of poles on uphill backpacking, and found no change in VO, when
comparing the use of poles to no poles. They speculate that the use of hiking poles may
have caused a decrease in the activity of the leg muscles by shifting some work to the
arms.

In the same study (31), poles caused a change in gait kinematics. With poles, the
stride length was 6.7 % longer and stride frequency was 6.3% less. The knee was
straighter upon heel strike.

The use of hiking poles decreases forces on the lower extremities. A study by
Wilson-Effect (71) found the use of hiking poles increases walking speed while
decreasing the knee joint reaction forces. During the study, subjects carried no load and
walked on alevel platform at a self-selected speed.

During downhill walking with a 7.6 kg backpack, the use of poles reduced

external and internal loads on several knee joint structures (30). In a study of loaded
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downhill walking with subjects carrying 25% of their body weight, pole use decreased
ground reaction forces (GRF) and decreased combined muscle use by 13.7% (72).

In two related studies by Abendroth-Smith (70, 73), college-aged students and
seasoned adult hikers walked downhill without backpacks. Pole use in the college-aged
subjects did not significantly change peak GRF, vertical forces, or braking forces (70).
However, with the seasoned adult hikers, pole use decreased GRF and braking forces
(73). Although these changes were small, they would be significant over time.

Jacobson (74) compared lateral stability with and without poles while balancing
on a stability platform with and without a 15 kg backpack. The stability platform
simulates loose alpine terrain and unstable log bridges that backpackers may encounter
while hiking. In all conditions, balance time was greater when not wearing a load. This
was due to the center of gravity shifting higher when wearing a backpack, which caused a
decrease in-balance. With a load, using 2 poles improved balance as compared to using
no poles or only 1 pole. Without a load, using either.one or two poles improved balance.
Summary

Past research on long distance hiking has focused mainly on medical and social
issues, and most were prospective studies. Most studies on ultra endurance events
focused on medical issues or energy expenditure. Aerobic exercise elicits many positive
health benefits. The energy cost of walking varies depending upon speed and grade.
Walking with a backpack requires greater energy cost. Many hikers use hiking poles to

improve comfort and help prevent falls.
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CHAPTER 3

MANUSCRIPT

Abstract
PURPOSE: The purpose of this study was to assess physiologic changes during a 592-
mile hike of the Appalachian Trail.
METHODS: The participants included 2 physically active nonsmoking male adults, 23
and 26 years of age. The participants were both experienced backpackers attempting a
592-mile northbound hike of the AT in the summer of 2006. Participants were tested
before and after hiking. Participants underwent the following tests: resting BP, resting
HR, height and weight, body fat, BMD, lactate threshold, VO2peax, maximal HR, curl-ups,
push-ups, and sit-and-reach.
RESULTS: Although the hike was ended prematurely after 474 miles, many changes
were observed. Body mass, body fat, and girth measurements (except the calf) decreased
for both subjects. VOzpeax and lactate threshold increased.
CONCLUSION: In conclusion, many positive physiologic changes were seen after
hiking 474 miles on the AT. Further research is needed on more diverse subjects
attempting the entire trail.
Introduction

The Appalachian Trail (AT) is a 2175-mile footpath stretching from Springer
Mountain, Georgia to Mount Katahdin, Maine. Founded by Benton Mackaye, this
wilderness hiking trail crosses 14 states and extends along the crest of the Appalachian
Mountains. Every spring, approximately 2000 people start hiking north at Springer

Mountain in hopes of reaching Mount Katahdin before the October 15" closing of the
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park, but only about 15-20 % complete their journey (1). A smaller number start at

Mount Katahdin and hike south to Springer Mountain. These hikers are referred to as
thru-hikers, or those that hike the entire trail continuously. Others choose to complete the
trail in more than one trip. Known as section hikers, these people may hike a couple of
days, a couple of weeks, or possibly a couple of months at a time. A third group of hikers
are known as flip-floppers, or those that start at one end and hike for a distance, receive
transportation to the opposite end, and hike until they reach their first stopping point. Of
those completing the entire trail, section hikers represent 20% of the total, flip-floppers
make up 5%, and thru-hikers make up the remaining 75% (1). To date, almost 9,000
people have hiked the entire AT (1).

According to a 1997 study by Boulware et al., the top reasons for not completing
the hike were injury, time limitations, and psychosocial reasons (2). Past research on
hiking has focused mainly on medical and social issues, and the studies were prospective
in nature (2, 3, 39). Of the studies involving thru-hiking, most limited the study duration
to 7 days (4). An exception was a 1985 study by Sparling et al. (5) on physiological
changes experienced by an AT hiker. Although the participant completed 1700 miles of
the trail, few physiological changes were seen.

Most studies on ultra endurance events focus on medical issues or energy
expenditure. Of 6 studies involving adventure races, all focused on medical issues during
or after the event (6-11). Several Tour de France studies have compared energy
expenditure to energy intake (12-14).

Aerobic exercise, such as hiking, elicits many positive adaptations, such as

increases in maximal oxygen uptake (VO2zmax), lactate threshold (LT), stroke volume,
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maximal cardiac output, maximal oxygen extraction, insulin sensitivity, and HDL
cholesterol. Decreases in resting heart rate and blood pressure have been reported (15-
21). Some changes occur after a single bout of exercise while others occur only after
weeks of training (22).

Walking is often recommended to achieve health related benefits. Walking is
inexpensive, low impact, does not require any new skills, and can be done almost
anywhere and at anytime. Depending upon speed and grade, walking has an energy
requirement of between 2.5-16.8 METs (23, 24). Walking at a speed of 3.0 mph (a

' common backpacking speed) on a flat surface has an energy cost of 3.3 METs, but
carrying a 30 1b (13.6 kg) load increases the cost to 7 METs. Climbing hills with the 30
1b load raises the energy cost to 8 METs (25-27). Downhill walking at lower gradients
requires less energy than walking on a flat surface, but as the negative gradient increases,
the energy cost rises (28).

In addition to the changes in grade, hiking on the AT requires a greater energy
cost than normal walking due to the hiker wearing a backpack. Loads for section hikers
vary but usually fall between 25-50 lbs, or 11.4-22.7 kg (1). Heart rate and oxygen
consumption increases with a pack (29). As compared to walking at the same speed and
grade with no load, Keren showed a 17% increase in heart rate and a 25% increase in
VO2 when walking with a 20 kg load at 4 mph on a 5% inclined treadmill (29). Often,
the gait is changed when wearing a backpack as well (4).

Many AT hikers use hiking poles during their journey. In a study by Schwameder
(30), hiking poles reduced lower extremity forces while walking down a 25% grade. Ina

study of uphill walking with a load, poles improved backpacking kinematics,
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redistributed muscular demand, and improved comfort (31). Poles may also help prevent
falls on uneven terrain (31). However, studies disagree on whether the use of poles
affects metabolic cost, with some studies showing that they increase it (32, 33), and
others showing that they have no effect (31).
Purpose
Past research on hiking has focused mainly on medical and social issues. The
studies were prospective in nature. Of the studies involving thru-hiking, most limited the
study duration to 7 days. Therefore, the purpose of this case report is to assess
physiologic changes during a 592-mile hike along the Appalachian Trail.
Hypothesis
Based on previous research involving physiologic adaptations to exercise, we
hypothesis that:
There will be physiological changes that occur during a 592-mile hike on the AT,
such as increases in lactate threshold, VOzpeax, bone mineral density, abdominal
strength, upper body strength, and flexibility and decreases in weight and % body
fat.
Methods
Participants
The participants included 2 physically active nonsmoking male adults, 23 and 26
years of age. The participants were both experienced backpackers attempting a 592-mile
northbound hike of the AT in the summer of 2006. They were recruited via word-of-

mouth from the University of Tennessee student body.
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Testing Protocol

Testing was performed in the Applied Physiology Laboratory inside the Health,
Physical Education, and Recreation (HPER) Building at the University of Tennessee.
Testing was conducted before the participants began their hike and after completion of
their hike. Before the participants began testing, they were asked to read and sign an
informed consent form approved by the University of Tennessee Institutional Review-
Board (Appendix A). They completed a health history questionnaire (Appendix B) to
assess their health status and ensure the participants had no contradictions to exercise.
Participants were encouraged to ask questions concerning the study and the informed
consent form.

The following protocol was used for pre and post hike testing. Both participants
had abstained from exercise for 12 hours prior to testing, and they refrained from eating
for 4 hours prior to testing. Participants underwent the following tests:

1. Resting BP was measured using a stethoscope and a blood pressure cuff (23).
2. Resting HR was measured using a Polar heart rate monitor (model A1, Kempele,
Finland).

3. Height and weight were measured to determine body mass index (BMI). BMI was

calculated by dividing the weight in kilograms by the height in meters squared (23).
Girth measurements were taken at the chest, shoulder, waist, hip, arm, thigh, and calf
(47).

4. Body fat was measured using the Bod Pod chamber (a machine that measures % body
fat). Participants were asked to remain still for 2 one-minute trials while body volume

was determined (75).
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5. Bone mineral density (BMD) was measured using DXA, which uses a low dose

radiation beam. During the 20-min procedure, participants were required to wear a
swimsuit (76).

6. Lactate threshold (the point at which lactate starts accumulating in the blood) was

measured by obtaining several drops of blood from the fingertip, several times during a
graded exercise test (GXT). This test was only performed on one participant. During
this test, the participant wore the same backpack loaded with the same estimated weight
as when hiking on the AT, a load of 30 lbs (13.6 kg). After a 5-10 minute warm-up
period, the treadmill was set at 3.7 mph at 0% grade. Every 3 minutes, the grade
increased 2% until the participant reached a very strong effort (on a scale of 0-10, with 0

being no effort and 10 being a maximal effort, he reached an 8) (77).

7. Peak oxygen uptake (VOzpeak), Or the greatest amount of oxygen taken in and used in 1
minute, was measured using the TrueMax 2400 Metabolic Measurement System, which
measured the amount of oxygen and carbon dioxide expired during exercise. The
participants wore a Hans Rudolf breathing valve (model 5330, Kansas City, Missouri).
Participants also wore a nose clip to prevent nasal breathing. During this test,
participants wore the same backpack as in the previous test. The test started at a speed of
3.7 mph at 0% grade, and the grade increased every minute until participants were unable
to continue. The participant’s peak oxygen uptake was considered the highest volume of
oxygen recorded.

8. Maximal HR was measured at the end of the VOppeax test. The participant wore the

same Polar heart rate monitor as during the resting heart rate measurement. Heart rate
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was measured each minute of the exercise test. The participant’s maximal heart rate was
considered to be the highest heart rate recorded during the test.

9. Curl-ups- To assess abdominal muscular endurance, a curl-up test was given. For this
test, participants lay supine with knees bent at 90°, arms at sides with fingers touching a
piece of masking tape. A second piece of masking tape was placed 11 cm beyond the
first. The participant performed slow controlled curl-ups to lift the shoulder blades off
the mat and slides fingers to 2™ piece of tape. Each curl-up was performed in tune with a
metronome set at 40 beats per minute (or 20 curl-ups per minute). The participant
performed as many curl-ups as possible without pausing, up to a maximum of 75 (47).
10. Push-ups- To assess upper body muscular strength and endurance, the push-up test
was used. Participants performed the standard push-up test with hands shoulder-width
apart, back straight, and head up. The participant lowered the body until the chin touched
the mat or the chest touched the fist of the investigator. While maintaining a straight
back, the participant pushed up to a straight-arm position. The participant continued until
reaching the point of exhaustion or not being able to maintain proper form. The
participant’s score was the total number of push-ups performed (47).

11. Sit and reach test -To test flexibility of the low back and hip joint, a sit-and-reach test

was performed. The participant sat on a mat with both legs extended. A sit and reach
box was placed against the sole’s of the feet. The participant reached forward as far as
possible with hands placed on top of each other. The distance from the starting position
to the final outstretched position was measured. The participant then repeated the test 2

times. The largest number observed during the three trials was recorded (47).
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Hiking Protocol on the AT

Participants began hiking on May 22™ at Appalachian Gap, Hwy 17, Long Trail
Vermont and ended on June 29" in.Monson Maine. They covered a total distance of 474
miles of the AT during this 39 day period (4 of which were rest days), an average of 13.5
miles per day. Pack weight, including food and water, was approximately 30 lbs (13.6
kg). Poles were used for the entire hike by subject A and for the first 200 miles by
subject B. Although their original goal was to hike 592 miles, the hike was ended
prematurely when one hiker injured his big toe. At this point, the non-injured hiker chose
to end his hike as well. Subjects were scheduled to hike until July 15 and return for post-
hike testing 3 days later. However, due to the hike ending early, 18 days elapsed between
hike termination and post-hike testing.

Results

Resting blood pressure was higher post-hike for subject A, while subject B had a
lower systolic but higher diastolic (Table 1). Resting heart rate decreased for subject A,
but increased for subject B. Weight decreased for both subjects by 4.1 kg and 7.1 kg (A
and B, respectively). Body fat decreased 6% for A and 5.6% for subject B. BMD
remained essentially the same. For both subjects, girth measurements decreased at all
sites except the calf, which did not change.

Lactate threshold increased from 63% to 66%, pre-test VOzpeak for subject A

(Subject B was not tested). VOzpeax increased 4.4 ml/kg/min for A and 11.3 ml/kg/min for
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Table 1: Physiological Changes in Response to Backpacking 474 Miles on the AT.

(N=2)

Test
resting BP
(mmHg)
resting HR
(beats/min)
height (in)
body mass
(kg)

BMI
(kg/m?)
chest (in)
shoulder
(in)

waist (in)
hip (in)
arm (in)
thigh (in)
calf (in)

% Body
Fat

BMD
(g/em?)

LT (% pre-
test
V02peak)
VO2peak
(ml/kg/min)
max HR
(beats/min)
curl-up
push-up

sit and
reach (in)

Subject
A
Pretest
(5/19)

120/70

83.0
70.0

93.0

29.4
41.0

46.0
37.0
44.0
12.5
245
16.0
231

1.45

63.0
47.0
200
26
14

21

Posttest
(7/18)

126/82

75.0
70.0

88.9

27.1
39.0

45.0
33.5
41.0
12.0
24.0
16.0
17.0

1.45

66.0
51.4
195
30
20

22

Change
Gy =12"

-8.0
0.0

-4.1

-2.3
-2.0

-1.0
=35
-3.0
-0.5
-0.5

0.0
-6.1

0.00

3.0
44
-5.0
4.0
6.0

0.5

Subject B

Pretest

(5/17)
130/75

77
71.5

102.0

-30.7
43.0

52.0
39.0
44.0
14.5
25.0
17.0
243

1.37

n/a
39.4
201
15
21

20

Posttest
(7/18)

122/84

80
715

94.9

28.9
40.0

48.0
36.5
41.0
13.0
240
17.0
18.7

1.42

n/a
50.7
204
18
20

20

Change

"_8/+9||
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R Values
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—=a— A posttest
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- - — B pretest
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0 5 10 15 20 25
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Figure 1. Changes in RER in Response to Backpacking 474 Miles on the AT. (N=2)

B. R values decreased slightly post-test for subject A, while varying for subject B (Figure
1). Abdominal strengthincreased in both subjects. Subject A had an increase in upper
body endurance while subject B had a very slight decrease. Flexibility did not change
(only a very slight increase for subject A).
Discussion

There were many physiologic adaptations that occurred over the course of this
474-mile hike on the AT. Unlike in Sparling’s hiker study (5), the present study found
major changes in body weight, % body fat, and VOzpeak. However, Sparling’s subject
was well-conditioned before the hike, had a higher pre-test VOzmax, and had a lower %
body fat as compared to the subjects in the present study. Although our subjects were

physically active, they did not participate in any structured program before beginning
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their hike. In addition, individuals with a lower VO, (Our subjects as compared to
Sparling’s subject) typically show the largest percent change as a result of training (78).

In this study, both subjects decreased body fat by approximately 6% and lost body
weight. This was probably due to the increase in caloric expenditure through hiking.
Although there was no record of caloric intake, subjects reported eating well on the trail
and consuming additional calories whenever they passed through towns. Perhaps as a
result of the decreased subcutaneous and visceral body fat, girth measurements (except
for the calf) decreased for both subjects as well.

BMD remained essentially unchanged. However, both subjects had high (99™ and
100™ percentile of age and gender-matched norms) pretest values for BMD.

The increase in LT in subject A was expected due to the increased number of
mitochondria and capillaries in the muscle, which increases the muscle’s respiratory
capacity, as a result of thru-hiking (79). Along with the increase in the respiratory
capacity, there is an increased utilization of fat and less use of carbohydrates, as shown
by the RER value, which is slightly lower posttest for subject A (79). Although we had
expected a lower RER in subject B as well, this was not the case.

Resting heart rate decreased for subject A, but subject B had a slight increase in
resting heart rate. This is surprising since endurance training usually lowers resting heart
rate (15). Maximal heart rate increased by 3 beats/min for subject B but decreased for
subject A. This is not uncommon, since maximal heart rate changes very little with
training (16). Although resting blood pressure increased slightly for subject A, both pre-

and posttest values were in the normal range. Subject B had a decrease in systolic blood
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pressure from high normal pretest to normal posttest, which is expected since blood
pressure should decrease as a result of training (15).

The increase in abdominal muscle endurance in both subjects could be due to a
combination of the increased use of these muscles during their activities of daily living on
the trail (like setting up camp each night), the activity of hiking with a loaded backpack
over uneven terrain, and a daily regimen of sit-ups and push-ups. Both subjects reported
they wanted to improve their pre-test score in these exercises. Although both were
successful in increasing the number of sit-ups, only subject A increased the number of
post-test push-ups. Sit-and-reach scores remained essentially the same for both subjects.
Limitations

Due to subject A injuring his big toe (due to trauma, not overuse), the hike was
ended prematurely after 80% of the originally scheduled distance had been covered. The
physiologic changes observed may have been even greater after 592 miles. Although
some studies show a leveling off of VO, nax after only a few weeks of training, others
show that VO continues to increase over several years of training (80).

Subjects were scheduled to hike until July 15™ and return for post-test hiking on
July 18™. With only 3 days in between completion and testing, the detraining effects and
weight change should have been minimal. Instead, there was a time period of 18 days
between hike termination and testing. Therefore, at post-hike testing, many physiologic
adaptations were quickly returning to pre-hike values. A study by Coyle (81) showed
that VO, nax decreased by 7% after 12 days of de-training. Also in Coyle’s study, lactic
acid increased at the same submaximal work rate as well. As mentioned earlier, Sparling

(5) showed a 3 kg increase in body weight, 7 days after the cessation of hiking.
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More testing needed to be done on both subjects. As stated earlier, only 1 subject
underwent a LT test. Because HDL cholesterol was the only physiologic variable that
improved in Sparling’s hiker (5), a lipid profile test could have been done to assess HDL
cholesterol changes. Doppler echo-cardiography could have also been done to assess
changes in the heart volume.

Stricter controls on diet and physical activity levels prior to testing should have
been enforced to more accurately evaluate the influences of training on RER. Many
factors affect RER, including pre-exercise diet, pre-exercise physical activity levels, pre-.
exercise muscle glycogen concentrations, training state, and exercise intensity (82).
Along with having stricter controls, muscle glycogen levels should also have been
measured.

The present study had a limited sample size (N=2), due to the difficulty of
recruiting subjects. A greater diversity of subjects would have been desirable. Both
.subjects in the present study were young, male, and physically active. It would be
interesting to compare the adaptations occurring in young versus old, and male versus
female subjects.

Also, it would be interesting to compare caloric expenditure with caloric intake.
This could be determined by having the subjects record daily distance, time walked, pack
weight, temperature, terrain, and caloric intake.

Our subjects had similar physiologic changes because they hiked together. They
covered the same distance each day, split the pack weight almost evenly, and had similar
caloric intakes since they shared food. It would be interesting to compare physiologic

adaptations of non-solo hikers to solo hikers.
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This study had originally tried to recruit subjects attempting a northbound hike of

the entire AT. Hikers would be tested pre-hike, after completion of 271 miles, and post-
hike. To our knowledge, no other study has reported changes experienced during an
entire hike of the AT. However, due to time constraints and lack of availability of hikers,
the study was changed to a 474-mile hike on the AT. Further research is needed on

hikers attempting the entire trail.



REFERENCES

31



32

References
1. http://www.appalachiantrail.org. 2007.

2. Boulware, DR, WW Forgey, and WJ 2nd Martin. "Medical Risks of Wildemess
Hiking." Am J Med 114.4 (2003): 288-93.

3. Templeton, W.M. "Hiking the Appalachian Trail: Reflections and Recommendations."
The physician and sportsmedicine 14.2 (1986): 182-91.

4.DeVoe, D, and L Dalleck. "Reliability and Validity of the Tritrac-R3d Accelerometer
during Backpacking: A Case Study." Percept Mot Skills 93.1 (2001): 37-46.

5. Sparling, P.B., D.T. Badenhop, and W.M. Templeton. "Physiologic Responses to
Hiking the Appalachian Trail." Annals of sports medicine 2.4 (1986): 175-77.

6. McLaughlin, KA, et al. "Pattern of Injury and Illness during Expedition-Length
Adventure Races." Wildemess Environ Med 17.3 (2006): 158-61.

7. Fordham, S, G Garbutt, and P Lopes. "Epidemiology of Injuries in Adventure Racing
Athletes." Br J Sports Med 38.3 (2004): 300-3.

8. Townes, DA, et al. "Event Medicine: Injury and Illness during an Expedition-Length
Adventure Race." J Emerg Med 27.2 (2004): 161-5.

9. Talbot, TS, DA Townes, and IS Wedmore. "To Air Is Human: Altitude Illness during
an Expedition Length Adventure Race." Wildemess Environ Med 15.2 (2004):
90-4.

10. Friese, G. "Primal Quest Utah 2006." Emerg Med Serv 35.9 (2006): 114-9.

11. Rogers, IR, et al. "Respiratory Function Changes in a Wildemess Multisport
Endurance Competition: A Prospective Case Study." Wildemess Environ Med
13.2 (2002): 135-9.

12. Westerterp, KR, et al. "Use of the Doubly Labeled Water Technique in Humans
during Heavy Sustained Exercise." J Appl Physiol 61.6 (1986): 2162-7.

13. Saris, WH, et al. "Study on Food Intake and Energy Expenditure during Extreme
Sustained Exercise: The Tour De France." Int J Sports Med 10 Suppl 1 (1989):
S26-31.

14. Francescato, MP, and PE Di Prampero. "Energy Expenditure during an Ultra-
Endurance Cycling Race." J Sports Med Phys Fitness 42.1 (2002): 1-7.




15.

16.

g

18.

19.

20.

21.

22.

23.

24.

25,

26.

27;

28.

29.

33

Duncan, JJ, NF Gordon, and CB Scott. "Women Walking for Health and Fitness.
How Much Is Enough?" JAMA 266.23 (1991): 3295-9.

Ekblom, B, et al. "Effect of Training on Circulatory Response to Exercise." J Appl
Physiol 24.4 (1968): 518-28.

Andersen, P, and J Henriksson. "Capillary Supply of the Quadriceps Femoris Muscle
of Man: Adaptive Response to Exercise." J Physiol 270.3 (1977): 677-90.

Bassett, DR Jr. "Skeletal Muscle Characteristics: Relationships to Cardiovascular
Risk Factors." Med Sci Sports Exerc 26.8 (1994): 957-66.

Moreau, KL, et al. "Increasing Daily Walking Lowers Blood Pressure in
Postmenopausal Women." Med Sci Sports Exerc 33.11 (2001): 1825-31.

Hu, FB, et al. "Walking Compared with Vigorous Physical Activity and Risk of Type
2 Diabetes in Women: A Prospective Study." JAMA 282.15 (1999): 1433-9.

Bassett, DR Jr, and ET Howley. "Limiting Factors for Maximum Oxygen Uptake and
Determinants of Endurance Performance." Med Sci Sports Exerc 32.1 (2000): 70-
84.

Morris, JN, and AE Hardman. "Walking to Health." Sports Med 23.5 (1997): 306-32.

American College of Sports Medicine. "ACSM's Guidelines for Exercise Testing and
Prescription. 6th Edition." USA, 2000.

Dill, DB. "Oxygen Used in Horizontal and Grade Walking and Running on the
Treadmill." J Appl Physiol 20 (1965): 19-22.

Pandolf, KB, B Givoni, and RF Goldman. "Predicting Energy Expenditure with
Loads While Standing or Walking Very Slowly." J Appl Physiol 43.4 (1977):
577-81.

Ainslie, PN, et al. "Physiological and Metabolic Responses to a Hill Walk." J Appl
Physiol 92.1 (2002): 179-87.

Ainsworth, BE, et al. "Compendium of Physical Activities: An Update of Activity
Codes and Met Intensities." Med Sci Sports Exerc 32.9 Suppl (2000): S498-504.

Minetti, AE, et al. "Energy Cost of Walking and Running at Extreme Uphill and
Downhill Slopes." J Appl Physiol 93.3 (2002): 1039-46.

Keren, G, et al. "The Energy Cost of Walking and Running with and without a



34

30.

31.

32.

83,

34.

33,

36.

37

38.

39.

40.

41.

42.

Backpack Load." Eur J Appl Physiol Occup Physiol 46.3 (1981): 317-24.

Schwameder, H, et al. "Knee Joint Forces during Downhill Walking with Hiking
Poles." J Sports Sci 17.12 (1999): 969-78.

Knight, CA, and GE Caldwell. "Muscular and Metabolic Costs of Uphill
Backpacking: Are Hiking Poles Beneficial?" Med Sci Sports Exerc 32.12 (2000):
2093-101.

Rodgers, CD, JL VanHeest, and CL Schachter. "Energy Expenditure during
Submaximal Walking with Exerstriders." Med Sci Sports Exerc 27.4 (1995): 607-
11.

Porcari, JP, et al. "The Physiological Responses to Walking with and without Power
Poles on Treadmill Exercise." Res Q Exerc Sport 68.2 (1997): 161-6.

Gorlick, A. "AT Thru-Hikers Get Brush with Civilization." News-Sentinel 2005.

Lemay, J. "Hurry Up! The Story of the Appalachian Trail Speed Records." Marathon
and beyond 7.4 (2003): 50-63.

http://gorp.away.com/gorp/resource/us trail/appalach.htm. 2007.

Appalachian Trail Conservancy. Appalachian Trail Databook. 2006.

Larige, Linda. "Young Thru-Hikers Mark Milestone on the AT." Knoxville New-
Sentinel 2005.

Crouse, BJ, and D Josephs. "Health Care Needs of Appalachian Trail Hikers." ] Fam
Pract 36.5 (1993): 521-5.

http://www.inov-8.com/traildognews.htm. 2007.

“Leptospirosis Outbreak in Eco Challenge 2000 Participants." Commun Dis Rep
CDR Wkly 10.38 (2000): 341.

Lucia, A, et al. "Heart Rate Response to Professional Road Cycling: The Tour De
France." Int J Sports Med 20.3 (1999): 167-72.

43. Hill, RJ, and PS Davies. "Energy Expenditure during 2 Wk of an Ultra-Endurance

44.

Run around Australia." Med Sci Sports Exerc 33.1 (2001): 148-51.

Case, S, et al. "Dietary Intakes of Participants in the Iditasport Human Powered Ultra-
Marathon." Alaska Med 37.1 (1995): 20-4.



45.

46.

47.

48.

49.

50.

S

52

53.

54.

35,

56.

= 8

58.

59.

35

Noakes, TD. "The Limits of Endurance Exercise." Basic Res Cardiol 101.5 (2006):
408-17.

Coyle, EF, et al. "Effects of Detraining on Responses to Submaximal Exercise." J
Appl Physiol 59.3 (1985): 853-9.

Howley, ET and BD Franks. Health Fitness Instructor's Handbook. 4th ed..
Champaign: Human Kinetics, 2003.

U.S. Department of Health and Human Services. "Healthy People 2010." 2nd ed.
Washigton, DC.: U.S.G.P.

Puntila, E, et al. "Leisure-Time Physical Activity and Rate of Bone Loss among Peri-
and Postmenopausal Women: A Longitudinal Study." Bone 29.5 (2001): 442-6.

Feskanich, D, W Willett, and G Colditz. "Walking and Leisure-Time Activity and
Risk of Hip Fracture in Postmenopausal Women." JAMA 288.18 (2002): 2300-6.

Turner, LW, et al. "Influence of Yard Work and Weight Training on Bone Mineral
Density among Older U.S. Women." ] Women Aging 14.3-4 (2002): 139-48.

Pescatello, LS, et al. "Daily Physical Movement and Bone Mineral Density among a
Mixed Racial Cohort of Women." Med Sci Sports Exerc 34.12 (2002): 1966-70.

Lord, SR, et al. "The Effects of a Community Exercise Program on Fracture Risk
Factors in Older Women." Osteoporos Int 6.5 (1996): 361-7.

Simpson, ME, et al. "Walking Trends among U.S. Adults: The Behavioral Risk
Factor Surveillance System, 1987-2000." Am J Prev Med 25.2 (2003): 95-100.

Leon, AS, et al. "Effects of a Vigorous Walking Program on Body Composition, and
Carbohydrate and Lipid Metabolism of Obese Young Men." Am J Clin Nutr 32.9
(1979): 1776-87.

Thompson, DL, J Rakow, and SM Perdue. "Relationship between Accumulated
Walking and Body Composition in Middle-Aged Women." Med Sci Sports Exerc
36.5 (2004): 911-4.

Harada, A. "[Exercise for Fall Prevention and Osteoporosis Treatment]." Nippon
Rinsho 64.9 (2006): 1687-91.

Manson, JE, et al. "Walking Compared with Vigorous Exercise for the Prevention of
Cardiovascular Events in Women." N Engl ] Med 347.10 (2002): 716-25.

Siegel, PZ, RM Brackbill, and GW Heath. "The Epidemiology of Walking for



36

Exercise: Implications for Promoting Activity among Sedentary Groups." Am J
Public Health 85.5 (1995): 706-10.

60. Bobbert, A.C. "Energy Expenditure in Level and Grade Walking." Joumnal of applied
physiology 15.6 (1960): 1015-21.

61. Hall, C, et al. "Energy Expenditure of Walking and Running: Comparison with
Prediction Equations." Med Sci Sports Exerc 36.12 (2004): 2128-34.

62. Browning, RC, and R Kram. "Energetic Cost and Preferred Speed of Walking in
Obese Vs. Normal Weight Women." Obes Res 13.5 (2005): 891-9.

63. Kang, J, et al. "Physiological and Biomechanical Analysis of Treadmill Walking up
Various Gradients in Men and Women." Eur J Appl Physiol 86.6 (2002): 503-8.

64. Wanta, DM, FJ Nagle, and P Webb. "Metabolic Response to Graded Downbhill
Walking." Med Sci Sports Exerc 25.1 (1993): 159-62.

65. Epstein, Y, et al. "External Load Can Alter the Energy Cost of Prolonged Exercise."
Eur J Appl Physiol Occup Physiol 57.2 (1988): 243-7.

66. Soule, RG, KB Pandolf, and RF Goldman. "Energy Expenditure of Heavy Load
Carriage." Ergonomics 21.5 (1978): 373-81.

67. Lyons, J, A Allsopp, and J Bilzon. "Influences of Body Composition Upon the
Relative Metabolic and Cardiovascular Demands of Load-Carriage." Occup Med
(Lond) 55.5 (2005): 380-4.

68. Margaria, R, et al. "Energy Cost of Running." J Appl Physiol 18 (1963): 367-70.

69. Patton, JF, et al. "Physiological Responses to Prolonged Treadmill Walking with
External Loads." Eur J Appl Physiol Occup Physiol 63.2 (1991): 89-93.

70. Abendroth-Smith, J., and M. Bohne. "Peak Ground Reaction Forces and Braking
Forces While Walking Downhill with and without the Use of Trekking Poles."

71. Willson, J, et al. "Effects of Walking Poles on Lower Extremity Gait Mechanics."
Med Sci Sports Exerc 33.1 (2001): 142-7.

72. Abendroth-Smith, J., B. Wright, and M. Bohne. "Kiinetic Changes Resulting from
Pole Use in Loaded Downhill Walking."

73. Abendroth-Smith, J., A. Benson, and M. Bohne. "Biomechanics of Walking Downhill
with None, One and Two Trekking Poles."



30

74. Jacobson, BH, B Caldwell, and FA Kulling. "Comparison of Hiking Stick Use on
Lateral Stability While Balancing with and without a Load." Percept Mot Skills
85.1 (1997): 347-50.

75. Fields, DA, MI Goran, and MA McCrory. "Body-Composition Assessment Via Air-
Displacement Plethysmography in Adults and Children: A Review." Am J Clin
Nutr 75.3 (2002): 453-67.

76. Lohman TG. "Dual Energy X-Ray Absorptiometry." Human Body Composition.
Champaign, IL: Human Kinetics, 1996. 63-78.

77. Borg, GA. "Perceived Exertion: A Note on "History" and Methods." Med Sci Sports
5.2 (1973): 90-3.

78. Hickson, RC, HA Bomze, and JO Holloszy. "Linear Increase in Aerobic Power
Induced by a Strenuous Program of Endurance Exercise." J Appl Physiol 42.3
(1977): 372-6.

79. Holloszy, JO, and EF Coyle. "Adaptations of Skeletal Muscle to Endurance Exercise
and Their Metabolic Consequences." J Appl Physiol 56.4 (1984): 831-8.

80. Ekblom, B. "Effect of Physical Training on Oxygen Transport System in Man." Acta
Physiol Scand Suppl 328 (1968): 1-45.

81. Coyle, EF, et al. "Time Course of Loss of Adaptations after Stopping Prolonged
Intense Endurance Training." J Appl Physiol 57.6 (1984): 1857-64.

82. Compbher, C, et al. "Best Practice Methods to Apply to Measurement of Resting
Metabolic Rate in Adults: A Systematic Review." J Am Diet Assoc 106.6 (2006):
881-903.




38

APPENDICES



Appendix A:

Informed Consent

39



40

INFORMED CONSENT FORM

Project Title: Physiological adaptations to hiking the Appalachian Trail
Investigator: Patricia Williams
Address: The University of Tennessee

Department of Exercise, Sport, and Leisure Studies

1914 Andy Holt Ave.

Knoxville, TN 37996
Telephone: (865) 974-8768

Purpose

You are invited to participate in a research study. The purpose of this study is to measure
physical fitness changes in response to a 2175-mile thru-hike of the Appalachian Trail. If
you give your consent, you will be asked to perform the below tests. You will be tested
three times: (1) before starting your thru-hike at Springer Mountain, GA, (2) after
reaching Hot Springs, NC, and (3) after completion or termination of your thru-hike. The
testing will take approximately 4-6 hours on each of 3 separate days. To determine your
health status, you will be asked to complete a health history questionnaire. This
questionnaire will be completed before testing begins. If a serious medical condition is
found, you will be excluded from the study and advised to see your physician. On the
night prior to testing, you will be provided a room at the Campus Day’s Inn. During this
time, you are not to exercise and to sleep as you normally would.

For the pre-and post-hike testing, you will report to the Applied Physiology Lab at the
University of Tennessee (located in HPER building, 1914 Andy Holt Ave.) following an
ovemight fast for the following tests:

1. Resting blood pressure will be measured using a stethoscope and a blood pressure cuff.
2. Resting heart rate will be measured using a heart rate monitor.

3. Lipid Profile- A 5-ml blood sample will be drawn from a vein in your forearm.

4. Height and weight will be measured. Girth measurements will also be made.

5. Your bone mineral density will be measured using DXA, which uses a low dose
radiation beam. During the 20-min procedure, you will be required to wear a swimsuit.

6. Body fat- You will be placed in the Bod Pod chamber (a machine that measures %
body fat) and asked to remain still for 2 one minute trials while body volume is being
determined. You will be able to breathe normally and see your surroundings.

7. Lactate threshold (the point at which lactic acid starts accumulating in the blood) will
be measured by obtaining several drops of blood from your fingertip, several times
during a graded exercise test (GXT). During this test, you will wear the same backpack
loaded with the same estimated weight as when hiking on the AT. After a 5-10 minute
warm-up period, the treadmill will be set at 3.7 mph at 0% grade. Every 3 minutes, the
grade will increase 2% until you reach a very strong effort (on a scale of 0-10, with 0
being no effort and 10 being a maximal effort, you reach an 8).

8. Peak oxygen uptake (VOspeqi) , or the amount of oxygen taken in and used in 1 minute,
will be measured using a metabolic measurement system. You will wear a breathing
valve, which measures the amount of oxygen and carbon dioxide you expire during
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exercise. You will also wear a nose clip to prevent nasal breathing. During this test, you
will wear the same backpack as in the previous test. The test will start at a speed of 1.7
mph at 0% grade, and the grade and speed will increase every 3 minutes until you are
unable to continue.

9. Curl-ups- For this test, you will lie supine with knees bent at 90°, arms at sides with
fingers. You will slowly curl-up to lift the shoulder blades off the mat. Each curl-up is
performed in time with a metronome set at 40 beats per minute (or 20 curl-ups per
minute). You will perform as many curl-ups as possible with out pausing up to a
maximum of 75.

10. Push-ups- Males will perform the standard push-up test with hands shoulder-width
apart, back straight, and head up. Females will perform the modified push-up test with
legs together, lower leg in contact with mat, ankles plantar-flexed, back straight, hands
shoulder-width apart, and head up.

11. Sit and reach test -This test will be used to assess flexibility of the low back and
hamstrings. You will sit on a mat with your back against the wall and both of your legs
extended. A sit and reach box will be placed against the sole’s of your feet. You will
reach forward as far as possible with hands placed on top of other.

Intermediate-Point testing

After the initial testing, you will travel to Springer Mountain, Georgia, which is
the southern terminus of the Appalachian Trail (AT), to begin hiking. You will contact
the tester upon your arrival in Hot Springs, N.C., which is 271 miles from the start of the
AT. You will then be transported by car to the University of Tennessee, where all of the
physiological and performance tests (but not the bone mineral density or blood sample)
will be repeated.

Upon completion of testing, you will be transported back to Hot Springs, NC
where you will resume hiking. You will continue hiking until completion of the AT at
Mount Katahdin, after which you will return to UT (on your own) for final testing. You
are asked to arrive at UT no later than 3-5 days after completion of the trail. The same
tests administered at the outset of the study will be repeated.

You will inform the tester if your hike is terminated prematurely. If you are able
to perform the final tests, you will return to UT within 3-5 days and final testing will be
conducted at this point.

Cost

You will incur no additional expense by participating in this study except the cost
of traveling between your home and UT for pre and post testing. Gasoline from UT to
Hot Springs will be paid for by the Department of Exercise, Sport, and Leisure Studies.
The department will also pay for the room at the Day’s Inn and meals while at UT for
testing.

Data obtained while hiking the AT

You will keep a daily log with total mileage and approximate hours hiked each
day. You will also estimate pack weight based on gear weight and amount of food being
carried. Pack with gear will be weighed before the hike begins. Estimated weight of food
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each day will be calculated. Based on the amount of days of food that is being carried on
a given day, this is the estimated weight of the pack. You will also record any
prescription or over-the-counter medications taken. You will also be asked to periodically
record your food intake.

Potential Risks :
The risks of maximal exercise in a healthy population are low. These risks include
muscular soreness, musculoskeletal injuries, shortness of breath, dizziness, and in rare
cases, sudden death. If you experience any abnormal feeling during this study such as
chest pain or severe breathlessness, you should let the investigators know.
Risk associated with each test:
1. Height, weight, and girth: none
2. Blood Pressure: none
3. Resting heart rate: none
4. Bod Pod: none except for privacy issues since you will be wearing a swimsuit. To
protect privacy, you will be provided with a robe to wear until you step in the
chamber.
5. Bone mineral density: The DXA scan does require exposure to low-dose radiation.
The radiation exposure is small; roughly equivalent to the radiation exposure of a
round-trip transcontinental plane ride. The DXA machine is only operated by
individuals certified by the State of Tennessee.
6. Peak oxygen uptake: According to the ACSM, the risk of death during or
immediately after an exercise test is less than or equal to 0.01%, with the risk of an
acute MI during this time being less than or equal to 0.04% (5). The risk of suffering
an exertion-related heart attack is almost 50 times lower in people who exercise >5
times per week as compared to sedentary persons (6).
7. Fingertip blood sampling: Possible risk of infection. All necessary precautions will
be taken (tester wears gloves, alcohol is used on finger, waste disposed of according
to OSHA guidelines).
8. Maximal heart rate: none
9. Abdominal endurance: Risk of muscular soreness and musculoskeletal injuries;
however, minimal risk with adequate warm-up and proper screening of participants.
10. Pushup test: same as #9.
11. Sit-and-reach test: same as #9; subject will be instructed to stretch only to the
point of slight discomfort, not to the point of pain.
12. Blood sample: Risk of hematoma and infection; however, OSHA guidelines will
be followed and the blood sample will be drawn by a trained professional; therefore,
risk of infection is minimal.
In the event that a serious medical condition is found after completing the questionnaire
or the testing, you will not participate in the study and be referred to your personal
physician.

There are many risks involved in hiking the AT. However, because you plan on hiking
the AT, regardless of whether or not you participate in this study, the study presents no
additional hiking-related risks, except the risk of an automobile accident while being
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transported to and from the trail. The driver, Patricia, has a clean driving record and will
be driving a well-maintained 2002 Subaru Forester. All rules of the road will be obeyed.

Benefits of Participation

From the results of your tests, you will be given a report of the following by Patricia:
your body fat percentage, your bone mineral density, your peak oxygen uptake, your
maximum heart rate, your lactate threshold, your muscular strength and endurance, your
flexibility, and your lipid profile. After completion of this study, you will be able to
observe the changes of your test values while you were hiking. You will have the
opportunity to discuss these changes with Patricia.

Confidentiality

The information obtained from these tests will be treated as privileged and confidential and will
consequently not be released to any person without your consent. However, the information will be
used in research reports and presentations; however your name and other identity will not be
~disclosed. All of your data, this form, and your health history questionnaire will be kept in a locked
file cabinet in HPER 317 for 3 years following the study.

Emergency Medical Treatment

The University of Tennessee does not automatically offer compensation or reimbursement for
medical claims. In the unlikely event that physical injury is suffered during the course of this
research study, or if you have questions regarding this policy, notify Patricia Williams at (865) 974-
8768.

Contact Information

If you have questions at any time concerning the study or the procedures, (or you experience
adverse effects as a result of participating in this study,) you may contact Patricia Williams. If you
have questions about your rights as a participant, contact Research Compliance Services of the
Office of Research at (865) 974-3466.

Right to Ask Questions and to Withdraw
You are free to decide whether or not to participate in this study and are free to withdraw from the
study at any time.

Before you sign this form, please ask questions about any aspects of the study, which are unclear to
you. _
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Consent
By signing, I am indicating that I understand and agree to take part in this research study.

Your signature Date

Researcher’s signature Date
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HEALTH HISTORY QUESTIONNAIRE

NAME DATE
DATE OF BIRTH AGE
ADDRESS

PHONE NUMBERS (HOME) (WORK)

Email address:

When is the best time to contact you?

Please answer the following questions. This information will only be used for research
purposes and will not be made public. Please answer the following questions based on
physical exercise in which you regularly engage. This should not include daily work
activities such as walking from one office to another.

1. Do you regularly exercise? Yes/No If yes, please describe.

2. On average, how many times per week do you engage in exercise?

0 1 2 3 4 5 6 7

3. On average, how long do you exercise each time?
0-19 minutes 20-40 minutes more than 40 minutes

4. How long have you been exercising at this level?
Less than 6 months
6-12 months
1-2 years
3 or more years
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MEDICAL HISTORY

Past History:
Have you ever been diagnosed with the following conditions? Please check the

appropriate column.

’t know

(7]

Rheumatic Fever

Heart Murmur

High Blood Pressure

Any heart problem

Lung Disease

Seizures

Irregular heart beat

Bronchitis

Emphysema

Diabetes

Asthma

Kidney Disease

Liver Disease

Severe Allergies

Orthopedic Problems

Hyper- or Hypothyroidism

HIV, Hepiatitis, or other blood-
bome disease

Heparin Sensitivity

AAAAAAAAAAAAAAAA’<
N N N N N N N N N N N N N N N N O
AAAAAAAAAAAAAAAAZ

Don
()
()
()
()
()
()
()
()
()
()
()
()
()
()
()
()

N N N N N N N N N N N N N N N N o

N~

()
()

~~ ~
N o
N’ N

Present Symptom Review:
Have you recently had any of the following symptoms? Please check if so.

Chest pain () Frequent urination ()
Shortness of breath () Blood in urine ()
Heart palpitations () Buming sensations ()
Leg or ankle swelling ( ) Severe headache ()
Coughing up blood () Blurred vision ()
Low blood sugar () Difficulty walking ()
Feeling faint or dizzy ( ) Weakness in arm ()
Leg numbness () Significant emotional problem( )
Do you smoke? Yes/No If yes, how many per day?

Are you taking medications? Yes/No
If yes, please describe:
On average, how many alcoholic drinks do you consume per week?
Can you walk 5 miles continuously without pain or discomfort?
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OTHER INFORMATION
Whom should we notify in case of emergency?

Name

Address

Phone#

I have been given the opportunity to ask questions about any of the above items that were
unclear and I have answered all questions completely and truthfully to the best of my
lsnowledge.

SIGNATURE DATE
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