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ABSTRACT 

Context: Spectral analysis ofbeat-to-beat fluctuations in heart rate (Heart Rate 

Variability (HRV» provides an efficient, non-invasive assessment of autonomic function 

and cardiovascular adaptations. Changes in HRV may result from a number of different 

physiological factors including training level and acclimation to altitude. 

Objective: To investigate the effects of intermittent hypoxic exposure (IHE) via 

CVAClM chamber on HRV in endurance trained athletes using autoregressive (AR) 

spectral analysis. 

Methods: Thirteen endurance trained subjects (four females; age 30.3 ± 8.9 years, nine 

males; age 30.1 ± 9.2 years) underwent an intermittent hypoxic conditioning protocol that 

involved increased exposure to altitude each week over eight weeks. Heart rate 

variability measures were taken in both supine and tilt positions pre and post altitude 

exposure to evaluate the acute effects, changes in acute effects over time, and chronic 

effects. 

Results: No significant differences were found in HRV using the AR spectral analysis 

(p>O.Ol). No negative effects ofIHE on HRV were found. 

Conclusions: Intermittent hypoxic exposure delivered via CV AClM had no effect on 

HRV in endurance trained athletes when analyzed by the AR spectral analysis. 

Key Words: heart rate variability, intermittent hypoxic exposure, autoregressive model 
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Introduction 

Altitude conditioning (acclimation) in competitive endurance athletes results in 

physiological effects such as improved sea-level performance and increased heart rate 

variability (HRV) (Levine & Stray-GlUldersen, 1997; Perini et al, 1996). Heart rate 

variability has been described as the variations between successive heartbeats and is 

regulated by sympathetic and parasympathetic branches of the autonomic nervous system 

(pichon et al, 2006). The analysis ofHRV has been considered an efficient, non­

invasive technique to evaluate an individual's autonomic function and cardiovascular 

adaptation to endurance exercise (Carter et al., 2003; Gregoire et al., 1996; Melanson & 

Freedson, 2001). It has been determined that endurance training can increase HRV, 

increase parasympathetic tone, and decrease sympathetic tone in the heart at rest; which 

are considered healthy adaptations to training (Carter et al., 2003). Heart rate variability 

changes occur in response to the activity of the sympathetic and parasympathetic systems, 

allowing for adjustments in heart rate to various environments and physiological stressors 

(Hansen & Sander, 2003). 

Acclimation to altitude has also been shown to affect cardiovascular function. 

Humans exposed to altitude experience hypobaric environments and hypoxia that 

produce a transient reduction in parasympathetic and sympathetic activity (Sevre et al., 

200 I). It has also been suggested that altitude exposure causes a shift towards the 

dominance of the sympathetic system (perini et al., 1996). Hansen and Sander (2003) 

reported that after acclimation to altitude (4 weeks at 5260 m) subjects who were re­

studied IUlder normobaric, normoxic and hypervolaemic conditions, 3 days after returning 
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to sea level showed a striking long lasting increase in sympathetic overactivity. However, 

it remains unclear how acclimation to altitude achieved by intermittent hypoxic exposure 

(!HE) affects HRV at sea level. 

Intermittent hypoxic exposure using altitude chambers has been found to be a 

convenient way to achieve altitude acclimation at sea level. The avai1ability of altitude 

chambers allows for short-term exposure to hypobaric hypoxia on a regular basis, 

creating altitude acclimatization in a controlled environment (Rodriguez et al., 2000). A 

new commercially available product, the Cyclic Variation in Altitude Conditioning 

(CVAC",) chamber, creates a different form of IRE. The CVAC", chamber produces 

pressure changes simulating altitudes from sea level to 6,858 m (22,500 ft) in a cyclically 

variable fashion. The pressure inside the chamber changes continuously, thus the altitude 

is always ascending or descending. 

The IRE dosage that is required to initiate changes in HRV has recently been 

investigated. Adjustments in the autonomic nervous system have been observed in acute 

(during a five minute period) and chronic exposures to high altitudes (Farinelli et al., 

1994; Povea et aI., 2005; Zuzewicz et al., 1999). However, the effect of short-term IRE 

on HRV has rarely been evaluated (povea et al., 2005). Endurance trained athletes have 

been shown to have high HRV (Iwasaki et al., 2003), and represent a low risk study 

population. If improvements in HRV can occur in response to CV AC", conditioning in 

endurance trained subjects, then IRE may be considered safe for clinical populations. 

However, if decreases in HRV result, then the use of IRE may be contraindicated for 

study in some clinical populations. Currently the effects of IRE on HRV in trained 

athletes remain unclear. 
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The purpose of the present study was three-fold: 1) to investigate the acute 

effects (comparing HR V before and after a CV AC ... conditioning session) of supine rest 

and a head-up tilt on HRV at sea level; 2) to investigate the change in acute effects over 

time on HR V during supine rest and a head-up tilt at sea level; and, 3) to investigate the 

chronic effects of acclimation to CV ACTld conditioning during supine rest and a head-up 

tilt on HR V at sea level. It was hypothesized that: I) there would be no significant 

differences in HRV variables at sea level comparing data collected before and after 

CVAC ... conditioning sessions (acute effects); 2) there would be no significant 

differences in HRV variables at sea level for acute changes over time (using delta scores); 

and, 3) there would be no significant differences in HRV variables at sea level due to !HE 

conditioning throughout a 10 week protocol ( chronic effects). 
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Methodology 

Subjects 

Thirteen trained male (9) and female (4) cyclists, runners, and triathletes were 

recruited from the university and general populations. Descriptive data of the subjects 

are presented in Table I. Subject selection criteria consisted of competitive training for a 

minimum of one calendar year and maximum oxygen consumption values above 40 and 

50 mL' kg'l. min'l for females and males, respectively. Subjects completed a pre-

participation physical examination and blood test to hlle out anemia and other medical 

pathologies. All subjects were required to keep a training log, and maintain their current 

volume and intensity of training throughout the study. The subjects completed an 

informed consent form approved by the institution's Committee on Human Studies prior 

to participation in the study. 

Table 1. Subject gender, age, height, weight, BMI and V02 max (Mean ± SD). 

Subjects Age 
Gender (n) (yr) 

Height 
(em) 

Weight 
(kg) 

BM! 
(kg/m') 

VO,max 
(mL' kg'}' min'}) 

Male 9 30.1 ±92 176.9 ± 4.7 73.9± 12.9 23.7±3.3 SB.2B±7.S 

Female 4 30.3 ± 8.9 163.3±7.4 S72±2.9 21.7±0.S 47.B2±4.7 

Procedures 

Intermittent Hypoxic Exposure protocoL The Cyclical Variable Altitude 

Conditioning (CVACTM) chamber (CVACTM Systems, Inc., Poway, California) is a 

portable hypobaric chamber with a ''fail-safe open valve system" that prevents carbon 

dioxide build-up. Pressure changes simulating altitudes from sea level to 6858 m (22,500 

ft) were controlled via a computer program. The computer program cyclically varied the 



pressure in the chamber simulating different altitudes. The pressure inside the chamber 

changed continuously, thus the subject was ascending or descending in altitude. The 
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CV ACTM chamber altitude exposure profiles were divided into five different tiers (Tiers 1-

5) with increasing mean and maximal altitudes for each subsequent tier. The maximal 

simulated altitudes achieved for Tiers 1-5 were: 3,200 m, 3,800 m, 4,420 m, 5,639 m, 

and 6,858 m, respectively. 

Subjects were randomly assigned to one of the following three groups: I) Group 

I (n=3) with llIE of 60 minutes, three days a week (180 minlweek); 2) Group 2 (n=2) 

with llIE of 80 minutes, three days a week (240 min/week); and 3) Group 3 (n=8) with 

llIE of 60 minutes, five days a week (300 minlweek). However, groups were pooled for 

the statistical analysis. During exposure sessions, subjects sat passively in the chamber. 

Electrocardiographic tests were conducted in a laboratory at sea level (altitude 

"'10 m), and were administered prior to and immediately after exposure as scheduled in 

the protocol. llIE protocols began with three twenty-minute acclimation sessions over a 

three-day period that allowed subjects' tympanic membranes to adjust to the rapid 

changes in the pressure gradient in the chamber, followed by a seven-week IHE 

conditioning period. All subjects sat through the seven week llIE conditioning program; 

tiers one through four (TI-T4) in weeks one through four (WI-W 4), followed by three 

weeks (W5-W7) at tier five (T5). Figure I illustrates the CVACTM schedule and data 

collection schedule. 



IHE Exposure (7 weeks) 

WO W1 W2 W3 W4 W5 we W7 
Baseline 1,981m1 2,377m1 2,928m1 3,871m1 4,816m1 4,818m1 4,616m1 

3,20Om 3,8OOm 4,42Om 6,839m 6,888m 6,898m 6,888m 

W10 
:IoWeekPost 

Figure 1. CV AC~ IHE tier (T) and weekly (W) schedule with reported mean/max altitudes. The A 
denotes when HRV data were collected. 

HRV collection protocoL Heart rate variability was assessed nine different 

times throughout the study for each subject. Three one-time analyses were collected 

before each mE conditioning session (Week 0, Week 7, Week 10) and three pre- and 

post- exposure sessions (Pre-lPost- Week 2; Pre-lPost- Week 4; Pre-lPost- Week 6). 

Frequency domain data were acquired through autoregressive spectral analysis. 

Electrocardiographic data were collected using the CARDIO-CARD ver. 4.12 software 

6 

(Nasiff Associates Inc., Brewerton, NY, USA). Data were checked for arrhythmia and all 

ectopic beats were removed. Heart rate variability was evaluated using the HRV 

Analysis ver. 1.1 software (Niskanen et at, 2004) (Biomedical Signal Analysis Group, 

Dept. of Physics, University ofKuopio, Finland). 

Subjects relaxed in a supine position for twenty minutes before being prepped for 

electrode placement prior to data collection. Preparation included a thorough cleaning of 

the placement areas with an alcohol prep. Electrodes were placed on the palmar side of 

the wrists just above the wrist crease between the radial and ulnar styloid processes and 

inferior to the 10th rib along the midline of the nipple. Leads were attached to the 

electrodes and the subject was asked to lie supine on a tilt table. 
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Subjects were asked to breathe at a self-determined ''normal'' pace while the 

investigators began data collection and monitored for arrhythmia. Subjects remained 

supine for 1200 seconds (twenty minutes) then tilted to 70° for an additional 300 seconds 

(five minutes). Once recording was complete, the subjects returned to the supine position 

and the electrodes were removed. The HRV data were determined from the last ten 

minutes of supine rest and from the five minute after being tilted. 

Statistical Analysis 

Statistical computer software SAS v. 9 (SAS Institute Inc., Cary, NC, USA) was 

used for statistical analysis. Since preliminary analysis of variance (ANOVA) with 

repeated measures did not reveal significant differences in exposure group or gender, data 

of the 13 subjects were pooled and treated as a single group for further analyses. 

Subsequently, an ANOVA with repeated measures was used to analyze acute effects, 

changes in acute effects over time, and chronic effects. The aforementioned statistical 

analyses was used to analyze the effects ofCVAC", induced !HE on HRV via the 

Autoregressive Model. Due to the large number of comparisons made, the alpha level 

was adjusted. A more stringent alpha level of p<0.01 was adopted rather than adjusting 

the alpha through the use of the Bonferroni technique. 



Results 

Acute Effects 

Averaged data for supine and tilt variables of chronic effects are presented in 

Tables 2-3, respectively. Acute effects were determined by examining the differences 

between Pre-IHE and Post-IHE data for Week 2, Week 4, and Week 6. No significant 

differences (p>O.OI) were found for supine and tilt variables. 

Table 2. Summary Table of Averaged Data for Acute Effects - Supine Rest at Sea Level 
(MeaDS = SO). 

Week 2 ( ier2) Week 4 (Tier 4) Week 6 r ier 5) 
Pre Post Pre Post Pre Post 

VLF peak (Hz) 0.0000% 0.0026: 0.0023± 0.0027= 0.0029: 0.0071± 
0.000 0.009 0.008 0.009 0.010 0.013 

VLF power (ms') 347± 1020% 504± 407± 537± 1034± 
682.3 1487.1 628.3 735.0 711.9 1156.8 

VLF power (%) 9.8± 23.7± 20.9: 11.5± 17.1± 29.7= 
13.35 28.50 22.05 18.54 20.14 27.17 

LF peak (Hz) 0.0712= 0.0583± 0.0903= 0.0467± 0.0611± 0.0535± 
0.033 0.043 0.037 0.032 0.051 0.049 

LF power (ms·) 1082= 1024= 1015± 1092= 1037± 1145= 
789.7 932.4 707.4 920.2 1107.9 1439.8 

LFpower(%) 48.6: 33.3± 44.9: 42.2± 33.2± 26.1= 
25.55 30.88 26.51 31.07 25.55 23.85 

LF power (n.u.) 38.6: 30.6: 43.8± 38.0± 34.3± 27.4= 
18.56 27.46 20.99 26.80 27.21 25.59 

HFpeak (Hz) 0.0257= 0.2154= 0.2405± 0.2162= O.l865± 0.2127= 
0.075 0.107 0.089 0.1105 0.125 0.115 

HF power (ms') 961± 965= 652= 1007± 978% 1028% 
1011.3 785.4 547.5 995.2 1319.1 838.9 

HF power (%) 33.7± 27.5± 26.4= 30.7± 26.4± 28.6: 
17.57 14.16 15.23 20.58 23.48 18.96 

HF power (n.u.) 30.6: 31.8% 27.2± 28.0± 22.7= 33.2= 
23.42 21.31 16.36 19.36 16.27 21.01 

LFIHF 1.849: 1.122= 2.222= 1.852= 1.582= 1.050% 
1.76 1.08 2.18 2.22 1.80 1.19 

8 
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Table 3. Summary Table of Averaged Data for Acute Effects - TIlt at Sea Level (Means :I: SD). 

Week 2 f ier2) Week 4 ( ier4) Week 6 ( ier 5) 
Pre Post Pre Post Pre Post 

VLF peak (Hz) 0.0279:1: 0.0006:1: 0.0029:1: 0.0023:1: 0.0024:1: 0.0000:1: 
0.091 0.002 0.010 0.008 0.008 0.000 

VLF power (ms') 515:1: 740:1: 388:1: 386:1: 337:1: 439:1: 
659.8 920.1 827.8 1022.7 452.4 852.3 

VLF power (%) 26.2:1: 21.6:1: 18.0:1: 12.8:1: 24.8:1: 11.4:1: 
25.58 22.33 30.05 20.32 29.32 18.07 

LF peak (Hz) 0.0682:1: 0.0724:1: 0.0578:1: 0.0551:1: 0.0810:1: 0.0823:1: 
0.038 0.042 0.034 0.045 0.031 0.149 

LF power (ms') 1178:1: 1172:1: 1046:1: 1066:1: 938:1: 1425:1: 
900.0 995.3 967.3 1219.6 876.8 1523.1 

LF power (%) 49.9:1: 44.9:1: 55.1:1: 43.7:1: 45.8:1: 49.5:1: 
28.75 25.76 31.10 32.87 26.37 32.95 

LF power (n.u.) 46.0:1: 43.8:1: 50.8:1: 38.4:1: 67.3:1: 43.4:1: 
25.11 23.56 26.13 29.72 80.35 27.26 

HF peak (Hz) 0.2389:1: 0.2093:1: 0.2251:1: 0.2036:1: 0.2242:1: 0.1547:1: 
0.969 0.078 0.092 0.1240 0.084 0.114 

HF power (ms') 618:1: 604:1: 440:1: 647:1: 455:1: 436:1: 
774.8 448.3 449.0 889.5 462.2 445.9 

HFpower(%) 23.8:1: 25.6:1: 19.1:1: 20.2:1: 21.6:1: 15.9:1: 
11.03 17.04 9.22 15.88 14.72 10.66 

HF power (n.u.) 25.2:1: 23.6:1: 22.1:1: 16.9:1: 23.5:1: 14.6:1: 
15.00 11.63 15.33 12.21 12.44 10.60 

LFIHF 3.141:1: 2.071:1: 2.801:1: 2.143:1: 2.901:1: 2.920:1: 
3.19 1.51 1.72 1.86 2.48 3.19 
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Change in Acute Effects Over Time 

Averaged data for supine and tilt variables for change in acute effects over time 

are presented in Tables 4-5, respectively. The acute effects over time were determined by 

examining the changes between Pre-IRE and Post-IRE data for Week 2, Week 4, and 

Week 6. No significant differences (p>O.OI), in Pre-IRE and Post-IRE change, were 

found for supine and tilt variables. 

Table 4. Summary Table of Averaged Data for Change In Acute Effects Over Time - Supine 
(Means ± SO). Delta scores represent values obtained at sea level post cv AC", exposure minus 
values obtained pre CV AC", exposure for weeks 2, 4, and 6. 

Table S. Summary Table of Averaged Data for Change In Acute Effects Over TIme - Tnt 
(Means ± SO). Delta scores represent values obtained at sea level post CV AC", exposure mInus 
values obtained pre CV AC", exposure for weeks 2, 4, and 6. 

Delta I Delta 2 Delta 3 
VLF peak (Hz) O.OO26±O.OO92 O.OOOS±O.OO16 O.0042±O.OO3S 
VLFpower ms"} 673±80S -97±I07 497±44S 
VLFpower %) 13.8±IS2 -9.4±-3.S 12.6±7.0 
LF peak (Hz -O.OI29±O.OIOI -O.0436±-O.OOS7 -O.OO77±-O.OOI4 
LF power (ms") -59±143 77±213 I08±269 
LF power(%) -IS.3±5.3 -2.7±4.6 -7.1±-I.7 
LF power (n.u.) -S.O±S.9 -S.W.S -6.9±-I.6 
HF peak (Hz) O.0098±O.032I -O.O243±O.O211 O.0263±-O.009S 
HF power (ms") 4±-226 3SS±448 SI±-480 
HF power (%) -62d.-3.0 4.3±5.3 22±-4.S 
HF power (n.u.) I.2±-2.1 O.8±3.0 lO.S±4.7 
LFIHF -O.727±-O.680 -O.37D±D.033 -O.532±-O.609 



Chronic Effects 

Averaged data for supine and tilt variables of chronic effects are presented in 

Tables 6-7, respectively. Chronic effects were determined by examining the Baseline, 

Pre-exposure data for each test week (Week 2, Week 4, and Week 6), Post-test and 

Three-week Post-test. No significant differences (p>O.Ol) were found over time for 

supine and tilt variables. 

Table 6. Summary Table of Averaged Data for Cbronic Effects - SupJoe Rest at Sea Level 
(Mean = SD). 

Baseline T2Pre T4Pre T5Pre Post 3 Week Post 
Week 0 Week 2 Week 4 Week 6 Week 7 Week 10 

VLF peak (Hz) 0.0059% 0.0000= 0.0023± 0.0029% 0.0017± 0.0024± 
0.014 0.000 0.008 0.010 0.006 0.008 

VLF power (ms-) 417= 347= 504± 537= 489% 268± 
411.5 682.3 628.3 711.9 907.4 320.5 

VLF power (%) 26.7= 9.8± 20.9% 17.1= 12.6± 18.5= 
25.50 13.35 22.05 20.14 16.39 22.18 

LFpeak (Hz) 0.0915= 0.0712% 0.0903± 0.0611= 0.0759± 0.0640% 
0.042 0.033 0.037 0.051 0.048 0.051 

LF power (ms") 1184= 1082% 1015% 1037= 851= 938± 
1375.2 789.7 707.4 1170.9 795.4 973.0 

LFpower(%) 44.3= 48.6± 44.9% 33.2± 46.2± 35.8± 
24.34 25.55 26.51 25.55 29.47 26.82 

LF power (o.u.) 43.8± 38.6± 43.8± 34.3= 42.4= 35.7± 
19.47 18.56 20.99 27.21 27.09 28.01 

HF peak (Hz) 0.2488± 0.2057= 0.2405± 0.1865= 0.3651= 0.2040% 
0.046 0.D75 0.089 0.125 0.452 0.122 

HF power (ms! 663= 961± 652% 978= 981± 571± 
548.9 1011.3 547.5 1319.1 1185.3 655.6 

HFpower(%) 28.9% 33.7± 26.4= 26.4= 33.3= 22.5± 
11.99 17.17 15.23 23.48 21.44 16.05 

HF power (n.u.) 29.7= 30.6± 27.2± 22.7= 35.1= 22.6± 
12.27 23.42 16.36 16.27 32.72 16.21 

LFIHF 1.791± 1.849% 2.222± 1.582% 2.347= 1.474= 
1.12 1.76 2.18 1.80 2.69 1.43 

11 
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Table 7. Summary Table of Averaged Data for Cbronlc Effects - Tnt at Sea Level (Mean = SD). 

Baseline T2Pre T4Pre T5 Pre Post 3 Week Post 
Week 0 Week 2 Week 4 Week 6 Week 7 Week 10 

VLF peak (Hz) 0.0279: 0.0006: 0.0029: 0.0023= 0.0024= 0.0000= 
0.091 0.002 0.010 0.008 0.008 0.000 

VLF power (ms') 515= 740= 388: 386: 337= 439: 
659.8 920.1 827.8 1022.7 452.4 852.3 

VLF power (%) 26.2: 21.6: 18.0= 12.8: 24.8: 11.4= 
25.58 22.33 30.05 20.32 29.32 18.D7 

LF peak (Hz) 0.0682: 0.0724= 0.0578: 0.0551= 0.081D: 0.0823= 
0.D38 0.042 0.034 0.045 0.031 0.149 

LF power (ms') 1178: 1172: 1046: 1066: 938: 1425± 
900.0 995.3 967.3 1219.6 876.8 1523.1 

LF power (%) 49.9: 44.9: 55.1= 43.7= 45.8: 49.5= 
28.75 25.76 31.10 32.87 26.37 32.95 

LF power (n.u.) 46.0= 43.8: 50.8: 38.4= 67.3= 43.4= 
25.11 23.56 26.13 29.72 80.35 27.26 

HF peak (Hz) 0.2389: 0.2093= 0.2251= 0.2036: 0.2242: 0.1547= 
0.069 0.078 0.092 0.1240 0.084 0.114 

HF power (ms') 618: 604± 440= 647= 455= 436: 
774.8 448.3 449.0 889.5 462.2 445.9 

HFpower(%) 23.8: 25.6: 19.1= 20.2: 21.6: 15.9: 
11.03 17.04 9.22 15.88 14.72 10.66 

HF power (n.u.) 25.2: 23.6: 22.1= 16.9: 23.5= 14.6: 
15.00 11.63 15.33 12.21 12.44 10.60 

LFIHF 3.141= 2.071= 2.801= 2.143= 2.901= 2.920= 
3.19 1.51 1.72 1.86 2.48 3.19 
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Discussion 

The present study was conducted to assess the acute and chronic effects of 

autonomic nervous system activity at sea level, through the use of autoregressive (AR) 

spectral analysis, in endurance trained athletes in response to IHE conditioning delivered 

through a CV ACT>! hypobaric chamber. The major finding of the present study was that 

AR spectral analysis failed to reveal significant differences in HR V in endurance trained 

athletes at sea level in response to IHE conditioning (p>O.Ol). 

Table 8. Summary of HRV Responses to Altitude Acclimation. 

Farlnelli et aL, SevreetaL, Povea etaL, Perlul et aL, 
CVAC 

(1994) (2001) (2005) (1996) 

Altitude 5,050 m 4,500m 3,OOOm 5,050 m 6,858 m 

Untrained Untrained 
National-level Untrained Well-trained 

Subjects Trained (n=6) (n=14) (n=20) (n=13) (n=13) 

Analysis AR FFT FFT AR AR 

Type of Mountain \HE \HE Mountain \HE acclimation 

10minJ2days 60-80 mlnId (acute) 
3-5 dlwk Exposure 1 montb I week 35 days 

duration 11-16 hrld 
3wks 7wks 

(chronic) (-1,260 min) 

Increase LF, Decrease HF, 

Results 
Decrease HF Decrease LF, LF:HF Increase No Significant 

(p<O.05) HF(p<O.OS) 
(p<O.OOI) LF:HF Difference 

(p<O.05) 
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In previous investigations, altitude conditioning has been delivered in a variety of 

methods (see Table 8). Altitude chambers have been used to study the effects ofIHE; 

these chambers are capable of changing air pressure to different levels for various time 

durations according to the study protocol (povea et al., 2005; Sevre et al., 2001; Zhuang 

et al., 2002; Zuzewicz et al., 1999). The present study used a form ofIHE via the 

CV ACnt system. The protocol of the present study was based on a study by (Rodriguez 

et al., 2000), which revealed that a minimum of90-minutes of passive IHE, three times 

per week over a three-week period (weekly total exposure time: 270 minutes at 5,500 m) 

was needed to effectively stimulate erythropoiesis. If 90-minute sessions of passive IHE 

are an effective means of increasing the oxygen-carrying capacity of the blood, it may be 

possible that this level of exposure will result in adaptations that could affect HR V. The 

weekly total exposure of IHE for the present study was 180 to 300 minutes. However, 

the CV AC ... constantly cycles between altitudes, therefore a total exposure time at a 

given altitude could not be quantified. The average altitudes for Tiers 1 through 5 were; 

1,981 m; 2.377 m; 2,926 m; 3.871 m; and 4,816 m, respectively, reported by CVAC .... 

Systems, Inc. 

The lack of effect ofCVAC11I induced IHE on HRV in the present study may be 

attributed to a number of factors, including, but not limited to: the inability of limited 

IHE conditioning to affect HRV at sea level; the training state of the subjects; or. the type 

Frequency Domain spectral analysis used. In the present study the average total altitude 

exposure time was approximately 1,260 minutes over a seven week period. Previous 

studies which reported changes in autonomic function in response to acclimation to 

altitude via the AR spectral analysis used greater total exposure times (-40,320 - 50,400 
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minutes) at 5,050 m over a one month period (Farinelli et al., 1994; Perini et al., 1996). 

This may indicate that total exposure time to altitude in the present study was insufficient 

to bring about changes in HRV which could be detected using AR spectral analysis. 

A delimitation of the present study was the use of endurance trained athletes as 

subjects. It has been reported that altitude exposure effects autonomic function in healthy 

untrained subjects (Farinelli et al., 1994; Halliwill & Minson, 2002; Hansen & Sander, 

2003; Roche et al., 2002; Sevre et al., 2001; Zuzewicz et al., 1999). Because the subjects 

in the present study were endurance trained athletes, an initial high HRV was expected, 

thus limiting the possible effect size for changes in HRV due to CV AC ... induced mE, 

making possible changes in HRV difficult to detect. Although the AR spectral analysis 

did not reveal a significant difference in HRV after CVAC ... conditioning in endurance 

trained athletes, it is unknown how CVACn< conditioning may affect HRV in untrained 

populations. The lack of changes in HRV due to mE conditioning via CV AC", suggests 

that although mE did not improve HRV, it did not causes a negative change in HR V. 

This suggests that mE conditioning may be appropriate for clinical populations. The 

findings in the present study were in contrast to Roche et al., (2002) were reported an 

increase in parasympathetic drive after a brief exposure to hypoxia; and Hansen and 

Sander (2003) reported a striking long lasting increase in sympathetic overactivity. 

The most commonly used Frequency Domain spectral analyses are the Fast 

Fourier Transformation (FFT) and the Autoregressive Model (AR). The type of spectral 

analysis used is d.etermined by the investigators of each study. Pichon et al., (2006) 

described FFT as a nonparametric method and AR as a parametric spectral method. Non­

parametric models differ from parametric models in that the model structure is not 
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specified a priori but is instead determined from data. In the present study, AR was used 

for the Frequency Domain spectral analysis ofHRV. In contrast to the present study, 

McGrady, (2006) conducted a study utilizing the FFT on the same data set used in the 

present study and found that CVAC'DI induced nm bad significant effects on HRV, 

increasing parasympathetic tone. Thus conclusions on the effectiveness of CV AC'DI 

induced nm on HRV are dependent on the mode of spectral analysis. The 

interchangeability of the analysis of the FFT and AR was previously investigated by 

Pichon et aI., (2006) and Chemla et aI., (2005) who reported similar trends but large 

discrepancies resulting from analysis of a single data set using the two methods of 

spectral analyses. The authors of both studies concluded that FFT and AR could not be 

used interchangeably. Pichon et aI., (2006) stated that AR analysis could bestow some 

advantages for HRV assessment when compared with FFT analysis. However, Chemla et 

aI., (2005) suggest that FFT analysis should be used in place of AR analysis when 

evaluating diabetic patients. Therefore, the type of spectral analysis (FFT vs. AR) used 

to determine HRV are likely to result in different inteIpretations of the data. 

[n summary, no significant changes were revealed by AR spectral analysis for the 

acute or chronic effects of nm conditioning. Within the limitations of this study it was 

concluded that nm delivered via CV AC", bad no effect (either positive or negative) on 

HRV in endurance trained athletes when analyzed by the AR spectral analysis. Further 

research designed to identify factors affecting HRV subsequent to nm seems warranted. 
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Gregoire et aI., (1996) examined heart rate variability (HRV) during rest and 

exercise to look at the influence of age, gender, and physical training. The purpose of the 

study was to see if the analysis ofHRV would provide a sensitive measure of differences 

in autonomic control as a result of adaptation to regular physical activity. There were 

eight separate groups often subjects each. The groups were studied as trained and 

untrained; young males and females, middle age males and females. Subjects first had 

their heart rate recorded for 10 minute in the supine position followed by a sub maximal 

cycle ergometer test. Statistical analysis used for comparisons was a two-way ANOV A. 

Results found that there were no differences in indicators of the autonomic activity at rest 

in young subjects, but there was a reduced sympathetic activity and increase 

parasympathetic activity in middle-aged trained subjects versus their aged matched 

controls. 

Carter et aI., (2003) investigated the effect of age and gender on heart rate 

variability after endurance training. Twenty-four subjects were divided into four age and 

gender groups. The HRV was recorded at supine rest and sub maximal cycling for each 

group pre- and post standardized training. Subjects were runners that completed the same 

12-week running program. Fast Fourier Transformation was used to define the frequency 

domains of the heart rate variability. A three-way repeated measures ANOV A was used 

to determine the main effects of training, age, and gender. Results revealed a significant 

decrease in heart both at rest (2.7 :t: 0.45 beafmin) and during sub maximal exercise (8.1 
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± 0.67 beafmin) in both age groups after training. In conclusion, a well designed 12-

week endurance-training program will decrease resting and sub maximal hear rate in both 

young and old adults. Also, it was indicated that HRV measurement appears to be an 

effective, noninvasive assessment of cardiovascular adaptation to aerobic training. 

In summary, the above research indicated that HRV is influenced by age and 

exercise. Heart rate decreased with exercise compared to the control groups of no 

exercise. Differences were also seen in the older populations as compared to the younger 

populations. Gregoire et al., (1996) stated that the increased HRV due to exercise 

reduced sympathetic activity and increased parasympathetic activity. These HRV studies 

were all performed at sea level and the changes in HRV were consequences of age and 

exercise training. 

Heart Rate Variabilitv Spectral Analysis 

Chemla et al., (2005) compared the Fast Fourier Transformation (FFT) and 

Autoregressive (AR) spectral analysis for the study of heart rate variability (HRV) in 

diabetic patients. Thirty diabetic patients were recruited for the study. Subjects 

underwent ECG recording after a 10 min rest and then were told behave in a normal 

manner throughout the 24 hour period. Twelve of the subjects a recording of 10 min at 

rest was taken at the end of the 24 hour period. Time and frequency domains were 

analyzed for HRV. Paired t tests were used to analyze and compare FFT and AR for the 

5 min rest before and the 5 min rest after the 24 hour recording. Results indicate that 

both raw data and In-transformed data were significantly different between FFT and AR. 

The study concluded that the spectral components of short-term HRV calculated by using 
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diabetic patients. 
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Pichon et aI., (2006) investigated the interchangeability between Fast Fourier 

transform (FFT) and autoregressive (AR) analysis. There were two groups of subjects, 

free of known cardiac, circulartory, respiratory, or other disease. Group one was studied 

at rest in the seated position and contained 56 subjects (15 women and 41 men). The 

second group consisted of 15 trained men that performed an orthostatic test from supine 

to standing position. Procedures for group one consisted of sitting quietly for seven 

minutes while a POLAR Heart Rate Monitor recorded their heart rate. The orthostatic 

test consisted of lying supine for 20 minutes in a dark room, followed by actively 

standing up and remain standing for 10 minutes while the their heart rate was continually 

recorded. The heart rate variability (HR V) was then calculated using the FFT and AR 

spectra and comparisons of the HRV were made using the t test for paired data. A linear 

regression was used to correlate quantitative variables. Results revealed that the two 

models show the same trends, but large discrepancy between the FFT and AR analysis 

for all HRV indices in the 3 conditions therefore they could not be considered 

interchangeable. 

In summary, above research results indicate that the types of spectral analysis of 

HRV are not interchangeable. Pichon et aI., (2006) and Chemla et aI., (2005) used paired 

t-tests to compare the FFT and AR spectral analyses. Theses two spectral analyses were 

compared in both studies and it was concluded that FFT and AT spectral analyses used 

on the same data sets are not to be interpreted as interchangeable. 
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Effects of Constant Altitude Exposure 

Farinelli et al., (1994) examined the possible changes in autonomic regulation of 

heart rate as a result of acclimatization to high altitude. Subject consisted of 6 healthy 

males with sedentary life styles, except for one who was active. Electrocardiogram was 

recorded for 10 minutes in the supine position and 5 minutes in the seated position and 

during an incremental exercise test, both at sea level and after I month of acclimatization 

to 505Om. An autoregressive model was used to define the frequency domains of the 

heart rate variability. Statistical analysis used to find the difference between two 

positions and between the sea level and altitude were evaluated by the non-parametric 

Wilcoxon's paired test and considered significant at p< 0.05. Sea level posture change 

increased low frequency (LF) amplitude accompanied by an increase or decrease in high 

frequency (HF) amplitude, whereas after I month at altitude HF decreased in all subjects, 

with little or no change in LF. These results indicated a change of heart rate regulation 

after acclimatization to high altitude. 

Perini et al., (1996) investigated the effects of high altitude acclimatization on 

heart rate variability (HR V) in resting humans. Heart rate variability was recorded in the 

resting supine and sitting positions for 10 minutes in seven Caucasians (27-35 years of 

age) before and during a 35 day stay at 5050 m above sea level and in six Sherpas (22-30 

years of age) were tested at high altitude only. An autoregressive method was used to 

estimate the power spectrum density of discrete series. The Student's paired t-test was 

adopted to verify the significant difference at p<0.05. Peak powers, as a percentage of 

the total power, were affected by both body position and altitude. The change from a 

supine to a sitting position at sea level caused a decrease in the high frequency (p<0.05) 
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and a significant increase LF:HF ratio. Low Frequency: High Frequency ratios were 

about 2.S times higher at altitude than at sea level in supine position, but they were 

unchanged in sitting positions. Autonomic spectral indices suggest that hypoxia 

augmented the sympathetic activity and decreased the vagal activity in supine but not in 

the sitting position. An acclimatization period of 10 days higher than 28S0 m above sea 

level and 1 month at SOSO m above sea level did not modify the interactions of the 

autonomic systems. 

Hansen & Sander, (2003) investigated sympathetic neural overactivity in healthy 

humans after prolonged exposure to hypobaric hypoxia and looked at the underlying 

mechanisms driving such sympathoexcitation. Measurements of muscle sympathetic 

nerve activity via the Tungsten microelectrodes were taken in the supine position in eight 

healthy lowlanders on three separate occasions: I) after a 4 week stay at an altitude of 

S260m, 2) sea level 3 days following descent and 3) sea level 4-6 months post expedition. 

Statistical analysis was performed using Student's t test for paired comparisons of 

baseline parameters between the three different study days and parameters before and 

after intervention within the same study day. The significant difference was set at 

p<O.OS. Subjects acclimatized well to altitude, but in every subject sympathetic nerve 

activity was highly elevated at altitude vs. sea level (48 ± S vs. 16 ± 3 bursts min, 

respectively, p<O.OS), coinciding with increased mean arterial blood pressure (87 ± 3 vs. 

77 ± 2 mmHg, respectively, p<O.OS). In conclusion, acclimatization to high altitude 

hypoxia is accompanied by sympathetic over activity. 
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In summary, the above research indicated that acclimatization to altitude changes 

the autonomic regulation ofHRV. These studies concluded that an increase in 

sympathetic activity occurs as result of altitude acclimatization. The increase in 

sympathetic activity indicates that the altitude has beneficial effects to increase HRV. 

The researchers also indicated that the differences in autonomic activity between sea 

level and altitude acclimatization are observed in the resting supine position and not in 

the sitting position (Farinelli et al., 1994; Perini et al., 1996). 

Intermittent Hypoxic Exposure and Heart Rate Variabilitv 

Zuzewicz et al., (1999) investigated heart rate variability (HR V) in exposure to 

high altitude hypoxia of short duration. Six healthy males ages 25-28 underwent twenty­

four-hour electrocardiograph (BCG) monitoring on two different occasions. Subjects 

stayed in an altitude chamber (at 450Om) for 30-min cycles and were repeated every 4 

hours starting at 4:00pm ending at 8:00am. Second ECG monitoring occurred in the 

altitude chamber (at 115m), termed normobaria. Analysis ofECG compared 30-min stay 

at the altitude of 4500m to the measurement values obtained during daytime or nighttime 

control experiments. The non-parametric Wilcoxon's test was applied to check the 

significant differences between the results. Significant differences were found in the time 

and frequency domains in the 30-min stay at the altitude of 4500m compared to values at 

115m. Results indicated the SDNN and pNN50 decreased (p<.OI) and the high 

frequency band decreased (p<.05). There was an increase in HR under hypoxic 

conditions at the simulated altitude of 450Om. The activity for the low frequency and 

high frequency bands are greater at daytime than at night rest at 115m and 450Om. 
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Sevre et al., (2001) investigated the reduction of autonomic activity during a 

stepwise exposure to high altitude. Subjects were twelve healthy men and two healthy 

women who had not been at high altitude in the last 6 months. The study was performed 

during a 1 weeks stay in a hypobaric chamber built as modern apartment with a possible 

simulated altitude of 550Om. The simulated altitude was increased in steps (Day 1: 440m, 

Day 2: 250Om, Day3: 3500m, Day 4: 4500m), then kept at 4500m for 4 days before 

returning back to 440m at day 8. Subject were tested daily in the supine position; arterial 

oxygen saturation, HRV, barorecptor reflex sensitivity, blood pressure, blood sample, 

mental stress test, cold pressor test were measurements and test taken for each subject. A 

repeated measure ANDV A with Huynh-Feldt's probability corrections was used for 

statistical analysis. Pearson's correlation coefficients were also used. Heart rate 

variability was significantly lower at altitude,p<O.OOl. In conclusion, a transient 

reduction in parasympathetic and sympathetic activity was demonstrated during stepwise 

exposure to high altitude. 

Zhuang et al. (2002) studied Tibetans to see if they had greater vagal and less 

sympathetic tone after years of residence at sea level by utilizing heart rate variability 

analysis. Subjects were ten healthy Tibetan males, who had spent more than 3 years at 

sea level without returning to high altitude and 12 healthy Han males who were born at 

sea level and had always lived at low altitude. Heart rate variability was recorded at sea 

level and I hour after they arrived at 3,700 m level in the hypobaric chamber. The 

subjects rested in supine for 20 minutes of rest and then 20 minutes ofECG recording. 

Statistical analysis used for comparisons between sea level and 3,700 were performed 

using Student's t-test. The changes of the HRV parameter because of the acute hypobaric 
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hypoxia between the two groups were compared by using the two-way ANOV A with 

repeated test, differences were considered different whenp<0.05. Results indicated that 

the Tibetan group showed a lower heart rate and higher HRV than the Han group. The 

results suggest that Tibetans had a greater parasympathetic dominance over the heart at 

rest, and acute moderate hypoxia did not influence their HR V significantly, but did in the 

Han subjects. 

Povea et al., (2005) investigated the effects of intermittent hypoxia on heart rate 

variability (HRV) during rest and exercise. Subjects were 20 national-level male athletes 

and were divided into two subgroups. Initial recording ofHRV and V~max were taken 

before living and training for a 3-week period in moderate altitude (120Om). Subjects 

were then ranked according to their V02mox and then randomly assigned to two fitness­

matched groups. Eight subjects were assigned to the living low, training low group 

(LLTL) 1200-m altitude and twelve subjects were assigned to the living high, training 

low group (LHTL) where they slept between 2500-3000-m altitude. Subjects were 

exposed to normoxia for 5 min and then hypoxia for 5 min at rest. While still in hypoxia 

they exercised for 5 min and then exercised for 5 more min in normoxia. During 5 min 

tests, ventilation, heart rate, and hemoglobin oxygen saturation were measured. Subjects 

were tested at 1200-m prior to, and at the end of the 13-day training camp. Results were 

analyzed using a paired Student's (-test to compare normoxia and hypoxia in the 5 min 

test. A two-way ANOVA was used to evaluate the effects of training and exposure to 

intermittent hypoxia. Results indicated an increase in the low frequency component 

(p<0.01) and LF IHF ratio, suggesting that the intermittent hypoxic training increased 

sympathetic activity. 
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In summary, the above research indicated that intermittent hypoxic exposure 

(lliE) influences the autonomic regulation ofHRV. Autonomic changes were seen with 

short-term and long-term mE in various populations. Subjects were from untrained 

healthy populations and the data revealed that there were significant differences in 

autonomic function at sea level after mE (Sevre et al., 2001; Zhuang et al., 2002; 

Zuzewicz et al., 1999). These studies suggest that changes occur in sympathetic and 

parasympathetic activity as a result of mE. 
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APPENDICES 

Appendix: A 

Pre-participation Physical Examination Form 

Pre-partlclpatlon PhysIcal EvaIuat!on 
University of HawarJ at Manoa • Depertment of KInesIology 

IIypo!ImiI: HJpaldII CanII-.g via till> CVAC Sp\Bms _ CItamber 
Da�a, ____ _ 

~,---------
008' ____ _ 

_ (I'Ieasv- .... ~ 

ExpIatn ""(5' BnSIiIIIB1I bBcJrr. 
1. Haw JGU ewer been 1 : n _,.._had_ 
2. Are you presently taJang BnY Ii 7 n 18 CII" p!IIs1 
3. 00,.._...,_(--.. _-11 
4. Haw JOU 8\18' passed OUI cIurIng at aftBr axmD:sa'i 

HaW JOoI8!II8t been dizZ)' dUrb'Ig G' aftar e:aro:se? 
Ha¥a )OJ ... had ctI8Il pain CStmIG fit def exercII8? 00,.. ........ _-_-_-
Haw )1IU .. lad high !tmd pmsura? 
H:iha J'IU _ been IDld Chat JDU hila. heart rrumur1 
Khe )1IU .., had racing at JIDIU heart ar skippad haamIeatI? 
Haaanynt in waur family diad oIbeaftprdllemlOl' a IIICbmn dea!h tIafore ago 51)? 6. 00""' .... ..., .... ____ }'1 

8. HaW,. _had s .... In:furyarw n 
1f)l8S. ... manrllrlm1''=~== 

Has,.. _1:&I:n1cnadmdaut, bearnaw"'_ ....... · lIB" crlasl)lllllrrrmnay? 
IfJ8S,.Nlwmarlftimas7,-__ 

Have JIll .. had a aeizuI'a? 
K31eJGU _had a&tillgar. bWa'.OIpinItB nana? 

7. Ha'II8,.. .. had heat ar musd8 CI8ftPS7 
Hawt)1lU _tEen dizzyar pa:ssed Cll41n hi tmrl 

a 00,.. .... __ "' ... ""' __ "'-_ 9. 00,.. .... ..., ______ ....... _. ... _ .... }'1 

10.. Haw )IIIU 8R!I'. II' 8l'8 JIIU presen:tIJ CIIag1CIaIi .. anema. 
DD)O&I"" glasses arcontactl CI' ~ 

11. HIl'I8 ,au ewer apmIned. distcIc:B%8d., tIIdmn CI' had QIJIB:idBd IiRIIIng cr aae _01...,_",_, 
p_ r:Neck ,_ oe- r- n_ c_ 
L 8ack l J Hlp I,;'~ :.l1Cnle U StInica!f :J Ank!e L.J Fca 

12. Do you au!8r from d!ranIc rftI;JI(ZIe atraIna (p.Q8). 
13. HlMyautraclenyotherl1led!cal~(liGG mIMsfa dlabe:les.~Em)? 
14. Hawe ,au had 8 mecDmd problem mice )OIIf I2sI ewaiIJBtIon? 

t& ~ .. ~~~~~~~~~~~~~~~~~~~~~~ When was yaur last mea:sIBa 1rrInunImlIan? 
16. FernaIea: When was )GITflrIt I'tI8ftSII'ual perIOd?: _was ,...""'..-.oJ"""", 

_ ...... _--__ inlhopast,...,,? 

11. Haw you net been axposad \I) h)p:Ib:8rtG c:ondi:IIana b8!onI? 
Ha\I8 'fOI.I8\'BI' e;cperiet1ClilCl a!lItude ~ 

18. Do JOU SCUBA dive on a regr.dar Iir:aIW? 
19. When was tbG lal:ttfme,au SCUBAClcMt? .,. agD __ ago 
2G. Ha¥e)UI ewer been nat8d ror !!he bends (dw»:..... [. sIdums)? 
21. HaW)'DU ever been fr8alBd rot PI"8IRIl8In)DyID 1l1li .. '" IIInItsea reIa:ted til SCUBA cnmg? 

- ....... _ ..... _1 
22. Have)'Oll aver aq:e1a1C8d ~ ABtitIO 'PI eara during SCUBAcfiWIg or airplane cra.en 
23. Do JW hawe a hIa:ary til ear pI'UIemS. aimrnI!IIear. punclured ear dNmL sinai tnfacIIan. etc.? 

EIpIaIIt "Yea-...,.. 

IIIen!I:rt ata!e 1hs:l. b:l1tm best of my krDdedga. nIJ 8I'L'A8N to"""'" quaa:d:an:a 818 aa:rreGl 
~01~ __________________________ __ .... 

Yea No 
J 0 
J a 
~ n 

o a 
a 0 
a 0 
a 0 
n n 
o 0 

o 0 
a 0 
J 0 

o 0 
o 0 

o 0 

n 0 
a 0 
a 0 
o 0 

r: :J 
J 0 
J ~ 
J 0 

J 0 
C CImI 

J 0 
;' :1 

o 0 

J 0 
a 0 
J 0 

J 0 
o 0 

a 0 
J 0 

29 
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Appendix: B 

Informed Consent 

INFORMED CONSENT 

To participate in a research study 

1. INVESTIGATORS: 

Principle Investigators: 

Ronald K. Hetzler, PhD, FACSM, Iris F. Kimura, PhD, ATC, PT Department of Kinesiology and 

Leisure Science, University of Hawaii, 1337 Lower Campus Road, RM 231, Honolulu, III 96822, 

Phone: 808 956-7606, Fax: 808 956-7976, and 

Lawrence Burgess, MD, John A. Burns School of Medicine, University of Hawaii 

Co-Investigators: 

Andy Nichols, MD, Michele LaBotz, MD, Division of Sports Medicine, John A. Burns School of 

Medicine, University of Hawaii 

ll. Title 

Hypobaric- Hypoxia Conditioning via the CV AC Systems Portable Chamber 

ill. Introduction 

Because you are in good physical condition, 18 years of age or older, and participate regularly in 

aerobic activities, you are being asked to participate in this research study. The purpose of this 

study is to investigate the effects of artificial altitude exposure on athletic performance delivered 

via a chamber that simulates the low oxygen and air pressure found at altitude. Your 

participation will help determine the amount of exposure needed to change the oxygen carrying 

ability of your blood. The reason for giving you the following information is to help you decide 

if you would like to take part in this study. 
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This consent form may contain words that are unfamiliar to you. Please discuss any questions 

you have about the wording or this study with the research staff members. 

Your participation in this research is voluntary, and you will not be paid. Be assured that all 

information collected on you will be kept confidential. You and the researchers will be the only 

ones to know your individual test results. 

IV. Description of Procedures 

Prior to participation you will be asked to complete a health history questionnaire to determine if 

it is safe for you to be a subject in this study. The questionnaire will be reviewed by a medical 

doctor for your clearance to participate. You should not volunteer if your doctor recommends 

non-participation, or if you one or more of the following conditions: recent (within two weeks) 

scuba diving acticity, claustrophobia (fear of closed spaces), barotraumas (injury to the middle 

ear or sinuses caused by a pressure imbalance), cardiorespiratory or cardiovascular disease, 

hypertension (high blood pressure), anemia (iron deficiency), hemochromatosis (a genetic disease 

characterized by an increased absorption of iron in the liver, pancreas, and skin, this is also 

known as bronze diabetes), chronic medication for asthma, pregnancy, previous diagnosis of 

malignancy (cancer), recent surgical procedures, or known kidney or liver disease. 

Prior to fitness testing you will be asked to give a small blood sample (about one teaspoon or 5 

mls) as outlined on pages 4 and 5 to determine your iron status. Iron pills will be provided and 

you will be asked to begin taking them two weeks before starting the altitude chamber exposure 

sessions and throughout the study. This should help to protect you from developing low iron 

levels in your blood (anemia). The US DRI (Daily Recommended Intake as instituted by the 

National Academy of Sciences) is 8-27 mglday for women who menstruate (unless you are on 

depo-provera), 12-24 mglday in women who do not menstruate and 8-11 mglday for men. The 

recommendation is increased to 150-200 mglday (elemental iron) when you are iron deficient 

(anemia). If your blood test results indicate that you are anemic you will be treated for anemia 

prior to your participation in the study. The pill you will be taking will provide 65 mg of iron per 

day; this will be a sufficient amount to protect you from altitude related anemia. 
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Participation in this study requires a large time commitment from you. We appreciate your 

willingness to participate and will do our best to schedule altitude chamber sessions and 

performance test sessions during times that are convenient for you. Should scheduling problems 

arise, we would appreciate your flexibility and cooperation in this regard. You will be assigned 

to one of five groups scheduled to spend a prescribed amount of time in the altitude chamber 

every week (3 to 5 days per week from 40 to 100 minutes per session), over a period of eight 

consecutive weeks (see chart below). Based on your blood test results, you may be asked to 

participate in an additional three-week maintenance program otherwise you will be excused from 

the study after completing your fitness tests. Some penple will not show changes because of their 

genetic make-up, others may not show changes due to the experimental procedure. Everyone will 

be given altitude treatment during the altitude chamber sessions; you will not be assigned to a 

placebo/sham group. 

Altitude chamber exposure schedule (minutes/day). 

TOTAL 
PROUPS MON TUES WED ~AY MINIWEEK 

5A 100 100 100 300= 5 hour 

~ 
40 40 ~O 120= 2 hours 
60 60 60 180 = 3 hours 

~ 80 80 80 240 =4 hours 

~ 60 60 60 60 60 300 = 5 hours 

If you are unable to attend a scheduled altitude chamber session, please 0011956-3801 and inform 

the research team contact person. We will do our best to reschedule a make-up session. Missing 

two scheduled sessions may result in you being dropped from the study. 

We ask that you try to maintain your conditioning routine throughout the length of the study. 

You will be required to maintain a workout dairY during the entire study, and a form will be 

provided for you every week (please see the attached form). You will be asked to write down the 

type of exercise (run, cycle, swim, etc.), length of time of the workout (minutes), mileage or 

distance (if applicable), and the intensity of the workout, and if available, your maximum HR 

response to that session. You will also be asked to confirm that you have taken your iron 
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supplement on this form. You must return the completed form on the first scheduled day of 

altitude chamber sessions each week so that we can determine if changes in exercise performance 

occurred due to altitude chamber treatment rather than a change in your conditioning routine. 

Failure to comply may result in you being dropped from the study. 

Depending on the group you are in, you will be scheduled to report to the Kinesiology Human 

Performance Laboratory for altitude chamber treatments three or five times per week. Parking 

may be a problem between 7:30 and 11 :45 A.M. or on evenings when there is an event at the Stan 

Sheriff Center, so please plan accordingly. You may be required to pay for your own parking. 

You will be randomly assigned to a treatment group. The total time per session will depend on 

your treatment group (40, 60, 80 or 100 minutes of exposure). Prior to starting the altitude 

chamber sessions, you will have four electrodes and wires attached to your chest to monitor your 

heart rate responses to the altitude chamber session. The altitude chamber works by increasing 

and decreasing air pressure in a cyclic manner using a pump and valve system and a number of 

different protocols simulating altitude exposure. The first week will be spent allowing your ear 

drums to get used to small but rapid changes in pressure. After your ear drums have become 

accustomed to the changes in pressure, you will be exposed to pressure changes ranging from air 

pressures found at sea level to 21,000 ft. The altitude chamber has a safety switch, which allows 

you to stop the session anytime you desire. These chambers have been used without medical 

complications in over 10,000 hours of human exposure. You may bring schoolwork, books, CD 

or MP3 players to pass the time while during your treatment sessions. Please do not use radios, 

cell phones, or lap top computers as they may interfere with data collection. 

Blood samples: Blood sample collection has been designed to provide you with minimal 

discomfort and risk for infection. The routine blood sampling procedure of venipuncture is safe 

and every precaution will be taken to protect you from infection. The blood sample schedule was 

developed to learn more about how your blood chemistry responds to altitude chamber sessions 

over a period of time. Over the course of this study, you will have blood samples taken from 

your arm and the back of your hand via insertion of a smail needle (venipuncture) for multiple 

blood samples (saline lock), and fmger sticks to collect lactate samples after the anaerobic power 

tests. All venipunctures will be performed by qualified personnel. 
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The following procedures will be used for collecting blood samples: 

Venipuncture: 

A tourniquet will be applied just above tbe elbow, tbe area will be cleansed witb alcohol, a needle 

will be inserted into a vein in tbe forearm, and a collection tube will be inserted on tbe otber end 

oftbe needle to collect a blood sample. Upon completion oftbe sampling, direct pressure will be 

used to stop tbe bleeding and a dressing will be placed over tbe area to cover tbe wound. 

Saline Lock: 

The are will be cleansed witb alcohol and betadine and a IV catbeter will be inserted using a 

needle into tbe band or forearm. Once tbe catheter is in place, tbe needle will be removed and tbe 

catbeter will be secured. A saline lock will be attached and flushed witb approximately 2ml of 

saline solution. This will remain in place for approximately 3 hours or until tbe conclusion of 

Performance Testing. Once all samples have been drawn tbe catbeter will be removed, direct 

pressure will be applied to control any bleeding, and a dressing will be placed over tbe wound. 

Finger stick: 

The area will be cleansed with alcohol, a finger lancet will be inserted into tbe tip of tbe fleshy 

part of tbe finger to allow a blood sample to be drawn into a 75mm capillary tube (less than a 

teaspoon). Once sampling is completed, a dressing will be placed over tbe wound. 

Depending on how you respond to altitude exposure, you may experience only 10 blood draws 

over an 8-week period, or 13 blood draws over a 14 week period. 

Blood samples using tbe venipuncture will be collected as follows: 

I. Prior to your flfSt scheduled altitude chamber session 

2. During weeks 2, 4, and 6 of altitude chamber sessions 

3. Two days after tbe final scheduled altitude chamber session 

4. Depending on your response, three weeks after tbe final altitude chamber session 

. 5. Depending on your response, tbe fmal blood sample will be collected prior to your 

last performance/fitness test (6 weeks after your final altitude chamber session) 
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Thus, over the course of the study, you may give approximately 100 mI of blood. This is a 

relatively small amount, and equals less than \4 of the blood given when donating blood (I pint = 
473 mIs). The blood sampling procedure is routine and safe. However, with all the blood 

collecting procedures, there is a risk of bleeding, hematoma, bruising, pain or discomfort, Iight­

headedness, fainting, or infection. The risk of infection is small, and eveIY precaution will be 

taken to protect you from infection (e.g. only new, clean, sterile needles will be used and the area 

will be cleaned with alcohol and betadine prior to inserting the needle). 

Blood draw Schedule 
ALTITUDE 

needle sticks per week) EXlOSURE POST TEST 

Week Pre I ~ 3 ~ 5 6 7 8 I ~ 3 

Venipuncture (arm) I ~ ~ ~ 1 1 

Finger stick (hand) ~ 2 2 

Saline lock (hand) 1 I I 

Your weight and hydration level will be determined on a bi-weekly basis, via a scale and 

bioelectrical impedance just prior to blood sample collection. Bioelectrical impedance is a non­

invasive, safe, and painless procedure used to determine the percentage of intracellular water your 

body contains. Four electrodes will be applied to your limbs, two on your right hand and two on 

your right foot. A small insensible current will be passed through your body. Calculation oftota! 

body water is based on the resistance to electrical current flow. This entire procedure takes no 

longer than 3 minutes. 

You will be required to participate in three fitness-testing sessions over a 2-3 day period. 

Runners will perform running tests, cyclists will perform cycling tests, and triathletes will 

perform either running or cycling tests. 

Running Tests 

Treadmill Running 

200M sprint/dash 

Knee Strength Test 

Cycling Tests 

Stationary Cycling 

30second Stationary Cycling 

Knee Strength Test 



36 

Heart Rate Variability (HRV): Heart Rate Variability data will be collected at rest, prior to and 

after !HE training sessions using the same chest electrodes mentioned earlier. Data will be 

collected for 20 minutes of supine rest, using a pre-determined breathing rate of 12-breaths per 

minute, and then for five minutes more after a head-up tilt position. Data will be collected prior 

to starting the altitude chamber sessions and bi-weekly thereafter. 

Spirometry and Nerve Activity (EMG): Determination of your lung volumes during inhalation 

and exhalation will be measured using a spirometer, a special machine that records the volume of 

air you are able to inhale and exhale. The activity of the nerve (phrenic nerve), which controls 

your diaphragm, the main muscle of inhalation, will also be monitored at this time. Two 

electrodes will be placed on your upper right chest, just below your collarbone and close to the 

sternum (middle of your chest). A third electrode will be placed on your right shoulder. The 

electrodes will be connected to wires and will measure the electrical activity produced by the 

phrenic nerve. You will not feel anything as this procedure is similar to the one used to monitor 

your heart rate mentioned before. These measurements will be collected every two weeks during 

!HE training sessions and resting conditions. 

V. Risks 

There are slight risks associated with taking iron supplements, although rare they include: upset 

stomach, constipation, decreased effectiveness of antibiotics (this is reduced by taking the 

antibiotics two hours prior to taking the iron supplement). If you are or become pregnant or 

diagnosed with hemachromotosis, you should not take iron supplements or be involved in this 

study. Your iron status will be determined prior to the beginning of the study with a blood test to 

assure your safety. If during CV AC exposure you experience ear and sinus discomfort and 

possible claustrophobia, please let us know and we will make the necessary adjustments. 

There may be temporary pain or discomfort felt at the site of the blood draw needle entry. 

Excessive bleeding or infection of the venipuncture site, although rare, may also occur as well as 

bruising at the site. 
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You may feel uncomfortable during the application of electrodes to the chest. If you desire, 

electrode placement will be provided by a technician of your gender. Additionally, you may feel 

some minor discomfort with placement of the electrodes on your skin. 

During the fitness testing, you may feel: fatigue, nausea, upset stomach, muscle pain or soreness, 

or shortness of breath. Because you are in good physical condition and exercise regularly, the 

risk of myocardial infarction (heart attack) or other cardiac event is unlikely. 

In the event of any physical injury from the research procedure, only immediate and essential 

medical treatment is available. First Aid/CPR and a referral to a medical emergency room will be 

provided. The investigators are First Aid and CPR certified and trained to use the portable 

automated externaI defibrillator (ABD) on site. Supplemental oxygen will also be available. You 

should understand that, if you are injured in the course of this research procedure, you alone may 

be responsible for the costs of treating your injuries. 

VI. BenefIts 

You may not directly benefit from this study although you will gain the experience of being part 

of a scientific experiment and obtain information concerning your aerobic and anaerobic fitness 

levels. Knowledge gained from this study may benefit individuals who must travel to altitude for 

athletic competition, to perform their jobs, or military applications. 

VI. ConfidentiaIity 

Your research records will be kept confidential to the extent permitted by law. You will not be 

personally identified in any publication about this study. However, the University of Hawaii at 

Manoa Committee on Human Studies may review your records. 

A code, which will be known only to study personnel and you, will be used instead of your name 

on laboratory records of this study. The code will be stored in a safe place. Personal information 

about your test results will not be given to anyone withour your written permission. 
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VTI. Certification 

I certify that I have read and that I understand the foregoing, that I have been given satisfactory 

answers to my inquiries concerning the project procedures and other matters and that I have been 

advised that I am free to withdraw my consent and to discontinue participation in the project or 

activity at any time without prejudice. 

I here within give my consent to participate in this project with the understanding that such 

consent does not waive any of my legal rights, nor does it release the Principle Investigator or 

institution or any employee or agent thereof from liability for negligence. 

If you have any questions related to this research, you can call Dr. Ron Hetzler at 956-3802 or Dr. 

Iris Kimura at 956-3797 at any time. 

Signature of individual participant Date 

If you cannot obtain satisfactory answers to your questions or have complaints about your 

treatment in this study, contact: 

Committee on Human Subjects, University of Hawaii, 2450 Maile Way, Honolulu, HI 96822. 

Phone: 808956-5007. 



Appendix: C 

Daily Training Log 

Instructions for Completing Training Log Sheet 

I. Please enter your subject number and group number. 

2. Please enter the dates for the days of the week you are recording. 

3. Check the line under the heading, Supplement Taken, when you have taken your 
iron supplement. 

4. Please enter the following information for the activity you perfonn on the 
corresponding day: 

Intensity: Examples 
Classification" %Heart Rate" Running Cycling 
I =very light <35 > 12minlmi <IOmph 
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2=Light 35-59 10.5-12minlmi 10.5-14.5mph 
3=Moderate 60-79 8-IOminimi 15-16mph 
4=Heavy 80-89 6-8.5minlmi 16.5-19.5mph 
5=Very heavy >90 <6minlmi >2Omph 

Duration: This is the amount of time you spent perfonning your workout or 
activity. 

Heart Rate: This is the maximum heart rate you achieved during your workout 
or activity. This is best determined using a heart rate monitor, but 
can also be calculated manually at the carotid or radial pulse. 

5. There are blank spaces where you can record other exercise activities you may perfonn as 
part of your normal workout routine, please feel free to use them and make note on the 
back of the page should you feel a explanation is needed. You may also use the back to 
provide more detail on the other exercises. 

6. This sheet needs to be handed in the first session of each week. Please make sure to be 
truthful and diligent in recording your workouts 
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Su~ectNumber., ______________________ __ Group:, ________ _ 

SUN MON TUES WED .THUR FRI SAT'· .. 
Week _1- _1- _1_, _1- _1- _I- I --, -; 

1 . '. . . 
.. 

. . 

Activity 
Supplement Supplement Supplement Supplement Supplement Supplement Supplement 
. Taken Taken Taken Taken Taken Taken Taken 

- - - - - - -.. 

Run 
Intenally 12348 12348 

. .' 
12341 12346 12346 12346 12346 

DIstance -,-.. - - - - - -
DuraI!on - - , - - - - -

Heart Rata . . 

SWIm 
Intenally 1234& 12346 12346 12341 12346 12341 12346 
DIstance 

, 
- - - - - - -

DuratIon - - - - - - -.. 
HeertRata .. 

Cycle 
12346 12346 12341 12341 12346 12346 12346 Intenally 

DIstance - - - - - - -
DuratIon - - -, - - - -. 

HeertRata 
Weights 

12346 .. 12346 12346 12346 12346 12341 12346 IntenaIIy 
Duration - - - - -' - -Area of ,- - - - - - -

Body 
Aerobics 

12346 Intenally 12348 12348 12346 12346 12348 ' 12346 , 
Duration - - - - - '-Heart Rata - - ,- - -

. 
, 

Intenally .. 12346 i 12348 12348 12346 12348 12348 123,46 
Duration - - - - - - -Heart Rata .......... - - - - - -
Intenally 12346 ' 12348 . 

,'-, 

12346 12346" 12348 12348 12341 
Duration - - - - - - '-, 

Heart Rata - -' - - - -
, 
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Appendix: D 

ANOV A Summary Tables of Acute Effects - Supine Variables 

Appendix: 0-1 ANOVA Table for Acute Effects for VLF Peak (Hz) 

Contrast Variables Source ype III Sum of Sq ean SqlllU'f F Sig. 

PRE !HE vs. POST lliE 

Condition 0.00011280 I ~.00011280 0.7E 0.3930 

Error(Condition) 0.00357871 ~4 ~.00014911 

Appendix: 0-2 ANOV A Table for Acute Effects for VLF Power (msz) 

Contrast Variables Source ype III Sum of Squares OF ~ean SqlllU'f F Sig. 

PRE !HE vs. POST lliE 

"ondition .490256.01 1 ~490256.01 U8 0.2881 

Error(Condition 0635798.87 4 ~109824.95 

Appendix: 0-3 ANOVA Table for Acute Effects for VLF Power (%) 

Contrast Variables Source ype III Sum of Squares OF ~ean Squar~ F Sig. 

PRE !HE vs. POST lliE 

~ndition 630.70821 I ~30.70821 (1.8" 0.3750 

llrror(Condition 18521.22513 24 rT7I.71771 

Appendix: D-4 ANOV A Table for Acute Effects for LF Peak (Hz) 

Contrast Variables Source Type III Sum of Squares OF lMean SqlllU'f F Sig. 

IPRE IHE VS. POST lliE 

Condition ~.00891097 I ~.00891097 5.10 0.0333 

Error(Condition ~.04194114 .4 ~.00174755 
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Appendix: 0-5 ANOVA Table for Acute Effects for LF Power (ms') 

Contrast Variables Source ype III Sum of Squares pF MeanSquan F Sig. 

PRE mE vs. POST IHI 

pmdition 14314.05 1 4314.05 ~.O. ~.8894 

[Error(Condition) 4 I 657300.1 0 ~4 1735720.84 

Appendix: 0-6 ANOV A Table for Acute Effects for LF Power (%) 

Contrast Variables Source ype III Sum of Squar ean Squan F Sig. 

PRE mE vs. POST IHI 

~ondition 1363.34885 1 1363.34885 1.4( ~.2478 

[Error(Condition) 23323.63487 ~4 971.81812 

Appendix: 0-7 ANOVA Table for Acute Effects for LF Power (n.o.) 

Contrast Variables Source ifype III Sum of Sq ean Square F Sig. 

PRE mE vs. POST mE 

~ondition ~29.08513 1 929.08513 l.H ~.305E 

[Error(Condition) ~0350.21641 ~4 847.92568 

Appendix: 0-8 ANOVA Table for Acute Effects for HF Peak (Hz) 

Contrast Variables Source [TYPe III Sum of Squares pF Mean Square F Sig. 

PRE lHE vs. POST lHE 

Condition 0.00029659 I 0.00029659 ~.03 ~.8743 

iError(Condition p.27854082 ~4 O.ot 160587 
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Appendix: 0-9 ANOVA Table for Acute Effects for HF Power (ms2
) 

Contrast Variables Source rrype III Sum of Squares pF Mean Square F Sig. 

PRE !HE vs. POST lHE 

~ondition ~63806.78 1 363806.78 ~.20 ~.6556 

[Error{Condition ~2800936. 77 ~4 1783372.37 

Appendix: 0-10 ANOVA Table for Acute Effects for HF Power{%) 

Contrast Variables Source ype III Sum of Squares pF Mean Square F Sig. 

PRE )HE vs. POST !HE 

~ondition P.20513 ) 0.20513 ~.OO ~.9831 

[Error{Condition 11799.84667 ~4 491.66028 

Appendix: 0-1 I ANOVA Table for Acute Effects for HF Power (n.u.) 

Contrast Variables Source rrype III Sum of Square! pF Mean Square F Sig. 

PRE )HE VS. POST !HE 

~ondition ~35.2)654 1 335.21654 ~.51 ~.4607 

[Error{Condition) 14312.69897 ~4 596.36246 

Appendix: 0-12 ANOVA Table for Acute Effects for LF:HF 

Contrast Variables Source rrype III Sum ofSquar ean Square F Sig. 

PRE !HE VS. POST lHE 

~ondition ~.7479266 1 5.7479266 1.2 ~.270/ 

IError{Condition ) 08.474538 I ~4 4.5197724 
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Appendix: E 

ANOVA Summary Tables of Acute Effects - Tilt Variables 

Appendix: E-I ANOVA Table for Acute Effects for VLF Peak (Hz) 

Contrast Variables Source Ilype III Sum ofSq ean Square F Sig. 

PRE IHE vs. POST IHE 

[Condition p.00020032 I 0.00020032 1.36 P.2543 

iError(Condition) p.00352438 ~4 0.00014685 

Appendix: E-2 ANOV A Table for Acute Effects for VLF Power (ms') 

Contrast Variables Source Ifype III Sum of Squares ~F Mean Square F Sig. 

I'RE IHE vs. POST IHE 

Condition 145687.71 I 145687.71 0.12 ~.735( 

iError(Condition) ~9813935.59 ~4 1242247.32 

Appendix: E-3 ANOV A Table for Acute Effects for VLF Power (%) 

Contrast Variables Source Ifype III Sum ofSq eanSquare F Sig. 

I'RE IHE vs. POST IHE 

[Condition ~14.92321 I 414.92321 ~.35 ~.5573 

IError(Condition ~8115.08000 ~4 1171.46167 

Appendix: E-4 ANOV A Table for Acute Effects for LF Peak (Hz) 

Contrast Variables Source Ifype III Sum ofSquar ean Square F Sig. 

PRE IHE vs. POST IHE 

Condition p.00114463 1 0.00114463 p.50 p.4875 

iError(Condition) ().O5525228 ~4 0.00230218 
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Appendix: E-5 ANOV A Table for Acute Effects for LF Power (ms') 

Contrast Variables Source ifype III Sum of Squar ean Square F Sig. 

~RE !HE vs. POST !HE 

Condition ~30392.62 I ~30392.62 O.IS ~.6711 

Error(Condition) ~9173152.51 ~4 1'882214.69 

Appendix: E-6 ANOV A Table for Acute Effects for LF Power (%) 

Contrast Variables Source ifype III Sum of Squares IOF Mean Square F Sig. 

~RE THE vs. POST !HE 

... ondition ~00.3712S 1 ~00.37128 0.49 ~.4890 

Error(Condition) ~9174.19333 ~4 1215.59139 

Appendix: E-7 ANOVA Table for Acute Effects for LF Power (n.u.) 

Contrast Variables Source ifype III Sum of Squares IOF Mean F Sig. 

~RE !HE vs. POST !HE 

... ondition ~76.02513 1 876.02513 1.11 ~.303/ 

Error(Condition 19024.29282 ~4 792.67887 

Appendix: E-S ANOV A Table for Acute Effects for HF Peak (Hz) 

Contrast Variables Source ifype III Sum of Sq ean Square F Sig. 

PRE lHE vs. POST !HE 

~ndition />.00374677 1 0.00374677 0.30 p.5908 

IError(Condition) ~.30277621 ~4 0.01261568 
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Appendix: E-9 ANOV A Table for Acute Effects for HF Power (mil') 

Contrast Variables Source ifype III Sum of Squares [OF Mean Sq\lllJ'e F Sig. 

PRE IHE vs. POST !HE 

Condition ~.13 I 5.13 fl·OO fl·997 

IError(Condition 13979807.33 ~4 582491.97 

Appendix: E-10 ANOVA Table for Acute Effects for HF Power (%) 

Contrast Variables Source i'YP" III Sum of Square! [OF Mean Sq\lllJ'e F Sig. 

PRE !HE vs. POST !HE 

~ndition ~2.02I667 I 52.021667 ~.2' ~.631~ 

IError(Condition ~287.225128 ~4 .. 20.301047 

Appendix: E-11 ANOVA Table for Acute Effects for HF Power (n.u.) 

Contrast Variables Source ype III Sum of Squares [OF Mean Sq\lllJ'e F Sig. 

PRE IHE vs. POST !HE 

~ndition ~4.933846 1 .i4.933846 ".I, ".7148 

IError(Condition ~ 131.070769 ~4 .. 55.461282 

Appendix: E-12 ANOVA Table for Acute Effects for LF:HF 

Contrast Variables Source Ifype III Sum ofSq ean Sq\lllJ'e F Sig. 

PRE !HE VS. POST IHF 

~ondition 0.7680462 I 0.7680462 ".I, ".7294 

IError(Condition 150.4872645 ~4 6.2703027 
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Appendix: F 

ANOV A Summary Tables of Change in Acute Effects Over Time - Supine 

Variables 

Appendix: F-I ANOVA Table for Change in Acute Effects OverTime for VLF Peak (Hz) 

Contrast Variables Source Type III Sum of OF Mean F Sig. 
Squares Square 

~ELTA 

iDELTA 0.00009203 ~ .00004601 p.30 0.7412 

iError{DELTA) 0.00364153 24 .00015173 

Appendix: F-2 ANOVA Table for Change in Acute Effects Over Time for VLF Power (ms2
) 

Contrast Variables Source Type III Sum of OF Mean F Sig. 
Squares Square 

IDELTA 

pELTA 4234443.74 ~ 117221.87 f·79 0.0817 

iError{DELTA) 18240666.26 ~4 60027.76 

Appendix: F-3 ANOV A Table for Change in Acute Effects Over Time for VLF Power (%) 

Contrast Variables Source Type III Sum of OF Mean F Sig. 
Squares Square 

pELTA 

pELTA ~21.37897 ~ .210.68949 ~.69 0.0881 

iError{DELTA) 19705.70769 ~4 21.07115 

Appendix: F-4 ANOV A Table for Change in Acute Effects Over Time for LF Peak (Hz) 

Contrast Variables Source Type III Sum of OF Mean F Sig. 
Squares Square 

IDELTA 

IDELTA 0.00977701 ~ 0.00488850 1.91 0.1702 

iError{DELTA) 0.06148528 ,,4 [0.00256189 
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Appendix: F-5 ANOVA Table for Change in Acute Effects Over Time for LF Power (ms2
) 

Contrast Variables Source Type 1II Sum of DF Mean F Sig. 
Squares Square 

DELTA 

DELTA ~03692.67 < 101846.33 0.10 ~.9061 

Error{DELTA) ~4696829.33 <4 1029034.56 

Appendix: F-6 ANOVA Table for Change in Acute Effects Over Time fur LF Power (%) 

Contrast Variables Source Type 1II Sum of DF Mean F Sig. 
Squares Square 

PELTA 

DELTA 1066.25692 ~33.12846 0.67 ~.5193 

Error(DELTA) 18997.79641 4 rT91.57485 

Appendix: F-7 ANOVA Table for Change in Acute Effects Over Time for LF Power (n.u.) 

Contrast Variables Source Type 1II Sum of DF Mean F Sig. 
Squares Square 

DELTA 

DELTA 2.35436 16.17718 0.04 ~.9636 

Error(DEL T A) 10445.26564 <4 ~35.21940 

Appendix: F-8 ANOVA Table for Change in Acute Effects Over Time fur HF Peak (Hz) 

Contrast Variables Source Type 1II Sum of DF Mean F Sig. 
Squares Square 

pELTA 

DELTA 0.01732244 < ~.00866122 0.47 ~.6288 

Error(DELTA) 0.43946770 <4 ~.01831115 
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Appendix: F-9 ANOV A Table for Change in Acute Effects Over Time for HF Power (IDS
2
) 

Contrast Variables Source Type III Sum of DF Mean F Sig. 
Squares Square 

DELTA 

DELTA 946347.13 ~ ~73173.56 0.64 ~.5385 

Error(DELTA) 17875098.87 ~4 744795.79 

Appendix: F-10 ANOVA Table for Change in Acute Effects OverTime for HF Power (%) 

Contrast Variables Source Type III Sum of DF Mean F Sig. 
Squares Square 

DELTA 

DELTA 810.637436 ~05.318718 1.08 ~.3539 

Error(DELTA) 8966.409231 24 ~73.600385 

Appendix: F-11 ANOVA Table for Change in Acute Effects OverTime for HF Power (n.n.) 

Contrast Variables Source Type III Sum of DF Mean F Sig. 
Squares Square 

pELTA 

DELTA 82.61385 ~ ~91.30692 0.65 ~.5286 

Error(DELTA) 14342.80615 ~4 ~97.61692 

Appendix: F-12 ANOVA Table for Change in Acute Effects Over Time for LF:HF 

Contrast Variables Source Type III Sum of DF Mean F Sig. 
Squares Square 

DELTA 

DELTA 0.82967446 ~.41483723 0.14 ~.8722 

Error(DELTA) 172.39416554 .4 ~.01642356 



Appendix: G 

ANOV A Summary Tables of Change in Acute Effects Over Time - Tilt 

Variables 

Appendix: G·I ANOVA Table for Change in Acute Effects Over Time for VLF Peak (Hz) 

Contrast Variables Source Type III Sum of DF Mean F Sig. 
Squares Square 

pELTA 

DELTA 0.00001299 • p.00000649 0.04 p.9573 

Error(DELTA) p.00356105 4 p.00014838 

Appendix: G·2 ANOVA Table for Change in Acute Effects Over Time for VLF Power (ms1 

Contrast Variables Source Type III Sum of DF Mean F Sig. 
Squares Square 

DELTA 

DELTA 151846421 1759232.10 0.52 p.5997 

Error(DELTA) 4878652.46 .4 1453277.19 

Appendix: G·3 ANOV A Table for Change in Acute Effects Over Time for VLF Power (%) 

Contrast Variables Source Type III Sum of DF Mean F Sig. 
Squares Square 

DELTA 

DELTA 1002.50821 ~0I.25410 0.42 p.6590 

Error(DELTA) 8348.22513 4 II 8 I.l 7605 

Appendix: G4 ANOV A Table for Change in Acute Effects Over Time for LF Peak (Hz) 

Contrast Variables Source Type III Sum of DF Mean F Sig. 
Squares Square 

DELTA 

DELTA 0.00195572 0.00097786 0.47 p.6325 

Error(DELTA) p.05025737 ~4 0.00209406 

50 
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Appendix: G-5 ANOVA Table for Change in Acute Effects Over Time for LF Power (ms') 

Contrast Variables Source TypemSumof DF Mean F Sig. 
Squares Square 

DELTA 

DELTA ~064411.54 ~ 1532205.77 0.75 ~.4848 

Error(DELTA) ~9271271.13 4 12052969.63 

Appendix: G-6 ANOVA Table for Change in Acute Effects Over Time for LF Power (%) 

Contrast Variables Source Type m Sum of DF Mean F Sig. 
Squares Square 

PELTA 

DELTA 656.16205 2 ~28.08103 0.20 ~.8234 

Error(DELTA) ~0187.63795 ~4 1674.48491 

Appendix: G-7 ANOVA Table for Change in Acute Effects Over Time for LF Power (n.u.) 

Contrast Variables Source Type ID Sum of OF Mean F Sig. 
Squares Square 

pELTA 

DELTA 963.95744 2 ~81.97871Z 0.45 0.6438 

Error(DELTA) ~5790. 77590 24 1074.61566 

Appendix: G-8 ANOVA Table for Change in Acute Effects Over Time for HF Peak (Hz) 

Contrast Variables Source Type III Sum of DF Mean F Sig. 
Squares Square 

DELTA 

DELTA 0.00625150 ~ ~.00312575 0.42 ~.6603 

Error(DELTA) 0.17761384 ~4 ~.00740058 
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Appendix: G-9 ANOVA Table for Change in Acute Effects Over Time for HF Power (ms2
) 

Contrast Variables Source Type III Sum of DF Mean F Sig. 
Squares Square 

pELTA 

pELTA 439070.S13 2 ~19S3S.2S6 0.71 0.4999 

/lrror(DELTA) 38236S.487 ~4 ~07S98.562 

Appendix: G-10 ANOVA Table for Change in Acute Effects Over Time for HF Power (%) 

Contrast Variables Source Type III Sum of DF Mean F Sig. 
Squares Square 

pELTA 

DELTA 489.9020SI ~ ~44.9S1026 0.63 IO.S434 

Error(DELTA) 9396.8846IS 24 ~91.S368S9 

Appendix: G-II ANOVA Table fur Change in Acute Effects Over Time for HF Power (n.u.) 

Contrast Variables Source Type III Sum of DF Mean F Sig. 
Squares Square 

pELTA 

pELTA 692.540000 2 ~46.270000 1.20 0.3189 

/lrror(DELTA) 6930.693333 ~4 ~88.778889 

Appendix: G-12 ANOVA Table for Change in Acute Effects Over Time for LF:HF 

Contrast Variables Source Type III Sum of DF Mean F Sig. 
Squares Square 

pELTA 

DELTA 6.5692842 ~ rJ.2846421 0.71 IO.S029 

Error(DELTA) 111.42848S2 ~4 ~.6428S3S 
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Appendix: H 

ANOV A Summary Tables for Chronic Effects - Supine Variables 

Appendix: H-I ANOVA Table for Chronic Effects for VLF Peak (Hz) 

Type III Sum of Squares Mean Square OF F Sil!. 
Contrast Week Error(Week) Week Error(Week) Week Error 

Variables Week 
Main Effects 0.000l3998 0.00488l73 0.00004800 0.00008138 5 60 0.59 0.7077 

WI vs. W2 0.00044665 0.00245857 0.00044665 0.00020488 I 12 2.18 0.1656 

WI vs. W3 0.00016920 0.00142045 0.00016920 0.00011837 1 12 1.43 0.2550 

WI vs. W4 0.00011760 0.00416403 0.00011760 0.00034700 1 12 0.34 0.5712 

WI vs. W5 0.00023016 0.00313731 0.00023016 0.00026144 1 12 0.88 0.3666 

WI vs. W6 0.00015508 0.00372983 0.OOOUS08 0.00031082 1 12 0.50 0.4935 

W2vs. W3 0.00006604 0.00079245 0.00006604 0.00006604 1 12 1.00 0.3370 

W2vs. W4 0.00010588 0.00127053 0.00010588 0.00010588 1 12 1.00 0.3370 

W2vs. W5 0.00003556 0.00042669 0.00003556 0.00003556 1 12 1.00 0.3370 

W2vs. W6 0.00007536 0.00090433 0.00007536 0.00007536 1 12 1.00 0.3370 

W3vs. W4 0.00000468 0.00223022 0.00000468 0.00018585 1 12 0.03 0.8766 

W3vs. W5 0.00000468 0.00131606 0.00000468 0.00010967 1 12 0.04 0.8398 

W3vs. W6 0.00000031 0.00183787 0.00000031 0.00015316 1 12 0.00 0.9650 

W4vs. W5 0.00001872 0.00181994 0.00001872 0.00015166 1 12 0.12 0.7314 

W4vs. W6 0.00000259 0.00235351 0.00000259 0.00019613 1 12 0.01 0.9105 

W5vs. W6 0.00000739 0.00143455 0.00000739 0.00011955 I 12 0.06 0.8079 

Appendix: H-2 ANOV A Table for Chronic Effects for VLF Power (ms2
) 

Type III Sum of Squares Mean Square DF F Sil!. 
Contrast Week Error(Week) Week Error(Week) Week Error 

Variables Week 
MaIn Effeets 697079.85 17888158.15 139415.97 298135.97 5 60 0.47 0.7988 
WI vs. W2 62584.923 8660359.077 62584.923 721696.590 I 12 0.09 0.7734 

WI vs. W3 99268.923 8329851.077 99268.923 694154.256 1 12 0.14 0.7119 

WI vs. W4 189124.923 8458645.077 189124.923 704887.090 1 12 0.27 0.6139 

WI vs. W5 68403.769 9981177.231 68403.769 831764.769 1 12 0.08 0.7792 

WI vs. W6 286233.923 2920031.077 286233.923 243335.923 1 12 1.18 0.2994 

W2vs. W3 319495.692 3728424.308 319495.692 310702.026 1 12 1.03 0.3306 
W2vs. W4 469300.000 5173284.000 469300.000 431107.000 1 12 1.09 0.3173 
W2vs. W5 261848.077 8389296.923 261848.077 699108.077 1 12 0.37 0.5520 
W2vs. W6 81133.000 7976118.000 81133.000 664676.500 1 12 0.12 0.7329 
W3 vs. W4 14355.692 4163932.308 14355.692 346994.359 1 12 0.04 0.8422 
W3vs. W5 2865.308 5117717.692 2865.308 426476.474 1 12 0.01 0.9360 
W3vs. W6 722632.692 6728364.308 722632.692 560697.026 1 12 1.29 0.2784 
W4vs. W5 30048.077 7820230.923 30048.077 651685.910 1 12 0.05 0.8336 
W4vs. W6 940693.000 9138578.000 940693.000 761548.167 1 12 1.24 0.2882 
W5vs. W6 634491.08 10742938.92 634491.08 895244.91 1 12 0.71 0.4163 
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Appendix: H-3 ANOV A Table for Chronic Effects for VLF Power (%) 

Type III Sum ofSauares MeanSauare OF F Sil!. 

Contrast Week Error(Week) Week Error(Week) Week Error 
Variables Week 

Maln Effects 233%.18731 14473.54103 466.43746 407.89235 5 60 1.14 0.3476 

WI vs. W2 3689.307692 9046.512308 3689.307692 753.876026 I 12 4.89 0.0471 

WI vs. W3 435.00308 10149.05692 435.00308 845.75474 I 12 0.51 0.4870 

WI vs. W4 1190.41231 15272.66769 1190.41231 1272.72231 I 12 0.94 0.3526 

WI VS. W5 2567.63769 II 656.93231 2567.63769 971.41103 I 12 2.64 0.1300 

WI vs. W6 870.84308 15593.49692 870.84308 1299.45808 I 12 0.67 0.4290 

W2vs. W3 "90.649231 6065.330769 "90.649231 505.444231 I 12 3.15 0.1014 

W2vs. W4 688.396923 6636.863077 688.396923 553.071923 I 12 1.24 0.2864 

W2vs. W5 101.360769 2425.669231 101.360769 202.139103 I 12 0.50 0.4924 

W2vs. W6 975.289231 8719.630769 975.289231 726.635897 I 12 1.34 0.2692 

W3vs. W4 186.20308 12883.91692 186.20308 1073.65974 I 12 0.17 0.6844 

W3vs. WS 888.942308 6759.467692 888.942308 563.288974 I 12 1.58 0.2329 

W3vs. W6 74.880000 6933.240000 74.880000 577.770000 I 12 0.13 0.7251 

W4vs. W5 261.453077 6790.396923 261.453077 565.866410 I 12 0.46 0.5096 

W4vs. W6 24.92308 17200.51692 24.92308 1433.37641 I 12 0.02 0.8973 

WSvs. W6 447.82231 10707.54769 447.82231 892.29564 I 12 0.50 0.4922 

Appendix: H-4 ANOV A Table for Chronic Effects for LF Peak (Hz) 

Type III Sum of Sauares Mean Sauare OF F Sill. 
Cantrast Week Error(Week) Week Error(Week) Week Error 

Variables Week 
Main Effects 0.01080781 0.11778642 0.00216156 0.00196311 5 60 1.10 0.3694 

WI vs. W2 0.00534905 0.03015502 0.00534905 0.00251292 I 12 2.13 0.1702 

WI vs. W3 0.00001920 0.03527610 0.00001920 0.00293967 I 12 0.01 0.9369 
WI vs. W4 0.01197763 0.06684807 0.01197763 0.00557067 I 12 2. IS 0.1683 

WI vs. WS 0.00317617 0.03224805 0.00317617 0.00268734 I 12 1.18 0.2983 

WI vs. W6 0.00983675 0.03052319 0.00983675 0.00254360 I 12 3.87 0.0728 

W2vs. W3 0.00472726 0.03383769 0.00472726 0.00281981 I 12 1.68 0.2198 

W2vs. W4 0.00131806 0.05454035 0.00131806 0.00454503 I 12 0.29 0.6001 

W2vs. W5 0.00028156 0.04015117 0.00028"6 0.00334593 I 12 0.08 0.7767 
W2vs. W6 0.00067825 0.02595182 0.00067825 0.00216265 I 12 0.31 0.5858 
W3vs. W4 0.01103765 0.07316163 0.01103765 0.00609680 I 12 1.81 0.2033 
W3 vs. WS 0.00270144 0.03691644 0.00270144 0.00307637 I 12 0.88 0.3672 
W3vs. W6 0.00898671 0.05821327 0.00898671 0.00485111 I 12 1.85 0.1985 
W4vs. WS 0.00281800 0.06688320 0.00281800 0.00557360 I 12 0.51 0.4906 
W4vs. W6 0.00010531 0.07721325 0.00010531 0.00643444 I 12 0.02 0.9003 
WSvs. W6 0.00183380 0.04479930 0.00183380 0.00373328 I 12 0.49 0.4968 
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Appendix: H-5 ANOV A Table for Chronic Effects for LF Power (IDS') 

Type 111 Sum of Squares Mean S'luare OF F Sil!o 
Contrast Week Error(Week) Week Error(Week) Week Error 

Variables Week 
Main Effects 863184.12 49116305.l8 171636.84 818605.09 5 60 0.11 0.9566 

WI VS. W2 134437.23 11810232.77 134437.23 984186.06 1 12 0.14 0.7181 

WI VS. W3 370617.31 16596869.69 370617.31 1383072.47 1 12 0.27 0.6141 

WI vs. W4 280917.00 37777560.00 280917.00 3148130.00 1 12 0.09 0.7703 

WI vs. W5 1441557.00 12858922.00 1441S57.00 1071576.83 1 12 1.35 0.2687 

WI vs. W6 788677.23 36276906.77 788677.23 3023075.56 1 12 0.26 0.6188 

W2vs. W3 58625.31 12596355.69 58625.31 1049696.31 1 12 0.06 0.8172 

W2vs. W4 26686.23 21805814.77 26686.23 1817151.23 1 12 0.01 0.9056 

W2vs. W5 695542.231 3855516.769 695542.231 321293.064 I 12 2.16 0.1669 

W2vs. W6 271876.92 18393089.08 271876.92 1532757.42 1 12 0.18 0.6811 

W3 vs. W4 6204.31 25609917.69 6204.31 2134159.81 1 12 0.00 0.9579 

W3vs. W5 350304.31 13582137.69 350304.31 1131844.81 1 12 0.31 0.5882 

W3vs. W6 78003.77 18129843.23 78003.77 1510820.27 1 12 0.05 0.8241 

W4vs. W5 449748.00 18873302.00 449748.00 1572775.17 I 12 0.29 0.6026 

W4vs. W6 128206.23 21408364.77 128206.23 1784030.40 1 12 0.07 0.7932 

W5vs. W6 97702.23 25122998.77 97702.23 2093583.23 1 12 0.05 0.8326 

Appendix: H-6 ANOVA Table for Chronic Effects for LF Power (%) 

Type III Sum of Squares Mean Square OF F Sil!o 
Contrast Week Error(Week) Week Error(Week) Week Error 
Variables Week 

Main 2475.17487 38462.32846 495.05497 641.03881 5 60 0.77 0.5735 
Effects 

WI vs. W2 246.42769 12465.07231 246.42769 1038.75603 I 12 0.24 0.6350 
WI vs. W3 5.29923 13611.11077 5.29923 1134.25923 I 12 0.00 0.9466 

WI vs. W4 1579.60692 9892.403077 1579.60692 824.366923 I 12 1.92 0.1915 
WI VS. W5 50.41231 11417.36769 50.41231 951.44731 1 12 0.05 0.8218 
WI vs. W6 934.15692 16140.76308 934.15692 1345.06359 1 12 0.69 0.4209 
W2vs. W3 179.45308 16731.71692 179.45308 1394.30974 I 12 0.13 0.7260 
W2vs. W4 3073.84692 13298.44308 3073.84692 1108.20359 1 12 2.77 0.1217 
W2vs. W5 73.92308 12480.21692 73.92308 1040.01808 1 12 0.07 0.7943 
W2vs. W6 2140.17231 21958.34769 2140.17231 1829.86231 1 12 1.17 0.3007 
W3vs. W4 1767.88923 17818.57077 1767.88923 1484.88090 1 12 1.19 0.2966 
W3vs. W5 23.02231 15619.56769 23.02231 1301.63064 1 12 0.02 0.8964 
W3 VS. W6 1080.17308 16980.39692 1080.17308 1415.03308 1 12 0.76 0.3994 
W4vs. W5 2194.40077 15051.36923 2194.40077 1254.28077 1 12 1.75 0.2106 
W4vs. W6 84.27769 13947.91231 84.27769 1162.32603 1 12 0.07 0.7923 
W5vs. W6 1418.58769 23360.71231 1418.58769 1946.72603 1 12 0.73 0.4100 
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Appendix: H-7 ANOVA Table for Chronic Effects for LF Power (n.u.) 

Appendix: H-B ANOVA Table for Chronic Effects for HF Peak (Hz) 

Type III Sum of Squares Mean Square OF F Sig. 
Contrast Week Error(Week) Week Error(Week) Week Error 
Variables Week 

Main Effects 0.27359135 2.66667615 0.05471827 0.04444460 5 60 1.23 0.3058 
WI vs. W2 0.02413169 0.05874358 0.02413169 0.00489530 I 12 4.93 0.0464 

WI vs. W3 0.00088069 0.08438167 0.00088069 0.00703181 I 12 0.13 0.7296 

WI vs. W4 0.05046923 0.21664189 0.05046923 0.01805349 I 12 2.80 0.1204 

WI vs. WS 0.17590376 2.41661062 0.17590376 0.20138422 I 12 0.87 0.3684 

WI vs. W6 0.02603779 0.23427807 0.02603779 0.01952317 I 12 1.33 0.2706 
W2vs. W3 0.01579228 0.17167015 0.01579228 0.01430585 I 12 1.10 0.3141 
W2vs. W4 0.00480385 0.30000030 0.00480385 0.02500003 I 12 0.19 0.6689 
W2vs. WS 0.33034056 2.65003371 0.33034056 0.22083614 I 12 1.50 0.2448 
W2vs. W6 0.00003622 0.17362151 0.00003622 0.01446846 I 12 0.00 0.9609 
W3vs. W4 0.03801608 0.29640458 0.03801608 0.02470038 I 12 1.54 0.2385 
W3vs. WS 0.20167759 2.70601421 0.20167759 0.22550118 I 12 0.89 0.3630 
W3vs. W6 0.01734116 0.30067642 0.01734116 0.02505637 I 12 0.69 0.4217 
W4vs. WS 0.41481637 2.41428001 0.41481637 0.20119000 I 12 2.06 0.1766 
W4vs. W6 0.00400579 0.55832373 0.00400579 0.04652698 I 12 0.09 0.7742 
WSvs. W6 0.33729508 3.41837644 0.33729508 0.28486470 I 12 1.18 0.2979 
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Appendix: H-9 ANOV A Table for Chronic Effects for HF Power (ms') 

Type ill Sum or Mean Square OF F Sig. 

Week "ITUI\ '" "''''J Week "ITUI\ '" ""KJ W eek !:~ 

~ vo. //5 5381181.308 5ii 1 12 0.0 Hi 
~;:.;~v""",,o.//~6-+-1~~= .31 11783411.69 1 ~'.3=1I1-+9f.:811~1950;:;1 .. '97':':7--+-1;--+.;;J:12;--t~2 nJ! 

I vs. //4 137898[23 .77 13~ 11.23 1728691.06 1 12 J.8 
I~s. W: 141 en 11724931.08 142492 E 
I vs. ~!~: 478 I~ I~ ~'U7 231 ~2 ~~~~--~=+~ 
I vs. 21)~b~j.08 1.3785 

W5 vs. W6 21911164.92 2191864.92 1.42 12 1.1 0.2982 

Appendix: H-IO ANOVA Table for Chronic Effects fur HF Power (%) 
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Appendix: H-II ANOVA Table fOT Chronic Effects fOT HF Power (n.u.) 

Type ill Sum of Squares Mean SQuare DF F Sig. 

Contrast Week Error(Week) Week Error(Week) Week Error 
Variables Week 

Main Effects 15%8.8:1372 17%44.01795 305.76474 %87.40030 5 60 1.06 0.3894 

WI VS. W2 9.996923 6112.663077 9.996923 509.388590 I 12 0.02 0.8909 

WI vs. W3 79.756923 2422.883077 79.756923 201.906923 I 12 0.40 0.5415 

WI VS. W4 635.600769 5487.689231 635.600769 457.307436 I 12 1.39 0.2613 

WI VS. WS 378.000769 8303.289231 378.000769 691.940769 I 12 0." 0.4740 

WI vs. W6 655.330000 2328.500000 655.330000 194.041667 I 12 3.38 0.0910 

W2vs. W3 146.227692 6826.772308 146.227692 568.897692 I 12 0.26 0.6214 

W2vs. W4 805.022308 7069.427692 805.022308 589.118974 I 12 1.37 0.2651 

W2vs. WS 265.053077 6028.016923 265.053077 502.334744 I 12 0.53 0.4815 

W2vs. W6 827.206923 8534.123077 827.206923 711.176923 I 12 1.16 0.3020 

W3vs. W4 265.053077 5549.316923 265.0'3077 462.443077 I 12 0.57 0.4636 

W3vs. WS 805.022308 9382.947692 805.022308 781.912308 I 12 1.03 0.3303 

W3vs. W6 277.846923 4162.663077 277.846923 346.888590 I 12 0.80 0.3884 

W4vs. WS 1993.92308 12447.03692 1993.92308 1037.25308 I 12 1.92 0.1908 

W4vs. W6 0.150769 8622.689231 0.150769 718.557436 I 12 0.00 0.9887 

WSvs. W6 2028.75077 10186.08923 2028.75077 848.84077 I 12 2.39 0.1481 

Appendix: H-12 ANOVA Table for Chronic Effects for LF:HF 

Type 111 Sum of Squares Mean Square DF F Sig. 

Contrast Week Error(Week) Week Error(Week) Week Error 
Variables Week 

Main Effects 7.7710874 164.3476751 1.5542175 2.7391279 5 60 0.57 0.7246 
WI vs. W2 0.04257969 31.39006231 0.04257969 2.61583853 I 12 0.02 0.9006 
WI vs. Wl 2.41403108 46.77368292 2.41403108 3.89780691 I 12 0.62 0.4466 

WI vs. W4 0.57078277 51.12209123 0.57078277 4.26017427 I 12 0.13 0.7207 

WI vs. WS 4.01098777 4.01098777 4.01098777 4.47215844 I 12 0.90 0.3623 

WI VS. W6 1.31079877 34.32880323 1.31079877 2.86073360 I 12 0.46 0.5113 
W2vs. Wl 1.81539723 87.42245277 1.81539723 7.28520440 I 12 0.25 0.6267 
W2vs. W4 0.92515569 53.7000'631 0.92'1SS69 4.47500469 I 12 0.21 0.6575 
W2vs. WS 3.2270407 101.6181223 3.2270407 8.4681769 I 12 0.38 0.5486 
W2vs. W6 1.82587569 58.77269831 1.82587569 4.89772486 I 12 0.37 0.5529 
Wlvs. W4 5.33248277 57.79298923 5.33248277 4.81608244 I 12 1.11 0.3134 
Wlvs. WS 0.20162777 61.52469123 0.20162777 5.12705760 I 12 0.04 0.8461 
Wlvs. W6 7.28253077 96.98801923 7.28253077 8.08233494 I 12 0.90 0.3612 
W4vs. WS 7.6079250 112.9257800 7.6079250 9.4104817 I 12 0.81 0.3863 
W4vs. W6 0.15163200 56.45458400 0.15163200 4.70454867 I 12 0.03 0.8605 
WSvs. W6 9.90767700 81.60611600 9.90767700 6.80050967 I 12 1.46 0.2507 
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Appendix: I 

ANOVA Summary Tables for Chronic Effects - Tilt Variables 

Appendix: 1·1 ANOVA Table for Chronic Effects for VLF Peak (Hz) 

Type III Sum of Squares Mean Square OF F Sig. 

Contrast Week Error(Week) Week Error(Week) Week Error 
Variables Week 

Main Effects 0.00758719 0.08773070 0.00151744 0.00146218 5 60 1.04 0.4039 

WI vs. W2 0.009721S6 0.10154297 0.00972156 0.00846191 I 12 1.15 0.3049 

WI vs. W3 0.00818511 0.10439499 0.00818511 0.00869958 I 12 0.94 0.3512 

WI vs. W4 0.00858123 0.10348095 0.00858123 0.00862341 1 12 1.00 0.3382 

WI vs. WS 0.00847877 0.10370461 0.00847877 0.00864205 I 12 0.98 0.3415 

WI vs. W6 0.01015284 0.10105085 0.0101S284 0.00842090 I 12 1.21 0.2937 

W2vs. W3 0.00006604 0.00137121 0.00006604 0.00011427 1 12 0.58 0.4618 

W2vs. W4 0.00003556 0.00088377 0.00003556 0.00007365 1 12 0.48 0.5004 

W2vs. WS 0.00004248 0.00050977 0.00004248 0.00004248 1 12 1.00 0.3370 

W2vs. W6 0.00000468 0.00005616 0.00000468 0.00000468 1 12 1.00 0.3370 

W3vs. W4 0.00000468 0.00223022 0.00000468 0.00018585 1 12 0.03 0.8766 

W3 vs. WS 0.00000259 0.00235351 0.00000259 0.00019613 1 12 0.01 0.9105 

W3vs. W6 0.00010588 0.00127053 0.00010588 0.00010588 1 12 1.00 0.3370 

W4vs. WS 0.00000031 0.00183787 0.00000031 0.00015316 1 12 0.00 0.9650 

W4vs. W6 0.00006604 0.00079245 0.00006604 0.00006604 1 12 1.00 0.3370 

WSvs. W6 0.00007536 0.00090433 0.00007536 0.00007536 1 12 1.00 0.3370 

Appendix: 1·2 ANOV A Table for Chronic Effects for VLF Power (mil 

Type III Sum of Squares Mean Square OF F Sig. 
Contrast Week Error(Week) Week Error(Week) Week Error 

Variables Week 
Main Effects 1397628.15 40463980.51 %79525.63 674399.68 5 60 0.41 0.8369 
WI vs. W2 659475.69 14585468.31 659475.69 1215455.69 1 12 0.54 0.4755 

WI vs. W3 209677.00 11947308.00 209677.00 995609.00 1 12 0.21 0.6545 

WI vs. W4 217107.692 5293694.308 217107.692 441141.192 1 12 0.49 0.4964 
WI vs. WS 412248.077 6929342.923 412248.077 577445.244 1 12 0.71 0.4147 
WI vs. W6 75392.31 18679525.69 75392.31 1556627.14 1 12 0.05 0.8295 
W2vs. W3 1612864.69 20979880.31 1612864.69 1748323.36 1 12 0.92 0.3558 

W2vs. W4 1633358.77 16284959.23 1633358.77 1357079.94 I 12 1.20 0.2941 
W2vs. WS 2114542.23 17243542.77 2114542.23 1436961.90 1 12 1.47 0.2484 
W2vs. W6 1180824.92 20704515.08 1180824.92 1725376.26 1 12 0.68 0.4242 
W3 vs. W4 64.69 24258110.31 64.69 2021509.19 1 12 0.00 0.9956 
W3 vs. WS 3391S.08 11379222.92 33915.08 948268.58 1 12 0.04 . 0.8532 

W3 vs. W6 33609.31 19516891.69 33609.31 1626407.64 1 12 0.02 0.8881 
W4vs. WS 31017.31 17774105.69 31017.31 1481175.47 1 12 0.02 0.8873 
W4vs. W6 36623.08 25203312.92 36623.08 2100276.08 1 12 0.02 0.8971 
WSvs. W6 135048.08 12004002.92 135048.08 1000333.58 1 12 0.14 0.7197 
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Appendix: 1-3 ANOYA Table fur Chronic Effects fur VLF Power (%) 

Type III Sum of Mean Square DF F Sil!;o 
Week r.ITol1. WeeK) Week r.ITol1. WeeK) Week ~:~ 

MaiD _., ~._u, 5 60 0.78 I 0.5697 

W~ 16181.34913 ..E:. 1341 1 12 0.20 0.6601 
W', vs. 15057.672 H 88: ~ 1 12 0.71 0.4173 

W3 vs. W5 ~ '3118 17.!!: 15308 0 15 ,5 
W3 vs. W6 692 I: )308 1270.1,5026 O. O~ 

h:~:: ~:.:::~:~ ::-r.E;;;I!~;;;;,,:: : _ .'="':'-+';;;~~~~9.: "--+~';--+*"--+'~""!:.3~39+~r~~14~84)3:-i 

Appendix: 1-4 ANOYA Table for Chronic Effects fur LF Peak (Hz) 
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Appendix: 1-5 ANOV A Table for Chronic Effects for LF Power (ms2
) 

Type ill Sum of Squares Mean Square OF F Sig. 

Contrast Week Error(Week) Week Error(Week) Week Error 
Variables Week 

Main Effects 1806279.19 57772940.97 361255.84 96Z882.35 5 60 0.38 0.8638 
WI vs. W2 480.08 11055306.92 480.08 921275.58 1 12 0.00 0.9822 

WI vs. W3 225720.69 16071578.31 225720.69 1339298.19 1 12 0.17 0.6887 

WI vs. W4 161730.77 26316175.23 161730.77 2193014.60 1 12 0.07 0.7906 

WI vs. WS 751201.923 8165105.077 751201.923 680425.423 1 12 1.10 0.3141 

WI vs. W6 794599.69 28070184.31 794599.69 2339182.03 1 12 0.34 0.5708 

W2vs. W3 205381.231 6988728.769 205381.231 582394.064 1 12 0.35 0.5636 

W2vs. W4 144587.77 181S1293.23 144587.77 Ul2607.77 1 12 0.10 0.7625 

W2vs. WS 713701.231 9140738.769 713701.231 761728.231 1 12 0.94 0.3522 

W2vs. W6 834142.23 41226800.77 834142.23 3435566.73 1 12 0.24 0.6311 

W3vs. W4 5320.69 27606152.31 5320.69 2300512.69 1 12 0.00 0.9624 

W3vs. WS 153364.92 13429871.08 153364.92 1119155.92 1 12 0.14 0.7177 

W3vs. W6 1867333.00 37057946.00 1867333.00 3088162.17 1 12 0.60 0.4519 

W4vs. WS 215817.31 23064897.69 215817.31 1922074.81 1 12 0.11 0.7433 

W4vs. W6 1673299.69 43690192.31 1673299.69 3640849.36 1 12 0.46 0.5107 

W5vs. W6 3090993.92 36602675.08 3090993.92 3050222.92 1 12 1.01 0.3340 

Appendix: 1-6 ANOVA Table for Chronic Effects for LF Power (%) 

Type III Sum of Squares Mean Square OF F Sig. 
Contrast Week Error(Week) Week Error(Week) Week Error 

Variables Week 
Main Effects 1145.24923 53447.42410 229.04985 890.79040 5 60 0.26 0.9346 
WI vs. W2 320.01923 24989.31077 320.01923 2082.44256 1 12 0.15 0.7019 

WI vs. W3 350.48077 17066.40923 350.48077 1422.20077 1 12 0.25 0.6286 

WI vs. W4 486.17308 20128.29692 486.17308 1677.35808 1 12 0.29 0.6002 

WI vs. WS 218.53000 15477.64000 218.53000 1289.80333 1 12 0.17 0.6879 

WI vs. W6 1.62769 17953.47231 1.62769 1496.12269 1 12 0.00 0.9742 

W2vs. W3 1340.30769 20922.3923 I 1340.30769 1743.53269 1 12 0.77 0.3978 
W2vs. W4 17.30769 14179.21231 17.30769 1181.60103 1 12 0.01 0.9057 
W2vs. WS 9.64923 12509.13077 9.64923 1042.42756 1 12 0.01 0.9249 
W2vs. W6 276.00077 24564.94923 276.00077 2047.07910 1 12 0.13 0.7199 
W3vs. W4 1662.23077 37468.62923 1662.23077 3122.38577 1 12 0.53 0.4796 
W3 vs. WS 1122.51077 27561.92923 1122.51077 2296.82744 1 12 0.49 0.4978 
W3vs. W6 399.87769 16665.31231 399.87769 1388.77603 I 12 0.29 0.6014 
W4vs. WS 52.80308 16801.17692 52.80308 1400.09808 I 12 0.04 0.8493 
W4vs. W6 431.53923 23860.43077 431.53923 1988.36923 I 12 0.22 0.6497 
WSvs. W6 182.43769 30536.2523 I 182.43769 2544.68769 I 12 0.07 0.7934 
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Appendix: 1-7 ANOVA Table for Chronic Effects for LF Power (n.u.) 

Week Error(Week) 

Appendix: 1-8 ANOVA Table for Chronic Effects for HF Peak (Hz) 

Type III Sum of Squares Mean Square OF F Sig. 
Contrast Week Error(Week) Week Error(Week) Week Error 
Variables Week 

Main Effects 0.056S9077 0.54333538 0.01131815 0.00905559 5 60 US 0.2975 
WI vs. W2 0.01\38416 0.07609085 0.01\38416 0.00634090 I 12 1.80 0.2051 
WI vs. W3 0.00248124 0.13685114 0.00248124 0.01140426 I 12 0.22 0.6493 
WI vs. W4 0.01621329 0.24635810 0.01621329 0.02052984 I 12 0.79 0.3916 
WI vs. W5 0.00281505 0.13786208 0.00281505 0.01148851 I 12 0.25 0.6295 
WI vs. W6 0.0920\382 0.17453041 0.09201382 0.01454420 I 12 6.33 0.0271 
W2vs. W3 0.00323585 0.17424308 0.00323585 0.01452026 I 12 0.22 0.6453 
W2vs. W4 0.00042580 0.22241610 0.00042580 0.01853468 I 12 0.02 0.8820 
W2vs. W5 0.00287720 0.19131910 0.00287720 0.01594326 I 12 0.18 0.6785 
W2vs. W6 0.03866777 0.15569147 0.03866777 0.01297429 I 12 2.98 0.1099 
W3vs. W4 0.00600925 0.26123942 0.00600925 0.02176995 I 12 0.28 0.6089 
W3vs. W5 0.00001053 0.10767790 0.00001053 0.00897316 1 12 0.00 0.9732 
W3vs.W6 0.06427529 0.31432224 0.06427529 0.02619352 1 12 2.45 0.1432 
W4vs. W5 0.00551668 0.21776998 0.00551668 0.01814750 I 12 0.30 0.5915 
W4vs. W6 0.03097824 0.48480282 0.03097824 0.04040023 1 12 0.77 0.3984 
W5vs. W6 0.06264044 0.35883760 0.06264044 0.02990313 1 12 2.09 0.1734 



63 

Appendix: [·9 ANOVA Tab[e for Chronic Effects for HF Power (ms2
) 

Type III Sum of Squares Mean SQuare OF F Sil!o 
Contrast Week Error(Week) Week Error(Week) Week Error 

Variables Week 
Ma[n Effeets 644684.00 14398947.00 1:18936.80 239982.45 5 60 0.54 0.7472 

W[ VS. W2 2548.000 5868698.000 2548.000 489058.167 1 12 0.01 0.9436 

WI VS. W3 412960.692 6790256.308 412960.692 565854.692 1 12 0.73 0.4097 

WI vs. W4 11224.923 4366729.077 11224.923 363894.090 1 12 0.03 0.8635 

WI vs. WS 345723.077 4477732.923 345723.077 373144.410 1 12 0.93 0.3548 

WI vs. W6 431704.69 11071806.31 431704.69 922650.53 1 12 0.47 0.5070 

W2vs. W3 350632.692 2043020.308 350632.692 170251.692 1 12 2.06 0.1768 

W2vs. W4 24468.923 8395983.077 24468.923 699665256 1 12 0.03 0.8548 

W2vs. WS 288911.077 2232342.923 288911.077 186028.577 1 12 1.55 0.2365 

W2vs. W6 367920.692 4202244.308 367920.692 350187.026 1 12 1.05 0.3256 

W3 vs. W4 560353.923 7727767.077 560353.923 643980.590 1 12 0.87 0.3693 

W3vs. WS 2985.308 1402727.692 2985.308 116893.974 1 12 0.03 0.8757 

W3vs. W6 208.000 3266306.000 208.000 272192.167 1 12 0.00 0.9784 

W4vs. WS 48\S38.769 6112947.231 481538.769 509412269 1 12 0.95 0.3501 

W4vs. W6 582153.92 15117101.08 582153.92 1259758.42 1 12 0.46 0.5095 

WSvs. W6 4769.308 3318019.692 4769.308 276501.641 1 12 0.02 0.8977 

Appendix: [·10 ANOVA Table for Chronic Effects for HF Power (%) 

fype III Sum of~;.;:;;,.t-U;;;:F Mean=;~Square~;::;;;+W;::;;-FDDF'l;;:;;;;-i_F~",,:S=--jil!. 
Week Error(Week) Week r.ITOI\ WeeK) Week ~:~ 

Main 

W.~ 
780.84410 10466.45923 

w. vS. W3 27 

&, 5 60 0.90 0.4902 

435.735641 1 12 0.10 0.7524 
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Appendix: 1-11 ANOVA Table fur Chronic Effects fur HF Power (n.u.) 

fypeillSumor Mean Square OF F Sig. 
Week "nUl\ .. """} Week Error(Week) Week ~:~ 

1.37 0.2491 

If:! vs. 1045.812308 if 1 12 4.41 
:~: ~ ~ 

f-;W~4:~ ::. W;;:;'-6-+-= ~ ~ 77~~~f~=-+::II:-_::=-+t:~~=~-_=:ti:O~"'~llt!9:r~~~~!!. 
f-,W=51 v:'::s .. ~ W6-l-'~:7.~i 3099.712308 ~ ~ 3.94 ~ 

Appendix: 1-12 ANOVA Table for Chronic Effects for LF:HF 

'I'~sum~ 
\Veei( "UUl\ .. """} 

Mean SQuare F Sil!. )F 

.. Week Week ~:~ 
MaIn 5 60 0.46 0.8060 

::!!~t-:~;'7' :~~~~! t36~ :~ I. ::i :~! ~:!~~~ 
WI vS. W. 12'!f= 12 WI vs. W: O. 12 

W5 vo. WI I 12 0.00 0.9885 
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Appendix: J 

Raw Data for Autoregressive Analysis ofHRV in Supine 

Appendix: J-I Raw Data for Autoregressive Analysis for VLF Peak (Hz) 

Baseline 1'2 Pre 1'2 Post T4Pre T4Post T5Pre T5 Post Post 3 Week 
Sub 11010 0.0000 0.0000 0.0000 0.0000 0.0000 0.0371 0.0000 0.0000 
Sub 11013 0.0371 0.0000 0.0000 0.0293 0.0000 0.0293 0.0000 0.0000 
Sub 11014 0.0391 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Sub #015 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Sub #016 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Sub #017 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0313 
Sub 11018 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Sub 11019 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Sub 11010 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Sub #011 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0215 0.0000 
Sub #011 0.0000 0.0000 0.0332 0.0000 0.0352 0.0234 0.0000 0.0000 
Sub #014 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0391 0.0000 0.0000 
Sub #017 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Appendix: J-2 Raw Data for Autoregressive Analysis for VLF Power (ms1 

BaseUne 1'2 Pre 1'2 Post T4Pre T4 Post T5Pre T5 Post Post 3 Week 
Sub #010 616 0 950 0 0 368 0 0 
Sub 11013 873 II7 0 193 0 916 0 930 
Sub 11014 227 0 1244 632 1 97 II 508 
Sub 11015 260 510 723 0 813 255 476 
Sub 11016 928 926 4797 1628 1652 1293 3202 3324 444 
Sub #017 0 0 41 1064 0 0 845 0 225 
Sub 11018 1254 29 0 I 677 1410 0 
Sub 11019 536 439 0 0 23 18 
Sub 11010 518 7 0 862 556 456 
Sub 11011 0 2392 0 1693 0 1863 0 1046 0 
Sub #011 2II 6II 1030 0 705 1241 261 174 
Sub #014 0 0 25 II 0 2211 0 3348 0 771 
Sub 11017 0 0 2692 838 0 1831 1665 393 
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Appendix: J-3 Raw Data for Autoregressive Analysis for VLF Power (%) 

Baseline 1'2 Pre 1'2 Post T4Pre T4 Post T5Pre T5Post Post 3 Week 
Snb#010 26.7 0.0 45.5 0.0 0.0 54.4 0.0 0.0 
Sub #013 77.5 21.2 0.0 59.1 0.0 62.5 0.0 42.7 

Sub #014 70.3 0.0 26.5 37.4 0.0 7.4 0.3 15.9 

Sub #015 25.7 29.8 43.3 0.0 46.5 23.8 24.2 
Sub#Ol/; 31.9 26.6 59.7 32.8 272 27.0 33.4 532 17.6 
Sub #017 0.0 0.0 3.7 49.7 0.0 0.0 38.4 0.0 73.0 
Sub #018 35.3 1.5 0.0 0.0 43.7 48.6 0.0 

Sub #019 41.5 18.1 0.0 0.0 1.6 1.0 
Sub #020 14.6 02 0.0 19.6 13.5 22.8 

Sub #021 0.0 36.4 0.0 41.7 0.0 44.0 0.0 34.1 0.0 

Sub #022 23.9 24.4 61.3 0.0 45.0 5S.6 16.7 26.S 
Sub #024 0.0 0.0 74.9 0.0 3S.1 0.0 74.3 0.0 33.2 
Sub #027 0.0 0.0 36.5 21.7 0.0 26.9 27.1 S.9 

Appendix: J-4 Raw Data for Autoregressive Analysis for LF Peak (Hz) 

Busellue 1'2 Pre 1'2 Post T4Pre T4Post T5Pre T5Post Post 3 Week 
Sub #010 0.1074 0.0527 0.0664 0.0859 0.0430 0.1445 0.0488 0.0488 
Sub #013 0.1055 0.1309 0.0508 O.I44S 0.0566 0.0000 0.0566 0.1113 
Sub #014 0.0000 0.0801 0.1094 0.0840 0.0430 0.1055 0.0645 0.1074 

Sub #015 0.0977 0.1191 0.1074 0.0527 0.1211 0.1035 0.0918 
Sub #016 0.1230 0.0781 0.1348 0.1074 0.0859 0.1016 0.0996 0.1289 0.0801 
Sub #017 0.0430 0.0430 0.0625 0.0996 0.0469 0.0547 0.1211 0.0488 0.0000 
Sub #018 0.1133 0.0703 0.0449 0.0547 0.0996 0.0996 0.0664 
Sub #019 0.0977 0.0957 0.0547 0.0547 0.0508 0.0781 
Sub #020 0.1074 0.0879 0.0645 0.1270 0.1133 0.1406 
Sub #021 0.OS08 0.0723 0.OS08 0.0820 0.0547 0.0605 0.0430 0.0000 0.0488 
Sub #022 0.1465 0.1113 0.0000 0.1074 0.0000 0.0000 0.1465 0.1406 
Sub #024 0.0527 0.0586 0.0566 0.1055 0.0586 0.0488 0.0000 0.0547 0.0742 
Sub #027 0.1445 0.0449 o.lIn 0.1289 0.0566 0.0000 0.09n 0.1270 
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Appendix: ]·5 Raw Data for Autoregressive Analysis for LF Power (msi 

BaseUne TIPre TIPost T4Pre T4Post T5Pre T5Post Post 3 Week 
Snb#OlO 1295 698 709 2285 880 238 1438 523 
Snb#013 158 290 1375 102 1043 0 152 625 

Snb#014 0 678 1913 282 1690 438 1465 813 
Sub #015 575 923 512 841 516 723 1191 
Sub #016 619 1158 1377 1280 2770 2423 4919 883 942 

Sub #017 639 1217 685 493 766 1519 816 481 0 
Sub #018 1253 1378 2038 1354 754 1129 3106 
Sub #019 417 1157 767 669 649 . 1156 

Sub #020 2159 2765 1364 2345 2660 1239 
Sub #021 1212 919 2248 1130 2368 1219 2899 0 2481 
Sub #022 218 805 0 1200 0 0 860 296 

Sub #024 1594 514 -482 1194 1402 3709 0 1044 1159 
Sub #017 5258 2496 2085 2192 2101 0 1704 2280 

Appendix: ]-6 Raw Data for Autoregressive Analysis for LF Power (%) 
. 

BaseUne TIPre TIPost T4Pre T4Post T5Pre T5 Post Post 3 Week 
Sub #010 56.1 78.5 34.0 89.1 82.3 35.1 39.8 88.6 
Sub #013 14.1 52.2 74.0 31.2 84.5 0.0 53.6 28.7 
Sub #014 0.0 45.3 40.7 16.7 46.5 33.3 46.9 25.5 

Sub #015 56.7 53.9 30.7 54.8 29.5 67.6 60.6 
Sub #016 21.2 33.2 17.1 25.8 45.6 50.6 51.3 14.1 37.4 
Sub #017 76.2 81.4 61.5 23.0 86.9 57.1 37.1 74.4 0.0 
Sub #018 35.3 69.3 75.6 79.7 48.7 38.9 62.6 
Sub #019 32.3 47.7 47.9 45.7 45.4 62.0 

Sub #020 61.1 85.2 59.9 53.3 64.9 62.0 
Sub #021 62.3 14.0 56.8 27.8 46.4 28.8 69.3 0.0 57.2 
Sub #022 24.7 32.1 0.0 65.5 0.0 0.0 55.1 45.2 
Sub#Ol4 62.4 46.9 ·14.4 66.7 22.3 70.9 0.0 78.1 50.0 
Sub #027 73.5 46.7 28.3 56.9 58.3 0.0 27.7 34.2 
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Appendix: J-7 Raw Data for Autoregressive Analysis for LF Power (n.u.) 

Baseline nPre n Post T4Pre T4 Post T5Pre T5Post Post 3 Week 
Sub #010 59.5 56.6 40.4 68.9 65.1 55.9 26.7 59.5 
Sub #013 47.6 47.7 60.5 60.8 61.1 0.0 50.0 39.9 
Sub #014 0.0 32.3 43.5 17.6 27.2 22.2 37.0 14.4 
Sub #015 69.0 66.8 44.0 40.6 46.4 83.9 69.8 
Snb#016 29.5 40.3 48.3 33.2 54.5 60.4 64.4 50.6 42.6 

Sub #017 62.1 46.0 46.6 44.1 83.2 33.0 39.4 64.8 0.0 
Sub #018 42.9 52.3 61.3 68.6 74.3 62.4 63.3 

Sub #019 38.3 38.8 30.7 33.9 25.3 41.8 
Sub #020 57.5 75.9 40.4 62.2 67.1 76.2 
Sub #021 44.4 26.4 44.9 29.3 56.2 44.0 57.3 0.0 40.1 

Sub #022 15.1 28.6 0.0 48.5 0.0 0.0 46.1 30.2 
Sub #024 48.5 21.1 -26.1 48.7 25.2 53.7 0.0 65.7 60.3 
Sub #027 55.4 36.1 38.2 52.9 44.6 0.0 22.7 24.2 

Appendix: J-8 Raw Data for Autoregressive Analysis for HF Peak (Hz) 

Basellue nPre npost T4Pre T4Post T5Pre T5Post Post 3 Week 
Sub #010 0.2148 0.1523 0.3320 0.2578 0.3770 0.3965 0.1660 0.3887 
Sub #013 0.3320 0.2832 0.2656 0.3281 0.2793 0.2090 0.1758 0.2715 
Sub #014 0.3281 0.2109 0.2246 0.3066 0.2891 0.2520 0.2832 0.3281 
Sub #015 0.2\09 0.2520 0.2344 0.1582 0.2344 0.1641 0.2109 
Sub #016 0.1875 0.2109 0.2520 0.2207 0.2031 0.2168 0.1895 0.2266 0.2441 
Sub #017 0.2656 0.2598 0.1816 0.3301 0.2539 0.1563 0.3613 0.3105 0.2656 
Sub #018 0.2402 0.2012 0.3125 0.3379 0.3242 0.3750 0.2773 
Sub #019 0.2031 0.2168 0.1836 0.2969 0.3359 0.1953 
Sub #020 0.2285 0.2598 0.1602 0.2188 0.2285 0.2988 
Sub #021 0.2773 0.2344 0.2559 0.1914 0.2773 0.2715 0.2617 0.2441 0.2539 
Sub #022 0.2109 0.1895 0.2402 0.2559 0.1582 0.2070 0.2520 0.3516 
Sub #024 0.2656 0.2949 0.3203 0.2598 0.2539 0.1680 0.1680 0.2559 0.2832 
Sub #027 0.2695 0.1602 0.2559 0.2031 0.1875 0.2617 0.3105 1.8360 
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Appendix: J-9 Raw Data for Autoregressive Analysis for HF Power (ms2
) 

BaseHoe TlPre Tl Post T4Pre T4Post T5Pre T5Post Post 3 Week 
Sob #010 397 192 428 279 189 71 2174 67 
Sub #013 95 147 483 32 192 550 132 620 

Sub #014 96 819 1543 778 1945 782 1649 1873 

Sob #015 179 279 433 693 419 92 299 

Sub #016 1366 1403 1858 2061 1649 1068 1463 2044 1132 

Sob #017 200 278 388 585 115 1143 541 166 94 
Sub #018 1047 582 657 343 118 361 1856 

Sub #019 338 829 833 794 757 691 
Sub #020 859 473 911 1195 885 303 

Sob #021 733 3257 1713 1238 2732 1152 1283 2024 1853 

Sob #022 453 1090 651 631 860 991 440 186 
Sob #024 959 581 1325 597 2686 1524 1158 293 390 
Sob #027 1900 2854 2599 824 1503 4968 2783 3989 

Appendix: J-IO Raw Data for Autoregressive Analysis for HF Power (%) 

BaseUoe TlPre TlPost T4Pre T4Post T5Pre T5 Post Post 3 Week 
Sub #010 17.2 21.5 20.5 ·10.9 17.7 10.5 60.2 11.4 
Sub #013 8.4 26.6 26.0 9.7 15.5 37.5 46.4 28.5 

Sub #014 29.7 54.7 32.8 46.0 53.5 59.4 52.8 58.6 
Sub #015 17.7 16.3 26.0 45.2 24.0 8.6 15.2 
Sub #016 46.9 40.2 23.1 4I.S 27.2 22.3 15.3 32.7 44.9 
Sub #017 23.8 18.6 34.8 27.3 13.1 42.9 24.6 25.6 27.0 
Sub #018 29.4 29.3 24.4 20.2 7.6 12.4 37.4 
Sob #019 26.2 34.2 52.1 54.3 53.0 37.0 
Sub #020 24.3 14.6 40.1 27.1 21.6 15.2 
Sub #021 37.7 49.6 43.2 30.5 53.6 27.2 30.7 65.9 42.8 
Sub #022 51.4 43.5 38.7 34.5 55.0 44.4 28.2 28.3 
Sub #024 37.6 53.1 39.5 33.3 42.6 29.1 25.7 21.9 16.8 
Sub #027 26.5 53.3 35.2 21.4 41.7 73.1 45.2 59.9 

• 
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Appendix: J-11 Raw Data for Autoregressive Analysis for HF Power (n.u.) 

BaseUne TIPre TIPost T4Pre T4Post T5Pre T5Post Post 3 Week 
Sub #010 18.2 15.5 24.4 8.4 14.0 16.8 40.4 7.7 
Sub #013 28.5 24.2 21.2 18.9 11.2 64.5 43.3 39.5 

Sub #014 36.8 39.0 35.1 48.6 31.4 39.7 41.6 33.2 
Sub #015 21.5 20.2 37.3 33.5 37.6 10.7 17.5 

Sub#OUi 65.2 48.8 65.1 53.5 32.4 26.6 19.1 117.3 51.2 

Sub #017 19.4 10.5 26.4 52.3 12.5 24.9 26.2 22.3 35.6 

Sub #018 35.8 22.1 19.8 17.4 11.6 19.9 37.8 

Sub #019 31.1 27.8 33.4 40.2 29.5 25.0 
Sub #020 22.9 13.0 27.0 31.7 22.3 18.6 

Sub #021 26.8 93.5 34.2 32.1 64.9 41.6 25.3 86.3 30.0 

Sub #022 31.4 38.7 40.9 25.5 40.7 62.7 23.6 19.0 

Sub #024 29.2 23.8 71.9 24.4 48.2 22.1 57.7 18.4 20.3 

Sub #027 20.0 41.3 47.6 19.9 31.9 47.4 37.1 42.3 

Appendix: J-12 Raw Data for Autoregressive Analysis for LF:HF 

Baseliue TIPre TIPost T4Pre T4 Post T5Pre T5Post Post 3 Week 

Sub #010 3.262 3.641 1.657 8.203 4.660 3.334 0.661 7.774 
Sub #013 1.668 1.966 2.848 3.221 5.437 0.000 1.155 1.009 
Sub #014 0.000 0.828 1.230 0.363 0.869 0.560 0.888 0.434 

Sub #015 3.210 3.307 1.182 1.214 1.231 7.860 3.984 
Sub #016 0.453 0.826 0.741 0.621 1.679 2.269 3.363 0.432 0.833 

Sub #017 3.195 4.386 1.765 0.843 6.631 1.329 1.508 2.906 0.000 
Sub #018 1.197 2.368 3.103 3.945 6.409 3.132 1.673 
Sub #019 1.233 1.396 0.921 0.842 0.858 1.673 
Sub#OlO 2.514 5.849 1.496 1.963 3.005 4.089 
Sub#Oll 1.653 0.282 1.312 0.913 0.867 1.058 2.260 0.000 1.339 
Sub#Ol2 0.481 0.738 0.000 1.902 0.000 0.000 1.953 1.594 
Sub #024 1.662 0.885 -0.363 1.999 0.522 2.435 0.000 3.567 2.973 
Sub #027 2.767 0.874 0.802 2.659 1.398 0.000 0.612 0.572 
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Appendix: K 

Raw Data for Autoregressive Analysis ofHRV in Tilt 

Appendix: K-I Raw Data for Autoregressive Analysis for VLF Peak (Hz) 

Baseline TlPre TlPost T4Pre T4Post TSPre T5Post Post 3 Week 
Sub #010 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Sub #013 0.0000 0.0078 0.0195 0.0000 0.0332 0.0254 0.0313 0.0000 

Sub #014 0.3320 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Sub #015 0.0000 0.0000 0.0000 0.0000 0.0254 0.0000 0.0000 

Sub#OUi 0.0000 0.0000 0.0000 0.0371 0.0000 0.0000 0.0000 0.0000 0.0000 

Sub #017 0.0313 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Sub #018 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Sub #019 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Sub #020 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Sub #021 0.0000 0.0000 0.0332 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Sub #022 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Sub #024 0.0000 0.0000 0.0000 0.0000 0.0352 0.0000 0.0273 0.0000 0.0000 

Sub #027 0.0000 0.0000 0.0000 0.0000 0.0000 0.0293 0.0000 0.0000 

Appendix: K-2 Raw Data for Autoregressive Analysis for VLF Power (ms1 

BaseUne TlPre TlPost T4Pre T4 Post TSPre T5Post Post 3 Week 
Sub #010 434 242 435 301 0 284 571 0 
Sub #013 272 1435 2621 0 335 960 191 0 
Sub #014 272 0 927 1180 250 103 0 279 
Sub #015 0 701 0 0 1538 1120 973 
Sub #016 1012 826 0 2865 0 0 0 83 86 
Sub #017 1257 0 79 0 436 0 0 1362 0 
Sub #018 66 2326 0 0 505 2202 7 
Sub #019 0 0 0 396 0 2956 
Sub #020 800 856 18 385 681 607 
Sub #021 0 2509 2828 0 0 0 1 0 1079 
Sub #022 357 0 365 0 702 0 434 0 
Sub #024 0 0 0 0 4873 0 3153 228 0 
Sub #027 2228 1432 0 0 20 3741 352 5 
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Appendix: K-3 Raw Data for Autoregressive Analysis for VLF Power (%) 

Baseline T2Pre T2 Post T4Pre T4 Post TSPre T5 Post Post 3 Week 
Sub 11010 35.3 34.4 18.3 38.3 0.0 48.3 20.5 0.0 
Sub 11013 33.9 53.0 86.1 0.0 90.6 83.5 67.0 0.0 
Sub 11014 54.8 0.0 45.2 63.8 14.3 5.2 0.0 33.5 
SubllOIS 0.0 46.3 0.0 0.0 67.5 80.1 47.8 
Sub 11016 36.4 49.0 0.0 85.9 0.0 0.0 0.0 3.1 2.6 
Sub 11017 78.9 0.0 3.8 0.0 18.1 0.0 0.0 65.3 0.0 
Sub 11018 2.5 52.2 0.0 0.0 31.3 67.7 0.1 
Sub 11019 0.0 0.0 0.0 31.5 0.0 37.6 
Sub 11010 19.1 30.0 0.7 27.7 31.2 36.5 
Sub 11011 0.0 37.8 87.1 0.0 0.0 0.0 0.0 0.0 24.2 
Sub 11011 51.7 0.0 33.2 0.0 43.2 0.0 30.0 0.0 
Sub 11014 0.0 0.0 0.0 0.0 74.0 0.0 67.4 12.2 0.0 
Sub #027 29.0 25.5 0.0 0.0 0.6 54.8 10.1 0.1 

Appendix: K-4 Raw Data for Autoregressive Analysis for LF Peak (Hz) 

BaseDne T2Pre T2Post T4Pre T4Post T5Pre TSPost Post 3 Week 
Sub 11010 0.0957 0.0781 0.0938 0.1387 0.0527 0.1035 0.1309 0.1055 
Sub #013 0.0859 0.0000 0.0000 0.0508 0.0000 0.0000 0.11 13 0.0469 
Snbl1014 0.0000 0.0410 0.0957 0.0801 0.0801 0.0586 0.0547 0.1172 
Sub 11015 0.0488 0.0977 0.0508 0.0430 0.1191 0.1055 0.0801 
Sub 11016 0.1016 0.0977 0.0527 0.0000 0.0527 0.0664 0.0605 0.0645 0.0723 
Sub 11017 0.0000 0.0645 0.0742 0.0508 0.0938 0.0469 0.0918 0.0840 0.0469 
Sub #018 0.0664 0.1367 0.0645 0.0703 0.1191 0.0977 0.0449 
Sub 11019 0.0527 0.0605 0.0625 0.0898 0.0625 0.0820 
Sub#OlO 0.0957 0.1328 0.0586 0.0996 0.1230 0.0918 
Sub 11011 0.0469 0.0684 0.0000 0.0527 0.0488 0.0586 0.0547 0.0781 0.0781 
Sub 11011 0.1094 0.0840 0.1016 0.0703 0.0898 0.0508 0.0801 0.0410 
Sub 11014 0.0625 0.0723 0.0566 0.0586 0.0000 0.0449 0.0000 0.0859 0.5660 
Sub#Ol7 0.1211 0.1055 0.0449 0.0664 0.0820 0.0000 0.0918 0.0605 
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Appendix: K-5 Raw Data for Autoregressive Analysis for LF Power (ms2
) 

BaseUne 1'2 Pre 1'2 Post T4Pre T4Post T5Pre T5Post Post 3 Week 
Snb#OlO 713 327 1583 399 1146 246 1535 439 
Snb#013 386 0 0 769 0 0 71 1203 

Snb#014 0 1251 468 291 1149 1348 488 344 

Sub #015 1638 637 1237 730 458 244 781 
Sub #016 1326 602 4163 0 2320 1486 4848 2238 2370 

Sub #017 0 2080 1481 2318 1248 2572 4570 223 744 
Snb#018 2116 1263 2212 994 740 851 5098 
Sub #019 640 386 1342 566 954 3429 

Snb#020 2092 1662 1730 769 1295 638 

Sub#Oll 2118 2849 0 2719 2294 1892 5804 2493 2338 

Snb#022 182 392 428 753 521 614 559 444 

Snb#024 1578 1576 1759 601 0 4086 0 1139 1488 

Snb#027 2530 2852 1370 2783 2324 0 1980 2195 

Appendix: K-6 Raw Data for Autoregressive Analysis for LF Power (%) 

BaseUne 1'2 Pre 1'2 Post T4Pre T4 Post T5Pre T5 Post Post 3 Week 
Snb#OlO 58.0 46.5 66.6 50.9 87.5 41.8 55.1 78.4 
Snb#013 48.1 0.0 0.0 81.0 0.0 0.0 25.1 80.2 
Snb#014 0.0 74.7 22.8 15.7 65.6 67.6 61.7 41.3 

Sub #015 69.7 42.0 72.5 572 20.1 17.5 38.4 

Sub #016 47.7 35.7 902 0.0 82.3 83.6 87.4 84.9 72.5 

Snb#017 0.0 81.1 71.6 72.4 51.7 58.1 66.8 10.7 81.7 

Snb#018 79.7 28.3 82.0 75.9 45.9 26.2 92.4 

Snb#019 74.5 39.1 73.7 45.0 51.0 43.6 
Sub #020 50.0 58.2 69.1 55.3 59.3 38.4 

Sub#Oll 70.2 42.9 0.0 62.6 70.9 77.6 79.3 68.0 52.4 
Sub #022 26.4 48.9 38.9 82.8 32.1 44.8 38.6 73.5 
Sub #024 91.S 782 812 82.5 0.0 822 0.0 60.7 71.1 
Sub #027 33.0 50.7 54.5 76.8 70.7 0.0 56.9 60.0 
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Appendix: K-7 Raw Data for Autoregressive Analysis for LF Power (n.u.) 

Basellne 1'2 Pre 1'2 Post T4Pre T4Post T5Pre T5Post Post 3 Week 
Sub 0010 83.0 49.1 75.1 71.6 672 612 54.9 44.9 
Sub 0013 44.7 0.0 0.0 68.0 0.0 0.0 53.8 51.1 
Sub 0014 0.0 46.5 27.7 26.6 56.7 48.1 462 43.0 
Sub 0015 54.0 70.1 62.5 37.4 47.4 323.6 49.6 
Sub 0016 612 59.8 80.0 0.0 57.2 85.3 70.9 78.8 68.9 
Sub 0017 0.0 67.8 56.3 582 40.7 43.1 57.8 16.5 44.3 
Sub 0018 67.0 44.2 67.4 56.6 36.5 55.8 88.9 
Sub 0019 55.0 24.9 62.1 48.3 26.6 54.8 
Sub 0020 36.3 77.2 53.7 68.7 81.3 482 
SubOOll 65.0 58.4 0.0 43.7 51.3 56.9 65.2 68.9 57.0 
Sub 0022 32.4 35.1 48.9 792 37.0 34.0 41.1 51.2 
Sub 0014 65.6 53.6 642 65.0 0.0 63.0 0.0 49.0 50.5 
Sub#Ol7 34.7 53.8 36.3 59.5 63.6 0.0 43.5 47.4 

Appendix: K-8 Raw Data for Autoregressive Analysis for HF Peak (Hz) 

BaseUne 1'2 Pre 1'2 Post T4Pre T4 Post T5Pre T5 Post Post 3 Week 
Sub 0010 02324 0.1855 0.1914 0.3828 0.3652 0.3320 02988 0.3809 
Sub 0013 0.3594 0.1641 0.1875 0.2285 0.1797 0.1582 02500 0.1953 
Sub 0014 02539 02656 0.1641 0.3203 02227 0.3418 0.1582 02754 
Sub 0015 0.1777 02246 0.1934 0.1543 02441 02168 02285 
Sub 0016 02246 02637 0.1992 0.2793 02891 0.2617 0.3027 0.2363 02168 
Sub 0017 0.1621 0.1504 02090 0.1973 02500 0.1816 0.2754 02051 02891 
Sub 0018 02910 0.3008 0.2676 0.1719 02617 0.3281 02754 
Sub 0019 0.1543 0.1738 0.2578 02520 0.1602 02422 
Sub#OlO 02246 02520 0.1973 0.1992 02363 0.1816 
SubOOll 0.1973 02227 02637 02031 0.1738 0.2773 02188 02461 0.1855 
Sub#02l 02363 02539 02734 02637 0.3145 02148 02227 0.1582 
Sub 0014 0.3809 02734 0.1758 02754 0.1543 02559 0.1563 02617 02676 
SubOOl7 02109 02148 0.1602 0.1523 02031 02910 0.3516 02109 
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Appendix: K-9 Raw Data for Autoregressive Analysis for HF Power (ms2
) 

Baseline TlPre Tl Post T4Pre T4 Post T5Pre T5Post Post 3 Week 
SubWI0 82 134 360 85 163 58 679 121 
SubW13 145 1271 424 180 35 189 23 297 
SubW14 225 424 656 379 352 542 303 210 
SubW15 714 177 469 546 281 33 281 
SubW16 442 257 452 469 498 292 701 314 812 
SubW17 336 485 509 885 729 1854 2268 500 167 
SubW18 473 872 486 316 368 198 410 
SubW19 219 600 479 295 918 1479 
SubW10 1292 338 756 236 207 418 
SubWll 899 1287 420 1626 943 546 1513 '1171 1041 
Sub Wll 151 410 307 157 401 755 454 160 
SubW14 147 439 407 128 1709 887 1523 508 604 
SubW17 2913 1339 1144 840 942 3091 1150 1459 

Appendix: K-10 Raw Data for Autoregressive Analysis for HF Power (%) 

Baseline TlPre Tl Post T4Pre T4Post T5Pre T5Post Post 3 Week 
SubWI0 6.7 19.1 15.1 10.8 12.5 9.9 24.4 21.6 
SubW13 18.0 47.0 13.9 19.0 9.4 16.5 7.9 19.8 
SubW14 45.2 25.3 32.0 20.5 20.1 27.2 38.3 25.2 
SubW15 30.3 11.7 27.5 42.8 12.3 2.4 13.8 
SubW16 15.9 15.3 9.8 14.1 17.7 16.4 12.6 11.9 24.8 
SubW17 21.1 18.9 24.6 27.6 30.2 41.9 33.2 24.0 18.3 
SubW18 17.8 19.5 18.0 24.1 22.8 6.1 7.4 
SubW19 25.5 60.9 26.3 23.5 49.0 18.8 
SubW10 30.9 11.8 30.2 17.0 9.5 25.1 
Sub#Oll 29.8 19.4 12.9 37.4 29.1 22.4 20.7 32.0 23.4 
Sub Wll 21.9 51.1 27.9 17.2 24.7 55.2 31.4 26.5 
SubW14 8.5 21.8 18.8 17.5 26.0 17.8 32.6 27.1 28.9 
SubW17 38.0 23.8 45.5 23.2 28.7 45.2 33.0 39.9 
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Appendix: K-11 Raw Data for Autoregressive Analysis for HF Power (n.u.) 

Baseline TlPre TlPost T4Pre T4Post T5Pre T5Post Post 3 Week 
Sub #010 9.6 20.1 17.1 15.2 9.6 14.5 24.3 12.3 

Sub #013 16.8 41.9 33.5 15.9 37.1 34.3 17.0 12.6 

Sub #014 63.3 15.7 38.8 34.5 17.4 19.3 28.7 26.2 
Sub #015 23.5 19.5 23.7 28.0 29.0 44.4 17.9 

Sub #016 20.4 25.6 8.7 66.1 12.3 16.8 10.3 11.1 23.6 

Sub #017 38.0 15.8 19.4 22.2 23.8 31.1 28.7 37.0 9.9 
Sub #018 15.0 30.5 14.8 18.0 18.2 13.0 7.2 

Sub #019 18.8 38.7 22.2 25.2 25.6 23.6 

Sub #020 22.4 15.7 23.5 21.1 13.0 31.6 
Sub #021 27.6 26.4 42.7 26.1 21.1 16.4 17.0 32.4 25.4 

Sub #022 26.9 36.7 35.1 16.5 28.5 41.8 33.4 18.5 

Sub #024 6.1 15.0 14.9 13.8 49.8 13.7 61.8 21.9 20.5 

Sub #027 40.0 25.3 30.4 18.0 25.8 40.7 25.3 31.5 

Appendix: K-12 Raw Data for Autoregressive Analysis for LF:HF 

Baseline TlPre TlPost T4Pre T4Post T5Pre T5Post Post 3 Week 
Sub #010 8.675 2.441 4.396 4.720 7.025 4.220 2.262 3.638 

Sub #013 2.669 0.000 0.000 4.276 0.000 0.000 3.165 4.052 

Sub #014 0.000 2.055 0.714 0.769 3.263 2.488 1.600 1.638 

Sub #015 2.296 3.594 2.635 1.338 1.631 7.294 2.776 

Sub #016 3.002 2.340 9.215 0.000 4.659 5.090 6.913 7.130 2.920 

Sub #017 0.000 4.203 2.910 2.619 1.712 1.387 2.015 0.445 4.457 

Sub #018 4.477 1.448 4.548 3.145 2.010 4.304 12.433 

Sub #019 2.929 0.643 2.802 1.915 1.040 2.318 

Sub #020 1.619 4.914 2.288 3.260 6.264 1.526 
Sub #021 2.356 2.213 0.000 1.672 2.432 3.463 3.835 2.129 2.245 

Sub #022 1.206 0.957 1.392 4.812 1.297 0.813 1.232 2.773 
Sub #024 10.745 3.586 4.317 4.702 0.000 4.607 0.000 2.242 2.466 
Sub #027 0.868 2.130 1.197 3.312 2.467 0.000 1.721 1.505 



Appendix: L 

Example of Statistical Programs Used 

Change in Acute Effects Over Time 

data vltpeakhz; 
input sub deltal delta2 delta3; 
cards; 
input all cards used; 
proc means; 
proeGLM; 
model deltal-delta3 = /nouni; 
repeated delta 3(1 23) 
contrast (1)1 nom summary; 
repeated delta 3(1 23) 
contrast (2)1 nom summary; 
run; 

Chronic Effects 

data vlfpeakhz; 
input sub weeki -week6; 
cards; 
input cards used; 
proc meaDS; 
procGLM; 
model weekl-week6 = /nouni; 
repeated week 6(123456) 
contrast (1)1 nom summary; 
repeated week 6(1 2 3 4 5 6) 
contrast (2)1 nom summary; 
repeated week 6(1 2 3 4 5 6) 
contrast (3)/ nom summary; 
repeated week 6(1 2 3 4 5 6) 
contrast (4)/ nom summary; 
repeated week 6( I 2 3 4 5 6) 
contrast (5)/ nom summary; 
run; 

Acute Effects 

data vlfpeakhz; 
input sub cond hrv I hrv2 hrv3; 
cards; 
input cards used; 
proe means; by cond; 
procGLM; 
title 'VLF - Peak (Hz) Supine'; 
class cond; 
model hrvl-hrv3 = cond/nouni; 
repeated hrv 3 (I 2 3)1nom; 
run; 
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