AFRL-RH-WP-TR-2017-0047

e,

C8 g p0
..:::;:fsfgggﬂ;p:ﬁ

Effects of Two Physical Training Paradigms on Biological and
Cognitive Characteristics of Airmen: Lessons Learned

Kyle Traver
Dr. Erica Johnson
Dr. Ed Eveland
Warfighter Interface Division

Jessica Wagner
Infoscitex

April 2017
Interim Report

| DISTRIBUTION STATEMENT A. Approved for public release: distribution unlimited. I

STINFO COPY

AIR FORCE RESEARCH LABORATORY
711 HUMAN PERFORMANCE WING
AIRMAN SYSTEMS DIRECTORATE

WRIGHT-PATTERSON AFB, OH 45433-7022
AIR FORCE MATERIEL COMMAND
UNITED STATES AIR FORCE



NOTICE AND SIGNATURE PAGE

Using Government drawings, specifications, or other data included in this document for any
purpose other than Government procurement does not in any way obligate the U.S. Government.
The fact that the Government formulated or supplied the drawings, specifications, or other data
does not license the holder or any other person or corporation; or convey any rights or
permission to manufacture, use, or sell any patented invention that may relate to them.

This report was cleared for public release by the 88" Air Base Wing Public Affairs Office and is
available to the general public, including foreign nationals. Copies may be obtained from the Defense
Technical Information Center (DTIC) (http://www.dtic.mil).

AFRL-RH-WP-TR-2017-0047 HAS BEEN REVIEWED AND IS APPROVED FOR
PUBLICATION IN ACCORDANCE WITH ASSIGNED DISTRIBUTION STATEMENT.

[Isigned// [Isigned//

WESLEY S. BAKER. 1LT DOUGLAS L. FRANCK

Work Unit Manager Acting Chief, Applied Neuroscience Branch
Applied Neuroscience Branch Warfighter Interface Division

IIsigned//

KRISTOFFER A. SMITH-RODRIGUEZ, LTCOL, USAF
Acting Chief, Warfighter Interface Division
Airman Systems Directorate

This report is published in the interest of scientific and technical information exchange, and its
publication does not constitute the Government’s approval or disapproval of its ideas or findings.



REPORT DOCUMENTATION PAGE Form Approved
OMB No. 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, searching existing data
sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of
information, including suggestions for reducing this burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a
collection of information if it does not display a currently valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YY) 2. REPORT TYPE 3. DATES COVERED (From - To)
07-06-17 Interim November 2011 to June 2012
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
Effects of Two Physical Training Paradigms on Biological and Cognitive FAB8650-14-D-6500 TO 0003
Characteristics of Airmen: Lessons Learned 5b. GRANT NUMBER
5c. PROGRAM ELEMENT NUMBER
N/A
6. AUTHOR(S) 5d. PROJECT NUMBER
Kyle Traver* N/A
Dr. Erica Johnson* 5e. TASK NUMBER
Dr. Ed Eveland* TO 0003
Jessica Wagner** 5f. WORK UNIT NUMBER
HOAT (53290808)
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Infoscitex Corporation** REPORT NUMBER

Colonel Glenn Hwy, Suite 210
Dayton , Oh 45431-4027

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITORING
Air Force Materiel Command* AGENCY ACRONYM(S)
Air Force Research Laboratory 711 HPW/RHCP
711 Human Performance Wing 11. SPONSORING/MONITORING
Airman Systems Directorate AGENCY REPORT NUMBER(S)
Warfighter Interface Division
Applied Neuroscience Branch AFRL-RH-WP-TR-2017-0047
Wright-Patterson AFB, OH 45433

12. DISTRIBUTION/AVAILABILITY STATEMENT
DISTRIBUTION STATEMENT A. Approved for public release: distribution unlimited.

13. SUPPLEMENTARY NOTES
88ABW Cleared 09/07/2017; 88ABW-2017-4291.

14. ABSTRACT In order to determine the effect of different physical training paradigms on Airman biological and cognitive profiles over
time, a complex exercise-based pilot experimental program was conducted over a 12-week period. During that time, Active Duty
participants engaged in a 9-week physical training program, tests of physical endurance and strength, body composition analyses,
biomarker collections, and cognitive tests. In addition to briefly discussing results, this paper provides a current review of exercise-
induced brain derived neurotrophic factor (BDNF) literature and discusses the lessons learned for conducting future experiments of this
nature. It focuses on how to refine experimental designs of future exercise-based AF research efforts, addressing issues associated with
Active Duty Airmen subjects such as attrition and controls.

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17.LIMITATION | 18, NUMBER OF [ 19, NAME OF RESPONSIBLE PERSON (Monitor)
OF PAGES
a. REPORT = | p ABSTRACT | c. THIS PAGE ABSTRACT: 21 1Lt Wesley S. Baker
Unclassified | Unclassified | Unclassified SAR 19b. TELEPHONE NUMBER (Include Area Code)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39-18




TABLE OF CONTENTS

LIST OF FIGURES ...ttt sttt st sttt b e e b e s bt e s ae e sat e eateebe e beesbeesbeesaeesateeas iii
LIST OF TABLES ...ttt sttt et e b e bt s bt e s at e s ae e et e e te e beesbeesheesatesateeas iii
ACKNOWLEDGMENTS ...ttt sttt sttt be et bt et et sheestesbeeaeesbesbeebesbeeaeens iii
1.0 SUMMARY .ttt sttt b e s bt et e bt e a e et e e bt et e sbeeat e beshe et e e bt eabenbeeaeetesbeentenbens 1
2.0 INTRODUCTION. ..ottt sttt ettt sttt sbe et e b sat et e sbe e b e sbesaeebesbeentenbens 1
3.0 METHODS, ASSUMPTIONS, and PROCEDURES ..........ccooiiiireeeee e 2
3.l PAITICIPANTS ...ttt h e e b et n e enea 2
3.2 ProCedures & IMETIICS. .....cc.eiuiriirieieieieieee ettt ettt s b ettt be st b b e e e eneas 2
3.2.1 L Y AT T0] (oo o= LAY, ot TSR 3
3.2.1.1 Dual-energy x-ray absorptiometry (DEXA) .....ccveveriieereneeenie et eeene s 3
3.2.1.2 ANl FOICE FItNESS TESE.....ciiuiieiiieiiiei ettt 3
3.2.1.3  Functional CapacCity (FC)......ccceouririririenienieieieteeeie sttt s 3
3.2.1.4  ISOKINELIC BIODEX .....eoviiiienieiieiieieeie sttt ettt sttt 4
KI5 B ST o T 10T [0 o TSP 4
3218 VOZ MAX .ottt et 4
3.2.1.7  WEIGNUHEIGNT......ooeiceeeeceee ettt st eaa e st e s aeeaesreesaenre s 4

3.2.2 COGNITIVE IMBLTICS. ...cueeeeieeteetest ettt sttt ettt eb e bt e b bt e e eneas 4
3.2.2.1  DichotiC LiStENING TEST...c..eieieiieieiireeriertesteiee ettt st 5
3.2.2.2  Continuous Memory: N-BaCK tEST .........ccererieriiieiiiriesicrtesteeee e 5
3.2.2.3  ViSUAI VIQIANCE....c.oi ettt st st a e st ae s reenaere s 5

3.23 BIOMAIKEr IMBLIICS ...ttt 5
3.2.3. 1 ACULE BDINF ...ttt et e sb e bt st s st e b e b e sneesaeas 5
3.2.3.2  CIroNIC BDINF ..ottt sttt st sa et eaeas 5
3.2.3.3  Acute & Chronic BDNF ANAIYSES.......c.coiiirieiiieiriiriesesereeeteeee st 6

4.0 RESULTS ottt st sttt st st e st e b e e s be e sheesaeesatesabeanbeesaeesaeesatesnseensaensaens 6
4.1  Pre to Post t-tests by Training GrOUP ...ccceceeiiiieieceeeecie ettt et a e st re e 6
411 Traditional PhysiologiCal MEASUIES..........c.cceieerierieeierieeeeteste et et re st sae e s sae e e 6
412 BDINF LEVEIS ...ttt 7
413 COGNITIVE TESES ..ttt ettt st e ettt eb e b sa bt e s e e e e eneas 7

4.2  Preto Post t-tests across TraiNing GrOUPS .......ccccoerererierieieerieneseesteneeeeeesesse e ssesseeeneesens 7



4.3  Analysis of BDNF throughout Training..........ceceeirererieiieieineneseseesieeeeeeeesie e 8

5.0 DISCUSSION ...ttt ettt sttt et e e s b e she e saeesabe s be e beesbeesaeesateeabeebeebaens 9
5.1  Lessons Learned: Subject PartiCipation ..........cccccoeviiieiinieieseceere et 9
511 Participant Data INCIUSION CIItEMIA........ccvevieiieierie ettt es 9
5.1.2 Participant INCENTIVE .........coviieeiee ettt st st sra et e s beeaeses 9
513 Participant INCIUSION CIITEITA .......c.evviitirierteice et 9

5.2 Lessons Learned: CONTIOIS........cocoeiiiiiiirereeceeee et 10
5.3  Lessons Learned: Training Intensity Effects on BDNF.........ccccocoviiiiiininncncnecceen 10
5.4  Lessons Learned: Cognitive TeSt BAttErY .......ccccviiieiieriieieie ettt ee et ne e 11
5.5  Lessons Learned: Blood Collection Timing and Methodology ..........cccecveveveevieieveneevienen, 11
55.1 Timing of BIOO COHECHION ......ocveeieieceee et e 11
55.2 Site Of BIOOd COIECTION. .....ccviiiieieieeee e 12

6.0 CONCLUSIONS ...ttt st st st sttt e bt e s bt e s bt e s ae e sabeebe e beesbeesaeesatesaseenne 12
7.0 REFERENCES....... .ottt ettt et bt et be bt et e s b s it et e s bt e aesbeeatebesbeentanbens 13
8.0 ACRONYMS LIST .ottt sttt sttt st sttt et sbe et e sbesbe et e besaee e ae 15



LIST OF FIGURES

Figure 1. EXperimental TIMEIINE ......c.oiv ittt reenae e 3

LIST OF TABLES

Table 1. Two-tailed t-tests for significance of mean change from pre to post for each training group's
traditional phySiolOgICal MEASUIES..........ei it 6

Table 2. Two-tailed t-tests for significance of mean change from pre to post for each training group's
2T I0N I=Y= CTSPR 7

Table 3. Two-tailed t-tests for significance of mean change from pre to post for each training group's
performance on the cognitive tests. (CM: Continuous Memory, VV: Visual Vigilance, DL.:
Dol 1o (Toll IS (=T 0 o ) OSSR PP RR 7

Table 4. Two-tailed two-sample t-tests for mean change from pre-to POSt ..........ccocevvivievinineneseseeees 8

Table 5. Analyses of BDNF variance across study. Significance was based off p-value<0.05 and
NIGNIIGNTEA TN GIAY .ottt ens 8

ACKNOWLEDGMENTS

The authors would like to thank the personnel from the 711 Human Performance Wing’s (711
HPW), Airman Systems Directorate, Applied Neuroscience Branch (RHCP) for their support
xecuting the exercise programs, as well as the medical and laboratory personnel, interns, and
exercise physiologists who helped complete data collection. We appreciate the efforts of Capt
Edward Schlegel, Lt Joshua Bowman, Lt Erik Armbrust, Dr. Lt Col Michael Zupan, Maj
Thomas Walker, Maj Sean Sarsfield, Dr James Schlub, Guy Leahy Davis-Monthan, Dr. Maj
Chris Vojta, TSgt Chris Myers, Dr. Paul Youngstrom, TSgt Andrew J. Jimenez, Dr. Tim Webb,
Mr. Chuck Goodyear, Dr. Don Harville, Dr. Reginald O’Hara, Dr. Nick DelRaso, Dr. Camilla
Mauzy, Lt Patrick O’Neill, Nadia Lopez, Justin Pennington, Kimber Porter, SSgt Morgan Delon-
Betsy, TSgt Bethany Repp, SSgt Lacey Kimberlin (Johnson), TSgt Laura Bass, Dr. Jason Parker,
Dr. Roberta Pohlman, Dr. Michael Vidulich, Dr. Teresa Hawkes, and the Jarvis Gym staff. All
of your work supporting this research is greatly appreciated. The research was funded by a 711
HPW Chief Scientist Seedling Grant.



1.0 SUMMARY

In order to determine the effect of different physical training paradigms on Airman biological
and cognitive profiles over time, a complex exercise-based pilot experimental program was
conducted over a 12-week period. During that time, Active Duty participants engaged in a 9-
week physical training program, tests of physical endurance and strength, body composition
analyses, biomarker collections, and cognitive tests. In addition to briefly discussing results, this
paper provides a brief current review of exercise-induced brain derived neurotrophic factor
(BDNF) literature and discusses the lessons learned for conducting future experiments of this
nature. It focuses on how to refine experimental designs of future exercise-based AF research
efforts, addressing issues associated with Active Duty Airmen subjects such as attrition and
controls.

2.0 INTRODUCTION

It is well-known that physical fitness is a key attribute to our military, however due to the
complex environments that Airmen work in, it is imperative to optimize cognitive readiness, as
well as the physical fitness of Airmen to ensured mission success.

Recent research has investigated the changes in circulating Brain-Derived Neurotrophic Factor
(BDNF) levels associated with physical activity, which may positively affect cognitive processes
through improved lobe and synaptic connectivity (Voss et al., 2013). Numerous results in the
literature have supported the potential connection between BDNF levels and improved cognitive
capacity. For example, Gliogoroska and Manchevska (2012) reviewed physiological
mechanisms that influence cognition, including pathways that are directly influenced by BDNF.
Also, Mooren and Volker’s (2005) results indicated that ‘BDNF infusions enhance learning,
while a BDNF deficiency disrupts learning’. Circulating levels of BDNF have also been
associated with hippocampal function and volume. Erickson et al., (2010) discovered a
relationship between plasma BDNF levels, hippocampal volume, and cognitive performance
which indicated that lower BDNF levels were associated with smaller hippocampal volume, and
decreased memory. Since the completion of this research effort, Skriver et al., (2014)
demonstrated a strong correlation between plasma BDNF levels and improved retention of motor
skills following a single bout of aerobic exercise.

Given these results it was clear that understanding the link between BDNF and cognitive
performance could potentially inform the refinement of Airmen training paradigms to optimize
both physical fitness and cognitive readiness. To properly assess the Air Force relevance of
BDNF results to improving training, a new laboratory capability within RHCP was needed,
coupled with an initial operational pilot test of that capability.

To accomplish this, a new human performance laboratory capability was stood up, and BDNF
sample collection and analysis procedures were developed. Then an initial pilot research study
was to determine the influence of two different physical training paradigms on circulating BDNF
concentrations and if the training paradigms influenced cognitive performance.

1
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As a test paradigm a ‘Cross-Fit-type’ training program was selected, based on recommendations
of retired Air Force Special Forces Operators, and contrasted against the traditional Air Force
fitness training (AFFT, detailed in AFI 39-2905). It was hypothesized that BDNF levels would
acutely increase following the VO2 max test, and chronically increase as the participants
engaged in the 9-week training paradigm. Although it was expected that both training paradigms
would increase scores on cognitive performance tasks, it was hypothesized that ‘CrossFit-type’
training would be more effective at producing chronically elevated BDNF levels and fitness
scores than the traditional AF fitness training and that the improvements in cognitive
performance would be correlated with changes in BDNF levels.

Specifically, the objectives of the pilot research were stand up and test a new laboratory
capability to determine: 1) if BDNF levels were increased acutely after maximal exercise; 2) if
baseline BDNF levels increased and were maintained over time as subjects participated in a
prolonged exercise program; and 3) if changes in BDNF correlated with improved scores on the
cognitive tasks.

Training for improved cognitive performance would have important potential Air Force
applications. Therefore, given the previous research results relating exercise-induced BDNF
levels with improved cognition, it is important to test the relationship in Air Force relevant
settings.

3.0 METHODS, ASSUMPTIONS, and PROCEDURES

3.1 Participants

Eighteen Active Duty male subjects, ages ranging from 18-40, participated in this pilot research
effort. Subjects were divided into two groups: Nine in ‘CrossFit - type’ training and nine
subjects matched for fitness, age, height, and weight in the traditional Air Force fitness training
group. Certified CrossFit trainers implemented the CrossFit-Type exercises. Of note, each
group ultimately contained 6 subjects instead of nine original subjects. This was due to attrition
or low attendance throughout the study. Data from subjects who missed more than 30% of the
36 workout sessions were removed from analysis.

3.2  Procedures & Metrics

Subjects underwent baseline physiological, BDNF profiling, and cognitive assessments followed
by 9 weeks of physical training, periodic cognitive assessments, and periodic blood draws for
circulating BDNF. Post-test assessments similar to baseline were performed at the conclusion of
the training paradigms (See Fig.1 for Experimental Timeline).

2
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Figure 1. Experimental Timeline

3.2.1 Physiological Metrics
During weeks 1, 2 and 12 of this effort, physiological metrics were collected on each
participant. The following assessments were performed.

3.2.1.1 Dual-energy x-ray absorptiometry (DEXA)

To measure body composition, percent fat and lean mass, a GE DEXA machine
(Prodigy Lunar DXA, Model 8743, GE Healthcare Encore) was utilized. Subjects
were scanned with a minimal dose of x-ray to obtain body composition data.

3.2.1.2 Air Force Fitness Test

AFI 39-2905 was followed to measure fitness levels among participants. Tasks
completed to mimic this test included a timed 1.5 mile run, abdominal
circumference measurements, and 1-minute timed push-ups and sit ups. The
abdominal circumference measurement was performed by utilizing a Gulick
anthropometric measuring tape and including a constant tension system that
prevents overtightening. The tape was placed lightly around the bare skin of the
subject’s abdomen. The tape contacted the skin without indenting the skin or
compressing fatty tissue. Measurements were taken on a horizontal plane just
above the uppermost border of the iliac crests.

3.2.1.3 Functional Capacity (FC)

To represent operationally-relevant tasks which require strength and power, the
functional capacity test defined by Williams and Rayson (2006), Williams,
Williams, and Evans (2007), and Williams and Wilkinson (2007) was used. This

3
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task included subjects repetitively lifting and carrying a 22-kg sandbag 10 meters
and placing it on a platform (based on the height of a truck (1.45 m) to be loaded)
then returning it to the start position. Subjects had 10 minutes to complete the
task. The number of full repetitions completed in that 10 minutes was recorded.

3.2.1.4 Isokinetic BioDex

An isokinetic BioDex dynamometer was used to measure thigh muscular strength
(ST), endurance (E), and muscular power output (PO). The evaluation of knee
extension and flexion occurred because knee extension and flexion represents the
strength of the quadriceps and hamstrings musculature (Adams, 1991 & 1998).
This assessment represented the ST, E, and PO of four quadriceps muscles to
include, rectus femoris, vastus medialis, vastus lateralis, and vastus intermedius,
and hamstring muscles to include, biceps femoris, semitendinosus, and semi
membranosus. Maximal effort was encouraged. Tests were conducted at 60, 180,
and 300 degrees per second with a 3 minute rest between tests. Three trials were
completed at each frequency. Highest torque generated for each group of 3 trials
was recorded.

3.2.1.5 Handgrip

To measure handgrip strength, a handgrip dynamometer was utilized.
Measurements from this device were used to represent upper body strength. Two
to three trials were completed alternately with each hand with instructions to
squeeze the device maximally and quickly. The best (maximal) score was
recorded.

3.2.1.6 VO2 Max

Each subject’s maximum oxygen uptake volume (VO2) was determined on a
Woodway Desmo treadmill using a modified Bruce exercise protocol. In order to
evaluate expired breathing gases, subjects breathed into a fitted mask with a one-
way respiratory breathing valve connected to a metabolic cart. A metabolic cart,
using open circuit spirometry, was used to measure maximal aerobic fitness level
(Adams, 1991 & 1998). Subjects performed the protocol while respiratory
quotient (RQ), heart rate, and perceived exertion was monitored until volitional
fatigue.

3.2.1.7 Weight/Height

For weight, a calibrated electronic scale was utilized. Subjects stood barefoot on
the scale and wore similar clothing for the pre/post measurements. Participants
were measured for height using a stadiometer.

3.2.2 Cognitive Metrics

During weeks 1, 4, 6, 8, and 10 computer-based cognitive tests were administered to
determine cognitive function pre and post training session. The following tests were
administered to evaluate attention, short term memory and vigilance.

4
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3.2.2.1 Dichotic Listening Test

The goal of this test was to evaluate attention and required the participant to
attend to auditory information presented in one ear (the “attending” ear) while at
the same time, distracting information being delivered to the "non-attending” ear.
The subject responds accordingly and answers are collected and stored.

3.2.2.2 Continuous Memory: N-Back test

This task indexes the operator’s ability to encode and store information in
working, or “short-term” memory. It requires serial encoding and recall under a
changing memory state.

3.2.2.3  Visual Vigilance

Participants were required to monitor a particular object over a 12-minute task
and stay engaged during mundane tasks. General principles developed by Temple
et al., (2000) were followed during this experiment.

3.2.3 Biomarker Metrics

3.2.3.1 Acute BDNF

Baseline samples were obtained as subjects entered the program before any
exercise. A second set of samples were collected during weeks 2 and 12. BDNF
levels were measured in serum collected via venipuncture immediately following
the completion of the VO2 maximum test. These levels were considered ‘acute’
measures as they were assessed immediately following an intense physical
exertion. Subjects were escorted to the medical monitor room where blood
samples were collected within 5 minutes of completion of the VO2 max test. For
each sample, three mL of blood was collected into a serum separator tube (SST)
and allowed to clot for 30 min at room temperature. Tubes were centrifuged 15
min at 1000 x g. Serum was removed, separated into 200uL aliquots, and stored at
-80 degrees C.

3.2.3.2 Chronic BDNF

During weeks 1, 4, 6, 8, 10, BDNF levels were measured in serum collected via
venipuncture before training. These levels were consider ‘chronic’ measures as
they were collected during a baseline state. Samples were collected on Thursday
mornings prior to the initiation of the work-out for that day. These samples were
intended to provide a “snapshot” view of BDNF levels in response to training
accomplished in that period. Thursdays were selected because the training
paradigms occurred on Monday, Tuesday, Thursday and Friday each week.
Therefore to obtain a true chronic value after a day of rest, Thursdays were
selected. For each sample, three ml of blood was collected into a serum separator
tube (SST) and allowed to clot for 30 min at room temperature. Tubes were
centrifuged 15 min at 1000 x g. Serum was removed, separated into 200uL
aliquots, and stored at -80 degrees C.

5
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3.2.3.3 Acute & Chronic BDNF Analyses

All samples were thawed on wet ice to room temperature prior to start of assay.
Enzyme-Linked Immunosorbent Assay (ELISA) techniques were used to
determine levels of total circulating serum BDNF (DBDO00; R&D Systems,
Minneapolis, MN). Except for diluting serum samples 1:30, the manufacturer’s
protocol was followed and a standard curve (0-2000pg/mL) fitting a 4-parametric
function was used to calculate BDNF concentration.

40 RESULTS

4.1  Preto Post t-tests by Training Group

Two-tailed t-tests were completed to uncover pre to post testing changes within subjects and
between groups for all measures. There were three main categories of dependent measures
analyzed: Traditional physiological measures, BDNF levels, and cognitive performance
measures.

4.1.1 Traditional Physiological Measures

The effect of the two training programs on tradition physiological measures of body
dimensions, strength, and cardiovascular fitness are presented in Table 1. Physiological
measures that significantly changed in both exercise groups were percent body fat,
percent lean mass, FC reps, and VO2 Max. Body weight, abdominal circumference, and
left handgrip max were significantly different in the *CrossFit - type’ group but not the
AFFT group. The AFFT 1.5 mile Run time was significantly different from pre and post
in the traditional training group and not the ‘CrossFit - type’. Improvements in these
physiological parameters were expected due to the fact that both training regimes were
designed to explicitly improve physical fitness.

Table 1. Two-tailed t-tests for significance of mean change from pre to post for each
training group's traditional physiological measures

Traditional (n = 6) ‘CrossFit - type’ (n =6)
Mean + SEM t-test | % Pre Mean + SEM t-test | % Pre
Variable Pre Post Pre to Post p |to Post Pre Post Pre to Post p |to Post
Body Weight (Ibs) 1932+151(1924+14.00 -08+14 |0.5864| -0.4 [197.1+11.8/189.9+10.8 -7.3+1.8 |0.0099| -3.7
Dexa Body Fat (%) 25.0+29 [232+28 | -1.8+0.7 |0.0432 25.0+3.1 [ 221+35| -29+0.6 |0.0060
Dexa Lean Mass (%) 748+29 | 768+29 | 20+0.6 |[0.0180 75.0+30 | 778+3.6 | 2.8+0.7 |0.0075

FC Number of Reps 29.2+20 | 37.0+22 | 78+0.8 |0.0002| 269 |300+24|360+23| 6.0+12 |0.0035| 20.0

VO2 Max VO2 449+21 | 491+19| 42+10 |00075| 9.2 |465+25|507+30| 42+11 |00123| 9.0
(mL/kg/min)

VO2Max HeartRate | 1033, 46 (1775+1.8| -58+32 [01207| 3.2 |1933+21(1915+52| -1.8+59 |0.7697| -0.9

(bpm)
VO2 Max RER 1.12+0.03 [1.12+0.03| 0.00+0.04 |0.9123]| 045 |1.14+0.03|1.13+0.03]|-0.01+0.05|0.7770 | -1.31
Ab Circumference (in) | 36.7+1.7 | 355+14 | -12+0.6 [0.0923| -3.2 |[363+11|345+12| -1.9+04 |0.0084| -5.1
AFFT Run (min) 124+06 |114+03 | -1.0+03 |0.0181| -8.0 |11.8+0.7 | 11.0+05| -08+0.3 |0.0572| -7.1

AFFT Number of Pushups| 47.2+33 | 487+31| 15+11 |02480| 32 |458+49|454+41| -04+25 |0.8807| -0.9

AFFT Number of Sit-ups| 51.5+43 | 525+21 | 1.0+32 |0.7683 19 |518+34|548+38| 3.0+14 [0.0951| 58

Handgrip Max Right (kg)| 54.0+4.4 | 61.3+49 | 73+31 |0.0666| 13.6 |530+41 |57.2+19 | 42+30 [02284| 7.9

Handgrip Max Left (kg) | 53.0+3.7 | 585+49 | 55+25 |0.0814| 104 |48.0+22 |556+17| 7.6+19 [0.0165| 1538

Peak TQ/BW Right (%) | 789+75 | 842+48 | 53+56 [0.3913 90.1+73 | 950+52 | 49+42 |0.2961
Peak TQ/BW Left (%) | 794+6.2 | 854+6.7| 6.0+3.8 [0.1762 84.1+74 |847+54 | 06+6.1 |0.9238
6
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4.1.2 BDNF Levels
The effect of the two training programs on BDNF levels are presented in Table 2. None
of the BDNF t-tests reached significance in either the Traditional or the Crossfit groups.

Table 2. Two-tailed t-tests for significance of mean change from pre to post for each
training group's BDNF Levels

Traditional (n = 6) ‘CrossFit - type’ (n = 6)
Mean £ SEM t-test | % Pre Mean £ SEM t-test | % Pre
Variable Pre Post Pre to Post p |to Post Pre Post Pre to Post p |to Post
BDNF (pg/mL x1000) | 156,15 |164+17 | 08+15 |06180| 52 |17.2+17|166+14| -06+15 |07200| -35
pre exercise
BDNF (pg/mL x1000)

post exercise 223+11 | 202+1.7| -21+£17 |02719| -93 |[265+22 |232+19 | -3.3+15 |0.0848]| -124

4.1.3 Cognitive Tests

The effect of the two training programs on cognitive test scores are presented in Table 3.
Subjects often achieved maximum achievable score on the cognitive tests. None of the
cognitive performance t-tests reached significance in either the Traditional or the Crossfit
groups.

Table 3. Two-tailed t-tests for significance of mean change from pre to post for each
training group’s performance on the cognitive tests. (CM: Continuous Memory, VV:
Visual Vigilance, DL: Dichotic Listening)

Traditional (n = 6) ‘CrossFit - type’ (n =6)
Mean = SEM t-test Mean + SEM t-test
Variable Pre Post Pre to Post p Pre Post Pre to Post p
CM (% correct) 86.5+76 | 90579 | 40+27 |0.2075 90.2+33|958+13 | 56+32 [0.1451
VV (% correct) 98.4+0.7 | 974+13| -1.0+15 [0.5290 96.4+15(99.0+0.7 | 26+19 [0.2245
DL (% correct) 95.8+20 | 972+14 | 14+28 |0.6351 875+06 | 91.7+27 | 42+28 |0.1908

4.2  Pre to Post t-tests across Training Groups

To increase statistical power, the data from the training groups were combined to determine if
any changes in BDNF levels and physiological parameters from pre to post testing were
detectable (Table 4).

‘BDNF Pre exercise’ indicates samples collected during week 1 (baseline), 4, 6, 8, and 10, while
‘BDNF post exercise’ were samples collected in weeks 2 and 12 (post VO2 max). Physiological
markers were compared from week 1 or 2 (pre) and week 12 (post). The only measures that
changed significantly in this pooled sample were bodyweight, and handgrip strength for both
hands.

Analyses of variance were performed using weeks 1 & 2 in one analysis and weeks 10 & 12 in a
separate analysis to compare pre to post VO2 max. The dependent variable was BDNF with
between factor group and within factor week. Cohen’s d is given as an effect size (value of 0.8
or larger implies a possible large effect). There was a significant change (+8.5) from week 1 to
week 2 [F (1, 10) = 19.83, p = 0.0012] and a significant change (+5.2) from week 10 to week 12
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[F (1,10) =17.99, p = 0.0022]. There was not a group*week interaction for either analysis (p >
0.3748).

Table 4. Two-tailed two-sample t-tests for mean change from pre-to post

Change from Pre to Post Two-Taled ANDCOV
Mean = SEM Mean| Two-Sample t-test |Cohen®s| L&5Alean
Variable _ Tradiiomal | Crossfit Dnff | DF t P d Trad |Cres=| p
BDNF (pemLxl000) | ne 15 | 06215 | 14| 9 |064|0538| 043 | 05 | -03 |07632
pre exercise
BDNF (pemlx1000) | 57,47 | 33215 | 12| 10 |052|06m1]| 033 | 28 | 26 |09ss1
post exarcise
M (% comect) 30227 | 56232 | -16 | 10 | 038 07153 | 024 | 59 | 37 |0&04
VV (% comrect) 0=15 | 26210 | 36 | 10 | 150 | 01636 095 | 03 | 19 [0492
DL (% comect) 13208 | 32228 | 28 | 10 | 071 |04034] 045 | 51 | 25 |08
Body Weight (Tb=) 08=14 | 73-18 | 65| 10 |-285 | 00180 179 | -1.0 | -7.1 [0.0494
Dexa Body Eat (%) 18207 | 29206 | 11 ] 10 [-L19|02607 | 075 | -16 | 3.1 [0.1705
Dexa Lean Mass (%) T0-06 | 2807 | 08 | 10 | 09603620 060 | 18 | 30 |0.0552
FC Nunber of Reps 7808 | 60=12 | 18 | 10 |-131 02175 085 | 74 | 64 |05119

V02 Max VO2 (mLkgmum)| 42+1.0 42=x11 00 [ 10 [ 001089111 001 33 | 50 015949
W2 hMax Heart Fate (bpm) | 58232 | -18=59 | 40 | 10 | 038 | 035684 | 037 | -54 | -23 [0.7013

V02 Max EER. 000+004 | 001 =005] 002 | 10 | 030 [ 07688 [ 019 | 000 [ 0.02 | 0.3488
Ab Ciroumnference (in} 12206 | -19=04 | 07 | 10 |097| 03558 061 | -11 | -19 [0.3887
AFFT Fun {mm) Sl0=03 | 08=03 | 01 [ 9 [035]07570] 0235 [ 07 ] -1.2 (02354

AFFT Mumber of Pushups | 15x11 | 04213 19 [ 9 [075) 04815 ] 048 1.7 [ 0.7 045981
AFFT Mumber of Sihmps 1.0+32 30x14 [ -20 ) 9 ) 053 [06082 | 036 | -11 [ 55 |0.1440
Handgnp Max Faght (kg) 73x31 42+3.0 3L [ 9 [072]04522] 048 [ 104 ] 05 [0.0380
Handenip Max Left (kg) 5535 T6x18 [ -21 | 9 | 064 [ 05384 [ 043 85 [ 41 | 000362
Peak TOVEW Eight (%) 53456 49+42 0.4 005 | 09592 [ 003 64 | 37 [0.7474
Peak TQEW Left (%a) 6.0x38 L6x6.l 34 075 | 04699 [ 047 74 | 07 | 03356

4.3  Analysis of BDNF throughout training

Blood draws were taken prior to workout session to assess ‘chronic’ changes in BDNF. Serum
BDNF levels in weeks 2, 4, 6, 8, and 10 were compared to week 1 (Table 5). Week 2 indicated
an increase from the previous week, however no significant changes were observed in the
subsequent weeks.

Table 5. Analyses of BDNF variance across study. Significance was based off p-value<0.05
and highlighted in gray

BDNF Change from . . . . . e
Week Group Weekl Two-Tailed Paired t-test Nontlpara Wilcoxon Splgned Rank | Fisher's Sign test
Mean SEM n t p B p

0y CrossFit 10.25 3.57 6 2.87 0.0348 6 0.0313 6 0.0313
Traditional 6.71 1.33 6 5.03 0.0040 6 0.0313 6 0.0313

4 CrossFit 3.45 2.54 6 1.36 0.2326 6 0.3125 4 0.6875
Traditional| -0.71 1.57 6 -0.45 0.6728 6 0.5625 4 0.6875

6 CrossFit 2.27 2.24 6 1.01 0.3569 6 0.6875 3 1.0000
Traditional|  0.61 118 6 0.51 0.6304 6 1.0000 3 1.0000

3 CrossFit 0.12 1.46 5 0.08 0.9372 5 1.0000 3 1.0000
Traditional 1.58 1.9 6 0.83 0.4445 6 0.6875 3 1.0000

10 CrossFit -0.59 1.54 5 -0.38 0.7200 5 0.6250 3 1.0000
Traditional 0.8 1.51 6 0.53 0.6180 6 0.8438 3 1.0000

12 CrossFit 6.97 2.75 6 2.53 0.0523 6 0.0313 6 0.0313
Traditional 4.63 2.36 6 1.96 0.1068 6 0.0938 5 0.2188
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5.0 DISCUSSION

Although this was a pilot project, many of the goals of the study were achieved. This pilot study
was a low-cost way to build and validate the BDNF analysis process, and techniques were
developed to detect changing levels of BDNF after exercise. This study laid the ground work for
further work in the area of physical training and cognitive performance.

Results comparing BDNF levels at time points before and after V02 max support literature that
found BDNF increases following acute exercise (Skriver et al., 2014). The results did not,
however, produce the anticipated change in body weight due to following a regimented workout
routine (Levinger et al., 2008). The results also did not support the hypothesis that ‘CrossFit -
type’ fitness paradigms are more effective than traditional routines at improving physical,
cognitive or BDNF metrics. Additionally, BDNF levels were not elevated chronically due to
exercise. No association between BDNF and cognitive performance was demonstrated in this
project.

However, the limited results of this research were potentially due to experimental design and
procedural limitations in this pilot study, and evaluation of this initial pilot study can lay the
ground work for further work in the area of physical training and cognitive performance.
Numerous “Lessons Learned’ resulted from this work.

51 Lessons Learned: Subject Participation

5.1.1 Participant Data Inclusion Criteria

This study had the challenge of running Active Duty participants who often have
scheduling conflicts such as temporary duty assignments (TDY's) and even permanent
change in station (PCS) moves causing them to miss scheduled training sessions or even
leave the study completely. In order to reduce variance among subjects, a workout
attendance record of 90% would have been ideal, however, if the exclusion criteria was
set at 90% attendance, only 2-3 participants would have been left in each group resulting
in the inability to conduct proper statistical analysis. Therefore, data from subjects who
completed 70% or more of the training, a number that might be expected in realistic real-
world exercising, were included in the analysis, resulting in 6 subjects per group which
significantly affected the statistical analysis. For subsequent studies of a similar
population and duration, the subject recruitment goal should be at least 50% higher than
required for statistical analysis to properly account for attrition.

5.1.2 Participant Incentive

Subject participation was one of the major constraints of the study. To overcome the lack
of motivation for completing a 12-week research effort, one way forward is to incentivize
the subjects. This could be in the form of coins, fitness gear, improved PT scores, day-
passes, or other forms of reimbursement approved for military participants.

5.1.3 Participant Inclusion Criteria
The inclusion criteria for this initial study were male Active Duty participants who were:
not on medical profile, did not pose a risk for cardiovascular disease (must not be
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prescribed blood pressure medications or herbal dietary supplements that could affect
heart rate response), were free of musculoskeletal injuries, had supervisor approval and
were available to participate for 12 consecutive weeks. This study did not take into
account participants suffering from depression/anxiety disorders or those taking
medication for treatment. This poses a problem in data analysis as there are known
correlations between low BDNF levels in people diagnosed with major depression
disorder (MDD) (Brunoni, Lopes & Fregni, 2008). Research has shown that
pharmaceutical treatments for depression, for example, serotonin reuptake inhibitors
(SSRI’s), elevate BDNF levels (Schimizu et al., 2003 and Brunoni et al., 2008) to
compensate for that loss; which could affect the results of the research without the
investigators being aware. It is to be noted that all Active Duty members participating in
this study were most likely not on medical profile, therefore not suffering from major
depression disorder; although it is a factor to consider when conducting studies
examining BDNF. It is recommended in follow-on efforts that questions regarding
mental health status and medication history be included in the inclusion criteria to avoid
participation from individuals who may have compromised BDNF levels.

5.2 Lessons Learned: Controls

This study was comprised of two experimental groups: the ‘traditional” Air Force training
regimen and ‘non-traditional’ “CrossFit - type’ training regimen. Neither regimen produced a
significant effect in chronic BDNF over the course of the study, although as previously noted the
results were limited given the subject attrition. The literature suggests a need for sedentary
controls when evaluating differences in exercise-induced BDNF levels, as quoted from
Schmolesky, Web, and Hansen (2013), “‘Having sedentary controls within the laboratory setting
proved to be an important approach to this study, as there was an unexpected but consistent pre-
post decrease in serum-BDNF (sBDNF) levels among controls on the order of 13%. Thus,
subjects in the exercise condition actually demonstrated an approximate 45% increase in SBDNF
levels relative to sedentary controls’. While sedentary controls would have been the appropriate
‘control group,’ the subject population for this effort was Active Duty males, all of which had
Physical Training (PT) requirements to meet on an annual basis. The rationale for conducting
the pilot study without a true control group was because for this population, traditional PT is the
baseline condition as it is a requirement. The only population within the Air Force that may have
served in this fashion would be those on medical profile whom do not require PT, however, due
to the varying reasons for being put on profile, BDNF levels may have been affected for that
control group as well. Nonetheless, for future BDNF research efforts, a control group who is
sedentary throughout the experiment would better elucidate chronic differences.

5.3  Lessons Learned: Training Intensity Effects on BDNF

Previous studies have reported that the intensity of workout affects the BDNF response
following exercise. It has been demonstrated that high intensity workouts result in a significant
increase in BDNF compared to baseline, whereas low intensity workouts do not (Schmidt-
Kassow et al., 2012 Rojas Vega, Hollmann, Vera Wharmann, & Striider, 2012; Ferris, Williams
& Shien, 2006). This trend was not seen in resistance training, in which a single bout of high
and low intensity training did not affect acute BDNF concentrations in either exercise group
(Rojas Vega, Knicker, Hollmann, Bloch, & Striider, 2010). The literature suggests that the type,
duration, and intensity of exercise is important in whether a significant difference will be
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exhibited in peripheral BDNF levels. Also, the literature reveals opposing evidence of what
induces a significant rise in peripheral BDNF levels, therefore displaying the difficulty when
designing a study involving circulating BDNF. Although the ‘CrossFit - type’ training was
modeled after intensive training, levels of BDNF were not captured following that regiment,
therefore these types of trends were not collected during this study. Future research efforts
exploring chronic BDNF levels should therefore be assessed following high intensity workout
regiments to identify trends.

54 Lessons Learned: Cognitive Test Battery

The cognitive tests that were chosen for the study consisted of Dichotic Listening Test, N-Back
Test, and a Visual Vigilance task. These tests are often used to discern gross cognitive changes
due to neurological deficits. The subject population were healthy active duty military members
and performed at high levels across all tests. A ceiling effect was reached which therefore made
it difficult to ascertain a difference from baseline and associations between performance and
BDNF levels. The difficulties in seeing a difference in cognitive performance as indicated by the
baseline results elucidates a need for more arduous tasks when the subject population is
comprised of neurological healthy subjects. The difficulty levels of the batteries should have
therefore been increased at the start of the study. In order to observe significant associations
between BDNF and cognitive parameters, a plethora of cognitive tasks may be required to
capture different types of cognition (learning, retention, vigilance, motor, attention, etc.). Itis
important to identify particularly demanding cognitive tasks in order to avoid a ceiling effect.

55 Lessons Learned: Blood Collection Timing and Methodology

5.5.1 Timing of Blood Collection

Due to the varying results of BDNF level elevations under the different parameters, this
effort sought to determine if basal BDNF levels could be modified using various training
paradigms. The blood collections were timed such that acute responses were captured
within 5 minutes of VO2 Max completion. Previous studies have investigated peripheral
BDNF duration mechanisms of action prior, during, and following a bout of aerobic
exercise utilized an IV blood collection. Schmidt-Kassow et al., (2012) reported that
BDNF concentration decreased after reaching a peak 15-20 min into high intensity
exercise. The same study reported a return to baseline within approximately 10 min of
recovery. Other studies have noted the narrow range of peripheral BDNF induction with
cessation occurring from 5 min (Skriver et al., 2014) to 10 min (Schmidt-Kassow et al.,
2012 and Rojas Vega, et al., 2012). The range of BDNF induction indicates the
importance of the timing of blood draws in order to capture the after-effects of exercise.

‘Chronic BDNF’ blood draws were taken prior to workouts to track basal BDNF changes
during weeks 1, 4, 6,8,10. The mechanism underlying basal and exercise induced BDNF
release may involve different processes, as noted from Seifert et al., (2010). The
literature shows the majority of chronic exercise studies do not observe significant
changes in basal BDNF levels (Swift et al., 2012; Griffin et al., 2011; Goekint et al.,
2010; Schiffer, Schulte, Hollman, Bloch & Struder, 2009; Levinger et al., 2008). The
current study did not find significant effects in the chronic blood draws when compared
to baseline at week 1. Since the majority of BDNF research suggests there may be a
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change in BDNF induction (Griffin et al., 2011 and Ferris et al., 2006), not basal state,
future investigations should utilize immediate post exercise collections. Seeing a steady
increase in the induction of BDNF may be an indication of the ability of the body to
produce BDNF more readily as individuals become more physically fit, which could lead
to improved cognitive abilities. Our data did not reveal significant changes in basal
BDNF concentrations, but that does not suggest a chronic induction of BDNF levels did
not exist, or other benefits from the training regimens were not derived.

5.5.2 Site of Blood Collection

The blood collection site is an important factor to consider when determining appropriate
BDNF levels. Researchers have measured BDNF levels when collecting blood from the
jugular venous (Seifert et al., 2010). The same study found a difference between BDNF
levels collected from jugular venous and brachial artery at rest and in response to
exercise, indicating a difference in maintenance of BDNF at rest and during exercise.
The reasoning to measure blood that is closer to the brain is the thought that peripheral
venous blood may blunt the contribution of BDNF from the brain (Seifert et al., 2010 and
Goekint et al., 2010). Other researchers have utilized the brachial vein to collect their
blood samples (Rojas Vega et al., 2010), which is a little further up the arm than where
blood is typically collected. The variance among the literature examining peripheral
BDNF levels could be attributed to the location of collection site, which makes it harder
to determine response of BDNF following exercise. Therefore, careful consideration
should be made concerning blood collection location.

6.0 CONCLUSIONS

BDNF is an important biomarker of interest given its involvement in several physiological and
cognitive systems. The study presented in this report was designed to examine the effects of
physical training on serum BDNF levels and cognitive performance in active duty Airmen. The
study successfully established a lab and data collection techniques for examining physical
training effects on physiology and cognition. Further, the investigators searched for indications
that prevailing levels of BDNF could build over time during an exercise program and potentially
be utilized as an augmentation tool for skills training. This study also investigated whether
differences in performance and biomarker parameters could be observed between traditional Air
Force training and “‘Cross fit-type’ training. The results revealed limited significant findings due
to the limitations of this pilot study. Acute serum BDNF response to exercise was observed
following VO2 max. The findings of this study should be considered with the understanding of
the limitations described. The data is therefore considered preliminary and support future
physical training studies to better understand physical training effects on BDNF and ultimately
cognitive performance. Taking into consideration the revisions recommended to the study
design outlined in this report, combined with the recent evidence in the literature, future studies
could help elucidate the associations between biomarkers and physical/cognitive performance in
order to help maintain readiness in our Airmen.
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8.0 ACRONYMS LIST

AFFT
BDNF
CM

DEXA

DL

ELISA
FC
MDD
PCS
PO
RHCP
RQ
sBDNF
SST
ST

TDY

Air Force fitness training

brain derived neurotrophic factor
continuous memory

dual-energy x-ray absorptiometry
dichotic listening

endurance

Enzyme-Linked Immunosorbent Assay
functional capacity

major depression disorder

permanent change in station

power output

Applied Neuroscience Branch
respiratory quotient

serum brain derived neurotrophic factor
serum separator tube

strength

temporary duty assignment

visual vigilance
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