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  ABSTRACT 

 

Continually enhancing military personnel training is essential in order to prepare soldiers 

to perform optimally. The soldier’s ability to perform may be closely associated with baseline 

autonomic nervous system activity, indicated by heart rate variability (HRV). Variability in heart 

rate may be related to results on the Army Physical Fitness Test (APFT). The purpose of this 

study was to determine if ROTC cadets’ APFT scores would improve following a novel 8-week 

training program, if performance on the APFT was related to baseline HRV, and if training 

adaptations in APFT performance were related to changes in HRV. Twenty ROTC cadets (age 

20 ± 1 yr) were evaluated on APFT at baseline, 4 and 8-weeks. A subset of 13 cadets completed 

HRV recordings using a validated smartphone application immediately upon awakening. The 

initial 3-days of HRV recordings served as baseline HRV. A subset of 8 cadets recorded HRV 

after the 4th week APFT through the end of the 8th week. An average of 3 readings at the 

beginning and end determined ΔHRV, and week 4 and 8 scores were subtracted to get ΔAPFT. 

APFT scores significantly improved in all fitness measures over the 8-week training program. 

Baseline HRV was moderately correlated with performance in each event, except for push-ups. 

Change in HRV and change in APFT scores from week 4 to week 8 was not significantly 

correlated. A periodized, progressive overload program significantly improved APFT scores. A 

trend towards moderate to strong correlations were found between performance tests and HRV, 

though they were not all significant in this sample size. 
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INTRODUCTION 

Physical fitness for active duty military personnel encompasses the ability to handle all 

aspects of a demanding mission, while remaining healthy and at low risk of injury. As such, the 

U.S. Army has implemented strategic physical readiness training programs, adapted from 

standard training models, to physically prepare soldiers to perform (6). Whereas the traditional 

physical training methods have a long history, new techniques and approaches to physical fitness 

training for military personnel are emerging. Advanced tactical strength training programs and 

heart rate variability (HRV) offer new potential to optimize and improve training programs for 

military personnel.  

Currently, there is a body of evidence supporting the hypothesis that individual training 

responses may be closely associated with baseline activity of the autonomic nervous system, as 

vagal-indices of heart rate variability (HRV) (3). Recently, smartphone applications capable of 

providing the vagal-index of the log-transformed root mean square of successive R-R intervals 

(lnRMSSD) have been developed for use in the field (3). The lnRMSSD is suggested to be the 

preferred HRV marker for field-based monitoring (1). The smart-phone applications utilize ultra-

short-term stabilization and recording durations of approximately 1 minute each, which has been 

shown to be valid compared to traditional, lengthy recordings under laboratory-controlled 

conditions (2, 4, 5). Due to the intensity of their performance, training and physical fitness 

requirements, military personnel’s needs and programming can be analogous to those of athletes.  



 

2 

 

Responders and non-responders exist in any training program due to variability among 

people. Determining the specific factors that relate to “trainability” may help identify individuals 

who will respond to a particular exercise stimulus as well as assist in developing individualized 

training programs. HRV recordings may predict which individuals will adapt to a training 

program to undergo significant improvements in performance.  

The purpose of this study was to determine if ROTC cadets’ Army Physical Fitness Test 

(APFT) scores would improve following a novel 8-week training program, if performance on the 

APFT was related to baseline HRV, and if training adaptations in APFT performance could be 

identified by changes in HRV. We hypothesized that the modified progressive overload training 

program would increase APFT scores, and that baseline HRV correlated with initial APFT 

scores. Also, that changes in HRV would correlate to the changes seen in performance testing.   
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METHODS 

Experimental Approach to the Problem  

 This study utilized a one-group, longitudinal design, comprised of Reserve Officer 

Training Corps (ROTC) cadets (n=20) from The University of Alabama. Participants recorded 

resting HRV upon awakening with a portable smart phone device (ithleteTM HRV Fit LTD, 

Southampton, UK) during each day of the study.  

Fitness performance tests were administered at the beginning, half-way (week 4), and at 

the end of the study (week 8). The test battery included the Army Physical Fitness Test (APFT), 

plus a broad jump, and height and weight recordings. Participants completed an 8-week 

periodization training program consisting of a mixture of anaerobic and aerobic activities. The 

work load of each week was titrated linearly using a progressive overload scheme (see Appendix 

A for full description.)  

Participants 

Twenty (15 men and 5 women, age 20 ± 1 yr) ROTC volunteers participated in this 

study. The participants were healthy and between 18 and 30 years of age. All participants 

completed a health-history questionnaire. To participate in the study, each participant must have 

been apparently healthy, free from cardiopulmonary, metabolic, and orthopedic disorders. 

Participants provided signed informed consents prior to beginning any study procedures.  

A power analysis was completed and determined a sample size of 13 was needed for an 

observed power at 0.8, with an estimated correlation at 0.7 for an alpha level of < 0.05.  
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Procedures 

Participants completed the workouts assigned on Monday, Tuesday, Thursday and Friday 

during the morning hours from 5:00 AM to 8:00 AM. These workouts were led by lead ROTC 

cadets on the local campus intramural fields. ROTC cadets were already participating in a 

physical readiness program between those hours 3 days per week. The 8-week training program 

was prescribed to have 4 workouts per week. Initially, at mid-point (4 weeks), and after the 8-

week program, participants completed a test battery to evaluate fitness performance.   

Heart Rate Variability  

HRV devices were issued to the participants at the beginning of the study. These devices 

were used to record morning heart rate and HRV each day of the study. Each recording took less 

than 3 minutes, and was completed at home. Recordings of each individual’s heart rate and HRV 

were sent electronically through a team monitoring program (ithleteTM Team System) and stored 

on the PI’s computer. The HRV recordings took place while participants were resting 

comfortably and motionless in a seated position on a back-supported chair each day, immediately 

following awakening and elimination. HRV measures were taken once each day. Following a 

brief stabilization period provided by the smart phone application, the participants initiated the 

55-s HRV recording (3). R-R intervals were processed by the software and the lnRMSSD was 

automatically calculated and displayed on the user’s smart-phone screen.  

Though raw outputs of R-R intervals were not available for manual inspection, the built-

in algorithm excluded excessively short (i.e., <500 ms) or long (i.e., >1800 ms) intervals to 

exclude ectopic beats (11). The application modified the lnRMSSD value by multiplying it by 

twenty. According to the manufacturer, this modification provided a more easily interpretable 
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figure (11). Therefore, the values which were recorded for this study were the modified 

lnRMSSD values (2, 4, 5).  

Fitness Performance Measures  

During the first week, participants completed a baseline APFT. The APFT included a 2-

mile run (2M), 2-min push-up test (PU), and 2-min sit-up test (SU) (7). During the 2-min allotted 

for the push-ups and sit-ups, participants completed as many repetitions as possible to failure or 

until the time limit was reached. Push-ups were completed with participant’s arms placed 

shoulder width apart and body fully extended. One repetition counted when elbow degree angle 

came to or below 90 degrees and then fully extended. Resting was allowed in the “up” position, 

and the body remaining planked. Sit-up criteria were: shoulder blades touching the ground and 

chest touching the knees with their wrists together behind their neck. Participants were allowed 

to have someone hold their feet. After those scores were recorded, height (cm) and weight (kg) 

were measured using a calibrated scale, and they completed a broad jump (cm). Broad jump is 

starting to be tested in different areas of the military, but have not yet been added to the official 

APFT. For the purpose of this study, the broad jump was added to evaluate if any significant 

changes could be seen using this measure of lower body power. Participants were tested on 3 

trials for the standing broad jump performed in rapid succession (8). All broad jump trials were 

performed alongside of a measuring tape (cm), fixed to the ground (8). Participants began the 

broad jump with their toes on a marked line at the 0-cm mark of the tape. The distance from the 

rearmost heel strike to the starting line was marked and measured (8). The best score of the 3 

attempts was recorded to the nearest cm.  

Whereas the standards for passing the APFT are scored on a 300-point scale, the raw 

scores were also recorded for the purpose of this study. Each participant was encouraged to put 
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in the maximum effort possible in each of the fitness tests regardless of the Army standards for 

passing.  

Modified Physical Training Program  

After completing all pre-testing measurements, participants followed a program designed 

for a period of 8 weeks. The first 3 weeks and weeks 5-7 of training modeled a progressive 

overload scheme, allowing for week 4 and week 8 to be a de-load week which would allow for 

participants to recover in order to perform their the APFT test at maximum effort. During that 

time of active recovery, participants completed the testing measures again before moving on to 

the next training week. Weeks 5-7 were also progressive overloads and then ending with a de-

load week.  

Each week consisted of 4 workouts. Workout 1 was designed for high intensity, 

functional movement circuits with various forms of equipment. Equipment used for this training 

program were kettle bells, medicine balls, and ruck sacks. ROTC cadets were already familiar 

with and utilized this equipment in daily physical readiness training routines. Workout 2 was 

relatively lower intensity and longer duration aerobic exercise followed by mobility exercises. 

Workout 3 was high-intensity aerobic exercises consisting of sprints and core exercises. Workout 

4 was moderate intensity based circuits and had a longer duration aerobic component. The 

program focused on getting the participants stronger by enhancing the type of exercises they 

were already doing. Some cardiovascular improvements also may have been initiated by aerobic 

conditioning components of the workouts. After completing the 4- and 8-week program, 

participants again performed fitness testing measures.  
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Statistical Analyses 

Statistical analyses were performed using SPSS® software (version 21.0, IBM 

Corporation, New York, NY, USA). Means and standard deviations (SD) were reported for all 

the studied variables. A repeated-measures analysis of variance was used to determine changes in 

mean fitness performance scores from baseline, 4 week APFT, and 8 week APFT.  

 Pearson Product Moment Correlations were used to determine relationships between 

performance scores and mean HRV scores at baseline, after the 4th week, and during the 8th week 

APFT. Also correlations between change in HRV (ΔHRV) and change in APFT (ΔAPFT) scores 

were determined. ΔHRV was calculated by taking an average of the first 3 readings in week 5 

and subtracting from an average of the last 3 in week 8. ΔAPFT was calculated by taking the 

difference in scores from the 4th week APFT and 8th week APFT. Correlation coefficients whose 

magnitude are between 0.7 and 0.9 indicate variables which can be considered highly correlated 

and those between 0.5 and 0.7 were considered moderately correlated (12). An alpha of 0.05 was 

the threshold for significance.  
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RESULTS 

Modified Training Program 

 Fifteen men and five women completed all parts of the APFT, which is scored as the 

cumulative score out of 300 from the three events. Broad jump was an additional measure in 

which scores were recorded. The testing measures were evaluated at baseline, the end of 4 

weeks, and at the end of the 8th week of training. Significant improvements were seen in all 

fitness scores except push-ups, which did not change (Table 1).   

 

Table 1: APFT Scores at Baseline, 4 weeks, and 8 weeks (n = 20).  

 APFT 
 

Push-up 
(reps) 

Sit-up 
(reps) 

2 Mile Run 
(mins) 

Broad Jump 
(cm) 

Pre-Test 240 ± 41 58 ± 18 68 ± 10 15.7 ± 2.4 229 ± 32 

4 Weeks 264 ± 31* 64 ± 18* 72 ± 11* 14.8 ± 1.7*  231 ± 35† 

8 Weeks 267 ± 32‡ 62 ± 19 76 ± 10†‡ 14.3 ± 1.8‡ 250 ± 39‡ 
* denotes difference (p < 0.05) from APFT 1 to APFT 2.  † denotes p< 0.05 change between APFT 2 and APFT 3.  

‡ denotes p < 0.05 change between APFT 1 and APFT 3. 

 

Baseline HRV 

 Because seven cadets’ HRV recordings could not be used due to technical issues with the 

sensors at the beginning of the study, a subset of 13 ROTC Cadets (9 men and 4 women, age = 

21 ± 1 yr), completed HRV testing across a 3-day period at the beginning of the study using a 

validated smartphone application. The mean lnRMSSD over the 3-day period was recorded 

(Table 2). Mean performance indicators for baseline measures were recorded to evaluate the 

relationship with baseline HRV.  

 



 

9 

 

Table 2: Baseline HRV Relationship to Initial APFT Scores (n = 13). 

LNRMSSD APFT 
 

Push-up 
(reps) 

Sit-up 
(reps) 

2 Mile Run 
(mins) 

Broad Jump 
(cm) 

86.5 ± 9.4 245 ± 38 56 ± 21 71 ± 9 16.0 ± 2.9 225 ± 37 

r  0.66 0.49 0.67 -0.64 0.67 

p  0.01* 0.09 0.01* 0.02* 0.35* 
 

 

 

Change in HRV Related to Change in APFT Scores  

  Only 8 cadets had useable HRV recordings sufficient to determine the relationship 

between change in HRV (ΔHRV) and change in APFT scores (ΔAPFT). Of the 13 evaluated at 

baseline, five cadets’ scores were unable to be used; three due to technological issues with the 

sensors, and two of the cadets were injured during the time of the 4th week APFT. Injuries were 

not obtained during the modified training program or APFT, but during recreational activity. 

Therefore, the change in HRV related to the change in APFT scores from baseline to the 4th 

week could not be calculated for these participants. ΔHRV was determined by averaging the first 

3 lnRMSSD values taken in the 5th week and then subtracting the average of the last 3 lnRMSSD 

values from the 8th week. The correlations between ΔHRV and ΔAPFT scores can be seen in 

Table 4. The only significant finding (p < 0.05) was with the change in sit-up scores, which had a 

strong correlation to ΔHRV.  

 

Table 3:  Relationships of Δ HRV related to Δ APFT scores from week 4 to week 8 (n = 8).    

Δ HRV Δ APFT Δ PU Δ SU Δ 2M Δ BJ 

0.46 ± 4.19 2 ± 8 -1 ± 4  3 ± 5 0.07 ± 0.55 17 ± 7 

r  0.68 0.53 0.75 0.13 -0.31 

p  0.06 0.18 0.03* 0.75 0.46 
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DISCUSSION 

 One of the primary findings from this study was that a periodized, progressive overload 

training program, significantly improved APFT scores. Whereas the Army Physical Readiness 

Program Guidelines have multiple exercises and movements that are encouraged to be included 

in a regular training session, it was observed that not all movements are incorporated in an 

effective manner due to lack of knowledge in programing. It is essential to have a specific goal in 

mind when preparing a training program, otherwise workouts can become mundane and not 

produce improvements in performance. As seen in this study, overloading the body over only 8 

weeks yielded gains in strength, cardiovascular endurance, and overall muscular endurance.  

Significant correlations were found between the initial 3-day mean HRV and all 

performance measures, except for push-ups. Because push-ups are a measure of muscle 

endurance, HRV may not play a major role in performance outcomes for this component of 

fitness. However, sit-ups were correlated with change in HRV. This could be because that core 

muscles are utilized in almost all movements, whether it be through stability or targeted muscle 

action. Increased cross-sectional force production is developed through stages of hypertrophy, 

which is directly linked with the type of training program the individual is utilizing. Whereas 

HRV is a good start to understanding what state of “trainability” the body is in, the ability to 

perform lies within the muscle. Overall, this study indicates that a higher mean HRV was 

associated with better performance in the APFT total score, cardiovascular performance and 

muscle endurance.   
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Changes in HRV related to changes in performance scores from week 4 to week 8 were 

inconclusive. Whereas correlations would be considered moderate when comparing HRV to 

APFT and push-up scores, they were not significant, most likely due to the unanticipated large 

loss of participants resulting in a small sample size. Change in sit-up performance correlated 

strongly with change in HRV, and these findings were significant. The change in 2-mile run 

times and broad jump did not show significant correlations with change in HRV perhaps due to 

the minimal change in performance on the 2-mile run and the fact that the average number of 

push-ups decreased. HRV may be related to performance during physical fitness testing, but this 

remains to be seen.  

Practical Application  

The U.S. Army Physical Readiness Training Manual includes most of the exercises that 

were included in the training program. A progressive overload scheme may increase APFT 

scores in a short amount of time. Overall increases may impact several components of fitness 

including muscle strength, muscle endurance, and cardiovascular fitness.   

Smartphone applications, which allow for convenient HRV non-invasive measures of 

cardiovascular-autonomic control in field settings, may be predictive of APFT and other physical 

performances.  
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APPENDIX A 

 

 

 
 

4 Rounds 30 min Run 10 Rounds AMRAP 20 min

20 Ruck Deadlifts Moderate Pace 20yd Sprints 5 Pull-Ups

15 Ruck Cleans (HR @130-140) 30secFront Plank 10 Push-Ups

10 Ruck Lifts ~Rest 30sec~ 15 Air Squats

Mobility

10 Rounds Hip Flexors 10 Rounds 4 Rounds

20 yardSprint Quads 10yd Shuttle Sprints 400m Run

15 Sit-Ups Hamstrings 30sec Rt. Plank Rest 1 min b/w Each

Rest 30sec 30sec Lt. Plank

If time Remains ~Time Remains~

8 Rounds Mobility

30sec Arch Hold Elbow-Instep

30sec Hollow Hold Hip lift

20yd Fireman Carry Piriformis

WORKOUT 1 WORKOUT 2 WORKOUT 3 WORKOUT 4 

MONDAY TUESDAY THURSDAY FRIDAY

WEEK 1

4 Rounds 20 min Run 10 Rounds AMRAP 20 min

20 KB Swings Moderate Pace 20yd Shuttle Sprints 10 Pull-Ups

15 Goblets KB Squats (HR @130-140) 30secRt. Side Planks 15 Burpees

10 OH MB Throws 30secLt. Side Planks 20 Walking Lunges

5 min Mobility ~Rest 30sec~

10 Rounds 6 Rounds

30yd Sprint 20 min Run 10 Rounds 400m Run

30sec Front Plank Moderate Pacee 5 Broad Jumps Rest 1 min b/w Each

Rest 30sec (HR @130-140) 20yd Sprint

~Rest 30sec~

If time Remains Mobility

8 Rounds Hip Flexors ~Time Remains~

30sec Arch Hold Quads Mobility

30sec Hollow Hold Hamstrings Elbow-Instep

20yd Bear Crawl Hip lift

Piriformis

WORKOUT 1 WORKOUT 2 WORKOUT 3 WORKOUT 4 

MONDAY TUESDAY THURSDAY FRIDAY

WEEK 2
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AMRAP 10 min 45 min Run 10 Rounds "Murph"

10 KB Thrusters Moderate Pace 60yd Shuttle Sprints 1mile Run

12 Rotational MB Slams (HR @130-140) 10 Rt. Side Planks Rot 100 Pull-Ups

14 KB Goblet Lunges 10 Lt. Side Plank-Rot 200 Push-ups

~Rest 30sec~ 300 Squats

5 Rounds Mobility 1mile Run

30yd Sprint Hip Flexors 10 Rounds

20 Russian Twists Quads 10 Split Jumps

Rest 30sec Hamstrings 30yd Sprint forward

5 Rounds 30yd Sprint Backward

20yd Sprint ~Rest 30sec~

20 sit-ups

Rest 30sec ~Time Remains~

5 Rounds Mobility

10yd Sprint Elbow-Instep

45sec Front Plank Hip lift

Rest 30sec Piriformis

If time Remains

8 Rounds

30 Hollow Rocks

20 V-Ups

10 Tuck-Ups

WORKOUT 1 WORKOUT 2 WORKOUT 3 WORKOUT 4 

WEEK 3

MONDAY TUESDAY THURSDAY FRIDAY

AMRAP 15 min 30 min Run

5 Pull-Ups Light/Moderate Pace

10 Push-Ups (HR @ 120-130)

15 Air Squats

Mobility

2 Rounds Hip Flexors

50yd Sprint Quads

5x Elbow-Instep w/ Rot Hamstrings

50yd Bear Crawl

10x Staggered Toe Touch

50yd Backward Run

10x Cat, Cow, Sit

50yd Lateral Shuffle (Flip half way)

5x Prone Quad (Cont/Relax)

WORKOUT 1 WORKOUT 2 WORKOUT 3 WORKOUT 4 

PT TEST Sports Day

WEEK 4

MONDAY TUESDAY THURSDAY FRIDAY
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6 Rounds 40 min Run 10 Rounds AMRAP 25 min

20 Ruck Deadlifts Moderate Pace 20yd Sprint 10 Pull-Ups

15 Ruck Lifts (HR @130-140) 30secFront Plank 15 Push-Ups

10 Ruck OH Presses 20yd Sprint 20 Air Squats

Mobility ~30sec Rest~

3 x 5 Rounds Hip Flexors 6 Rounds

20 yardSprint Quads 10 Rounds 400m Run

30 Sit-Ups Hamstrings 30yd Shuttle Sprints (5-10) Rest 1 min b/w Each

Rest 30sec 30sec Rt. Plank

~Rest 2min b/w Rounds~ 30sec Lt. Plank

If time Remains

~Time Remains~

8 Rounds Mobility

30sec Arch Hold Elbow-Instep

30sec Hollow Hold Hip lift

40yd Fireman Carry Piriformis

WORKOUT 1 WORKOUT 2 WORKOUT 3 WORKOUT 4 

WEEK 5

MONDAY TUESDAY THURSDAY FRIDAY

6 Rounds 25 min Run 10 Rounds 3 x 7 min AMRAP 

20 KB SDHP Moderate Pace 20yd Shuttle Sprint 10 Burpees

20 Goblets KB Lunges (HR @130-140) 30secRt. Side Planks 15 Pull-Ups

20 Skier Jumps 20yd Shuttle Sprint 20 Spli Jumps

5 min Mobility 30secLt. Side Planks ~Rest 2min b/w AMRAPs~

3 x 5 Rounds ~Rest 30sec~

30yd Sprint 25 min Run 4 Rounds

30sec Front Plank Moderate Pacee 10 Rounds 800m Run

Rest 30sec (HR @130-140) 5 Broad Jumps Rest 1 min b/w Each

~Rest 2min b/w Rounds~ 20yd Sprint

Mobility 5 Squat Jumps

If time Remains Hip Flexors 20yd Sprint

8 Rounds Quads ~Rest 30sec~

30sec Arch Hold Hamstrings

30sec Hollow Hold ~Time Remains~

40yd Bear Crawl Mobility

Elbow-Instep

Hip lift

Piriformis

WORKOUT 1 WORKOUT 2 WORKOUT 3 WORKOUT 4 

WEEK 6

MONDAY TUESDAY THURSDAY FRIDAY
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AMRAP 12 min 50 min Run 10 Rounds "Murph"

10 Alt 1Arm KB Swings Moderate Pace 60yd Shuttle Sprints 1mile Run

20 Rotational MB Slams (HR @130-140) 10 Rt. Side Planks Rot 100 Pull-Ups

10 Alt 1Arm KB Rows 60yd Shuttle Sprints 200 Push-ups

10 Lt. Side Plank-Rot 300 Squats

5 Rounds Mobility ~Rest 30sec~ 1mile Run

30yd Sprint Hip Flexors

20 Russian Twists Quads 10 Rounds

30yd Sprint Hamstrings 20 Split Jumps

Rest 30sec 30yd Sprint forward

5 Rounds 30yd Sprint Backward

20yd Sprint ~Rest 30sec~

20 sit-ups

20yd Sprint ~Time Remains~

Rest 30sec Mobility

5 Rounds Elbow-Instep

10yd Sprint Hip lift

45sec Front Plank Piriformis

10yd Sprint

Rest 30sec

If time Remains

8 Rounds

30 Hollow Rocks

20 V-Ups

10 Tuck-Ups

WORKOUT 1 WORKOUT 2 WORKOUT 3 WORKOUT 4 

WEEK 7

MONDAY TUESDAY THURSDAY FRIDAY

AMRAP 15 min 30 min Run

5 Pull-Ups Light/Moderate Pace

10 Push-Ups (HR @ 120-130)

15 Air Squats

Mobility

2 Rounds Hip Flexors

50yd Sprint Quads

5x Elbow-Instep w/ Rot Hamstrings

50yd Bear Crawl

10x Staggered Toe Touch

50yd Backward Run

10x Cat, Cow, Sit

50yd Lateral Shuffle (Flip half way)

5x Prone Quad (Cont/Relax)

WORKOUT 4 WORKOUT 3WORKOUT 2WORKOUT 1 

Sports DayPT TEST

MONDAY TUESDAY THURSDAY FRIDAY

WEEK 8
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