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What should I expect to learn?
• Clear up several common misconceptions about HRV and the inferences it affords
• Learn how to apply HRV in tactical athlete testing and training programs
• Identify methods for transitioning from collection, to assessment, interpretation, and application

The Infamous Heart Rate Variability: What, Why, How 
(a redemption song)



(Billman, 2011) (Hales, 1733)





(Acharya et al., 2006; Task Force, 1996; Kleiger, 1998; Shaffer & Ginsberg, 2017)



What is HRV?

this slide is an oversimplification



5 HRV Theories (for Review see Shaffer et al., 2014)

• Neurovisceral Integration (Thayer & Lane, 2000; Thayer et al., 2009)
• Connection from prefrontal cortex to heart through central autonomic network and vagus nerve
• Heart-Brain connection
• Higher vagal tone = better executive cognitive performance, emotion and health regulation

• Polyvagal (Porges, 2007)
• Higher vagal tone = better social functioning

• Biological Behavioral Model (Grossman & Taylor, 2007)
• Vagal tone primary role in regulation of energy exchange through cardiorespiratory synchronization during 

metabolic processes and behavioral changes
• Higher resting vagal = more adaptive

• Resonance Frequency Model (Lehrer, 2013)
• Connected to RSA
• Increased vagal through slow paced breathing

• Psychophysiological Coherence Model (McCraty & Childre, 2010)
• Slow paced breathing + positive emotions = broad range positive health outcomes



What is HRV?



What is HRV?



OK, So…..What is HRV?

0-60 mph, 2.28 sec
10.44 sec @ 124.2 mph

$133,000
92/105 mpg*

0-60 mph, 2.5 sec
10.1 sec @ 142 mph

$1,700,000
8/14 mpg



Off -> Idle -> Drive -> Race



Combustion Engine

(McArdle et al., 2006; Poirier, 2014)



Computers & Electricity

(Lane et al., 2009; McArdle et al., 2006; Pessoa, 2008; Thayer & Lane, 2000; Thayer et al., 2009)



Why should I care?

(Lewthwaite & Wulf, 2010; McArdle et al., 2006; Poirier, 2014; Robinson et al., 2012)



(Lane et al., 2009; Pessoa, 2008; Thayer & Lane, 2000; Thayer et al., 2009)

Sensorimotor
Learning
Memory
Executive function

Perception
Risk/Reward
Self-awareness

The Heart-Brain Connection
“Under any excitement there will be much mutual action and reaction between these, 
the two most important organs of the body” - Darwin (1872)



Why should I care?

(Lewthwaite & Wulf, 2010; McArdle et al., 2006; Poirier, 2014; Robinson et al., 2012)



How do I measure HRV?



Key Takeaways
• Hardware

• Chest > Wrist/Finger*
• Look for independent validation
• Onboard processing vs export raw 

ECG / RR timing
• Min 500 Hz sampling rate
• Other biosensors

• Software
• No “black boxes”
• Analytical options
• Flexibility 
• Support/documentation

• Consider Context
• Sleep vs Training
• Gym/Lab vs Field

(Task Force, 1996; Shafer)

How do I measure HRV?



Steps to HRV Data

Steps to HRV Data

1) Design

2) Collect

3) Inspect

4) Correct

5) Calculate/Visualize

6) Interpret

Practical Examples

1) Acute Response/Biofeedback

2) Recovery Monitoring
1) Acute

2) AM to AM

3) PM to AM

3) Training Effect/Habituation

4) Selection/Readiness



Steps to HRV Data

Steps to HRV Data

1) Design
• Time

• Stamping events/segments

• Recording period length

• Acclimation phase

• Other Response Modalities
• Objective

• Subjective

• Outcomes Measures

(Quintana & Heathers, 2014)



Steps to HRV Data

Steps to HRV Data

1) Design

2) Collect
• 500-1000 Hz sampling rate

• Bandpass filter 0.5 -35 Hz

• Skin prep

• Secure electrodes

• Body position* 

Practical Examples

1) Acute Response/Biofeedback

2) Recovery Monitoring
1) Acute

2) AM to AM

3) PM to AM

3) Training Effect/Habituation

4) Team Selection/Readiness



Steps to HRV Data

Steps to HRV Data

1) Design

2) Collect

3) Inspect
1) Visually for artifacts/missed beats

2) Filter ECG data 
1) 0.5 – 35 Hz

2) Optimal coefficients = 4*(sample rate/lowest frequency)

3) Visualize tachogram drift

(Ruha et al., 1997)



Steps to HRV Data

Steps to HRV Data

1) Design

2) Collect

3) Inspect

4) Correct
1) Reject artifacts
2) Do not delete!
3) Replace missed R peaks through 

interpolation of neighboring RR 
intervals

4) Detrend drifts with wavelet

(Li et al., 2019; Malik & Camm, 1990)



Steps to HRV Data

Steps to HRV Data

1) Design

2) Collect

3) Inspect

4) Correct

5) Calculate/Visualize
• Time Domain = RMSSD
• Frequency Domain = HF, TP, HF/TP
• Lomb Scargle > FFT
• Natural Log

(Clifford & Tarassenko, 2005; Gang and Malik, 2008; Laguna et al., 1998; Lomb, 1976; Malik and Camm, 1990; Rajendra et al.,2006; Scargle, 1982)



When to HRV?



HRV Acute Response and Recovery

(Chen et al., 2011; Lellamo et al., 2004; Pichot et al., 2002)

NEEDS CONTEXT!
*capture objective/subjective performance/health outcomes*

treat as predictors/outcome variables 



HRV and Chronic Recovery

(Chen et al., 2011; Lellamo et al., 2004; Pichot et al., 2002)



HRV can be use to assess Recovery

• Musculoskeletal

• Cardiovascular

• Endocrine

• Immune

(Altini & Amft, 2016; Weber et al., 2010)

Post stressor
AM to AM to AM

PM to AM



(Altini & Amft, 2016))



Overtraining or Adaptation?

• HRV alone cannot determine
• Both can increase resting HRV

• Need other metrics
• Recent change in load/capability?

• Subjective recovery

Addison - Parasympathetic

Basedow - Sympathetic

(Israel, 1976; Kuipers & Keizer, 1988; Kuipers, 1988; Lehmann et al., 1998; Selye, 1946)



HRV to Predict Performance/Exercise Prescription

• Planning training load around 
HRV
• Abnormally low? Take it easy

• Individual differences

• Track over time

• More effective than pre-planned

(Hedelin et al., 2001; Kiviniemi et al., 2007; Kiviniemi et al., 2010; McEwen 1998)



Team Environment & HRV

• Physiological Compliance
• HR, HRV

(Elkins et al., 2009)



Practical example: The Fire House
What?
HR
RR
RMSSD
HF
TP
HF/TP 

When?
Resting
Active
Recovery/Sleep
Pre/Post training

How?
Logged ECG 
Routine testing
Real-world 
Questionnaires
Combined with biomarkers
Mapped onto outcomes

Why?
Predict Performance
Monitor Load/Recovery
Augmentation
Adaptation



Pre 
Training

• Hiring process

• Written exams

• Physical tests

• Skill aptitude tests

Post 
Training

Continuous 
Monitoring

• Acute response

• Relationship to performance

• Recovery

• Exercise

• Stress

• Sleep

• Training status

• Allostatic load

Weekly “Baseline”
Objective & subjective
Record event/timing
Transform HRV stats

The Fire House
Day 1

Training effectiveness
- Stress inoculation

- Cognitive workload

Sleep quality
Team environment



Take Home Messages

• HRV reflects autonomic resource 
allocation
• Parasympathetic
• General
• Not Sympathetic

• HRV predicts recovery status

• HRV predicts performance 
(cognitive, physical, motor)

• HRV guided training > pre-planned

• RMSSD, HF, TP > SDNN, HR

• Jury still out on overtraining vs 
adaptation
• Need more markers
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comments, questions, and collaborations 

AndrewG.Thompson@hsc.wvu.edu

Thank You!


