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Introduction
• Research evidence clearly supports the relevance of resting heart rate variability (HRV) to various 

physiological functions, including decision-making, motor execution, and emotional regulation.1-3

• Resting HRV may be a useful index for assessment of overall performance capabilities and 
wellness.4

• Higher resting state HRV has been related to cognitive flexibility5-6

• Perceptual-motor efficiency can be represented by a combination of reaction time and response 
accuracy.

• The pupil light reflex (PLR) appears to be an indicator of neural processing efficiency of the optical 
system.7

• Mood disorders and sleep-related problems have been associated with alteration of autonomic 
function.5
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Purpose 
The purpose of this study was to assess possible inter-relationships among resting HRV, reaction 
time, response accuracy, PLR, and survey responses relating to physical and mental health, 
which could serve to identify individuals likely to derive benefit from interventions to improve health 
and functional status. 

Participants
• 28 (23.1 +/- 1.1 yrs old) Master’s level college students volunteered for 

participation in study

• 34 students originally volunteered with data unable to be collected for 3/34 and 
3/34 unable to complete full study, leaving 28 final participants

• Final participants composed of 14 Males (23.4 +/- 1.0 yrs; 71 +/- 2.5 in, 207.9 
+/- 36.8 Ibs) and 14 Females (22.8 +/- 1.1 yrs, 65.8 +/- 3.0 in, 168.4 +/- 41.3 Ibs)

• 26/28 participants completed all 4 days of data collection, while one participant 
completed 2 days and another completed 3 days 

• 93% (26/28) played high school or collegiate sports

• 39% (11/28) reported history of concussion
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Methods 
• Measurements of resting HRV (Corsense monitor and Elite HRV 

smartphone app), perceptual-motor efficiency (smartphone 
flanker test; 3 trials), and PLR (Reflex smartphone app) obtained 
on 4 consecutive days (6-10 AM)

• Surveys included the Depression, Anxiety, and Stress Survey 
(DASS), and Pittsburgh Sleep Quality Index (PSQI)

HRV 

• HRV measures variability in time between successive heartbeats

- Reflects balance of parasympathetic vs sympathetic systems

• Resting HRV measured while sitting for 
120 seconds; natural log of root mean 
square of successive differences
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Flanker Test 

• Indicates Perceptual-Motor Efficiency 

- Recognition of Stimulus (perception)

- Rapid Cognitive Processing (interpretation)

- Muscle Response (Decision/motor activation)

• Perceptual-motor efficiency represented by reaction 
time (RT), response accuracy (RA), inverse 
efficiency (IE = RT / RA), and intra-individual 
variability (SDRT); each metric derived from 3 sets 
of 20 stimulus responses that followed 1 
familiarization trial

Pupil Light Reflex 

• PLR recorded by 5-second video of 
eye response to smartphone camera 
light; left eye and right eye measured 
separately
- constriction time (Constrict)
- constriction latency (Latency)
- minimum diameter (Min Dia)
- maximum diameter (Max Dia)
- average diameter (Avg Dia)
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Pupillary Light Reflex

Binda P, Gamlin PD. Renewed attention on the pupil light reflex. Trends 
Neurosci. 2017;40(8):455-7.

Data Analysis
• Bivariate correlations among pairs of variables calculated (Pearson r)

• Resting HRV converted to binary variable (Hi HRV vs Lo HRV) on the basis of median 
value for cohort, as well as sex-specific median values for determination of any 
relevant sex differences in associations

• Receiver operating characteristic (ROC) analyses performed to quantify discriminatory 
power of continuous variables for identification of Hi HRV vs Lo HRV on the basis of 
area under curve (AUC)

• Cross-tabulation analyses of binary variables created by ROC cut points performed to 
quantify sensitivity, specificity, and odds ratio (OR), along with 95% confidence 
interval (CI) for OR

• Logistic regression used to identify 2-factor combination of continuous variables that 
provided strongest discriminatory power for identification of Hi HRV vs Lo HRV
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Correlation

Lo HRV Median HRV values (lnRMSSD)
Male median = 4.27
Female median = 4.13
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Discussion and Clinical Relevance
• The use of HRV, Flanker test, and PLR testing via smartphone apps, along with wellness surveys 

such as DASS or PSQI can create an overall picture of neural processing efficiency.  

• Having more reaction time variability (SDRT) from trial to trial is associated with how fast and 
accurate you are in decision making and reaction time. 

• We demonstrated a strong correlation between HRV and inverse efficiency which could be due to 
overlapping neural circuitry within the anterior cingulate cortex and the insula8.

• Research evidence supports the potential for improvement of emotional and physical health 
through various interventions by being able to determine those with less efficient neural 
processing and thus at higher risk for injuries.

• By using various indicators of neural processing and efficiency through the use of smartphone 
apps we may be able to identify those with higher risk for injuries and be able to improve their 
overall health, recovery process, and mental wellbeing.

• Our findings suggest the use of a biopsychosocial approach to health and performance 
optimization
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