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Heart Rate Variability (HRV) is a measure of beat-to-beat variations in an individual’s heart rate (Cleveland Clinic, 2021). These fluctuations, though typically undetectable without specialized equipment, can be an indicator of autonomic nervous system (ANS) functioning and activity (Schwerdtfeger et al., 2020). The ANS is divided into two branches, the sympathetic nervous system (SNS) and the parasympathetic nervous system (PNS). The SNS manages increases in respiration, heart rate, and blood pressure to boost performance during brief periods of increased activity or stress, colloquially known as the “fight-or-flight” response (Murison, 2016). The PNS is responsible for the body’s relaxation response, slowing heart rate, blood pressure, and respiration (Pichon & Chapelot, 2010). Thus, a balance between the two systems enables adaptive responses to diverse, changing environments (Elliott & Lawrenson, 2009).

Dysregulations in the ANS are thought to characterize a variety of psychological disorders, including post-traumatic stress disorder (PTSD) (Minassian et al., 2015). Symptoms of intrusion, avoidance, negative cognitions and mood, and alterations in arousal and reactivity, characterize PTSD (American Psychiatric Association, 2013). Alterations in arousal and reactivity that characterize PTSD suggest ANS abnormalities in PTSD patients, leading to either heightened or diminished responsiveness to challenging or stressful situations (Cohen et al., 2000; Dennis et al., 2016; Jovanovic, Norrholm, Sakoman, Esterajher, & Kozarić-Kovačić, 2009).

Thus, insight can be gained into the functioning of the ANS by examining heart rate variability (HRV) metrics. HRV parameters are derived from electrocardiogram (ECG) signal analysis, and are quantified using time-domain, frequency-domain and non-linear methods. The standard deviation of NN intervals (SDNN) is a time-domain parameter, and is influenced by both SNS and PNS activity. This makes SDNN a useful metric for quantifying the overall flexibility of the ANS (Shaffer & Ginsberg, 2017). 

High HRV demonstrates an adaptive cardiovascular system, allowing an individual to adapt to shifting environments, internally and externally (McCraty & Shaffer, 2015; Schwerdtfeger et al., 2020). Overactivation of the SNS and reduced PNS activity may cause low HRV, an association supported by previous meta-analyses that suggest that HRV is lower in PTSD patients compared to controls (Campbell, Wisco, Silvia, & Gay, 2019; Nagpal, Gleichauf, & Ginsberg, 2013). Low HRV presents a risk factor for the onset of cardiovascular disease (Hillebrand et al., 2013), indicating that the development of CVD may be more common among patients with PTSD. However, it is thought that the link between PTSD and reduced HRV may be mediated by health risk behaviors such as sleep disturbances, smoking, alcohol dependence, and obesity (Dennis, 2014). Thus, behavior change interventions may be effective for raising HRV and improving cardiovascular health outcomes associated with PTSD.

In this study, smartphone photoplethysmography (PPG) was used to measure HRV via the Camera Heart Rate Variability mobile application (“Camera Heart Rate Variability”). With the Camera HRV app, users are asked to hold their fingertip over the entire phone camera using light pressure for sixty seconds. PPG detects changes in blood volume during a cardiac cycle by illuminating the skin using the smartphone’s flash and measuring changes in light absorption using the smartphone’s camera (Plews, 2017). Authors found that PPG has strong correlations with traditional electrocardiography (ECG) methods, demonstrating its effectiveness for measuring HRV despite differences in the measurement window (sixty seconds for PPG vs. five minutes for ECG) (Plews, 2017; Salahuddin, 2007). Peng et al. found similar results, with 14 HRV parameters (including SDNN) from PPG being highly correlated with those from ECG, and 7 parameters from PPG being within acceptable limits compared to ECG (Peng, 2015). This novel method makes HRV measurement accessible to any smartphone user, with potential implications for research applications, personal fitness, and telehealth. 

However, measurement challenges with smartphone PPG may introduce some inconsistencies, such as participants moving their finger around during the measurement, not covering the area completely with their finger, or applying too much pressure to the camera (Altini, 2014). All of these alter or impede blood flow during the measurement period which impact the reliability of collected HRV metrics.
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