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Introduction. Unresolved trauma from critical incident exposures may lead to autonomic 

dysfunction and mental health disorders in public safety personnel (PSP).  Heart rate variability 

(HRV) is a highly sensitive measure that can be used alongside psychological assessments to 

identify early warning signs of autonomic dysfunction that may be an early detector of worsened 

mental health.  

Objectives. The two primary objectives of this project were to: 1) critically appraise the 

literature involving HRV assessment in identifying mental health disorders in PSP based on its 

scientific rigor, and 2) develop a knowledge translation (KT) tool in the form of an infographic 

to guide  HRV measurment and interpretation as a surrogate indice of autonomic function.  

Method. To address objective 1, methods developed by Arksey and O’Malley (2005) were 

adapted to conduct a scoping review on studies that used HRV to assess mental health and/or 

autonomic function in PSP. A quality appraisal (MacDermid et al., 2014) and a physiological 

HRV checklist (Catai et al., 2020) were combined into a hybrid critical appraisal tool to assess 

scientific merit of all studies. To address objective 2, high quality findings of the scoping review 

and the physiological HRV checklist (Catai et al., 2020) were used to develop an HRV 

measurement guideline infographic.  

Results. Objective 1: The scoping review identified a primary theme that regardless of 

physiological adherence to scientific merit, a decreased HRV is linked to worsened mental health 

in 84% of studies (n=16). Three studies reported mixed findings of conflicting results regarding 

HRV being correlated to mental health disorders, demonstrating significance in some but not all 

areas of the studies. The subtheme was that despite many critical confounding factors not being 

controlled for, HRV was still linked to mental health in all studies (n=19). Objective 2: Using 
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KT, an infographic tool was developed for applied researchers who use HRV as a method of 

measuring autonomic function and/or mental health in applied settings such as with PSP. The 

tool outlined baseline testing standardization, optimal study design, devices and analysis type, 

and interpretation of findings.  

Discussion. The key findings of the scoping review were that worsened mental health and/or 

autonomic function may be identified by a lowered HRV as a supportive measure to 

psychological assessments, and based on current quality appraisal scores, the majority of studies 

are of medium quality. Thus, there is a need for KT implementation to improve accuracy of HRV 

measurement protocols in the field. Some of the deficits in HRV measurement procedures 

identified included lack of controlling for environmental factors such as participant distractions, 

behavioural factors such as physical activity and nutrition guidelines prior to testing, and 

conducting a standardized baseline measurement. Misuse of the HRV alone in predicting mental 

health conditions may lead to errors such as a false positive or worse, a missed negative if the 

measure failed to detect declining mental health in a PSP. Therefore, when following best 

practice guidelines, HRV may be a valid physiological assessment tool alongside psychological 

assessments that can help with the early identification of autonomic dysfunction in PSP.  
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Public safety personnel (PSP) including paramedics, police officers, firefighters, and 

military personnel, provide crucial services to support the health of citizens and protect the safety 

of communities while being exposed to events that impose high physical and psychological 

demands (Carleton et al., 2018). While doing so, PSP face extreme situations of stress due to the 

nature of their work, responsibility for safety, and social expectations (Ricciardelli et al., 2020b). 

A critical incident exposure (CIE) is defined as an unusually strong emotional reaction 

experienced by a PSP to an event (Halpern et al., 2012). A CIE can occur by witnessing a 

gruesome accident or death, and can result in psychological and physiological effects capable of 

impairing function (Halpern et al., 2012). If the impacts of CIE are left unresolved they can lead 

to autonomic dysfunction and mental health disorders including post-traumatic stress disorder 

(PTSD), depression, anxiety, and substance use disorder (Carleton et al., 2018). Various methods 

are used to assess impacts of CIE on mental health which is defined as a state of well-being 

where one can cope with the normal stresses of life and work productively to make a 

contribution to their community (Galderisi et al., 2015). The psychological assessments collected 

via interviews, self-report surveys, and questionnaires are standardized and validated to detect 

mental health, but mental health disorders among PSP are under-reported and some data remains 

unreliable when these techniques are used as stand-alone tools (Carleton et al., 2018). This is 

primarily due to self-report bias which limits the accuracy of responses from PSP (Carleton et 

al., 2018).  

An applicable method of assessing physiological signs of stress involves measuring 

autonomic function indirectly through heart rate variability (HRV). This technique considers the 

variation in time between consecutive heartbeats, and provides a quantifiable avenue for early 



! D!

identification of changes in the autonomic nervous system function (Boissoneault et al., 2019; 

Marshall & Garakani, 2002). Interpretation of HRV as a metric is dependent on its use following 

methodological guidelines outlined in a checklist by Catai et al., (2020) found in Appendix A. 

Primary methodological concerns with HRV assessment is the validity of data collection 

parameters; such as adhering to strict protocols (i.e., physiological and environmental controls) 

and data analysis misinterpretations in data collected using time and/or frequency domain (Board 

et al., 2016; Hayano & Yuda, 2019). The intent of this initial literature review is to summarize 

what is understood about autonomic function in PSP who experience mental health disorders 

resulting from their high levels of CIE as a precursor to the proposed in-depth scoping review. 

The following sections will also attempt to characterize the link between CIE and mental health 

as explored through the utilization of HRV as an early detection method.  

 

;C;.803,3"1’.=$"3)($"(.>D:%-70(.1$).E($,1’.F(1’,9.

Mental health disorders are of concern in PSP, and are under reported (Carleton et al., 

2018). Based on self-report, nearly half (44.5%) of PSP screened positive for mental health 

disorders, which is four times greater than the general population and is linked to injury, 

functional decline, and personal and family issues (Shields et al., 2021).!The Canadian Public 

Safety Committee found that estimated reports of PSP affected by mental disorders (10-35%) 

were underestimated, potentiating stigma and creating barriers for care seeking (Carleton et al., 

2018; Shields et al., 2021). First responders are exposed to violent and traumatic emergency 

scenes that may involve witnessing injuries, deaths, and threats to safety or life which has 

negative effects on emotional control and mental health (Kehl et al., 2014). These conditions 

increase the risk of psychological dysfunction resulting in a greater likelihood of developing 
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PTSD, depression, anxiety, cognitive impairment, vulnerability to alcohol use disorder, and 

autonomic impairments characterized by autonomic dysfunction (Fonkoue et al., 2020). Post-

traumatic stress disorder is marked by re-experiencing an event through distressing recollections, 

emotional numbness, avoidance of reminders of the trauma, and increased arousal (Koresh et al., 

2016). Co-morbidities often arise in individuals with PTSD as physiological triggers can cause 

psychological episodes, and vice versa (Carleton et al., 2018). Over time, PTSD becomes more 

strongly associated with multiple medical disorders, but there is not a corresponding increase in 

use of medical services in veterans, indicating underutilization of medical care (Possemato, 

Wade, Andersen, & Ouimette, 2010). R$)-.!signs of mental health disorders are quantified by 

self-report psychological assessments; however, a@a!$)*!3’+*))*84)/&’9=!7399*7/&’9!/0$/!/0*7*!
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The autonomic nervous system (ANS) is responsible for maintaining physiological 

homeostasis as it controls involuntary functions responsible for homeostatic mechanisms 

including breathing, heart rate (HR), blood pressure, core temperature, stress responses, and 
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blood flow (Sanchez-Manso et al., 2020). Individuals with PTSD linked to CIE experience acute 

and lingering physiological burdens including sympathetic hyperactivity, reduced baroreceptor 

sensitivity, and consequent reductions to HRV (Brudey et al., 2015; Fonkoue et al., 2020). This 

chronic illness is prevalent in upwards of 20% of post 9/11 military veterans who also have a 

59% higher chance of developing hypertension (Fonkoue et al., 2020). The majority of evidence 

supports an association between PTSD with compromised immune function and heightened 

inflammation (Brudey et al., 2015). Inflammation can be a product of poor lifestyle behaviors 

and negative coping mechanisms as habits such as sedentary activity, drinking and smoking 

increases inflammation whereas exercise reduces it. Hence, PSP with CIE induced PTSD who do 

not exercise regularly, or drink and/or smoke to excess are more prone to dysregulation of the 

ANS (Brudey et al., 2015). By measuring autonomic function via HRV, a measure that fluctuates 

as result of sedentary lifestyles, smoking, and drinking, it %$.!&%8)45*!*$)-.!+*/*(/&4’!42!(0)4’&(!

7/)*77!&’!a@a!)*73-/&’9!2)4%!(3%3-$/&5*!A#R!/)$3%$!60*’!(4%,&’*+!6&/0!4/0*)!$77*77%*’/7!42!

%*’/$-!0*$-/0;!!
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Autonomic dysfunction is the failure or overactivity of the sympathetic nervous system 

(SNS). As the SNS and parasympathetic nervous systems (PNS) are involved in systemic and 

organ regulation, dysfunction can be serious, impairing vascular control to the heart, kidneys, 

and brain (Mitani et al., 2006). Researchers have observed $3/4’4%&(!+.723’(/&4’ among PSP, 

which has been attributed to the accumulation of the psychophysical demands of shift work 

pressures and CIE (Haugen, McCrillis, Smid, & Nijdam, 2017). Measuring HRV observes the 

temporal consistency of interbeat intervals of consecutive heartbeats, providing quantifiable 

insight of the cardiac response to stress that can be used as a marker of $3/4’4%&(!+.723’(/&4’ in 

PSP (Kaikkonen et al., 2017). The heart is innervated by the SNS and PNS, with the SNS 

releasing catecholamines epinephrine and norepinephrine to accelerate HR and the PNS 

releasing acetylchonline to decelerate HR. Thus, HRV acts as a surrogate measure of autonomic 

function. A low HRV is suggestive of global autonomic hyperactivity, a feature of overtraining 

which is often accompanied by a higher HR that signifies chronic stress either physiologically, 

psychologically, or both (Kaikkonen et al., 2017). A decreased HRV at rest indirectly indicates 

that sympathetic nervous activity may be elevated, but the simplistic analysis may fail to provide 

specifics of the underlying cause of autonomic dysfunction, and whether or not it is related to an 

injury, illness, or psychological impairment (Tsigos & Chrousos, 2002). Due to potential 

technical and feasibility limitations, the reliability of HRV measures of autonomic function may 

be compromised in their range to ascertain the extent that HRV predicts stress. Analysis of WLC!
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$7!$!73))49$/*!42!$3/4’4%&(!23’(/&4’!)*I3&)*7!$+0*)*’(*!/4!$!7/)&(/!%*$73)*%*’/!()&/*)&$!(Catai et 

al., 2020). 
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The psychological trauma linked to CIE may impair autonomic function and assessments 

are required that will enable detectection of over-stressed states. Autonomic nervous system 

function can be directly measured via invasive protocols, or indirectly by HRV which measures 

the flexibility of the ANS to regulate HR in responding to and recovering from stress (Minassian 

et al., 2015). The optimal ways to measure autonomic function is directly via noradrenaline spill 

over where excess sodium excreted from organs indicate SNS hyperactivity, catecholamine and 

cortisol hormonal levels, or multi-unit postganglionic muscle sympathetic nerve activity 

measured with microneurography. However, these methods are nearly impossible to assess in the 

field, and require a high level of expertise (Fonkoue et al., 2020). Muscle sympathetic nerve 

activity measured using microneurography directly records SNS outflow to muscles and through 

peripheral nerves (Greaney & Kenney, 2017). Indirect HRV assessments are useable, but only if 

executed and interpreted correctly with standardization of collection parameters (Zygmunt & 

Stanczyk, 2009). To measure HRV accurately, environmental and individual factors must be 

considered. There are two main methods used to quantify HRV levels and fluctuations: 1) 

frequency domain; and 2) time domain (Hamilton & Alloy, 2016). 

 

1.5.1 Frequency Domain Analysis of Heart Rate Variability 

^)*I3*’(.!+4%$&’!$’$-.7&7!$&%7!/4!*7/&%$/*!/0*!+&7/)&,3/&4’!42!$,74-3/*!4)!)*-$/&5*!846*)!

42!WLC!&’/4!243)!,$’+7G!3-/)$<-46<2)*I3*’(.!QPO^T=!5*).<-46!2)*I3*’(.!QCO^T=!-46!2)*I3*’(.!
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1.5.2 Time Domain Analysis of Heart Rate Variability 

Time-domain analyses quantify the amount of HRV observed during time periods 

ranging from < 1 minute to > 24 hours (Shaffer & Ginsberg, 2017). Gold standard methods of 

calculating HRV use the temporal distance between sequences of intervals in the electrical R-

spikes in heartbeat which can be quantified using electrocardiogram (ECG) (Xhyheri et al., 

2012). There are many variations of parameters of time-domain analysis, but the two most used 
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include: 1) standard deviation of NN intervals (SDNN), which encompasses 24 hour fluctuations 

in HR to describe HRV over time measured with an ECG; and 2) the square root of the mean 

squared differences of successive NN intervals (RMSSD) which describes short-term (5 minute) 

up to 24 hour variation and reflects parasympathetic activity (Shaffer & Ginsberg, 2017). The 

RMSSD measure can be taken using commercially available wearable devices such as wrist 

watches and/or chest strap technology. When considering utility and feasibility, time domain 

measures are the most practical approach to collecting data pertaining to mental health function 

and autonomic response. However a draw back is that time domain measures are less precise in 

indicating autonomic function outcomes and risk for worsening mental health. As multiple 

factors influence autonomic function, strict conditions must be adhered to when taking 

measurements (Zygmunt & Stanczzyk, 2009).  

!

1.5.3 Behavioral Confounding Factors Affecting Heart Rate Variability 

M7!WLC!&7!$!0&90-.!7*’7&/&5*!%*$73)*=!5$)&437!,*0$5&4)$-!(4’243’+7!($’!$22*(/!WLC!&’!
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(4%8$)*+!/4!’4!$-(404-!QRyan & Howes, 2002). Caffeine found in coffee, energy drinks, and 

chocolate, releases cortisol which increases sympathetic nervous system activity, subsequently 
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decreasing HRV (Sondermeijer et al., 2002). J0&7!+&)*(/-.!&%8$(/7!$88-&($,&-&/.!42!&’/*)8)*/$/&4’=!
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1.5.4 Environmental Confounding Factors Affecting Heart Rate Variability 
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1’467!60$/!/4!*H8*(/!+3)&’9!$(/3$-!/*7/&’9!QA$/$&!*/!$-;=!YVYVT;!b*7/!8)$(/&(*!*’5&)4’%*’/$-!

(4’/)4-!%*$73)*7!&’(-3+*!0$5&’9!8$)/&(&8$’/7!)*7/*+!&’!$!738&’*!847&/&4’!24)!$!%&’&%3%!42!"\<

%&’3/*7!&’!$!I3&*/=!+&%-.!-&/!)44%!2)**!42!+&7/)$(/&4’7!/4!*’73)*!/0$/!*H/)$!7/&%3-$/&4’!2)4%!’4&7*7!

4)!,)&90/!-&90/7!+4!’4/!7/&%3-$/*!/0*!7.%8$/0*/&(!’*)5437!7.7/*%!60&(0!&’()*$7*!WL!$’+!-46*)!

WLC!QA$/$&!*/!$-;=!YVYVT;!b$7*-&’*!$’+!)*(45*).!%*$73)*7!$)*!)*(4%%*’+*+!/4!,*!/$1*’!24)!"\!
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%&’3/*7!24--46&’9!/0*!&’&/&$-!"\!%&’3/*!)*7/!8*)&4+!&’!$!738&’*!847&/&4’!/4!*’73)*!/0*!,4+.!&7!&’!$!

)*7/&’9!7/$/*!$’+!’4/!,*&’9!7/&%3-$/*+!,.!%45*%*’/!QA$/$&!*/!$-;=!YVYVT;!J0*!+$/$!(4--*(/&4’!)44%!

&7!)*(4%%*’+*+!/4!,*!$/!$!(4’/)4--*+!/*%8*)$/3)*!QYV!/4!Y[!+*9)**7!A*-7&37T!$’+!)*-$/&5*!

03%&+&/.!Q[V<UVkT!$7!45*)0*$/&’9!($37*7!WL!/4!)&7*!$’+!73,7*I3*’/-.!WLC!/4!+*(-&’*e!&’!

(4’/)$7/=!+*()*$7*+!,4+.!/*%8*)$/3)*!&7!$774(&$/*+!6&/0!)*+3(*+!WL!$’+!&’()*$7*7!&’!WLC!

Q@/$377=!YVVZT;!M++&/&4’$--.!03%&+&/.!%$.!$22*(/!)*78&)$/&4’!)$/*=!&%8$(/&’9!)*78&)$/4).!7&’37!

$))0./0%&$!Q@/$377=!YVVZT;!#/!&7!$+5&7*+!/0$/!/&%*!42!+$.!24)!/*7/&’9!7*77&4’7!$)*!(4’7&7/*’/!$%4’9!

$’+!$()477!8$)/&(&8$’/7!$’+!/$1*’!&’!/0*!%4)’&’9!+3*!/4!(&)($+&$’!)0./0%7!QA$/$&!*/!$-;=!YVYVT;!

B((3))*’(*7!$’+!(-&’&($-!*5*’/7!$)*!()3(&$-!/4!+4(3%*’/!$7!/0*.!6&--!,*!&%8*)$/&5*!24)!-$/*)!

$)/&2$(/!)*%45$-!$’+!24)!8)45&+&’9!*H8-$’$/&4’!/4!+)$7/&(!73++*’!(0$’9*7!&’!/0*!+$/$!7*/;!^$&-3)*!

/4!7/)&(/-.!&%8-*%*’/!/0*7*!*’5&)4’%*’/$-!(4’+&/&4’7!&’/)4+3(*7!/0*!84/*’/&$-!/0$/!/0*!WLC!

5$-3*7!4,7*)5*+!%$.!’4/!$((3)$/*-.!)*8)*7*’/!/0*!$3/4’4%&(!)*784’7*!&’!)*784’7*!/4!$!A#R;!

M-4’9!6&/0!/0*!%$’.!2$(/4)7!/0$/!$22*(/!WLC!%*$73)*%*’/!(4%*7!(0$--*’9*7!&’!-$,!/4!2&*-+!

$88-&($/&4’!60&-*!%$&’/$&’&’9!/0*!&’/*9)&/.!42!/0*!)&94)!42!/0*!/*7/7;!!!

!

1.5.5 Challenges of Heart Rate Variability in Mental Health Assessment 

HRV is a potentially important and complex measure in mental health assessment. 

Accurately determining if resting HRV provides the ability to determine mental health status 

requires rigorous procedures. The main challenge is establishing and maintaining realistic yet 

feasible protocols that represent activities carried out in practice while maintaining physiological 

validity. One option to overcome this challenge is to measure HRV while challenging autonomic 

reflex systems. A standardized array of tests that include a combination of several functional 

autonomic reflex stimulations can improve the validity of resting HRV measures alone. These 
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tests provide an important opportunity to quantify the autonomic stress responses, and may help 

to characterize autonomic stress responses in mental health. Decreases in resting HRV are linked 

to ANS hyperactivity in individuals with mental health disorders. Similiarly, an exaggerated 

ANS response to a mild ANS stimulus may also indicate an underlying mental health issue 

(Hayano & Yuda, 2019; Ziemssen & Siepmann, 2019). Thus, to ensure ecological validity, best 

practices suggest that a functional HRV assessment involves 1) a physiological stress test 

response to assess the PNS; and 2) a functional test to assess the SNS such as blood pressure 

changes during a (49’&/&5*!/*7/=!(4-+!8)*774)!/*7/=!4)!WLC!)*(45*).!24--46&’9!*H*)(&7* (Ziemssen 

& Siepmann, 2019).  

Other challenges arise from interpretation issues with certain analytical outcomes. 

Studies that discuss frequency characteristics between sympathetic and vagal HR regulations are 

often over-interpreted (Hayano & Yuda, 2019). For example, a critical error is that LF and HF 

spectral components of HRV are used as separate metrics of sympathetic and parasympathetic 

functions which is an over-interpretation due to the influence of the baroreceptor reflex (Camm 

et al., 1996). Inferences about SNS activity cannot be made based on the beat to beat interval and 

many studies misinterpret LF power as a measure of SNS activity (Vanoli & Adamson, 1994). 

Only 6 of approximately 100 clinical studies reporting LF correctly interpreted that it is not a 

measure of SNS activity, but rather a measure of baroreceptor reflex cardiovascular regulation 

system which detects levels of stretch on vascular walls as blood volume increases (Heathers, 

2014). Despite the evidence that the LF/HF ratio does not provide a measure of sympatho-vagal 

interactions (i.e., the balance between sympathetic and parasympathetic nervous activities), it 

continues to be published (Billman et al., 2013; Heathers, 2014). The mathematical ambiguity of 
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the one dimensional ratio has since been resolved by incorporating two degrees of freedom for 

rigorous categorization of stress (C4’!L47*’,*)9  et al., 2017). !

A4’7&+*)&’9!/0$/!/0*7*!(0$--*’9*7!$)*!&+*’/&2&$,-*!&’!’*$)-.!$--!WLC!-&/*)$/3)*=!$!)*5&*6!42!

/0*!-&/*)$/3)*!/4!&’5*7/&9$/*!(3))*’/!WLC!%*$73)*%*’/!8)$(/&(*7!&’!%*’/$-!0*$-/0!$’+!a@a!&7!

’**+*+;!J0*!8)4847*+!)*5&*6!42!/0*!-&/*)$/3)*!6&--!)*5*$-!60&(0!WLC!%*$73)*7!$)*!(3))*’/-.!

,*&’9!37*+!/4!$&+!*$)-.!+*/*(/&4’!42!a@a!$22*(/*+!,.!%*’/$-!0*$-/0!+&74)+*)7=!$’+!/0*!)*78*(/&5*!

$+0*)*’(*!/4!7/$’+$)+&F$/&4’!42!%*/04+4-49&($-!$88)4$(0*7!$((4)+&’9!/4!83,-&70*+!93&+*-&’*7!/4!

Q@(0’*&+*)!f!@(06*)+/2*9*)=!YVYVT; Ultimately, this review will help enhance the accuracy of 

interpretations in future studies to avoid the potential implication of diagnostic error (Billman et 

al., 2013).  

 

;CO.H70:%-(.

It is well known that $3/4’4%&(!+.723’(/&4’ and mental health disorders are occurring in 

PSP but is not always measured appropriately via self-report and HRV (Carleton et al., 2018). 

_&5*’!/0*!87.(0480.7&4-49&($-!7/)*77!/0$/!a@a!2$(*!$’+!/0*!’*9$/&5*!&%8$(/!/0$/!A#R!0$7!4’!

0*$-/0=!&/!&7!&%84)/$’/!/4!+*5*-48!$’!4,E*(/&5*!80.7&4-49&($-!%*$73)*!&’!$++&/&4’!/4!73,E*(/&5*!7*-2!

)*84)/!%*/04+7!/0$/!6&--!*’$,-*!*$)-.!+*/*(/&4’!42!84/*’/&$-!+&7/)*77!$’+!%*’/$-!0*$-/0!+&74)+*)7!/4!

2$(&-&/$/*!*$)-&*)!$((*77!/4!/)*$/%*’/!QKehl et al., 2006; Morris & Rao, 2013). Currently, HRV is 

used to indicate chronic over-stress, but this highly sensitive measure can be performed 

inadequately if external factors are not controlled for, which can lead to misinterpretations 

regarding the prevalence, magnitude, and cause of $3/4’4%&(!+.723’(/&4’ in PSP (Hayano & 

Yuda, 2019).!J4!%$H&%&F*!/0*!3/&-&/.!42!WLC!/4!+*/*)%&’*!$3/4’4%&(!+.723’(/&4’=!&/!%37/!,*!

&%8-*%*’/*+!6&/0!0&90!-*5*-7!42!)&94);!W*’(*=!/0&7!7/3+.!6&--!(0$)$(/*)&F*!/0*!4((38$/&4’$-!0*$-/0!
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-&/*)$/3)*!5&$!$!7(48&’9!)*5&*6!/4!%$1*!)*(4%%*’+$/&4’7!/4!&%8)45*!/0*!6$.!&’!60&(0!WLC!&7!

&’/*9)$/*+!&’/4!/0*!$88-&*+!%*’/$-!0*$-/0!)*7*$)(0; The purpose of this thesis is to characterize 

how HRV has been used to identify autonomic dysfunction and mental health disorders in PSP. 

The objectives are to 1) critically appraise the literature involving HRV assessment in identifying 

mental health disorders and/or autonomic dysfunction in PSP based on its scientific rigor, and 2) 

develop an infographic for researchers who use HRV as a measure of mental health that will 

highlight key factors to account for when measuring and interpreting HRV.  
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891:,(0.G<.K8PH=QR.?>A=>B.

GC;.=$,0%)7",3%$..

N*$73)&’9!M>!37&’9!WLC!0$7!8)45&+*+!3’&I3*!&’7&90/7=!046*5*)=!60*/0*)!4)!’4/!WLC!

&7!,*&’9!%*$73)*+!$’+!&’/*)8)*/*+!60&-*!7/)&(/-.!24--46&’9!8)*5&437-.!+*2&’*+!8$)/&(&8$’/!

,*0$&543)$-!$’+!*’5&)4’%*’/$-!%*$73)*%*’/!93&+*-&’*7!0$7!.*/!/4!,*!&’5*7/&9$/*+;!@(48&’9!

)*5&*67!$)*!+*7&9’*+!/4!provide an overview of the available literature on an area of interest via a 

broad search and multiple structured strategies to capture all relevant information. J037=!/0&7!

7(48&’9!)*5&*6!6&--!&+*’/&2.!046!7/3+&*7!&’5*7/&9$/&’9!%*’/$-!0*$-/0!$’+l4)!M>!&’!a@a!0$5*!37*+!

WLC;!J0*!83)847*!&7!/4!9$/0*)!$--!7/3+&*7!4’!/0&7!/48&(=!$’+!/4!)*5*$-!/0*!7(&*’/&2&(!%*)&/!+**%*+!

,.!$!I3$-&/.!$88)$&7$-=!$’+!2&’$--.!+*5*-48!$!?J!/44-!&’!/0*!24)%!42!$’!&’249)$80&(!/0$/!($’!,*!

37*+!,.!)*7*$)(0*)7!&’!/0*!23/3)*;!

!
GCG.E(,9%).

A scoping review of the literature was conducted using a five-stage framework developed 

by Arksey and O’Malley (2005) to summarize findings. To compile all applicable studies, five 

stages were followed: 1) identifying the research question; 2) identifying relevant studies via a 

search strategy; 3) study selection; 4) charting the data; and 5) summarizing and reporting the 

results (Arksey and O’Malley, 2005). 

!

2.2.1 Identifying the Research Question 

The review was guided by the research question; “How has HRV as a surrogate measure 

of $3/4’4%&(!+.723’(/&4’!,**’!&%8-*%*’/*+!&’!)*7*$)(0!/46$)+7!&+*’/&2.&’9!%*’/$-!0*$-/0!

+&74)+*)7!$%4’9!a@P?” The search strategy was carefully designed to encompass the objective 
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of critically appraising the literature involving HRV assessment in identifying mental health 

disorders in PSP based on its scientific rigor.  

 

2.2.2 Search Strategy  

To comprehensively identify published studies relevant to the central research question, a 

search strategy was developed with the consultation of a library liaison. Steps for creating a 

search strategy outlined by Bramer and colleagues (2018) as well as the a**)!L*5&*6!42!

R-*(/)4’&(!@*$)(0!@/)$/*9&*7!QaLR@@T!2015 Guideline Evidence-Based Checklist by McGowan 

and colleagues (2016) were followed (Appendix B). Bibliographic databases Pubmed, Web of 

Science, Psycinfo, and CINAHL were searched using standard medical subject headings and 

keywords (Appendix C). Manuscripts were filtered to be written in the English language only. 

No limitations were placed for date of publications. Grey literature was searched for via the 

search strategy search terms in google scholar and open grey, however yielded no results that 

met the inclusion criteria.  

 

2.2.3 Study Selection  

Upon article retrieval using the search criteria identified, the study selection process 

followed the PRISMA flow diagram (Figure 1) beginning with duplicate article removal. The 

remaining articles underwent title and abstract screening for relevance based on inclusion and 

exclusion criteria. Eligibility criteria ensured that studies investigated the physiological response 

to CIE from a mechanistic perspective;!Studies were eligible for inclusion if the following 

criteria were met: 
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a.! Participant samples included PSP who experience CIE including but not limited to: military 

personnel, police officers, paramedics, and/or firefighters. 

b.! Studies included physiological quantification of autonomic function by measuring HRV. 

c.! Mental health disorders included either anxiety, PTSD, depression, chronic fatigue, substance 

use disorder, or cognitive impairment. 

d.! Studies were written in the English language.  

Articles were excluded if they did not pertain to physiological identifiers of $3/4’4%&(!

+.723’(/&4’ in the mode of HRV, did ’4/!8*)/$&’!/4!a PSP population, did not involve mental 

health, were a prospective protocol, or were not written in the English language.  

 

2.2.4 Review Process 

J0*!&’&/&$-!7*$)(0!)*73-/*+!&’!\"c!)*(4)+7!/0$/!6*)*!7()**’*+!24)!&’(-37&4’!&’!/0)**!80$7*7;!

#’!/0*!2&)7/!80$7*=!/0*!$3/04)!)*5&*6*+!/0*!\"c!/&/-*7!24)!+38-&($/*7;!M2/*)!+38-&($/*!)*%45$-=![][!

)*(4)+7!I3$-&2&*+!24)!/0*!/&/-*!$’+!$,7/)$(/!7()**’&’9!80$7*!37&’9!/0*!&’(-37&4’l*H(-37&4’!()&/*)&$;!

B2!/0*!]D!$,7/)$(/7!/0$/!%*/!*-&9&,&-&/.!()&/*)&$=!UV!6*)*!)*%45*+!384’!23--!/*H/!)*5&*6!+3*!/4!’4/!

0$5&’9!$!%*$73)*!42!WLC!Q’mZT=!’4/!0$5&’9!$’!&’I3&).!/4!%*’/$-!0*$-/0!Q’mZDT=!!’4/!&’54-5&’9!$!

a@a!8483-$/&4’!Q’m]T=!,*&’9!$!)*5&*6!8$8*)!Q’mcT=!’4/!,*&’9!6)&//*’!&’!/0*!R’9-&70!-$’93$9*!

Q’m"T=!$’+!,*&’9!$!8)478*(/&5*!8)4/4(4-!Q’mYT;!@3,7*I3*’/-.=!$!/4/$-!42!"D!$)/&(-*7!6*)*!&’(-3+*+!

&’!/0&7!)*5&*6;!J0*!aL#@NM!2-46!(0$)/!+*/$&-7!/0*!7/3+.!7*-*(/&4’!8)4(*77!Q^&93)*!"T;.

!
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2.2.5 Data Extraction  

The following data were extracted for context documentation from all eligible studies 

(n=19): sample size, occupation, study design, how HRV was measured, mental health disorder, 

and summaries of the main findings (Table 1).  

.

2.2.6 Quality Appraisal Methodology 

The manuscripts underwent a critical appraisal assessment for quality via a 40-item 

“Study Design and Physiological Outcome Validity Appraisal Tool” found in Table 1 that was 

adapted from an Evaluation of Quality of an Intervention Study Tool (MacDermid et al., 2014) 

and a Physiological Outcome Validity Checklist (Catai et al., 2020). The Evaluation of Quality 

of an Intervention Study Tool involved criteria found in Table 1 questions 1-4, 6-12, and 37-40 

taken from MacDermid (2014) which represented the critical appraisal score (C). The 

Physiological Outcome Validity Checklist (P) encompassed questions 5 and 13-36 extracted 

from Catai and colleagues (2020). The appraisal was performed using each tool independently 

and in combination using a hybrid appraisal to produce three summative scores reported for each 

study. The hybrid tool that encompassed all 40 questions combined, known as the total quality 

score (T), addressed 7/3+.!+*7&9’=!73,E*(/!2$(/4)7=!*H8*)&%*’/$-!43/(4%*7=!$’+!

)*(4%%*’+$/&4’7.!

The tool guides a critical appraisal of published papers by assigning scores for each item 

where the description sounds most like what was reported in the study. Scores of 2 indicated 

strong research design, a 1 was suboptimal, a 0 was poor research design, and NA was not 

applicable. A higher score is indicative of a lower risk of bias, and greater study quality. A 

spreadsheet created on Microsoft Excel for Mac v. 16 documented the scoring of all papers from 
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both reviewers, KS and AZ. To ensure validity of the tool and that consensus was achieved, both 

reviewers independently reviewed 2 papers and compared results. Reviewers KS and AZ 

discussed what constituted a score value for each category and individually assessed the 

remaining 17 studies. Disagreements among score assignment between raters (n=4) were 

resolved with discussion amongst the raters. If after that a consensus could not be met, the 

analysis of a third reviewer (KES) would have been utilized but this was not necessary as initial 

discussion achieved consensus. Discrepancies in scores were only present in 4 studies and upon 

discussion remained with the initial reviewer’s (AZ) score. Scores were converted to 

percentages, and studies grouped into low (0-50%), medium (51-79%), and high (80-100%) 

quality categories as standard in previous studies (Stock et al., 2018). A low-quality rating 

reflects methodological limitations, including that relationships discovered between HRV and 

mental health may be attributable to factors which are not related to the CIE trauma in PSP.  
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Table 1.  
Study design and physiological outcome quality appraisal tool criteria and evaluation guidelines 
for scoring. 
 
STUDY DESIGN 
 

 
EXPERIMENTAL OUTCOMES 

19.! Was temperature controlled for/recorded? 
- Yes, between 20-24 degrees Celsius- 2 
- Yes, but not between 20-24 degrees Celsius – 1 
- No - 0 

20.! Was humidity considered, controlled for, or recorded? 
- Yes, between 40-60%- 2 
- Yes, but not between 40-60% – 1 
- No - 0 

21.! Was time of day of measurements considered, controlled for, or 
recorded? 
- Time of day was consistently in the morning – 2 
- Time of day was consistent but not in the morning – 1 
- Time of day was not controlled for or consistent - 0 

22.! Was there a description of body position during data collection? 
- Yes, consistent among participants (supine or sitting) – 2 
- Yes, but not consistent among participants – 1 
- No description - 0 

23.! Was there a description of resting & dynamic conditions? 
- Yes – 2 
- Only of resting or dynamic conditions – 1 
- Neither condition was described - 0 

24.! Was baseline recorded with a rest of 15 minutes? 
- Yes – 2 
- Baseline was recorded but with a rest of < 15 minutes – 1 
- No baseline was recorded - 0 

25.! Were recovery, or follow up values recorded? 
- Yes for at least 15 minutes - 2 
- Yes but for <15 minutes – 1 
- No - 0 

26.! Was the signal acquisition rate described? 
- Yes and it was at least 1000 Hz - 2 
- Yes but was < 1000 Hz - 1 
- No - 0 

27.! Was the software used for acquisition described? 
- Yes and it was a valid software (e.g. Lab chart) - 2 
- Acquisition was described but software was not specified - 1 
- No – 0  

28.! Was the total length of signal acquisition time described? 
- Yes, as longitudinal (24 hour recording) - 2 
- Yes, but was not longitudinal (<24 hours) - 1 
- No - 0 

29.! Were occurrences (sneezes, coughs, or movements) and clinical 
events (dizziness, blurred vision, or arrhythmias) recorded before, 
during and after collection? 
- Yes - 2 
- Only during, but not during baseline or resting - 1 
- No -0 

30.! Was respiratory rate considered, controlled for and recorded? 
- Yes - 2 
- Importance was mentioned but it was not controlled for - 1 
- No mention of respiratory rate - 0 

31.! Were devices and their acquisition used to measure other 
physiological variables described? 
- Yes - 2 
- Devices but not their acquisition were described - 1 
- No or there were no secondary variables - 0 

 
 
 
 
 
 
 
 

1.! Was there relevant and sufficient background work cited that 
led to a clear research question? 
-A literature review lead to a rationale for a question(s). A 
directional hypothesis and purpose used: patients, 
intervention, comparison, outcomes and timeframes – 2 
- All of the above were not fulfilled, nor was there a clear 
rationale – 1 
- The question was unclear with a lack of foundation - 0 

2.! Was a comparison group or control condition used? 
- Two or more same point in time groups of similar 
demographics were compared – 2 
- It was not clear that the groups were comparable – 1 
- No comparator group was included - 0 

3.! Was participant status at > 1 time point considered? 
- Participants were evaluated prior to the intervention, and at 
one or more relevant time point using the same evaluation 
process – 2 
- Participants were evaluated more than once (including case 
control studies), but the above criteria were not fulfilled – 1 
- Participants were evaluated at only one point in time - 0 

4.! Was data collection performed prospectively?  
- Data were collected at pre-set intervals according to a 
preplanned protocol (prospective cohort) – 2 
- Prospective data were collected across multiple intervals, 
and later retrieved from a database (retrospective) – 1 
- Data were from retrospective records or event recall - 0 

5.! Was the research setting suitable to infer possibilities of 
control (researcher interactions/distractions, noise)? 
- Yes, participants had their mobile devices removed during 
testing and did not interact with anyone, nor did anyone 
create noise or distractions – 2 
- The place was moderately suitable to infer control of 
interactions/distractions or noise. The participants mobile 
device was not removed during testing – 1 
- No, there were external interactions/distractions, excess 
noise, and the participants mobile device was not removed - 0 

6.! Were participants randomized to groups? 
- An appropriate randomization strategy was used – 2 
- Randomization was used, but it did not confirm a random 
process or the process was not described – 1 
- No - 0 

7.! Were participants blinded? 
- Yes, a description of blinding procedures or a post-hoc 
analysis indicated that blinding was effective; or it was 
evident that participants would be unable to distinguish which 
intervention they received – 2 
- Blinding was not possible or it was unclear whether an 
effective blinding strategy was used – 1 
- No (studies with no comparison groups) - 0 

8.! Were researchers blinded? 
- Researchers were blinded to the intervention – 2 
- Blinding was not possible or it was unclear whether an 
effective blinding strategy was used – 1 
- Blinding was possible, but was not utilized - 0 

9.! Were blinded analysis of outcome measure performed? 
- Yes – 2 
- Blinding was not possible or it was unclear whether an 
effective strategy was used – 1 
- Blinding was possible, but was not utilized - 0 

10.! Were independent evaluators used to analyze outcomes? 
- Yes – 2 
- No, but evaluators were not involved in treatment or self-
report forms were administered by treatment providers – 1 
- No. Providers could have influenced the measurements - 0 
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PARTICIPANTS 

 
11.! Did sampling procedures minimize sample/selection biases? 

- Sampling procedures were applied equally across groups – 2 
- Information on procedures or description of the population 
is not provided or there was no comparison group – 1 
- Sampling biases were evident; systematic differences 
occurred between comparison groups and/or selection 
procedures made it impossible to determine what types of 
people were included - 0 

12.! Were specific inclusion/exclusion criteria defined to identify 
a specific population? 
- Yes – 2 
- Insufficient information to identify a specific population – 1 
- No information on inclusion and exclusion criteria are 
stated; and limited participant descriptors are provided (e.g.  3 
or less including age and gender) - 0 

 
ANALYSIS 

32.! Was the software used to complete the analysis described? 

- Yes or it was referenced - 2 
- It was mentioned but not described - 1 
- It was not reported - 0 

33.! Was there a description of the selected sample of data processed? 
- Yes and it was representative of times of interest - 2 
- Yes but it was not representative of times of interest - 1 
- No - 0 

34.! Was the signal quality verified during processing? 
- Yes – 2 
- It was not reported, but could be inferred - 1 
- No - 0 

35.! Was editing and filtering the signal to remove artifacts during 
processing done? 
- Yes - 2 
- A need for it was described but it was not done - 1 
- No - 0 

36.! Was the # of beats and time window of analysis reported? 
- Yes - 2 
- Only the number of beats or the time window were reported - 1 
- Neither were reported - 0 

37.! Did the study have a priori driven subject numbers? 
- Yes - 2 
- It was not established, but could be inferred - 1 
- No - 0 

38.! Was missing data accounted for and considered? 
- Complete data collection was achieved or missing data was 
reported and where it occurred in more than 10% of cases, an 
imputation strategy was used - 2 
- Methods around missingness were not reported, but was not an 
issue (e.g. pretest post-test or cases from a database) - 1 
- The protocol for handling missing data was not described. It was 
not clear what % of data was imputed; or > 20% was imputed - 0 

 
RECOMMENDATIONS 

39.! Were conclusions/interpretations supported by objectives/results? 
- Yes. Recommendations did not ignore results, over-generalize, or 
state that the treatment was ineffective when there was insufficient 
power to establish so – 2 
- Conclusions and clinical recommendations are incomplete, vague, 
or generalize to situations beyond those studied – 1 
- No conclusions/recommendations or it contradicted findings - 0 

40.! Were limitations of the findings discussed? 
- Limitations were transparently discussed addressing confounding 
factors – 2 
- Limitations did not address confounding factors – 1 
- No – 0  

13.! Was general health of the participants controlled/recorded? 
- Yes – 2 
- It was recorded but not controlled for – 1 
- No - 0 

14.! Were participants familiarized with the collection 
environment before recording data? 
- Yes on a different day - 2 
- Yes, but immediately prior to testing - 1 
- No - 0 

15.! Were nutrition/substance guidelines provided and adherence 
recorded? 
- Avoidance of alcohol, caffeine, medications for 24 hours 
prior to baseline testing was communicated and adherence 
was recorded and monitoring of substance’s took place– 2 
- Guidelines were provided, but verification of adherence was 
not recorded or controlled for– 1 
- No guidelines were provided - 0 

16.! Were exercise and physical activity guidelines provided and 
adherence recorded? 
- Avoidance of physical activity for 24 hours prior to baseline 
testing was communicated, adherence was recorded and 
monitoring took place– 2 
- Guidelines were provided, but adherence was not recorded 
or controlled for– 1 
- No guidelines were provided - 0 

17.! Was an appropriate enrollment obtained? 
- A sample size calculation of a minimum of 80% power on 
the primary outcome measure was done and recruited the 
prespecified number of subjects – 2 
- A rationale for the number of subjects included in the study 
was not provided or the sample was >100 participants/per 
study arm – 1 
- Sample size was not justified - 0 

18.! Were participants interactions/distractions controlled for? 
- Yes – 2 
- Yes but they still impaired participant responses - 1 
- No or it was not stated that efforts were made to do so - 0 

 
Total quality score = total sum/(80 - #NAs) x 100% 
Physiological score = sum (Q5 + 13-36) – (#NAs) x 100% 
Critical appraisal score = sum (Q1-4 + 6-12 +37-40) – (#NAs) x 100% 
  

 

!  
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2.2.7 Data Synthesis and Analysis 

To understand the effect of HRV on mental health in PSP, based on the main HRV and 

mental health conclusions, each study was given a yes, no, or yes and no to the whether HRV 

was correlated to mental health disorders or autonomic dysfunction in PSP. If a study found a 

significant association of lower HRV with outcome of autonomic dysfunction and/or presence of 

a mental health disorder, it was given a ‘yes.’ If a study found no significant association of HRV 

with outcomes of autonomic function and/or mental health, the study was given a ‘no.’ Finally, 

studies were characterized as ‘yes and no’ if there was partial support for low HRV correlating to 

autonomic dysfunction and/or presence of a mental health disorder, or it was supported in some 

but not all measures of HRV. The critical analysis of the physiological outcomes of the 3 highest 

quality studies were used to inform the HRV measurement guideline infographic for researches 

who use HRV to improve understanding of impacts of CIE trauma on mental health.  
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Figure 1. PRISMA flow diagram detailing the results of the search. 1Number of records 
identified in individual databases (N=518): Pubmed: 249. Web of Science: 151. Psycinfo: 73. 
CINAHL: 45.   
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Table 2.  
Description of the 19 studies included in the scoping review. Appraisal scores are represented as 
percentages where T represents total quality score, C represents critical appraisal score 
(MacDermid et al., 2014), and P represents physiological score (Catai et al., 2020). 
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2.3.2 Quality Appraisal Results 

The quality appraisal was separated into six main sections, as per the appraisal tool, to 

assess study design, subjects, experimental outcomes, secondary physiological outcomes, 

analysis, and recommendations. Each section within the complete results displayed in Table 3 

will be further discussed. The critical appraisal tool involved 16 questions revised from 

MacDermid (2014) where 2 studies scored high quality (Oh et al., 2018; Pyne et al., 2019), 10 

scored medium (Brisinda et al., 2015; Hourani et al., 2020; Kizakevich et al., 2019; Krick & 

Felfe, 2020; Lee & Theus, 2012; Mccraty & Atkinson, 2012; Pyne et al., 2016; Ramey et al., 

2016; Speer et al., 2020; Tegeler et al., 2017), and 7 scored low (Liao et al., 2014; Minassian et 

al., 2015; Sánchez-Molina et al., 2017; Strahler & Ziegert, 2015; Tan et al., 2009; Tornero-

Aguilera et al., 2018; Tremblay et al., 2020). The physiological appraisal consisted of 24 

questions revised from Catai et al. (2020) and had 0 studies score high, 6 studies score medium, 

(Brisinda et al., 2015; Hourani et al., 2020; Oh et al., 2018; Speer et al., 2020; Strahler & Ziegert, 

2015; Tegeler et al., 2017) and 13 studies score low quality (Kizakevich et al., 2019; Krick & 

Felfe, 2020; Lee & Theus, 2012; Liao et al., 2014; Mccraty & Atkinson, 2012; Minassian et al., 

2014a; Pyne et al., 2016, 2019; Ramey et al., 2016; Sánchez-Molina et al., 2017; Tan et al., 

2009; Tornero-Aguilera et al., 2018; Tremblay et al., 2020). The overall appraisal combining the 

critical appraisal and physiological appraisal consisted of 40 questions that had 0 studies were 

reported as high quality, 11 studies reported as medium (Brisinda et al., 2015; Hourani et al., 

2020; Kizakevich et al., 2019; Krick & Felfe, 2020; Mccraty & Atkinson, 2012; Oh et al., 2018; 

Pyne et al., 2019; Ramey et al., 2016; Speer et al., 2020; Strahler & Ziegert, 2015; Tegeler et al., 

2017), and 8 studies reported as low quality (Lee & Theus, 2012; Liao et al., 2014; Minassian et 
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al., 2014a; Pyne et al., 2016; Sánchez-Molina et al., 2017; Tan et al., 2009; Tornero-Aguilera et 

al., 2018; Tremblay et al., 2020).  
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Table 3.  
Quality appraisal scores (n=19) including overall quality score represented by P,  the critical 
appraisal score represented by C, and physiological score represented by P. Ratings (R) are 
displayed as high (H), medium (M), or low (L).  
 

 

2.3.2.1 Study Design 

The study design section comprised 10 questions of the critical appraisal which focused 

on the construct of design development. Based on the appraisal across 19 studies by two 

individuals, the construct of design develop was found to be of medium quality (61%). The 

previously defined criteria required that an unbiased literature review indicated what was known 

about the problem and established a clear gap and research question(s) with a rationale that 

supported a directional hypothesis and purpose statement. All studies met the standards in this 

area with the exception of 5 (Kizakevich et al., 2019; Liao et al., 2014; Minassian et al., 2014a; 

Ramey et al., 2016; Sánchez-Molina et al., 2017) that scored a 1 for not addressing all areas. The 

comparison of two or more contemporary (same point in time) groups of similar patients was 

incorporated in slightly over half of the studies. Participants were evaluated prior to the 

intervention, and at one or more clinically relevant time points, following the intervention using 
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the same evaluation process in the majority, but not all studies with four only evaluating 

participants at one point in time (Liao et al., 2014; Minassian et al., 2014a; Tan et al., 2009; 

Tremblay et al., 2020). A standardized set of data were collected at specific pre-set intervals 

according to a preplanned prospective study protocol in all but 3 studies which used retrospective 

data sets not specifically design for their studies (Liao et al., 2014; Tan et al., 2009; Tremblay et 

al., 2020). The research location was moderately suitable to infer possibilities of control for 

interactions/distractions and noise in the majority of studies (Brisinda et al., 2015; Krick & Felfe, 

2020; Lee & Theus, 2012; Liao et al., 2014; Mccraty & Atkinson, 2012; Minassian et al., 2014a; 

Oh et al., 2018; Pyne et al., 2016, 2019; Ramey et al., 2016; Speer et al., 2020; Strahler & 

Ziegert, 2015; Tan et al., 2009; Tegeler et al., 2017; Tremblay et al., 2020). No studies, however 

stated that participants mobile devices were removed from them during testing which can create 

distractions. An appropriate randomization strategy was used to allocate participants to 

interventions in 9 studies where it was suitable (Hourani et al., 2020; Kizakevich et al., 2019; 

Krick & Felfe, 2020; Mccraty & Atkinson, 2012; Oh et al., 2018; Pyne et al., 2019; Ramey et al., 

2016; Sánchez-Molina et al., 2017). Participants were confirmed to have been blinded from the 

knowledge about which intervention they were partaking in just 5 studies (Hourani et al., 2020; 

Kizakevich et al., 2019; Krick & Felfe, 2020; Lee & Theus, 2012; Pyne et al., 2019). Fewer 

studies confirmed blinding of researchers to the intervention (Lee & Theus, 2012; Oh et al., 

2018). Blinded analysis of outcome measures and administration of outcome measures was done 

by an evaluator who was blind to the treatment provided or the purpose of the study was clearly 

communicated in just 4 studies (Brisinda et al., 2015; Lee & Theus, 2012; Oh et al., 2018; 

Ramey et al., 2016). The last question evaluated if independent evaluators were used to analyze 



! ZU!

outcomes in which case 4 studies clearly stated so (Lee & Theus, 2012; Oh et al., 2018; Pyne et 

al., 2016; Tegeler et al., 2017). 

 

2.3.2.2 Participants 

The participants section consisted of 8 questions in the critical appraisal that focused on 

the constructs of sampling protocols and pre-testing guidelines. Across 19 studies, this section 

scored in the low quality range (37%). The previously defined criteria included that sampling 

procedures minimized sample/selection bias by being applied equally across groups. Authors had 

equal recruitment and sampling procedures across comparison groups in all studies but one that 

utilized convenience sampling which are often biased (Tan et al., 2009). This was one of the 

highest scoring criteria with the remaining studies scoring a 1 for failing to describe the 

population or procedures or not having no comparison group (Brisinda et al., 2015; Liao et al., 

2014; Mccraty & Atkinson, 2012; Pyne et al., 2016; Sánchez-Molina et al., 2017; Strahler & 

Ziegert, 2015; Tegeler et al., 2017; Tornero-Aguilera et al., 2018; Tremblay et al., 2020) or a 2 

for meeting criteria (Hourani et al., 2020; Kizakevich et al., 2019; Krick & Felfe, 2020; Lee & 

Theus, 2012; Minassian et al., 2014a; Oh et al., 2018; Pyne et al., 2019; Ramey et al., 2016; 

Speer et al., 2020). Defining specific inclusion and exclusion criteria for the study was not 

consistent among studies with less than half of the studies explaining this in detail enough to 

identify a specific population (Lee & Theus, 2012; Oh et al., 2018; Pyne et al., 2016, 2019; Speer 

et al., 2020; Tegeler et al., 2017). Many studies provided no information on inclusions and 

exclusion criteria and provided limited participant descriptors (Liao et al., 2014; Mccraty & 

Atkinson, 2012; Ramey et al., 2016; Sánchez-Molina et al., 2017; Strahler & Ziegert, 2015; 

Tornero-Aguilera et al., 2018). The general health of participants was controlled/recorded via a 
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screening method in only nine of the 19 studies (Brisinda et al., 2015; Minassian et al., 2014a; 

Oh et al., 2018; Pyne et al., 2016, 2019; Ramey et al., 2016; Speer et al., 2020; Tegeler et al., 

2017; Tremblay et al., 2020). Ensuring that participants were familiarized with the collection 

environment before recording data had extremely low adherence with only 4 studies mentioning 

this in more recently emerging studies (Hourani et al., 2020; Kizakevich et al., 2019; Speer et al., 

2020; Tegeler et al., 2017). Nutrition and other substances control (alcohol, caffeine, medications 

for 24 hours prior, oral contraceptives) guidelines were provided for baseline testing in 6 studies 

(Brisinda et al., 2015; Kizakevich et al., 2019; Minassian et al., 2014a; Oh et al., 2018; Strahler 

& Ziegert, 2015; Tegeler et al., 2017) but adherence was not recorded or confirmed. Exercise 

and physical activity guidelines for baseline testing were provided in 4 studies (Brisinda et al., 

2015; Mccraty & Atkinson, 2012; Speer et al., 2020; Strahler & Ziegert, 2015) and adherence 

was recorded and was monitored during testing in only 1 study (Mccraty & Atkinson, 

2012). Appropriate enrollment was obtained in some studies which scored a 2 if authors 

performed a sample size calculation to provide a minimum of 80% power on their primary 

outcome measure and recruited the prespecified number of subjects which occurred in only 1 

study (Oh et al., 2018). If a rationale for the number of subjects was not provided or the sample 

was >100 participants/study arm the paper received a score of 1 (Brisinda et al., 2015; 

Kizakevich et al., 2019; Krick & Felfe, 2020; Liao et al., 2014; Minassian et al., 2014a; Pyne et 

al., 2016, 2019; Tremblay et al., 2020). Researcher and participant interactions were controlled 

during data collection to not impair participant responses in 7 studies (Brisinda et al., 2015; 

Kizakevich et al., 2019; Krick & Felfe, 2020; Mccraty & Atkinson, 2012; Minassian et al., 

2014a; Oh et al., 2018; Strahler & Ziegert, 2015). As these subject factors directly impact HRV 
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experimental outcomes, more attention to detail is needed in this area for accurate interpretations 

of results.  

 

2.3.2.3 Experimental Outcomes 

Experimental outcomes comprised the largest section consisting of 13 sections focused 

on the constructs of controllable environmental factors and rigorous HRV testing data collection. 

In the quality appraisal, this section was given a low quality average score (38%). The previously 

defined criteria required that temperature was controlled for and recorded as between 20-24 

degrees Celsius (Catai et al., 2020). Only 2 studies reported that temperature was controlled but 

not within the previously recommended range (Oh et al., 2018; Speer et al., 2020) consequently 

this is one of the lowest scoring areas along with controlling for a humidity of 40-60% which no 

studies mentioned. Time of day was considered, controlled for consistency among participants, 

and recorded in the morning in only 4 studies ((Brisinda et al., 2015; Speer et al., 2020; Strahler 

& Ziegert, 2015; Tegeler et al., 2017). There was a description of the participants body position 

during the collection and it was consistent in 70% of studies. A thorough description of the 

resting and dynamic conditions used during data collection was present in less than half of the 

studies. Baseline values of the volunteers were recorded with a rest of at least 15 minutes prior to 

collection in only 3 studies with an additional 9 studies recording baseline but for less than 15 

minutes or without rest prior and 7 studies did not record baseline at all. Recovery, or follow up 

values were recorded for at least 15 minutes in 4 studies with an additional 6 studies recording 

for less than 15 minutes. The signal acquisition rate was described and was at least 1000Hz in 8 

studies, one study was less than 1000Hz, and 9 did not mention signal acquisition rate. The 

software used for acquisition was described in detail and was a validated software in all but one 
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study. The total length of signal acquisition time was described in detail and was longitudinal (24 

hour recording) in 7 studies, with an additional 11 studies described as less than 24 hours and 

one less than 5 minutes. Occurrences (the subject sneezed, coughed, or moved body segments) 

and clinical events (dizziness, blurred vision, or arrhythmias) were recorded during collection in 

only 2 studies. Respiratory rate was considered, controlled for and recorded in 6 studies 

(Brisinda et al., 2015; Kizakevich et al., 2019; Oh et al., 2018; Pyne et al., 2016, 2019; Ramey et 

al., 2016). The devices and their acquisition used to measure other physiological variables 

simultaneous to autonomic measures as a secondary outcome were described in 11 studies 

(Brisinda et al., 2015; Mccraty & Atkinson, 2012; Oh et al., 2018; Pyne et al., 2016; Ramey et 

al., 2016; Sánchez-Molina et al., 2017; Speer et al., 2020; Strahler & Ziegert, 2015; Tegeler et 

al., 2017; Tornero-Aguilera et al., 2018). The attention to detail in experimental outcome scores 

directly impact the quality of analysis.  

 

2.3.2.4 Analysis 

The analysis section of the tool was comprised of 7 questions inquiring into the rigor of 

how HRV was analyzed. This section was given a medium quality score on average in the 

appraisal tool rating (59%). The previously defined criteria required that the software used in the 

analysis was reported and detailed or reference was made to more information and all studies 

adhered to this requirement. All studies met this criteria with the exception of the oldest and 

newest study published which mentioned but did not describe the software (Tan et al., 2009; 

Tremblay et al., 2020). The description of the selected sample of data processed was described 

and representative of times of interest in all but 3 studies (Pyne et al., 2019; Sánchez-Molina et 

al., 2017; Tornero-Aguilera et al., 2018). The signal quality was verified during processing or it 
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could be inferred that it was in all but 2 studies (Sánchez-Molina et al., 2017; Tremblay et al., 

2020). A need for editing and filtering the signal during processing for artifacts and outliers was 

described and implemented in 13 studies (Brisinda et al., 2015; Hourani et al., 2020; Kizakevich 

et al., 2019; Krick & Felfe, 2020; Mccraty & Atkinson, 2012; Minassian et al., 2014a; Pyne et 

al., 2016, 2019; Ramey et al., 2016; Speer et al., 2020; Strahler & Ziegert, 2015; Tan et al., 2009; 

Tegeler et al., 2017). The number of beats and time window in which analysis occurred was 

reported in 2 studies (Mccraty & Atkinson, 2012; Tan et al., 2009) with an additional 12 studies 

(Brisinda et al., 2015; Hourani et al., 2020; Kizakevich et al., 2019; Krick & Felfe, 2020; Lee & 

Theus, 2012; Liao et al., 2014; Minassian et al., 2014a; Oh et al., 2018; Pyne et al., 2016; Ramey 

et al., 2016; Speer et al., 2020; Strahler & Ziegert, 2015) reporting either number of beats or time 

window and 5 reporting neither (Pyne et al., 2019; Sánchez-Molina et al., 2017; Tegeler et al., 

2017; Tornero-Aguilera et al., 2018; Tremblay et al., 2020). It was established or could be 

inferred that the studies had a priori driven subject numbers in less than half of studies (Hourani 

et al., 2020; Kizakevich et al., 2019; Krick & Felfe, 2020; Lee & Theus, 2012; Minassian et al., 

2014a; Oh et al., 2018; Pyne et al., 2016, 2019). Complete data collection was achieved on all 

subjects or the rate of missing data was reported and where missing data occurred in more than 

10% of cases, an appropriate imputation strategy was used in all but 2 studies (Mccraty & 

Atkinson, 2012; Tan et al., 2009). 

 

2.3.2.5 Recommendations 

The final section, recommendations, consisted of 2 assessment questions regarding the 

conclusions made and limitations of the findings. This section scored on the upper end of the 

medium range (78%) in the quality appraisal making it the highest quality section among studies. 
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Specific conclusions and clinical recommendations were made for each of the specific objectives 

of the study appropriately and recommendations did not ignore observed results or overstate the 

generalizability or clinical impact of the study findings in all but two studies (Tornero et al., 

2018; Sanchez et al., 2017). The second criteria was that limitations of the findings were 

transparently discussed in detail addressing confounding factors which had a distribution of high, 

medium, and one low quality study score. A score of 2 was received in studies that transparently 

discussed and addressed confounding HRV factors (Brisinda et al., 2015; Hourani et al., 2020; 

Minassian et al., 2014a; Oh et al., 2018; Speer et al., 2020; Strahler & Ziegert, 2015). A score of 

1 was received due to lack of discussing important confounding individual, environmental, or 

behavioural factors that impact HRV (Kizakevich et al., 2019; Krick et al., 2020; Lee et al., 

2012; Liao et al., 2014; Pyne et al., 2019; Pyne et al., 2016; Ramey et al., 2016; Sanchez et al., 

2017; Tan et al., 2009; Tornero et al., 2018; Tegeler et al., 2017; Tremblay et al., 2020). One 

study failed to discuss limitations at all which are very important in establishing the relationship 

between HRV and mental health/AD (Mccraty & Atkinson, 2012). 

 

2.3.3 Relationship Between HRV and Mental Health 

The main findings of the relationship between HRV and mental health (n=19) showed 

that in 84% of the studies there was a positive correlation. A total of 16 studies (Kizakevich et 

al., 2019; Krick & Felfe, 2020; Lee & Theus, 2012; Mccraty & Atkinson, 2012; Minassian et al., 

2015; Oh et al., 2018; Pyne et al., 2016, 2019; Ramey et al., 2016; Sánchez-Molina et al., 2017; 

Strahler & Ziegert, 2015; Speer et al., 2020; Tan et al., 2009; Tegeler et al., 2017; Tornero-

Aguilera et al., 2018; Tremblay et al., 2020) had a correlation where a lower HRV corresponded 

to worsened mental health/autonomic function. The remaining 3 studies (Brisinda et al., 2015; 
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Liao et al., 2014; Minassian et al., 2015) displayed mixed findings where the relationship was 

shown in some but not all aspects of the study, and no studies showed only no relationship.  

 

2.4 Discussion 

Following analysis of the 19 studies, a primary overarching theme and a subtheme 

emerged. The primary theme was that regardless of physiological adherence to a previously 

defined criteria or scientific merit, a decreased HRV is linked to worsened mental health as 

supported by the presence of a link in all studies despite the scoring on the quality appraisal. A 

subtheme was that many of the critical guidelines that outline confounding factors are not 

followed. Despite these confounding factors not being controlled or accounted for in the majority 

of studies, and regardless of the measurement technique, HRV was still linked to mental health 

in some form in all 19 studies. While a valuable observation, this finding is also problematic and 

concerning. The following discussion will detail the findings supporting the relationship between 

HRV and mental health in PSP, findings partially supporting the relationship, and the impact of 

not controlling for confounding factors in HRV measurement.  

 

2.4.1 Findings in Support of the Link between HRV and Mental Health  

Lower HRV was associated with worsened mental health and/or autonomic function in 

16 studies. In the most recent study by Tremblay and colleagues (2020), elevated PTSD 

symptoms were linked with lower time domain SDNN50 HRV. Lower LF HRV, which is 

representative of sympathetic nervous system activity, was found to be associated with worsened 

mental health including PTSD, anxiety, depression, and alcohol misuse in military personnel and 
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first responders (Hourani et al., 2020). In an experimental group with PTSD, HF and RMSSD 

HRV did not recover by 48 hours post-exercise, indicating worsened autonomic function than the 

control group (Speer et al., 2020). In soldiers with adjustment disorder, baseline HF was lower 

indicating lessened parasympathetic activity, and baseline VLF was higher suggesting 

sympathetic overactivity (Oh et al., 2018). Military veterans with PTSD presented with a high 

prevalence of depressed time domain SDNN HRV (Tan et al., 2009). The predisposition to a 

stressful stimulus, combat, increased sympathetic modulation in experimental groups as lower 

baseline RMSSD showed, meaning higher parasympathetic downregulation – a response 

consequent with an anticipatory anxiety response (Tornero et al., 2018). An urban combat 

maneuver produced a significant increase in sympathetic modulation and anxiety response as 

well as a significant decrease in parasympathetic modulation (Sánchez-Molina et al., 2017). At 

risk police officers were identified and recommended to partake in a 6 week self-regulation 

resilience training that improved 24 hour HRV recordings and reduced self-reported distress and 

depression (Mccraty et al., 2012). Interventions that could reduce ANS dysregulation by 

increasing HRV such as through HRV biofeedback are supported (Tan et al., 2009).  

Studies have found that HRV biofeedback demonstrated benefit at 3 months and 1 year 

post-deployment in a large group (n=342) of soldiers (Pyne et al., 2019). Mindfulness based 

intervention resilience trainings improved HRV short and long term as indicated by increased 

HRV to represent more balanced autonomic activity and vagal mediated RSA in police officers, 

first responders, and military personnel (Kizakevich et al., 2019; Krick & Felfe, 2020). In a study 

with police officers, following a stress-resilience intervention HF HRV increased, LF decreased, 

and RMSSD increased meaning increased parasympathetic activity countered by a decrease in 

sympathetic activity (Ramey et al., 2016). There is a need for research with larger samples and 



! [[!

rigorous psychophysiological HRV measurement to define relationships between PTSD and 

HRV as there are still mixed findings reported within the literature (Lee & Theus, 2012; Strahler 

& Ziegert, 2015). In a more recent study, a trauma exposed participant reported symptoms of 

PTSD but had no diagnosis, further stressing the importance of improving methods of early 

mental health detection in PSP (Speer et al., 2020). Future research would benefit from including 

objective measures such as HRV rather than only focusing on self-report (Kizakevich et al., 

2019; Krick & Felfe, 2020; Mccraty & Atkinson, 2012).   

 

2.4.2 Mixed Findings Supporting the Link between HRV and Mental Health 

Three studies that all scored low to medium on all three appraisal scores, reported mixed 

findings of the ability for HRV to be indicative of mental health disorders and/or AD (Brisinda et 

al., 2015; Liao et al., 2014; Minassian et al., 2014). Brisinda and colleagues (2015) found that in 

policing scenarios, LF:HF ratio was not reduced in stressful situations compared to daily activity. 

A predominance of LF was consistent with prevalent sympathetic activation (Brisinda et al., 

2015). When analyzed in the LF domain, HRV differentiated between mental and physical stress. 

This supports the potential for HRV to be used to improve understanding of autonomic responses 

with strict data collection and analysis methods (Brisinda et al., 2015). In another study with 

mixed findings, PTSD was associated with reduced HRV, but depression was not, contrasting 

what has been previously observed (Minassian et al., 2014). The third study reporting 

inconsistencies was in Liao and colleagues (2014) where depression was associated with lower 

RMSSD, SDNN index, and pNN50, but not with SDNN which includes all variation during 24 

hours and may be influenced by physical activity which was not accounted for (Liao et al., 
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2014). These inconsistencies emphasize the importance of controlling for confounding factors in 

HRV measurement to ensure high accuracy in applied research.   

 

2.4.3 Controlling for Confounding Factors in HRV Measurement  

The analysis showed that because many studies apply HRV analysis as a secondary 

measure (Krick & Felfe, 2020; Pyne et al., 2016; Ramey et al., 2016; Sánchez-Molina et al., 

2017; Strahler & Ziegert, 2015; Tegeler et al., 2017; Tornero-Aguilera et al., 2018; Tremblay et 

al., 2020), likely as a post-hoc analysis, adherence to strict methodological approaches are 

lacking. However, the relationship between HRV and mental health was still shown in all 19 

studies with only three studies reporting mixed findings. Although the majority (n = 11) 

primarily intended on measuring HRV (Brisinda et al., 2015; Hourani et al., 2020; Kizakevich et 

al., 2019; Lee & Theus, 2012; Liao et al., 2014; Mccraty & Atkinson, 2012; Minassian et al., 

2014a; Oh et al., 2018; Pyne et al., 2019; Speer et al., 2020; Tan et al., 2009), a large portion of 

studies involved it as a secondary metric (n = 8). Interestingly, the three studies which reported 

mixed findings (Brisinda et al., 2015; Liao et al., 2014; Minassian et al., 2014a) all had HRV as a 

primary measure within their experimental design, further highlighting the importance of re-

examining the way that it is being implemented in studies.  This highlights the relevance of 

ensuring that appropriate controls and experimental designs are implemented as the mix of 

responses provides insight into uncertainty of the measure. Pyne et al. (2016) stated that HRV is 

easy to measure, but confounds were not discussed in this study along with 7 others in this 

review (Tremblay et al., 2020). #/!&7!6*--<1’46’!/0$/!80.7&($-!$(/&5&/.!6&/0&’!Y[!043)7!8)&4)!/4!
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Increasing the prevalence of apriori HRV testing in the form of a primary outcome 

measure rather than a secondary is fundamental for future research. This will allow for the data 

collection process to be more considerately thought out in applied settings and permit a more 

robust measure that limits type 2 error due to the many confounds. The physiological 

directionality of changes in areas including physical activity guidelines, nutrition and substance 

guidelines, temperature and humidity, time of day, respiratory rate, participant body position, 

and occurrences and clinical events during data collection are all critical to consider but are more 

often than not, overlooked. Furthermore, inclusion of a familiarization session, and strict baseline 

measures are important to be aware of and adhered to. Some studies did not report a baseline, 

therefore, there can be no causation of the alerted HRV and decline in mental health as it can be 

related to the CIE or another behavioural factor that is impossible to classify without the baseline 

measure. The goal is for future studies to conduct investigations with these metrics in place to 

have a more impactful and effective clinical outcome. 
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2.4.4 Limitations and Delimitations 

The scoping review approach has several limitations. As scoping reviews describe 

available information, this requires a broad search and multiple structured strategies to capture 

all relevant information. Hence, the inclusion of multiple strategies and searching reference lists 

of articles, however, despite its necessity to ensure the validity of this process, some literature 

may be overlooked or go unread. Additionally, scoping reviews do not provide a synthesized 

result, but rather provide an overview of the available literature, which can be used to direct 

research questions. Subsequently, there was a risk for selection bias; however, this would be 

mitigated with the broad search criteria and quality appraisal form for bias assessment control. A 

final limitation was that within the physiological quality appraisal ranking, weighting of all of 

the factors was not implemented. It is likely that some factors carry greater impact than others in 

the changes to HRV, however, porportions are not currently known in the literature. Among the 

delimitations were the restriction to HRV as the method of autonomic dysfunction detection as 

the direct measures are beyond what the focus of this study is based on. The population of the 

study was delimited to PSP as they are the susceptible individuals of interest who experience 

high rates of CIE in the workplace.  
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2.4.5 Future Direction 

Single screening methods of quantifying health may be problematic, causing either an 

underestimation of prevalence when using self-reported diagnosis or an overestimation when 

using individual screening tests (Tremblay et al., 2020). Considering that all studies reviewed 

showed some link between lowered HRV and worsened mental health, despite poor adherence to 

methodological guidelines, the primary outcome related to the scoping review is that HRV is a 

tool being used for detecting mental health disorders in PSP workers. Therefore, applied PSP 

research should take advantage of the objectivity provided in utilizing HRV to identify 

autonomic dysfunction in combination with self report assessments prone to response bias (Krick 

et al., 2020). Current diagnosis of PTSD in PSP workers does not involve physiological 

assessment. The overarching theme of this scoping review suggests that incorporating HRV as a 

metric to define physiological autonomic impairments that may be related to PTSD would 

provide evidence of potential autonomic dysfunction in the absence of a positive psychological 

assessment (Speer et al., 2020). By adding dynamic laboratory assessments of autonomic 

function (i.e., exercise, cold pressor testing, cognitive testing) in addition to HRV monitoring, 

researchers will be able to quantify how HRV and autonomic function interact in workplace 

settings with high CIE. Furthermore, there is a need for research with larger samples and 

rigorous psychophysiological HRV measurement to define relationships between PTSD and 

HRV (Lee & Theus, 2012), while also investigating interventional strategies to reduce autonomic 

dysfunction and mental health risk in individuals identified to be at risk. Nevertheless, by 

combining objective HRV measures with self report assessments, applied researchers and 

profesionals have an enhanced tool useful in the early detection autonomic dysfunction in PSP.   
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Considering that an underlying theme observed in this review was either the disregard or 

underreporting of adherence to HRV technical guidelines. A necessary point for future 

researchers to consider in order to properly roll out HRV as standardized tool, is the adherence to 

these technical guidelines described in detail above. This review provides a comprehensive 

discussion on the approaches required to accurately assess and analyse HRV in PSP. Despite this 

comprehensive discussion, it was determined that a more palatable summary of the most 

important factors to consider when measuring HRV in applied research. Thus, chapter 3 

describes the details involved in translating the key components of the scoping review into an 

infographic. Ultimately this scoping review and the knowledge translation chapter below provide 

information that can be used to improve the accuracy and reproducibility of HRV as an indicator 

of autonomic dysfunction that can be used as an early indicator of mental health risk in applied 

PSP research. 
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/4!%45*!)*7*$)(0!*5&+*’(*!&’/4!8)$(/&(*!/0)4390!1’46-*+9*!&’I3&).=!+&77*%&’$/&4’=!$’+!

*H(0$’9*!QA4--&774’!*/!$-;=!YV""T;!^43)!45*)$)(0&’9!*-*%*’/7!(4%8)&7*!?J!&’(-3+&’9!1’46-*+9*!

7.’/0*7&7=!1’46-*+9*!+&77*%&’$/&4’=!1’46-*+9*!*H(0$’9*=!$’+!*/0&($-!$88-&($/&4’!QA#WL=!YV"UT;!!

?’46-*+9*!7.’/0*7&7=!$7!/0*!2&)7/!*-*%*’/!42!?J!6$7!(4%8-*/*+!37&’9!$!7(48&’9!)*5&*6!

%*/04+4-49.;!?’46-*+9*!7.’/0*7&7!*H$%&’*7!)*7*$)(0!(4’/*’/!$’+!$’$-./&($--.!*5$-3$/*7!/0*!

’$/3)*!42!2&’+&’97!/4!,*//*)!3’+*)7/$’+!/0*!*5&+*’(*!24)!/0*!/48&(=!$7!+4’*!74!,.!/0*!7(48&’9!

)*5&*6!QM)17*.!f!B:N$--*.=!YVV\T;!>&77*%&’$/&4’!&7!/0*!$88-&($/&4’!42!7.’/0*7&7!2&’+&’97!&’/4!

/44-7!24)!*’+<37*)7=!60&(0!6&--!,*!$’!WLC!%*$73)*%*’/!&’249)$80&(!/44-!24)!)*7*$)(0*)7!/4!37*!&’!

+*5*-48%*’/!42!/0*&)!)*7*$)(0!%*/04+7!QN(_46$’=!YV"]T;!b.!%*$’7!42!/0*!/0&)+!*-*%*’/=!

*H(0$’9*=!*5$-3$/&4’!$’+!2**+,$(1!2)4%!1’46-*+9*!37*)!7/$1*04-+*)7!*’73)*7!$88)48)&$/*’*77!

$’+!$88-&($,&-&/.!42!/0*!’*6-.!+*5*-48*+!/44-!24)!,*7/!3’+*)7/$’+&’9!42!/0*!(4’/*H/!&’!60&(0!&/!

6&--!,*!$88-&*+!QN(_46$’=!YV"]T;!#’/*9)$/*+!?J!Q&?JT!&’54-5&’9!7/$1*04-+*)7!*’73)*7!/0$/!

43/(4%*7!$)*!)*-*5$’/!/4!(4’/*H/!$’+!0$5*!$!0&90!-*5*-!42!3/&-&/.;!‘&/0!$!7/)4’9!24(37!4’!/0*!

/$)9*/!$3+&*’(*!42!)*7*$)(0*)7=!&/!6$7!&%84)/$’/!/4!3/&-&F*!$’!&?J!$88)4$(0!60*)*!2**+,$(1!2)4%!

/0*!1’46-*+9*!37*)7!(43-+!,*!(4--*(/*+!$’+!&%8-*%*’/*+!&’/4!/0*!2&’$-!8)4E*(/;!R/0&($-!

$88-&($/&4’!$7!$!2&’$-!(4%84’*’/!42!?J!&7!$’!&%84)/$’/!$78*(/!42!7/3+.!+&77*%&’$/&4’=!$’+!$7!
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73(0!%37/!24--46!*/0&($-!8)&’(&8-*7!$’+!74(&$-!5$-3*7!/4!8)4/*(/!/0*!1’46-*+9*!37*)7!Q_)$0$%!*/!

$-;=!YVVUT;!M--!)*784’7*7!(4--*(/*+!6&--!,*!$’4’.%437-.!(4’5*.*+!&’!/0*!/0*7&7!6&/0!’3%*)&(!

&+*’/&2&*)7!)*8-$(&’9!’$%*7!/4!*’73)*!(4’2&+*’/&$-&/.!42!)*784’+*’/7;!!

!

3.1.1 Rationale for a KT Infographic 

J0*!2&)7/!4,E*(/&5*!42!/0&7!/0*7&7!6$7!/4!critically appraise the literature involving HRV 

assessment in identifying mental health disorders in PSP based on its scientific rigor;!J0*!

8)*5&437!7(48&’9!)*5&*6!64)1!&+*’/&2&*+!/0$/!regardless of physiological adherence to scientific 

best practice standards for HRV measurement, HRV was linked to mental health in 84% of 

studies (Kizakevich et al., 2019; Krick & Felfe, 2020; Lee & Theus, 2012; Mccraty & Atkinson, 

2012; Minassian et al., 2014; Oh et al., 2018; Pyne et al., 2016, 2019; Ramey et al., 2016; 

Sánchez-Molina et al., 2017; Strahler & Ziegert, 2015; Speer et al., 2020; Tan et al., 2009; 

Tegeler et al., 2017; Tornero-Aguilera et al., 2018; Tremblay et al., 2020). M7!WLC!6$7!-&’1*+!

/4!%*’/$-!0*$-/0!&’!74%*!($8$(&/.!&’!$--!"D!42!/0*!7/3+&*7=!,3/!/0*!$+0*)*’(*!/4!%*$73)*%*’/!

93&+*-&’*7!6*)*!’4/!42!0&90!I3$-&/.=!$!?J!8&*(*!&7!’*(*77$).!/4!,)&+9*!/0*!1’46-*+9*!9$8!74!/0$/!

23/3)*!&’5*7/&9$/&4’7!+4!’4/!%$1*!*))4’*437!(-$&%7!/0$/!0$5*!7&9’&2&($’/!0*$-/0!$’+!7$2*/.!

&%8-&($/&4’7;!M7!WLC!&7!$!0&90-.!7*’7&/&5*!%*$73)*!6&/0!%$’.!(4’243’+&’9!*’5&)4’%*’/$-!$’+!

,*0$5&4)$-!2$(/4)7!/0$/!($’!$-/*)!)*73-/7=!/.8*!"!4)!/.8*!Y!*))4)7!$)*!-&1*-.!/4!4((3)!&2!,*7/!8)$(/&(*7!

$)*!’4/!$+0*)*+!/4;!‘&/043/!37&’9!*%8&)&($--.!743’+!%*$73)*%*’/!$88)4$(0*7=!7/$/&7/&($-!*))4)7!

%$.!2$-7*-.!+*/*(/!$3/4’4%&(!+.723’(/&4’!Q/.8*!"!*))4)T=!4)!64)7*=!-*$5*!$!/)3*!($7*!42!$3/4’4%&(!

+.723’(/&4’!3’+*/*(/*+!Q/.8*!Y!*))4)T;!J0*!?J!9$8!&7!$!-$(1!42!&%8-*%*’/$/&4’!42!48/&%$-!WLC!

%*$73)*%*’/!8)4/4(4-7!$’+!$88)48)&$/*!&’/*)8)*/$/&4’!24)!$!9&5*’!8)4/4(4-!&’!2&*-+!)*7*$)(0!6&/0!

a@a;!J037=!the second objective was to develop a KT tool in the form of an infographic that 
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provides simple guidelines explaining how to measure HRV for researchers who use HRV as a 

measure of autonomic dysfunction. J0*!83)847*!42!/0&7!&’249)$80&(!&7!/4!93&+*!23/3)*!)*7*$)(0!

&’/4!%$&’/$&’&’9!0&90-.!)&94)437!7/$’+$)+7!42!WLC!%*$73)*%*’/!6&/0&’!/0*!$88-&*+!7*//&’9!/4!

$77&7/!6&/0!*$)-.!&’/*)5*’/&4’!$-4’97&+*!87.(04-49&($-!$77*77%*’/7!&’!a@a!7322*)&’9!2)4%!

$3/4’4%&(!+.723’(/&4’!)*73-/&’9!2)4%!/0*!0&90!A#R!*H8*)&*’(*+!6&/0&’!/0*&)!4((38$/&4’7;!!

 

JC2 Method  

3.2.1 Infographic Development 

An end of project KT model and conceptual framework for planning and improving 

evidence-based practices were used as the theoretical framework to engage stakeholders in the 

development of the HRV infographic tool (Graham et al., 2018; Spencer et al., 2013). The 

knowledge synthesis and knowledge tools/products of the knowledge to action framework were 

the goals of this KT project (Figure 2). The objective was to develop a KT tool for researchers 

based on the knowledge gap identified in the scoping review. The perceived knowledge gap is 

poor adherence to physiological guidelines in HRV measurement as a means of identifying 

worsening mental health. The mainly low to medium quality physiological appraisal scores, with 

only 2/19 of high physiological quality (Pyne et al., 2019; Oh et al., 2018), revealed in the 

scoping review demonstrates a lack of understanding or concern of the importance of following 

best practice experimental design. Therefore, the infographic tool is intended to be useful in 

bridging this knowledge gap by clearly outlining the critical components of HRV testing 

procedures and identifying what equipment is capable of performing respective types of 

measures. With this tool, knowledge users will have access to an interpretative guide on how to 
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optimally measure HRV, how to analyze HRV metrics based on device used, and how to 

interpret results in regards to mental health.   

 

 

Figure 2. The Knowledge to Action Framework (Graham et al., 2006). 
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Figure 3. A conceptual framework for planning and improving evidence-based practices that 

informed the development of the KT infographic modified from Spencer et al., 2013.  

 

The infographic provides measurement guidelines for researchers who use HRV as a 

measure of autonomic dysfunction to strengthen the quality of future studies (Spencer et al., 

2013). The infographic titled “A Guide to Using Heart Rate Variability to Identify Mental Health 

Risk” shows that HRV is associated with worsened mental health in PSP in the majority of 

studies (n=15). It then included the following sections aimed at enhancing KT: Step 1) Baseline 

Testing Standardization; Step 2) Study Design; Step 3) Choose Device To Match Measurement 

and Analysis Need; and Step 4) Compare HRV During Intervention to Baseline. The synthesis of 

the scoping review included important concepts of experimental design considerations, HRV 

analytics and measurement devices, and interpretation in relation to mental health risk. 
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Following the conceptual framework by Spencer et al. (2013), the greater the quality of 

evidence, the greater the impact of the evidence is and vice versa (Figure 3). To maximize the 

impact, a KT tool was designed with hopes to increase the quality of evidence of future research 

to reach the high category for the best impact. As the physiological quality appraisal scores of 

17/19 papers assessed in the scoping review were of medium to low quality, recommendations 

within the infographic were taken from the best practice guidelines that informed the 

physiological appraisal development (Catai et al. 2020). The recommended devices were 

informed by a recent review paper that assessed the suitability of wearable devices for 

monitoring HRV in a PSP population (Hinde et al., 2021). The interpretation of HRV results in 

application to detecting risk of mental health was derived from multiple papers that identified the 

relationship (Billman et al., 2013; Hayano & Yuda, 2019; Hinde et al., 2021).  

.

3.2.2 Stakeholder Consultation 

J4!*5$-3$/*!/0*!3/&-&/.!42!/0*!&’249)$80&(!/44-!/4!$77*77!/0*!$88-&($,&-&/.!2)4%!$’!

4((38$/&4’$-!0*$-/0!$’+!7$2*/.!)*7*$)(0*)!8*)78*(/&5*=!$!7$%8-*!42!)*7*$)(0*)7!Q’m[T!604!37*!

WLC!$7!$!%*$73)*!42!$3/4’4%&(!+.723’(/&4’!/4!9$&’!&’7&90/7!&’/4!%*’/$-!0*$-/0!(4%8-*/*+!$!

I3*7/&4’’$&)*;!J0*!I3*7/&4’’$&)*!&’54-5*+!/0)**!I3*7/&4’7!7(4)*+!’3%*)&($--.!4’!$!7($-*!42!"!/4!\!

6&/0!"!,*&’9!7/)4’9-.!+&7$9)**!/4!$!\!,*&’9!7/)4’9-.!$9)**!)*9$)+&’9!/0*!(-$)&/.=!3/&-&/.=!$’+!

2*$7&,&-&/.!QM88*’+&H!>T;!^4)!/0*!%*/)&(!42!(-$)&/.=!/0*!7/$/*%*’/!6$7G!p/0*!&’249)$80&(!6$7!(-*$)!

$’+!*$7.!/4!3’+*)7/$’+;q!^4)!/0*!%*/)&(!42!3/&-&/.=!/0*!7/$/*%*’/!6$7G!p#!7**!%.7*-2!37&’9!/0*!

&’249)$80&(!&’!%.!)*7*$)(0;q!^4)!/0*!2&’$-!%*/)&(!42!2*$7&,&-&/.=!/0*!7/$/*%*’/!6$7G!p/0&7!/44-!6&--!

$77&7/!&’!%*$73)&’9!WLC!$7!$!73884)/!%*$73)*!42!$3/4’4%&(!+.723’(/&4’!/4!&+*’/&2.!7&9’7!42!

%*’/$-!0*$-/0;q!J0*!’*H/!/0)**!I3*7/&4’7!42!/0*!I3*7/&4’’$&)*!6*)*!6)&//*’!)*784’7*7!)*9$)+&’9!
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60$/!6$7!/0*!%47/!-&1*+!$78*(/=!60$/!6$7!/0*!%47/!+&22&(3-/!8$)/!/4!3’+*)7/$’+=!$’+!$’.!

$++&/&4’$-!2**+,$(1!$’+l4)!7399*7/&4’7;!M’!*%$&-!QM88*’+&H!RT!6$7!7*’/!/4!)*7*$)(0*)7!604!37*!

WLC!&’!/0*!$88-&*+!7*//&’9!6&/0!a@a!4)!/047*!604!$)*!64)1&’9!/46$)+7!$++&’9!/0*!%*$73)*!&’!

6&/0!87.(04-49&($-!$77*77%*’/7;!J0*!*%$&-!(4’/$&’*+!/0*!&’249)$80&(!$’+!/0*!I3*7/&4’’$&)*!24)!

1’46-*+9*!37*)7!/4!(4%8-*/*!$’+!)*/3)’!5&$!*%$&-!QM88*’+&H!>T;!^**+,$(1!$’+!7399*7/&4’7!6*)*!

/0*’!73%%$)&F*+!$’+!&%8-*%*’/*+!/4!7/)*’9/0*’!/0*!(-$)&/.!$’+!3/&-&/.!42!/0*!/44-;!!

!

JCJ.?(-7’,-.

J0*!2&)7/!+)$2/!42!$!?J!&’249)$80&(!24)!$88-&*+!)*7*$)(0*)7!604!37*!WLC!/4!%*$73)*!

$3/4’4%&(!+.723’(/&4’!$7!$!73))49$/*!/4!%*’/$-!0*$-/0!/0$/!6$7!7*’/!/4!)*7*$)(0*)7!Q’m[T!24)!

2**+,$(1l7399*7/&4’7!&7!8)*7*’/*+!&’!^&93)*![;!J$,-*![!+&78-$.7!7(4)*7!2)4%!1’46-*+9*!37*)7!

Q’mZT!)$/&’9!/0*!&’249)$80&(!4’!$!7($-*!42!"<\!6&/0!"!,*&’9!7/)4’9-.!+&7$9)**!$’+!\!,*&’9!7/)4’9-.!

$9)**!24)!/0*!2$(/4)7!42!(-$)&/.=!3/&-&/.=!$’+!/0*!$,&-&/.!/4!$&+!&’!%*$73)&’9!WLC!$7!$!%*$73)*!42!

$3/4’4%&(!+.723’(/&4’!/4!&+*’/&2.!+*(-&’&’9!%*’/$-!0*$-/0;!J$,-*!\!(4’/$&’7!73%%$)&F*+!

2**+,$(1!2)4%!1’46-*+9*!37*)7!Q’m[T!)*9$)+&’9!/0*!%47/!-&1*+!$78*(/!42!/0*!&’249)$80&(=!%47/!

+&22&(3-/!8$)/!/4!3’+*)7/$’+=!$’+!2**+,$(1!$’+!7399*7/&4’7;!J0*!2&’$-!8)4+3(/!6&/0!1’46-*+9*!

37*)!2**+,$(1!&’(4)84)$/*+!&7!7046’!&’!^&93)*!\;!

!

3.3.1 Initial KT Infographic 

@046’!&’!^&93)*![!&7!/0*!&’&/&$-!+*7&9’!24)!/0*!?J!&’249)$80&(!/0$/!6$7!7*’/!/4!1’46-*+9*!

37*)7!24)!/0*&)!*5$-3$/&4’=!2**+,$(1=!$’+!7399*7/&4’7!24)!&%8)45*%*’/;!J0*!p_3&+*!/4!P7&’9!

W*$)/!L$/*!C$)&$,&-&/.!/4!#+*’/&2.!N*’/$-!W*$-/0!L&71q!(4’7&7/*+!42!$!7/*8<,.<7/*8=!*$7.!/4!24--46!

24)%$/!42!046!/4!%*$73)*!WLC!&’!a@a!/4!&+*’/&2.!)&71!42!+*(-&’&’9!%*’/$-!0*$-/0;!The 
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infographic is introduced by a pie graph of the main findings of the scoping review, revealing 

that the majority of studies found that HRV was correlated to worsened mental health in PSP 

(n=16). The following sections headings were used to inform the readers: 1) ,$7*-&’*!/*7/&’9!

7/$’+$)+&F$/&4’=!YT!7/3+.!+*7&9’=!ZT!+*5&(*7!$’+!%*$73)*%*’/!$’+!$’$-.7&7!’**+7=!$’+![T!

(4%8$)&’9!WLC!+3)&’9!&’/*)5*’/&4’!/4!,$7*-&’*;!J0&7!6$7!*%$&-*+!43/!/4!?J!)*7*$)(0*)7!6&/0&’!

/0*!’*/64)1!42!/0*!(4%%&//**!/4!3/&-&F*!&?J!,.!0$5&’9!/0*%!)$/*!/0*!3/&-&/.=!(-$)&/.=!$’+!

$88-&($,&-&/.=!$7!6*--!$7!8)45&+*!$++&/&4’$-!(4%%*’/7!24)!7/)4’9*)!2&’$-!43/(4%*7;!!

!

!

!
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"

#$%&’(")*!J0*!2&)7/!+)$2/!42!$!?J!&’249)$80&(!24)!$88-&*+!)*7*$)(0*)7!604!37*!WLC!/4!%*$73)*!

$3/4’4%&(!+.723’(/&4’!$7!$!73))49$/*!/4!%*’/$-!0*$-/0!/0$/!6$7!7*’/!/4!)*7*$)(0*)7!24)!

2**+,$(1l7399*7/&4’7!Q’mZT;!!!




























































