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A B S T R A C T

Cardiac regulation is a complex process involving interplay between neuroautonomic and neuroendocrine sys
tems. Occupations frequently exposed to potentially psychologically traumatic events (PPTEs; e.g., fire or ex
plosion, natural disaster, sexual assault), such as the Royal Canadian Mounted Police (RCMP), report elevated 
Posttraumatic Stress Injuries (PTSIs; e.g., Posttraumatic Stress Disorder [PTSD], Major Depressive Disorder 
[MDD], Generalized Anxiety Disorder [GAD], Social Anxiety Disorder [SAD], Alcohol Use Disorder [AUD]). 
Neurohormonal pathway dysfunction is associated with mental health disorder symptoms, but meaningful 
evaluations remain methodologically challenging, especially in high-stress occupations (e.g., police). The current 
study tested for associations among cardiac function and mental health disorder symptoms. Participants included 
RCMP cadets (n = 81; 28.4 % women) who completed self-report symptom measures at pre-training and pre- 
deployment of PTSD, MDD, GAD, SAD, and AUD. To test for longitudinal associations between cardiac func
tion and mental health disorder symptoms, a series of paired-samples t-tests and bootstrapped partial correlations 
controlling for age and sex were conducted. The current study evidenced positive associations between changes 
in the myocardial performance index, the diastolic performance index, and isovolumic relaxation time compa
rable in magnitude to changes in MDD, GAD, and SAD symptoms (but not AUD symptoms), as well as between 
IVRT and PTSD symptoms, and rapid ejection time and GAD symptoms. The associations provide rationale for 
integrating cardiac rehabilitation exercise guidelines into occupational fitness programs as a method to mitigate 
the cumulative impact of occupational stressors.

1. Introduction

Effective cardiac function regulation is a complex process involving 
interplay between neuroautonomic and neuroendocrine systems, pro
ducing beat-to-beat adjustments in cardiac chronotropy and inotropy, as 
well as sustained adjustments in cardiac function in an attempt to 
appropriately respond to ongoing environmental demands or stressors 
(Roth et al., 2012; Faes et al., 2013; Tafet and Nemeroff, 2020). The 
balance of neuroendocrine and neuroautonomic processes moderates 

stress response fidelity and efficacy; accordingly, chronic exposure to 
environmental stressors can precipitate prolonged HPA axis dysfunction 
(Verma et al., 2010; Flandreau et al., 2012; Roth et al., 2012; Wood, 
2014; Tafet and Nemeroff, 2020) increasing impedance on the cardio
vascular system (Biering-Sørensen et al., 2015), and thereby increasing 
the risk of a major adverse cardiac event (MACE; Pereira et al., 2013).

Occupations involving frequent exposures to Potentially Psycholog
ically Traumatic Events (PPTEs; e.g., fire or explosion, natural disaster, 
sexual assault; Heber et al., 2023) such as Royal Canadian Mounted 
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Police (RCMP), report more symptoms of various Posttraumatic Stress 
Injuries (PTSIs), including Posttraumatic Stress Disorder (PTSD), 
Generalized Anxiety Disorder (GAD), Major Depressive Disorder (MDD), 
Social Anxiety Disorder (SAD), and correlates like Alcohol Use Disorder 
(AUD; Carleton et al., 2018, 2023). However, meaningful evaluations of 
HPA axis dysfunction on end-organ behaviour (e.g., cardiac function) 
remains methodologically challenging (Guilliams and Edwards, 2010; 
Verma et al., 2010; Menke, 2019), especially in high-stress occupations. 
Consistent with the contemporary biopsychosocial model of psychopa
thology (Bolton, 2023), appropriate identification of potential PTSI 
biomarkers has the potential to provide a strong rationale for integrating 
PTSI-specific cardiac rehabilitation exercise guidelines into occupa
tional fitness and wellness programs, which in turn may mitigate the 
impact of occupational stressors including repeated PPTE exposures on 
cardiac function for professions where PPTE exposures are occupational 
necessities.

To date, few studies have demonstrably evidenced affiliations among 
mental health disorder symptom changes and functional changes in 
cardiac contractility, let alone among high-stress occupational samples 
(Chalmers et al., 2014; Ersbøll et al., 2014; Arri et al., 2016; Esler, 2017; 
Hieda et al., 2019). There is evidence that increasing mental health 
disorder symptoms, both in number and severity, can predict adverse 
outcomes in the wake of a MACE (Sowden and Huffman, 2009; Rutledge 
et al., 2013; Berg et al., 2018; Wilson et al., 2019), although this has not 
been reliably observed in high-stress occupational contexts. The rela
tionship between cardiac function and mental health is difficult to 
explore due to individual differences (i.e., cardiovascular comorbidities, 
medication interactions, vagal reactivity, and adiposity; Steptoe et al., 
2012), high rates of attrition from longitudinal studies (Ramirez et al., 
2017; Sumner et al., 2017), and the relative absence of high fidelity 
historical and longitudinal data on cardiac function among populations 
that eventually experience a MACE, a PTSI, or both (Torp-Pedersen 
et al., 2020). Heart rate variability (HRV) analyses have been popular
ized in attempts to estimate HPA axis deviations as sequalae to acute and 
chronic environmental stress, but individual differences limit robust 
interpretations of any detected differences (Task Force of the European 
Society of Cardiology and the North American Society of Pacing and 
Electrophysiology, 1996; Sammito et al., 2024).

Seismocardiography (SCG) uses three-dimensional accelerometry to 
monitor myocardial contractility, providing reliable ambulatory mea
sures of cardiac function that rely on mechanical rather than electro
physiological patterns, which may be characteristically defined within 
each cardiac contractile cycle (McKay et al., 1999; Vogt et al., 2012; 
Wick et al., 2015; Wiens et al., 2015). SCG has historically demonstrated 
efficacy by detecting cardiac movement with a similar accuracy to 
echocardiogram imaging (Sørensen et al., 2018). SCG is demonstrably 
more sensitive than 12-lead ECG in detecting physiologically significant 
CAD during exercise stress tests (Wilson et al., 1993; Dehkordi et al., 
2019), primarily on the basis that mechanical and electrophysiological 
measurements of heart function differ in their clinical utility. Where 
ECG measures the electrophysiological conduction patterns of cardiac 
tissue and has long been considered the gold standard for measuring 
cardiac timing in ambulatory settings, SCG is able to measure individual 
cardiac timing intervals with the sensitivity and specificity of 
echocardiogram.

The RCMP Longitudinal PTSD Study (i.e., the RCMP Study; Carleton 
et al., 2022) provides a unique opportunity to address several gaps in the 
extant literature regarding the associations between mental health dis
order symptoms and cardiac function among cadets and serving RCMP. 
The RCMP Study involves collecting mental health- and cardiac-related 
data in tandem during the Cadet Training Program (CTP) and for 5 years 
thereafter. The CTP is a highly structured 26-week training program 
wherein RCMP cadets train to become RCMP officers. The program re
quires well above 8 h of scheduled classroom time per day accompanied 
by a rigorous fitness training program (Hembroff and Kratzig, 2020). 
The RCMP Study uses a highly specialized data collection framework 

supporting pre-clinical assessments of cardiac function associated with a 
PTSI before chronic cardiac dysfunction or comorbidities may occur. 
Based on key limitations of existing literature, the current study was 
designed to test for: 1) changes in cardiac function from pre-training to 
pre-deployment that may be attributed to structured exercise training 
conditions during the CTP; and 2) both cross-sectional and longitudinal 
associations between cardiac function and mental health disorder 
symptoms within an occupational training program. Consistent with our 
a-priori pre-registered hypotheses (Carleton et al., 2022), we hypothe
sized that mental health disorder symptoms would be positively asso
ciated with specific changes in cardiac function previously evidenced as 
prognostic indicators of MACE.

2. Methods

2.1. Procedure

Full details on the RCMP Study methods and measures have been 
published in a detailed protocol paper (Carleton et al., 2022). The RCMP 
Study was approved by the University of Regina Institutional Research 
Ethics Board (file No. 2019-055), the RCMP Research Ethics Board (file 
No. SKM_C30818021312580), and approved through a Privacy Impact 
Assessment as part of the overall approval including the National 
Administrative Records Management System (NARMS) file No. 
201611123286 and Public Services and Procurement Canada (PSPC) file 
No. 201701491/M7594174191.

2.2. Sample and data

The current study included RCMP Study participants who completed 
the 26-week CTP (Carleton et al., 2022). All RCMP cadets, and therefore 
all participants, must be Canadian citizens or permanent residents; 19 
years old by graduation from the CTP; and able to fluently read, write, 
and speak either English or French (Hembroff and Kratzig, 2020). Cadets 
must also meet several entrance requirements, including security 
clearances, medical examinations, and minimum physical standards; 
accordingly, the current participant sample is in excellent physical 
health. There were no conditions requiring exclusion of persons other
wise qualified for the CTP. The current paper focuses on data from RCMP 
Study participants who completed full assessment surveys at both 
pre-training (n = 772) and pre-deployment (n = 449) and captured at 
least one SCG recording within 7 days of their full assessment surveys (n 
= 81). There were 144 RCMP cadets who captured at least one SCG 
recording segment (described in detail below), but 63 participants were 
lost to attrition before pre-deployment, resulting in a current sample of 
81 participants.

The small number of participants included in the current analyses (n 
= 81) relative to the total number of participants recruited for the study 
(n = 772) is attributable to a change in the biometric assessment tool 
used in the study during data collection. The original RCMP Study 
design used modified Hexoskin wearable biogarments (Carré Technol
ogies Inc., Montréal, QC) with integrated ECG to measure HRV (Carleton 
et al., 2022), which produced limited results (Teckchandani et al., 
2023). Participants reported logistical challenges and discomfort when 
using the Hexoskin biogarments; therefore, in 2021, data collection 
transitioned to the Recordis™ SCG device (LLA Technologies Inc., 
Vancouver, BC). All participants with an SCG device who recorded at 
least one data segment within 7 days of each full assessment survey also 
completed the full assessment surveys without missing data; accord
ingly, all available data were included without requiring missing value 
imputation to augment the data (i.e., complete case analysis).

All communications between the research team and participants, as 
well as survey administrations and SCG recordings, were coordinated 
through a tailored, dedicated, and secured online learning platform 
Moodle instance paired with an app downloaded to compliant smart
phones and accessed using a secured Qualtrics account. Data transfers 
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from participant devices to secured research servers in Canada were 
protected using Transport Layer Security. The RCMP Study employs a 
PKI Class 3 SSL Certificate, with a 2048-bit digital signature and 256-bit 
encryption.

2.3. Self-report symptom measures

Mental health disorder symptoms were measured using a web- 
delivered self-report survey at pre-training and pre-deployment. Self- 
report measures included the 7-item Generalized Anxiety Disorder scale 
(GAD-7; Spitzer et al., 2006); the 9-item Patient Health Questionnaire 
(PHQ-9; Kroenke et al., 2001); the 14-item Social Interaction Phobia 
Scale (SIPS; Carleton et al., 2009); the 10-item Alcohol Use Disorders 
Identification Test (AUDIT; Saunders et al., 1993); and the 20-item PTSD 
Checklist for DSM-5 (PCL-5; Weathers et al., 2013). Participants re
ported symptoms per standard published instructions for the following 
scales in their respective psychometric evaluations as described above: 
PHQ-9 and GAD-7, past 14 days; SIPS, no specific time window; and 
AUDIT, past 12 months. All measures have been validated as tools to 
identify individuals who may require further clinical attention, rather 
than validated as definitive diagnostic assessments. All self-report 
measures in the current sample demonstrated adequate internal con
sistency (PCL-5, α = .97; PHQ-9, α = .85; GAD-7, α = .83; SIPS, α = .92; 
AUDIT, α = .82).

2.4. Measures of cardiac function

Measures of cardiac function were collected using the LLA 
Recordis™ SCG device. Participants were provided with the SCG device 
free of charge for use during the study and were asked to capture a 
recording at the same time each day. All recordings featured within the 
current analyses were captured between the hours of 06:00 and 10:00, 
and therefore structurally reduced the effects of circadian rhythm on 
cardiac function. Participants were asked to abstain from alcohol and 
nicotine use for at least 12 hours prior to the recording, and were asked 
to capture the recordings in a resting state. Participants were asked to 
rest in a supine position for 60-seconds prior to placing the device on 
their sternum, subsequently capturing a 60-second segment for analysis. 
Participants were asked to record at least one 60-second segment each 
day, but logistical challenges with their training inhibited perfect 
participation. The current study includes values from a single recording 
captured within 7 days of a participant’s full assessment survey at each 
assessment interval (i.e., one recording from pre-training and one 
recording from pre-deployment). If multiple recordings were captured 
within 7 days of a full assessment survey, the recording captured closest 
to the date of the full assessment was used for the current analyses.

Analyses of the SCG device signals collected at the sternum have 
been reported elsewhere (Teckchandani et al., 2024; Singh et al., 2023a; 
2024b, 2024). Specific methodologies regarding identification of fidu
cial points from the signal have also been reported elsewhere (Sørensen 
et al., 2018; Teckchandani et al., 2020; Singh and Carleton, 2024). Key 
fiducial points of the cardiac cycle include mitral valve closure (MVC), 
aortic valve opening (AVO), aortic twist time (ATT), atrial systole (AS), 
rapid ejection period (REP), aortic valve closure (AVC), ventricular 
untwisting, mitral valve opening (MVO), and early diastole (E). The 
fiducial points translate to temporal features: diastole (MVC− MVO 
timing), systole (AVO− AVC timing), isovolumic contraction time (IVCT; 
MVC− AVO), isovolumic relaxation time (IVRT; AVC− MVO), atrial 
systole to mitral valve closure (AS to MVC), mitral valve open to E wave 
(MVO to E), and rapid ejection period duration (RET). Heart rate was 
calculated using the interval length between each successive opening of 
the aortic valve (AVO), represented in beats per minute. Twist force (TF) 
was measured in milligravity (mG) and assessed the magnitude of global 
longitudinal strain. Atrial systole (AS) was also measured in mG and 
assessed the magnitude of atrial contractility (Teckchandani et al., 2020; 
Singh et al., 2023; Singh and Carleton, 2024; Singh and Carleton, 2024). 

The cardiac twisting during isovolumic compression prior to valve 
opening, or the “I” wave, (i.e., the isovolumic maximum compression) is 
recorded as both acceleration (mG) and duration (ms). Lastly, the 
Myocardial Performance Index (MPI; [IVRT + IVCT]/systolic time), 
Systolic Performance Index (SPI; [IVCT/systolic time]), and Diastolic 
Performance Index (DPI; [IVRT/systolic time]) were calculated as index 
values analogous to echocardiogram derived values of the same physi
ological interpretation (Singh and Carleton, 2024).

2.5. Statistical analyses

All a-priori power analyses estimates are detailed in the RCMP Study 
protocol paper (Carleton et al., 2022). Study participants were grouped 
into sociodemographic categories (i.e., sex, gender) for descriptive sta
tistics on self-reported mental health disorder symptoms at pre-training 
and pre-deployment. Age was included in the models as a scale covari
ate. Sex (i.e., male, female, Other – Please Specify) and gender (i.e., Man, 
Woman, Two Spirit, Non-binary, or Other – Please Specify) were 
collected in the self-report surveys; however, statistical analyses with 
gender diverse participants (i.e., those identifying as Two Spirit, 
Non-binary, or Other – Please Specify) was impossible because all par
ticipants self-identified as either man or woman and self-identified as 
cisgender (n = 81); therefore, only sex was included in the statistical 
models.

Normality assumptions were assessed with Kolmogorov-Smirnov 
tests and confirmed with measures of central tendency (i.e., skewness 
and kurtosis). Independent samples t-tests assessed for statistically sig
nificant differences between sexes on mental health disorder symptom 
total scores and cardiac function. Paired-samples t-tests assessed for 
differences between pre-training and pre-deployment in self-reported 
mental health disorder symptom total scores and cardiac function. 
Bootstrapped partial correlations controlling for age and sex assessed for 
1) cross-sectional associations at pre-training and pre-deployment be
tween mental health symptom total scores and cardiac function; and 2) 
longitudinal associations in mental health disorder symptoms and car
diac function from pre-training to pre-deployment. Bootstrapped partial 
correlations controlling for age and sex assessed for 1) cross-sectional 
associations at pre-training and pre-deployment between mental 
health symptom total scores and measures of cardiac function; and 2) 
longitudinal associations from pre-training to pre-deployment among 
changes in mental health disorder symptoms and measures of cardiac 
function. Additionally, a series of sex-stratified bootstrapped post-hoc 
correlations were conducted to test for pooled-sample model stability by 
evaluating statistically significant associations within each sex category, 
independently. For each linear model, 5000 bootstrap random samples 
were computed to augment the model fitment criteria, and determine 
the stability and replicability of the results without making strong as
sumptions about the potential differences in distribution between the 
current sample and the true representative population. With the recog
nition that multiple comparisons inherently increase the risk of Type I 
errors, corrections for multiple comparisons were not conducted on an 
aggregate level on the basis of: 1) the current analyses are primarily 
exploratory and provide evidence to guide future analyses; 2) the as
sociations between mental health disorder symptoms and individual 
measures of cardiac function, as well as combinations of measures of 
cardiac function may allude to specific physiological mechanisms that 
warrant additional analyses; 3) the complimentary nature of the mea
sures of cardiac function, where all calculated measures of cardiac 
function exist as component or nested parts of a single full contractile 
cycle of the heart and should not be interpreted independently; and 4) 
the onset of non-traumatic cardiac dysfunction from sustained HPA axis 
deviations typically follows a characteristic temporal cascade where 
individual measures of cardiac function that indicate a level of impair
ment can co-occur with compensatory increases in contractility. All 
included measures of cardiac function are considered complimentary 
and biologically plausible, and therefore interpretations of independent 
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associations do not inherently increase the risk of a type I error from 
multiple comparisons. Effect size estimates for comparisons used 
Cohen’s d values (i.e., small, d = .20; medium, d = .50; large, d = .80; 
Cohen, 2013). SPSS v.29 Premium (IBM, 2021 New York, United States) 
was used to conduct the quantitative analyses.

3. Results

Kolmogorov-Smirnov tests indicated no data distributions departed 
from normality; accordingly, parametric statistical tests were used. 
Participant sociodemographic characteristics, mental health disorder 
symptom total scores, and measures of cardiac function are presented in 
Table 1. Descriptive analyses indicated that participants were mostly 
male (71.6 %), men (71.6 %), with a mean age of 29.63 ± 6.37 years. 
Changes in mental health disorder symptoms among RCMP cadets in the 
full RCMP Study sample, as well as detailed sociodemographic com
parisons have been reported elsewhere (Carleton et al., 2023, 2024). 

Pairwise and independent sample comparisons indicated that only 
symptoms of SAD statistically significantly decreased from pre-training 
to pre-deployment (d = 0.58), with no sex differences. Statistically 
significant increases in the MPI (d = − 0.31), DPI (d = − 0.33), and IVRT 
(d = − 0.22) were observed from pre-training to pre-deployment, with 
no sex differences (see Table 1).

Cross-sectional bootstrapped partial correlations between mental 
health disorder symptoms and cardiac function controlling for age and 
sex are reported in Table 2, and evidenced no statistically significant 
associations at pre-training; however, pre-deployment symptoms of 
MDD were statistically significantly inversely associated with MVO to E 
time (R = − 0.67[− 0.87,-0.30]). GAD symptoms at pre-deployment were 
also statistically significantly inversely associated with RET (R = − 0.45 
[− 0.76,-0.02]) and MVO to E (R = − 0.52[− 0.79,-0.06]) and positively 
associated with twist force (R = 0.39[0.09,0.73]). Longitudinal boot
strapped partial correlations between changes in mental health disorder 
symptoms and cardiac function from pre-training to pre-deployment, 

Table 1 
Sociodemographic characteristics and comparisons of mental health disorder symptoms and cardiac function (n = 81).

Total Sample Pre-training Pre-Deployment

Pre-training (n 
= 81)

Pre-deployment 
(n = 81)

Effect 
Size

Male (n = 58) Female (n = 23) Effect 
Size

Male (n = 58) Female (n = 23) Effect 
Size

M(SD) M(SD) (Cohen’s 
d)

M(SD) M(SD) (Cohen’s 
d)

M(SD) M(SD) (Cohen’s 
d)

Mental Health Disorder Symptom Measures
Posttraumatic 
Stress Disorder 
(PCL-5)

3.22(5.33) 2.26(4.31) 0.17 3.27(5.09) 4.79(8.69) − 0.24 2.65(4.86) 1.00(1.92) 0.39

Major Depressive 
Disorder (PHQ-9)

2.84(3.30) 2.75(2.99) 0.03 2.79(3.03) 2.96(3.91) − 0.05 2.70(2.76) 2.75(3.52) − 0.02

Generalized 
Anxiety Disorder 
(GAD-7)

3.28(3.52) 2.63(3.03) 0.19 3.38(3.31) 3.04(4.03) 0.09 2.53(3.22) 2.88(2.47) − 0.12

Social Anxiety 
Disorder (SIPS- 
14)

4.88(6.15) 2.05(3.83) 0.58*** 4.48(5.84) 5.79(6.85) − 0.21 1.91(3.81) 2.29(3.90) − 0.10

Alcohol Use 
Disorder (AUDIT)

3.17(1.86) 3.14(1.58) 0.02 3.18(1.85) 2.86(1.80) 0.18 3.00(1.66) 3.05(1.47) − 0.03

Measures of Cardiac Function
Heart Rate (bpm) 64.45(9.66) 66.82(11.84) − 0.22 64.00(10.28) 65.53(8.07) − 0.16 66.31(12.30) 68.02(10.84) − 0.14
Myocardial 
Performance 
Index (MPI)

0.38(0.05) 0.40(0.06) − 0.31** 0.39(0.05) 0.37(0.04) 0.25 0.40(0.06) 0.41(0.07) − 0.07

Systolic 
Performance 
Index (SPI)

0.10(0.02) 0.11(0.02) − 0.17 0.11(0.02) 0.10(0.01) 0.26 0.11(0.02) 0.11(0.02) − 0.01

Diastolic 
Performance 
Index (DPI)

0.28(0.04) 0.30(0.05) − 0.33** 0.28(0.04) 0.27(0.04) 0.16 0.29(0.04) 0.30(0.05) − 0.09

Systolic Time 
(ms)

325.72(35.65) 318.28(35.65) 0.16 325.41(37.21) 326.11(32.38) − 0.03 322.37(42.09) 308.55(37.76) 0.34

Diastolic Time 
(ms)

507.16(23.78) 495.59(143.72) 0.09 517.21(130.63) 483.28(104.42) 0.28 499.53(155.77) 486.24(112.43) 0.09

Isovolumic 
contraction time 
(IVCT; ms)

33.81(6.69) 34.61(6.93) − 0.10 34.19(6.94) 32.90(6.09) 0.19 35.13(6.86) 33.40(7.07) 0.25

Isovolumic 
relaxation time 
(IVRT; ms)

89.46(10.71) 92.93(13.65) − 0.22* 90.02(10.88) 88.13(10.40) 0.18 93.98(14.42) 90.44(11.49) 0.26

Rapid ejection 
time (RET; ms)

81.59(13.47) 80.49(14.88) 0.07 81.76(13.82) 81.19(12.90) 0.04 80.04(15.76) 81.58(12.78) − 0.10

MVO to E (ms) 48.57(7.16) 47.54(7.40) 0.13 48.85(7.92) 47.91(5.00) 0.13 47.96(7.91) 46.55(6.04) 0.19
AS to MVC (ms) 23.55(7.68) 22.28(7.11) 0.14 24.45(8.55) 21.40(4.52) 0.40 22.61(7.48) 21.50(6.23) 0.16
AVO to ATT (ms) 17.36(5.97) 19.03(6.26) − 0.21 17.32(6.36) 17.45(5.04) − 0.02 19.22(6.34) 18.56(6.18) 0.11
I to AVO (ms) 11.88(3.10) 12.40(3.45) − 0.11 11.95(3.07) 11.72(3.23) 0.07 12.40(3.28) 12.39(3.92) 0.00
Twist Force (mG) 16.17(9.21) 14.02(7.76) 0.20 16.78(10.31) 14.71(5.74) 0.22 13.92(6.27) 14.25(10.66) − 0.04
Atrial Systole 
(mG)

5.51(5.12) 4.47(2.73) 0.20 5.77(5.94) 4.89(2.20) 0.17 4.46(2.66) 4.50(2.96) − 0.02

Note. *p < .05, **p < .01, ***p < .001. AS to MVC: atrial systole to mitral valve closure; AVO to ATT: aortic valve open to aortic twist; bpm: beats per minute; I to AVO: 
isovolumic compression to aortic valve open; MVO to E: mitral valve open to E wave; AUDIT = Alcohol Use Disorder Identification Test; GAD-7 = Generalized Anxiety 
Disorder Scale - 7; SIPS = Social Interaction Phobia Scale; PHQ-9 = Patient Health Questionnaire - 9; PCL-5 = Posttraumatic Stress Disorder Checklist for DSM-5.
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Table 2 
Cross-sectional bootstrapped partial correlations between mental health disorder symptoms and cardiac function at pre-training and pre-deployment controlling for age and sex.

Posttraumatic Stress Disorder (PCL- 
5)

Major Depressive Disorder (PHQ-9) Generalized Anxiety Disorder (GAD-7) Social Anxiety Disorder (SIPS) Alcohol Use Disorder (AUDIT)

R[95 % CI] R[95 % CI] R[95 % CI] R[95 % CI] R[95 % CI]

Measures of Cardiac Function Pre-training Pre-deployment Pre-training Pre-deployment Pre-training Pre-deployment Pre-training Pre-deployment Pre-training Pre-deployment
Heart Rate (bpm) 0.02 

[-0.24,0.28]
0.21 
[-0.28,0.62]

0.19 
[-0.07,0.43]

0.40[-0.08,0.73] 0.00 
[-0.26,0.26]

0.44[0.04,0.75]* 0.13 
[-0.13,0.38]

0.13 
[-0.36,0.56]

− 0.04 
[-0.30,0.22]

0.03 
[-0.44,0.49]

Myocardial Performance Index 
(MPI)

0.10 
[-0.16,0.35]

− 0.06 
[-0.51,0.42]

− 0.06 
[-0.31,0.21]

0.14[-0.35,0.57] − 0.11 
[-0.36,0.15]

0.03[-0.45,0.49] − 0.03 
[-0.29,0.23]

0.35 
[-0.14,0.70]

0.04 
[-0.22,0.29]

0.31 
[-0.18,0.68]

Systolic Performance Index 
(SPI)

0.03 
[-0.02,0.29]

− 0.06 
[-0.51,0.42]

− 0.03 
[-0.28,0.24]

− 0.05[-0.50,0.43] − 0.05 
[-0.30,0.22]

− 0.01 
[-0.47,0.46]

− 0.01 
[-0.26,0.25]

0.18 
[-0.31,0.60]

0.03 
[-0.23,0.29]

0.11 
[-0.38,0.55]

Diastolic Performance Index 
(DPI)

0.10 
[-0.17,0.35]

− 0.05 
[-0.50,0.43]

− 0.08 
[-0.33,0.19]

0.24[-0.26,0.63] − 0.13 
[-0.37,0.13]

0.07[-0.41,0.52] − 0.04 
[-0.30,0.22]

0.37 
[-0.12,0.71]

0.04 
[-0.22,0.30]

0.34 
[-0.16,0.69]

Systolic Time (ms) − 0.14 
[-0.38,0.12]

0.27 
[-0.23,0.65]

− 0.00 
[-0.26,0.26]

0.05[-0.43,0.51] 0.13 
[-0.14,0.37]

− 0.07 
[-0.52,0.41]

0.06 
[-0.20,0.32]

− 0.15 
[-0.58,0.34]

− 0.15 
[-0.39,0.11]

− 0.43 
[-0.75,0.05]

Diastolic Time (ms) − 0.04 
[-0.30,0.22]

− 0.26 
[-0.65,0.24]

− 0.15 
[-0.39,0.11]

− 0.45[-0.76,0.02] 0.06 
[-0.20,0.31]

− 0.39 
[-0.72,0.10]

− 0.09 
[-0.34,0.18]

− 0.15 
[-0.57,0.35]

0.09 
[-0.17,0.34]

0.08 
[-0.41,0.52]

Isovolumic contraction time 
(IVCT; ms)

− 0.02 
[-0.28,0.24]

0.15 
[-0.35,0.57]

0.01 
[-0.25,0.26]

− 0.03[-0.49,0.45] 0.08 
[-0.18,0.33]

− 0.02 
[-0.48,0.45]

0.09 
[-0.17,0.34]

0.11 
[-0.38,0.55]

− 0.08 
[-0.33,0.18]

− 0.05 
[-0.50,0.43]

Isovolumic relaxation time 
(IVRT; ms)

− 0.01 
[-0.92,0.27]

0.25 
[-0.24,0.64]

− 0.12 
[-0.37,0.14]

0.38[-0.11,0.72] − 0.05 
[-0.31,0.21]

0.06[-0.42,0.51] − 0.02 
[-0.28,0.24]

0.29 
[-0.20,0.67]

− 0.07 
[-0.32,0.19]

− 0.06 
[-0.52,0.42]

Rapid ejection time (RET; ms) − 0.05 
[-0.30,0.22]

− 0.18 
[-0.60,0.32]

− 0.12 
[-0.37,0.14]

− 0.34[-0.70,0.15] 0.04 
[-0.22,0.30]

− 0.45[-0.76,- 
0.02]*

0.06 
[-0.20,0.32]

0.08 
[-0.40,0.53]

− 0.05 
[-0.30,0.21]

− 0.20 
[-0.61,0.29]

MVO to E (ms) − 0.08 
[-0.33,0.19]

− 0.24 
[-0.64,0.26]

− 0.15 
[-0.40,0.11]

− 0.67[-0.87,- 
0.30]**

0.01 
[-0.25,0.27]

− 0.52[-0.79,- 
0.06]*

− 0.03 
[-0.29,0.23]

− 0.33 
[-0.69,0.16]

0.12 
[-0.15,0.36]

− 0.20 
[-0.61,0.29]

AS to MVC (ms) − 0.14 
[-0.38,0.13]

0.35 
[-0.14,0.70]

− 0.10 
[-0.35,0.16]

0.23[-0.27,0.63] − 0.07 
[-0.32,0.19]

0.36[-0.13,0.71] − 0.03 
[-0.29,0.23]

− 0.18 
[-0.60,0.32]

− 0.16 
[-0.40,0.10]

− 0.45 
[-0.76,0.02]

AVO to ATT (ms) − 0.15 
[-0.40,0.11]

− 0.11 
[-0.55,0.38]

0.03 
[-0.23,0.29]

− 0.00[-0.47,0.46] − 0.05 
[-0.30,0.21]

− 0.18 
[-0.60,0.31]

− 0.00 
[-0.26,0.26]

− 0.00 
[-0.47,0.46]

− 0.07 
[-0.32,0.20]

− 0.20 
[-0.62,0.29]

I to AVO (ms) 0.11 
[-0.15,0.36]

− 0.01 
[-0.47,0.46]

0.10 
[-0.16,0.35]

0.06[-0.42,0.52] 0.12 
[-0.14,0.37]

0.14[-0.35,0.57] 0.16 
[-0.10,0.40]

0.11 
[-0.38,0.55]

− 0.16 
[-0.40,0.11]

0.51 
[-0.06,0.79]

Twist Force (mG) − 0.14 
[-0.38,0.13]

0.39 
[-0.10,0.72]

− 0.22 
[-0.46,0.04]

− 0.03[-0.49,0.45] − 0.21 
[-0.45,0.05]

0.39[0.09,0.73]* − 0.18 
[-0.42,0.08]

− 0.04 
[-0.50,0.43]

0.18 
[-0.09,0.42]

0.26 
[-0.24,0.65]

Atrial Systole (mG) − 0.01 
[-0.26,0.26]

0.41 
[-0.07,0.74]

− 0.08 
[-0.33,0.18]

0.01[-0.46,0.48] − 0.11 
[-0.36,0.15]

0.40[-0.09,0.73] − 0.11 
[-0.36,0.16]

− 0.09 
[-0.54,0.39]

0.30 
[-0.04,0.51]

0.28 
[-0.22,0.66]

Note. *p < .05, **p < .01. AS to MVC: atrial systole to mitral valve closure; AVO to ATT: aortic valve open to aortic twist; bpm: beats per minute; I to AVO: isovolumic compression to aortic valve open; MVO to E: mitral 
valve open to E wave; AUDIT = Alcohol Use Disorder Identification Test; GAD-7 = Generalized Anxiety Disorder Scale - 7; SIPS = Social Interaction Phobia Scale; PHQ-9 = Patient Health Questionnaire - 9; PCL-5 =
Posttraumatic Stress Disorder Checklist for DSM-5.
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controlling for age and sex, are reported in Table 3 and evidenced that 
changes in MDD, GAD, and SAD symptoms were all statistically signif
icantly positively associated with changes in the MPI (R = 0.44 to 0.54), 
DPI (R = 0.43 to 0.63), and IVRT (R = 0.38 to 0.59). IVRT changes were 
also statistically significantly positively associated with changes in PTSD 
symptoms (R = 0.38[0.19,0.76]). RET changes were statistically 
significantly positively associated with changes in GAD symptoms (R =
0.44[0.12,0.79]). Consistent with the absence of statistically significant 
sex differences reported in Table 1, sex-stratified bootstrapped post-hoc 
correlations indicated that when assessed independently, no sex-specific 
differences were observed between the pooled-sample partial and sex- 
stratified post-hoc correlations. All models that were statistically signif
icant in the pooled-sample were also statistically significant, consistent 
in direction, and of approximately equal magnitude (i.e., within R =
0.02 of the pooled-sample models) in the sex-stratified models, indi
cating that the observed associations between mental health disorder 
symptoms, and changes in symptoms, are consistently observed among 
both sexes.

4. Discussion

The current study is the first longitudinal assessment of cardiac 
function among RCMP cadets during training, and of associations be
tween changes in mental health disorder symptoms and cardiac func
tion. The current results evidence moderate to strong cross-sectional and 
longitudinal associations between mental health disorder symptoms and 
cardiac function, and provide rationale for integrating PTSI-specific 
cardiac rehabilitation exercise guidelines into occupational fitness pro
grams, thereby potentially mitigating the cumulative impact of occu
pational stressors including repeated PPTE exposures on cardiac 
function. The observed changes within the current sample are consistent 
in direction, but inconsistent in magnitude, with the larger RCMP Study 
sample evaluated at pre-deployment (i.e., cadets reported fewer mental 

health symptoms at pre-deployment compared to pre-training; Carleton 
et al., 2024). The cardiac function measures of MPI, DPI, and IVRT 
increased from pre-training to pre-deployment; however, the increases 
are small in magnitude, may be transient, and partially attributed to 
acute anxiety at pre-deployment not entirely captured by the self-report 
measures (Andrews et al., 2023). Individual physiological differences at 
baseline may have been partially ameliorated by exercise conditioning 
during the CTP and may have contributed to statistical regression to the 
mean.

Associations between changes in mental health disorder symptoms 
and cardiac function from pre-training to pre-deployment indicate 
directionally consistent coupling of MPI, DPI, and IVRT of approxi
mately equal magnitude for changes in symptoms of MDD, GAD, and 
SAD, with additional moderate to strong positive associations between 
changes in IVRT and changes in PTSD symptoms, and changes in RET 
with changes in symptoms of GAD. Elevations in MPI, DPI, and IVRT are 
also positively associated with age, and twist force is associated with sex 
(Biering-Sørensen et al., 2016); however, the statistical models in the 
current study controlled for both age and sex, evidencing an indepen
dent associative directional coupling relationship between increases in 
mental health disorder symptoms and poorer cardiac function, although 
the generalizability of the results is limited within the context of the 
current exploratory study design.

Interpretations of longitudinal associations are supported by the 
absence of statistically significant cross-sectional associations between 
mental health disorder symptom total scores and cardiac function at pre- 
training, indicating that individual differences potentially obfuscate 
associations that can only be detected in longitudinal study designs. At 
pre-deployment, there were moderate to strong statistically significant 
inverse associations between MDD symptoms and MVO to E time, and 
between GAD symptoms and both RET and MVO to E time. Contrast
ingly, twist force was statistically significantly positively associated with 
GAD symptoms. Twist force, a surrogate for cardiac contractility (Vogt 

Table 3 
Bootstrapped partial correlations between changes in mental health disorder symptom and cardiac function from pre-training to pre-deployment controlling for age 
and sex.

Measures of Cardiac Function PTSD (PCL-5) Major Depressive Disorder 
(PHQ-9)

Generalized Anxiety Disorder 
(GAD-7)

Social Anxiety Disorder 
(SIPS)

AUD (AUDIT)

R [95 % CI] R [95 % CI] R [95 % CI] R [95 % CI] R [95 % CI]

Heart Rate (bpm) − 0.37 
[-0.75,0.20]

− 0.27[-0.70,0.31] − 0.27[-0.70,0.30] 0.12[-0.44,0.61] − 0.13 
[-0.62,0.43]

Myocardial Performance Index 
(MPI)

0.34[-0.24,0.74] 0.54[0.02,0.83]* 0.44[0.12,0.79]* 0.49[0.06,0.81]* 0.11[-0.45,0.60]

Systolic Performance Index (SPI) 0.16[-0.40,0.64] 0.21[-0.37,0.66] 0.16[-0.41,0.64] − 0.15[-0.63,0.42] 0.24[-0.33,0.68]
Diastolic Performance Index (DPI) 0.36[-0.22,0.75] 0.56[0.04,0.84]* 0.43[0.13,0.78]* 0.63[0.14,0.87]* − 0.02 

[-0.54,0.52]
Systolic Time (ms) 0.11[-0.45,0.60] 0.08[-0.47,0.58] − 0.01[-0.54,0.52] − 0.12[-0.61,0.44] 0.00[-0.53,0.53]
Diastolic Time (ms) 0.12[-0.44,0.61] − 0.01[-0.54,0.52] 0.34[-0.23,0.74] − 0.28[-0.71,0.29] 0.23[-0.34,0.68]
Isovolumic contraction time 

(IVCT; ms)
0.28[-0.30,0.70] 0.25[-0.33,0.69] 0.11[-0.45,0.60] − 0.10[-0.60,0.45] 0.22[-0.35,0.67]

Isovolumic relaxation time (IVRT; 
ms)

0.38[0.19,0.76]* 0.59[0.09,0.85]* 0.38[0.19,0.76]* 0.51[0.03,0.82]* − 0.01 
[-0.54,0.53]

Rapid ejection time (RET; ms) 0.23[-0.34,0.68] 0.18[-0.39,0.65] 0.44[0.12,0.79]* 0.04[-0.50,0.56] 0.32[-0.26,0.73]
MVO to E (ms) 0.08[-0.47,0.59] − 0.08[-0.58,0.47] 0.25[-0.33,0.69] 0.07[-0.48,0.58] − 0.09 

[-0.60,0.46]
AS to MVC (ms) − 0.50 

[-0.81,0.04]
− 0.01[-0.53,0.53] − 0.09[-0.59,0.47] − 0.64[-0.88,0.17] − 0.05 

[-0.56,0.50]
AVO to ATT (ms) − 0.33 

[-0.73,0.24]
0.35[-0.22,0.74] 0.29[-0.28,0.71] 0.02[-0.52,0.54] 0.12[-0.44,0.61]

I to AVO (ms) 0.30[-0.27,0.72] − 0.13[-0.62,0.43] − 0.30[-0.72,0.28] 0.63[-0.15,0.87] − 0.33 
[-0.73,0.25]

Twist Force (mG) − 0.35 
[-0.74,0.23]

− 0.27[-0.70,0.31] − 0.02[-0.54,0.52] 0.01[-0.52,0.54] 0.28[-0.30,0.71]

Atrial Systole (mG) − 0.21 
[-0.67,0.36]

− 0.36[-0.75,0.21] 0.04[-0.50,0.56] 0.08[-0.47,0.59] 0.14[-0.42,0.62]

Note. *p < .05. AS to MVC: atrial systole to mitral valve closure; AVO to ATT: aortic valve open to aortic twist; bpm: beats per minute; I to AVO: isovolumic compression 
to aortic valve open; MVO to E: mitral valve open to E wave; AUDIT = Alcohol Use Disorder Identification Test; GAD-7 = Generalized Anxiety Disorder Scale - 7; SIPS =
Social Interaction Phobia Scale; PHQ-9 = Patient Health Questionnaire - 9; PCL-5 = Posttraumatic Stress Disorder Checklist for DSM-5.
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et al., 2012; Sørensen et al., 2018), is augmented under conditions of 
adrenergic innervation. Therefore, the cross-sectional associations may 
reflect transient physiological changes consistent with symptoms of 
anxiety-related disorders (i.e., states of increased physiological arousal; 
Roth et al., 2012; Chalmers et al., 2014; Tafet and Nemeroff, 2020; 
Cheng et al., 2022); however, the associations may not be reliable given 
the wide bootstrapped confidence intervals. The current cross-sectional 
results echo previous challenges when assessing cardiac function in 
cross-sectional studies; specifically, that individual differences eclipse 
between-participant variance even in the controlled, predictable, and 
consistent CTP learning environment (Steptoe et al., 2012; Vogt et al., 
2012; Torp-Pedersen et al., 2020). Individual differences in device 
placement and protocol familiarity may exist at pre-training and explain 
between-participant variance, but such differences should be attenuated 
with repeated use of the recording devices.

The RCMP Study overall has several strengths and limitations (for 
details see Carleton et al., 2022). Strengths of the current study specif
ically, include: 1) a comprehensive health assessment framework that 
includes self-report and biometric measurements; 2) the capacity to 
longitudinally collect mental health and measures of cardiac function at 
pre-specified intervals; and 3) a repeated-measures research design that 
that includes baseline and within-participant comparisons to better 
control for individual differences. Statistical comparisons of change 
scores from pre-training to pre-deployment inherently account for 
within-participant differences that remain relatively consistent during 
the observation period; therefore, associations between changes in 
mental health disorder symptoms and cardiac function may be partic
ularly accurate given the narrow-bootstrapped confidence intervals. 
Individual differences that may change from pre-training to 
pre-deployment (e.g., body composition) considerably impact 
amplitude-derived measures captured in milligravity (i.e., twist force, 
atrial systole) because both subcutaneous and visceral adiposity can 
buffer the axial acceleration values measured by SCG devices. Measures 
captured as timing intervals, such as those included in the current study, 
appear less susceptible to such interference, but the susceptibility war
rants additional research. Lastly, the absent statistically significant dif
ferences in global measures of cardiac chronotropy (i.e., heart rate, 
diastolic time) between pre-training and pre-deployment suggest par
ticipants were at rest and captured an SCG recording consistent with the 
data collection protocol.

Limitations of the current study include: 1) the possibility for socially 
desirable responding on the mental health disorder measures during the 
CTP career milestones, which may have obfuscated observable cross- 
sectional associations at both pre-training and pre-deployment by 
minimizing mental health disorder symptom total scores; 2) an un
measurable potential for self-selection bias due to voluntary participa
tion which may have resulted in a statistically biased sample where the 
extent of participation may be informed by prior mental health status 
(Teckchandani et al., 2024); 3) absent information regarding participant 
medical histories, general activity, level of exercise preconditioning, or 
acute exposure to changes in altitude before and during the CTP in 
Regina, Saskatchewan, all of which may have independently or cumu
latively influenced cardiac function measurement (Teckchandani et al., 
2020); 4) the presence of statistical floor effects may have attenuated 
effect sizes among mental health disorder symptoms, changes in symp
toms, and thereby associations with measures of cardiac function; 5) 
although the current results provide consistent insight about early 
changes in cardiac function that occur in concert with mental health 
disorder symptoms, the clinical significance is reduced when interpreted 
in the context of the good overall health demonstrated by the current 
sample; and 6) a relatively high rate of attrition at pre-deployment 
among study participants that were provided with an SCG device at 
pre-training (43.8 % attrition rate) inherently reduces the generaliz
ability of the results, although the remaining sample (n = 81) remains 
proportionally identical to the larger RCMP Study and by extension the 
RCMP generally. Future research efforts with data from the same 

participants after their first year of active service will help inform 
whether the relationships between mental health symptom changes and 
cardiac function are robust, and are to be informed by the current results 
to afford more robust statistical methods to account for the 
within-subject nature of the data.

5. Conclusion

The current study is the first of its kind in RCMP cadets that evi
dences an independent associative directional relationship between 
mental health disorder symptoms and cardiac function. The magnitude 
of changes from pre-training to pre-deployment were not clinically or 
statistically significant for many of the measures; nevertheless, the as
sociations remain clinically important because diastolic dysfunction is 
robustly associated with an increased risk of MACE. The current study 
remains to be replicated after the first year of active service to determine 
reproducibility of the coupling relationship between mental health 
disorder symptoms and diastolic measures of cardiac function. In the 
interim, the associations provide important evidence towards identi
fying PTSI biomarkers in the context of biopsychosocial models of psy
chopathology (Bolton, 2023). The associations also provide a strong 
rationale for integrating cardiac rehabilitation exercise guidelines into 
occupational fitness and wellness programs to potentially mitigate the 
impact of occupational stressors, including repeated PPTE exposures, on 
cardiac function.
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