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ARTICLE INFO ABSTRACT
Keywords: Background: Heart rate variability (HRV) is governed by sympathetic and parasympathetic regulatory systems.
Stress Disorders Post-Traumatic Stress Disorder (PTSD) may influence these systems and consequently affect cardiovascular

Post-Traumatic

H‘?a.rt disease risk factors Methods: The sample consisted of 860 UK male military personnel approximately half of whom had sustained
Military personnel

Afghanistan physical combat injuries in Afghanistan. HRV was measured via Root-Mean Square of Successive Differences
ADVANCE study cohort (RMSSD) in normal heart beats and PTSD using a self-report questionnaire (Posttraumatic Checklist-Civilian
version (PCL)). Associations between probable PTSD status (PCL score > 50) and symptom clusters (avoid-
ance behaviours, emotional numbing, hyperarousal and intrusive thoughts) with HRV were examined. Bootstrap
inclusion frequencies and model averaging were employed prior to regression modelling to identify the most
important symptom clusters associated with RMSSD.
Results: Probable PTSD status was not associated with log RMSSD [—11.6 % (95 % Confidence Interval (CI) -22.2
%, 4.1 %). Increases in severity of emotional numbing were associated with reductions in RMSSD, witha — 1.1 %
(95%CI -2.1 %, —0.2 %) decrease in the geometric mean of RMSSD per point increase on the emotional numbing
subscale.
Limitations: High levels of comorbidity with depression/anxiety; possible endogeneity/bidirectionality due to
PCL including both psychological and physiological symptoms.
Conclusions: Emotional numbing, the symptom cluster including symptoms such as anhedonia, cognitive dys-
regulation and feeling distant from other people, was associated with lower HRV whilst overall PTSD status was
not. These results lend support to the hypothesis that different PTSD symptom clusters may have unique effects
on the cardiovascular system, and that particular symptom clusters of PTSD or combinations thereof may be
associated with distinctive cardiovascular profiles.

functioning.

1. Introduction between consecutive heart beats (Malik, 1996). The use of HRV as a
marker of autonomic function has increased given its objectivity and
Heart rate variability (HRV) refers to the variation in time interval feasibility in measurement (Billman et al., 2015). Traditionally, HRV
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data can be acquired using an electrocardiogram (ECG) recording over
durations varying from 10 to 300 s (ultra-short term/short-term) up to
long term (24 h) (Shaffer and Ginsberg, 2017). As a reflection of auto-
nomic imbalance, low HRV is now understood to be a marker of
increased risk of cardiovascular disease and may be a useful tool to
identify at risk populations (Fang et al., 2020; Orini et al., 2023).

Mental health is one of the key factors that influences HRV.
Mounting evidence confirms reduced HRV corresponding to autonomic
dysregulation arising from poor mental health. Post-Traumatic Stress
Disorder (PTSD) is characterised by symptoms such as intrusive
thoughts, emotional dysregulation (often called either emotional
numbing or negative alterations in cognitions or mood in the scientific
literature), hyperarousal and engaging in avoidance behaviours. These
symptoms are thought to impact on health behaviours that increase risk
of cardiovascular disease, such as increased smoking of tobacco and
alcohol use. Additional mechanisms include direct effects on the auto-
nomic system, with evidence of cardiometabolic (Dyball et al., 2023;
Rosenbaum et al., 2015), haemodynamic (Dyball et al., 2019) and in-
flammatory responses (Passos et al., 2015). A series of meta-analyses
have also confirmed lower parasympathetic tone manifested by atten-
uated HRV in individuals with PTSD diagnosis (Ge et al., 2020;
Schneider and Schwerdtfeger, 2020), highlighting HRV as a psycho-
physiological marker of PTSD (Nagpal et al., 2013).

While PTSD is known to be associated with various manifestations of
the cardiovascular system, the specific psychological mechanisms by
which this occurs are still largely unknown. Hyperarousal symptoms are
hypothesised as being the main contributory mechanism, through dys-
regulated hypo-pituitary adrenal functioning, greater cardiovascular
reactivity and disordered sleep, though few studies have investigated
this (Brudey et al., 2015; Presciutti et al., 2020). A recent analysis from
the ADVANCE cohort, a longitudinal study investigating the long-term
health impact of sustaining a physical combat injury, found that the
relative importance of several symptoms, not just hyperarousal, best
explained associations between PTSD and a range of cardiometabolic
and haemodynamic effects (Dyball et al., 2023).

This analysis presents information on RMSSD, a marker of HRV,
among a cohort of UK military personnel (the ADVANCE cohort),
stratified by probable PTSD status. We then use variable selection pro-
cedures to select symptom clusters of PTSD based on their relative
importance in explaining associations with HRV. We hypothesise that
probable PTSD will be associated with lower RMSSD compared to those
without probable PTSD, and hyperarousal symptoms will be selected as
the most relatively important symptom cluster.

2. Methods
2.1. Study design and participants

The ArmeD serVices trAuma rehabilitatioN outComE (ADVANCE)
study cohort was set up to investigate the long-term physical and psy-
chosocial health of UK military personnel who sustained a physical
combat injury while on deployment in Afghanistan (Bennett et al.,
2020), of which the inclusion/exclusion criteria can be found in Sup-
plementary materials 1. 579 male UK military personnel who sus-
tained a serious physical combat injury in Afghanistan which required
them to be aeromedically evacuated to a UK hospital took part in the
study, alongside a demographically similar comparison group of 566
male personnel who sustained no serious physical injuries during their
deployment. The latter were frequency-matched to the injured group on
age, rank, regiment, role on deployment, service and deployment era.
The cohort was recruited from a sample provided by the Ministry of
Defence, Defence Statistics (UK). This analysis utilises the baseline
dataset of this cohort.
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2.2. Procedure

Participants were assessed at the Defence Medical Rehabilitation
Centre Headley Court (2015-2018) or Stanford Hall (2018-2020),
where they underwent a comprehensive set of physical health tests as
well as a clinical interview with a research nurse and a confidential self-
report questionnaire. This analysis utilises data from the Vicorder
assessment and self-report questionnaire for PTSD.

2.3. Ethics

The ADVANCE study has full approval from the UK Ministry of
Defence Research Ethics Committee (MODREC; protocol No:357/PPE/
12). All participants gave written informed consent and investigation
was carried out in accordance with the 2013 version of the declaration
of Helsinki.

2.4. Materials
2.4.1. Exposure

2.4.1.1. Post-traumatic stress disorder (PTSD). PTSD was assessed via
the PTSD Clinical Checklist-Civilian (PCL-C), a 17-item questionnaire
(Blanchard et al., 1996). Possible scores range from 17 to 85, with higher
scores reflecting greater symptom severity. Probable PTSD was defined
by a score of >50 (Weathers et al., 1993). The four-factor solution of this
measure was employed based on DSM-IV criteria for PTSD (Asmundson
et al., 2000). Hyperarousal (n = 5 items; score 5-25), avoidance be-
haviours (n = 2 items, score 2-10), emotional numbing (n = 5 items;
score 5-25) and intrusive thoughts (n = 5 items; score 5-25). Cronbach’s
alpha from this cohort overall was 0.95, with subscale scores ranging
from 0.81 (avoidance behaviours) to 0.92 (intrusive thoughts).

2.4.2. Outcome

2.4.2.1. Heart rate variability. This analysis reports Root Mean Squared
of Successive Differences (RMSSD) as a measure of ultra-short term HRV
(HRVysr). RMSSD was included given its traditional use as a marker of
parasympathetic tone (Malik, 1996) and established reliability and
validity in HRVygr analysis (Munoz et al., 2015; Nussinovitch et al.,
2011; Thong et al., 2003). The HRVygr data was quantified using the
cardiac inter-beat intervals from femoral arterial waveforms (up to 16 s
in length) recorded during the pulse wave velocity measurement using
the Vicorder device (Skidmore Medical, Bristol, UK). The Vicorder
assessment has been described and validated previously (Bennett et al.,
2020; Pucci et al., 2013).The use of RMSSDysr (14 s) for HRV mea-
surement has been found to be as reliable and valid as the 300 s ECG-
based short-term RMSSD in the ADVANCE study cohort (Magsood
et al., 2023a, 2023b; Magsood et al., 2024).

Participants were asked to fast for at least 8 h and refrain from
smoking for at least 4 h prior to assessment. Participants were encour-
aged to avoid talking or moving during the assessment. All measure-
ments took place on a hospital bed in supine position in a temperature
and noise-controlled room during the daytime. Participants breathed
spontaneously throughout the Vicorder assessment.

Kubios premium (Kubios Premium V.3.2, The Biomedical Signals
Analysis and Medical Imaging Group, University of Kuopio, Finland)
was used for HRV analysis following the import of the femoral arterial
waveforms from the Vicorder device. The noise was set to medium and
automatic correction to none; this was further supplemented by visual
inspection and correction of signals, wherever needed due to ectopic or
erroneous beats. We set the signal analysis type to ‘single’ for >10 s
recording and to ‘merge’ for <10 s recording. The method of analysis has
been described in detail elsewhere (Magsood et al., 2023a, 2023b).
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2.4.3. Confounding variables

2.4.3.1. Age at assessment. Age in years at time of ADVANCE baseline
assessment was used.

2.4.3.2. Combat injury. Combat injury was established from Defence
Statistics (Health) records and supplemented by the research-nurse led
clinical interview. Combat injury was coded as uninjured, non-
amputation injured and amputation injured. Amputation injuries were
defined by major limb amputation (e.g. transhumeral, transtibial); iso-
lated partial amputation (e.g. digit, toe, partial foot) alone were not
included in this group unless accompanied by major limb amputation.

2.4.3.3. Medication. Medications currently being used by participants
identified during the clinical interview were coded with the Anatomical
Chemical Classification Index 2020 (World Health Organisation
Collaboration Centre for Drug Statistics Methodology, 2020). Medica-
tions of interest included medications that affected the cardiovascular
system or mental health; agents acting on the renin-angiotensin system;
antihypertensives; calcium channel blockers; corticosteroids for sys-
temic use; diuretics; drugs used in diabetes; immunosuppressants; lipid
modifying agents; anabolic agents for systemic use; anti-gout prepara-
tions; psychoanaleptics (drugs that produce a calming mental health
effect) and psycholeptics (drugs that provide a stimulating mental health
effect). Medication use was coded based on being on a medication of
interest or not being on any of the above medications.

2.4.3.4. Socioeconomic status. Rank at time of sampling (e.g. deploy-
ment of interest/injury) was used to indicate socioeconomic status;
Other rank/junior non-commissioned officer (NATO OR2-OR4), Senior
non-commissioned officer (NATO OR5-OR9) and Commissioned officer
(NATO OF1-0OF6) (Yoong et al., 1999).

2.5. Data analysis

Data analysis was conducted using the statistical software package
STATA version 18.0. Henceforth, the term confounders will refer spe-
cifically to age at assessment, combat injury, current medication use and
socioeconomic status (Alvares et al., 2016; Magsood et al., 2023b;
Steptoe et al., 2002; Voss et al., 2015). Spearman’s correlations were
calculated between all variables. Strong correlations were defined as
Spearman’s correlation coefficients >0.70 and moderate were defined
as >0.4 & < 0.7. Symptom clusters were assessed in all analyses
regardless of probable PTSD status. Sampling weights and response
weights were calculated and applied to demographic tables. Weighted
percentages alongside 95 % Confidence Intervals (CI) are presented
alongside unweighted cell counts.

Regression diagnostics using total PCL score were completed
including visual assessment of normality of residuals, residual versus
fitted plot, leverage, Variance Inflation Factor (VIF) and Cook’s D. Re-
sidual outliers were defined as Cook’s D > 4/n, where n is the total
sample size. 5.8 % (n = 50) of the sample were defined as outliers in the
global model (including all PTSD symptom clusters), and 5.3 % (n = 47)
in the final model. RMSSD achieved residual normality after log-
transformation. Coefficients for the log-transformed models were
exponentiated and are presented as percentage change in geometric
mean values. VIF in global models with all symptom clusters included
was high but acceptable (VIF: 2.65-3.52; 1/VIF 0.28-0.38). Non-linear
associations were assessed via visual inspection of the augmented
component plus residual plot. Variables with plots suggestive of non-
linear associations were transformed via restricted cubic splines. Like-
lihood ratio tests were then conducted to confirm whether linear (sub-
scale total score) or non-linear (restricted cubic spline of subscale total
score) best fit the model (p < .05).
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2.5.1. Symptom cluster selection procedure

Variable selection procedures were conducted in line with current
best practice (Heinze et al., 2018; Sauerbrei et al., 2020). First, Bootstrap
Inclusive Frequencies were generated with all PTSD symptom clusters
and confounders using linear regression models utilising 1000 bootstrap
replications. Independent variables were assessed with 1 degree of
freedom, then repeated with no limits of degrees of freedom to assess
non-linear relationships. Co-dependence, i.e. when two or more vari-
ables inclusion frequencies are dependent on one another, was investi-
gated between PTSD symptom clusters via interrogation of the chi2 2 x
2 inclusion frequency tables. If co-dependence was observed, i.e. the
bootstrap inclusion frequencies in the chi2 tables were found to be
significantly dependent on one another (p < .05), strategies for choosing
which symptom cluster should be included in the presence of weak as-
sociations were applied as detailed in De Bin and Sauerbrei (2018).
Second, PTSD symptom clusters that were selected for inclusion (defined
as >30 % bootstrapped inclusion frequency) were then subject to
Weighted Absolute Least Squares model averaging, again with 1000
bootstrap replications. Variables with a t-score > 1 or < —1 and standard
error bands that did not cross 0 were selected for the final model. These
steps were repeated excluding residual outliers. If a symptom cluster was
selected in either the overall or outlier-excluded models the symptom
cluster was considered for inclusion in the final model.

2.5.2. Regression modelling

Finally, linear regression models are presented with bias-corrected
95 % Confidence Intervals (CI) from 1000 bootstrap replications. Two
models adjusted for confounders are presented; the first uses probable
PTSD status (based on PCL score > 50) and the second uses the symptom
cluster/clusters selected by the symptom cluster selection procedure.

2.5.3. Missing data

Fourteen participants had one item missing from the PCL and one
participant had two items missing. Two-way imputation was used to
impute these missing items (Van Ginkel et al., 2007). A total of 285/
1145 participants (24.9 %) were excluded due to; participants having
incomplete/missing arterial waveform data (n = 282); participants did
not complete the PCL (n = 3); participants with likely acute infection at
time of assessment (HsSCRP levels >10; n 30); participants who
experienced injury outside of military service (n = 1). No differences in
the distributions of rank, combat injury, rates of PTSD or ethnicity were
observed between those with complete arterial waveform and incom-
plete/missing arterial waveform (data available upon request).

3. Results

A total of 860/1145 participants (75.1 %) were included in this
analysis (Table 1). Participants had a median age of 33 years and
attended the ADVANCE study a median of eight years following injury/
deployment of interest. Participants were predominantly other rank/
junior Non-Commissioned Officers, of white ethnic background, and
were not on a medication of interest. 93/860 participants (12.1 %) had
probable PTSD. Personnel with probable PTSD exhibited lower RMSSD
[36 ms (InterQuartile Range (IQR) 24, 59 ms)] compared to those
without PTSD (43 (31, 64)). A Spearman’s correlation matrix between
all included variables can be found in Supplementary materials 2.
Moderate-strong correlations were observed between each of the
symptom clusters only.

A linear regression model investigating probable PTSD status found
that PTSD was not associated with log RMSSD in univariable (percent-
age change in geometric mean — 14.1 % (95%CI -25.0 %, 0.2 %)) or
multivariable models (—11.6 % (95%CI -22.2 %, 4.1 %)).

Variable selection procedures suggested that intrusive thoughts,
avoidance behaviours and emotional numbing were associated with log
RMSSD. Emotional numbing was initially entered into the variable se-
lection procedure as a non-linear variable, transformed via restricted
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Table 1
Sociodemographic, PTSD and HRV characteristics of the sample.
Overall No PTSD Probable
sample N =767 PTSD
N = 860 N=093
Sociodemographic
Ethnicity % (n)
White 90.6 % 90.0 % 94.7 % (88)
(783) (695)
All other ethnic groups 9.4 % (77) 10.0% (72) 5.3% (5)
combined
Combat injury
Sustained no serious combat 47.5 % 49.6 % 32.9 % (33)
injury (434) (401)
Sustained a serious combat 52.5 % 50.4 % 67.1 % (60)
injury (426) (366)
Age at assessment median (IQR) 33 (30, 37) 33 (30, 37) 33 (29, 37)
Years since sampled deployment/ 8(6,9) 7 (6,9) 8(7,9)
injury of interest
Socioeconomic status % (n)
Other rank/junior NCO 711 % 69.5 % 82.9 % (74)
(558) (484)
Senior NCO/Officer~ 28.9 % 30.5 % 17.1 % (19)
(302) (283)
Medication % (n)
On medication of interest 9.5 % (82) 5.9 % (47) 36.2 % (35)
Cardiovascular medication 2.2 % (22) NR~ NR~
Mental health medication 7.6 % (63) 4.0 % (30) 34.5 % (33)
PTSD median score (IQR)
PCL-total score 25 (19, 34) 23 (19, 30) 59 (53, 68)
PCL-Avoidance behaviour score’ 2(2,4) 2(2,3) 7 (6,8)
PCL-Emotional numbing score? 7 (5, 10) 6(5,9) 18 (15, 21)
PCL-Intrusive thoughts score® 6(5,9) 6 (5, 8) 17 (14, 20)
PCL-Hyperarousal score? 8 (6,12) 8 (6,11) 20 (18, 22)
Outcome
HRV-RMSSD median (IQR), ms 43 (30, 63) 43 (31, 64) 36 (24, 59)
Geometric mean (95%CI) 42.2 (40.6, 42.9 (41.2, 36.9 (32.2,
43.9) 44.7) 42.3)

CI Confidence Interval; HRV Heart Rate Variability; IQR InterQuartile Range
NCO; Non-Commissioned Officer; NR Not Reported; PCL PTSD Clinical Check-
list; PTSD; Post-Traumatic Stress Disorder; RMSSD Root Mean Square of Suc-
cessive Differences. Weighted percentages are presented alongside unweighted
cell counts.

~ Some categories combined or data suppressed to allow for confidentiality in
line with Defence Statistics rounding policy (https://www.gov.uk/government/
publications/defence-statistics-policies/ministry-of-defence-disclosure-control-
and-rounding-policy).

1. Avoiding thinking/talking about experience; avoiding reminders of experience.

2. Trouble remembering experience; Loss of interest in activities they used to enjoy;
feeling distant/cut off from others; feeling emotionally numb; feeling as if future
will be cut short.

3. Repeated disturbing memories, thoughts or images from stressful experience;
repeated, disturbing dreams about experience; reliving experience; feeling upset at
reminders of experience; having physical reactions to reminders of the experience.

4. Trouble falling or staying asleep; feeling irritable or angry; difficulty concentrating;
being ‘super alert’; feeling jumpy or easily startled.

cubic spline (Supplementary materials 3). However, co-dependency
was observed between intrusive thoughts and emotional numbing.
Following procedures for mitigating co-dependency and subsequent
model averaging, only the linear form of emotional numbing was
retained for regression modelling.

In the univariable model, there was an associated —1.5 % (95%CI
-2.4 %, —0.6 %) decrease in the geometric mean of RMSSD per point
increase in the emotional numbing subscale score. In the multivariable
model including confounders, there was an associated —1.1 % (95%CI
-2.1 %, —0.2 %) decrease in the geometric mean of RMSSD per point
increase in the emotional numbing subscale score (Fig. 1).

4. Discussion

In this analysis, we aimed to present data on RMSSD stratified by
probable PTSD status in a cohort of UK Armed Forces personnel and
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assess whether PTSD status or PTSD symptoms were associated with an
indicator of HRV. According to our results, we reject the hypothesis that
probable PTSD status would be associated with lower RMSSD and that
hyperarousal would be selected as the most relatively important symp-
tom cluster in explaining associations with HRV. Whilst we observed
that servicemen with probable PTSD had lower HRV (RMSSD), this was
not a statistically significant difference. With the utilisation of variable
selection procedures, we ascertained that emotional numbing was
associated with RMSSD; as severity of emotional numbing symptoms
increased, RMSSD decreased.

Previously in the ADVANCE cohort, the relative importance of PTSD
symptom clusters were investigated in relation to associations between
PTSD and haemodynamic functioning, cardiometabolic effects and
inflammation (Dyball et al., 2023). Emotional numbing best explained
associations with resting heart rate (beats per minute) and was observed
to have a non-linear association with the outcome. In our current
analysis, whilst limited evidence of a non-linear association with log
RMSSD was present, a linear association between emotional numbing
was ultimately selected after accounting for co-dependency of other
symptoms. Intrusive thoughts and avoidance behaviours were noted as
competing for inclusion in variable selection procedures. This may be
reflective of intrusive thoughts being on the causal pathway to
emotional numbing symptoms, whereby emotional numbing and
avoidance behaviours are a response to states of re-experiencing (e.g.
memories, thoughts or psychological re-experiencing of the traumatic
event) (Litz et al., 2002). This analysis did not observe significantly
lower RMSSD in individuals with PTSD as per previous research (Ge
et al., 2020; Park et al., 2017). Considering the fact we observed that
emotional numbing was associated with RMSSD, it is possible that PTSD
status, a combination of avoidance behaviours, intrusive thoughts, hy-
perarousal and emotional numbing symptoms according to DSM-IV
criteria, introduces noise from symptoms that are not associated with
HRV. The influence of emotional numbing symptoms may also be
influenced by disassociation, which has been inversely linked to HRV in
individuals with PTSD (Hauschildt et al., 2011). It is plausible that in-
dividuals with PTSD adopt dissociation as a defence mechanism to cope
with trauma manifesting in derealisation and emotional numbing
(Beutler et al., 2022). Amygdala hypoactivity has previously been
associated with emotional numbing/dissociation symptoms (Forster
et al., 2017), which is another mechanism by which PTSD symptoms
may affect cardiovascular health (Tawakol et al., 2017). Unfortunately,
no indicator of dissociation was available for the ADVANCE study.

Lifestyle factors may mediate the effect between certain PTSD
symptoms and the cardiovascular system. Studies investigating US vet-
erans with PTSD have observed that emotional numbing is associated
with lower likelihood of exercising daily, whilst intrusive thoughts have
been shown to be associated with a greater likelihood of exercising daily
(Adams et al., 2020). Direct effects of strenuous exercise on reductions in
hyperarousal symptoms and avoidance/numbing have also been
observed, although that study used a three factor solution of the PCL
(Whitworth et al., 2017). Avoidance/numbing has been suggested as the
most relatively important symptom cluster to explain the associations
between PTSD and alcohol misuse (Debell et al., 2014). Similarly,
avoidance and hyperarousal symptoms are suggested as the most rela-
tively important symptoms in explaining cigarette smoking (Kearns
et al., 2018).

The effects of multiple PTSD symptoms on other aspects of HRV and
the cardiovascular system have been explored in the scientific literature.
Lee et al. found that PTSD symptom clusters have differential relation-
ships with blood pressure and HRV during both reactivity and recovery
from a stress task in trauma exposure adults (Lee et al., 2022). Specif-
ically, hyperarousal symptoms were associated with higher HRV (low
frequency, high frequency, low/high frequency) during recovery, but
avoidance and intrusive thoughts were associated with increases in
blood pressure during the task. Additionally, avoidance was association
with lower HRV (low frequency and high frequency) whilst emotional
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Fig. 1. Estimated marginal effects of the symptom cluster ‘Emotional Numbing’ association with Heart Rate Variability.

numbing was associated with decreases in blood pressure and low fre-
quency HRV. This, alongside our results, suggest that PTSD symptom
clusters may have unique effects on the cardiovascular system, and that
different symptom profiles may be associated with distinctive cardio-
vascular health profiles.

Our findings, along with those of new studies examining the differ-
ential symptom effects of PTSD on the cardiovascular system, suggest
that clinicians and researchers should not treat those with PTSD as a
homogonous group. Rather, clinicians and researchers would benefit
from understanding the specific symptom structure that their patients/
participants are experiencing and the combinations by which these
symptoms might affect cardiovascular responses or risk of cardiovas-
cular disease. Treatments that utilise physical and mental health feed-
back in synchronicity, such as HRV-biofeedback therapy (synchronised
heart rate with breathing techniques), may be considered to elevate HRV
and lower PTSD symptoms (Tan et al., 2011). This might also be most
effective for emotional numbing which has been reported to show sig-
nificant improvement with the largest effect size as compared to other
PTSD symptoms in response to HRV biofeedback therapy (Schuman and
Killian, 2019).

The study is subject to some limitations. While it benefits from a
relatively large sample size, a small proportion of HRV data was missing
due to technical constraints. This may have affected the sampled rep-
resentation of PTSD. Participants were asked to bring in all medications
they were currently on, however in the case where participants did not
bring in their medications, we relied on participants self-reporting de-
tails of medication use. It is possible they mis-reported or mis-
remembered medications. Whilst future follow ups of the cohort will
utilise the PCL-5, which is based on the DSM-V, this current dataset
utilised the PCL—C, which is based on the DSM-IV. Co-dependency
between symptom clusters was observed and addressed, but this may be
an indicator of an underlying problem of overlap between mechanisms
by which different symptom clusters are associated with the cardio-
vascular system. The structure of the PCL includes both psychological
symptoms as well as physical symptoms, such as problems with sleep
and physical reactions to reminders of the trauma. Since these symptoms
are also products of autonomic dysregulation (Stein and Pu, 2012), it
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might be that these items on the PCL produce endogeneity in models
investigating PTSD and HRV. Additionally, bidirectionality may exist,
whereby problems with sleep cause dysregulation in the autonomic
system (reflected in HRV) and dysregulation in the autonomic system
causes problems with sleep. Specific types of injuries, such as traumatic
brain injuries, may have had additional effects on the autonomic system
as measured by HRV (Talbert et al., 2024), but analysis of this outside
the scope this current study. PTSD symptom duration may have varied in
the cohort, but no data was available on index trauma, and so could not
be controlled for. Lifestyle factors, such as exercise or alcohol/tobacco/
illegal drug use, are likely to mediate the association between PTSD
symptoms and autonomic functioning, which could not be taken into
account in our analysis (Adams et al., 2020; Debell et al., 2014; Kearns
et al., 2018; Whitworth et al., 2017). PTSD is a highly comorbid disor-
der, with 91.5 % of those with PTSD reporting mental health multi-
morbidity in this cohort (Dyball et al., 2022). As such, we were unable to
control for the effects of depression or generalised anxiety. Rank was
used as a proxy for socioeconomic status as no direct measures of so-
cioeconomic status were available, meaning there may be some residual
confounding in our models. Lastly, given the unavailability of ECG
measurements at baseline, a surrogate source of HRV (via up to 16 s
recording of pulse waveform) was used and only RMSSD was available.
As the frequency-domain measures would have required longer re-
cordings for accurate measurement (Kim et al., 2021), those could not be
measured in this analysis. Nonetheless, the pulse waveform-derived
ultra-short-term RMSSD (HRV) has been found to be as valid as the
ECG-derived 5-min RMSSD (HRV) in our sample (Maqsood et al., 2024).
It is anticipated that future investigation into the cohort will focus on the
association between PTSD and other measures of short-term HRV.

5. Conclusions

Probable PTSD status was not associated with an indicator of HRV
(RMSSD) in a cohort of UK military personnel who sustained serious
physical combat injuries and demographically similar personnel without
such injuries. However, symptoms of emotional numbing were associ-
ated with HRV. Different symptom clusters of PTSD may have unique
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effects on the cardiovascular system, and symptom profiles may be
associated with distinctive cardiovascular profiles.

Pre-registration

The ADVANCE study is ongoing and is registered with the ISRCTN
registry, ISRCTN57285353.
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