MILITARY MEDICINE, 00, 0/0:1, 2023

The Influence of Physical and Mental Health Mediators on the

Relationship Between Combat-Related Traumatic Injury

and Ultra-Short-Term Heart Rate Variability in a U.K. Military

Cohort: A Structural Equation Modeling Approach

Rabeea Maqgsood, MSc'>*, t; Susie Schofield, MSct; Alexander N. Bennett, PhDt,1;
Ahmed Khattab, PhD*; Carol Clark, PhD*; Anthony M. J. Bull, FREng§; Nicola T. Fear, DPhil||;
Christopher J. Boos, PhD*,1]; for the ADVANCE Study

ABSTRACT

Introduction:

Combat-related traumatic injury (CRTI) adversely affects heart rate variability (HRV). The mediating effect of mental
and physical health factors on the relationship between CRT], its severity and HRV has not been previously studied and
investigated.

Materials and Methods:

A cross-sectional mediation analysis of the ArmeD SerVices TrAuma and RehabilitatioN OutComE (ADVANCE)
prospective cohort study was performed. The sample consisted of injured and uninjured British male service-
men who were frequency-matched based on their age, rank, role-in-theater, and deployment to Afghanistan
(2003-2014). CRTI and injury severity (the New Injury Severity Scores [NISS] [NISS<25 and NISS > 25])
were included as exposure variables. HRV was quantified using the root mean square of successive differ-
ences (RMSSD) obtained using pulse waveform analysis. Depression and anxiety mediators were quantified
using the Patient Health Questionnaire and Generalized Anxiety Disorder, respectively. Body mass index and
the 6-minute walk test (6MWT) represented physical health measures. Two mediation pathways between expo-
sure and outcome variables were examined in comparison with the uninjured group using structural equation
modeling.

Results:

Of 862 servicemen, 428 were injured and 434 were uninjured with the mean age at assessment of 33.9+5.4
(range 23-59) years. Structural equation modeling revealed that depression, anxiety, and body mass index did
not significantly mediate the relationship between injury/injury severity and RMSSD. However, the 6MWT signif-
icantly mediated the relationship between CRTI and RMSSD (27% mediation). The indirect effect of 6MWT on
the relationship between injury severity (NISS > 25 vs. uninjured) and RMSSD was -0.06 (95% CI: -0.12, —0.00,

P<.05).

Conclusions:

The findings suggest that greater physical function may improve HRV following CRTI. Longitudinal studies are

warranted to further validate these findings.
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INTRODUCTION
Heart rate variability (HRV) is an objective marker of auto-
nomic balance and cardiovascular health. It represents the
changes in the cardiac inter-beat intervals (IBIs) in response
to the sympathetic and parasympathetic nervous systems’ out-
put over time.! In the general population, lower HRV has been
linked to increased all-cause mortality and a myriad of adverse
outcomes such as multiple organ dysfunction syndrome, sep-
sis, and cardiovascular diseases, as well as increased systemic
inflammation.?

According to the guidelines of the HRV Task Force,'
short-term HRV recordings are traditionally acquired over a
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recording period of 5-10 minutes. However, with the miniatur-
ization and advancement of HRV measuring devices, record-
ings of <5 minutes have also been used and are known as
ultra-short-term HRV (HRVygp).} With a recording of 10-
20seconds, HRV ;4 offers feasibility under standard condi-
tions with minimum burden on the patients and has shown
validity with its short-term counterparts,* making it a valuable
resource.

Combat injury has been considered “the most visible and
arresting toll of war on the human body”.> Thousands of casu-
alties have been reported in the U.S. and U.K. military as a
result of combat-related traumatic injuries (CRTIs).®” How-
ever, the impact of CRTI on HRV is limitedly researched. A
recently published systematic review reported lower levels of
HRV in relation to non-acute traumatic injuries—albeit with
low strength of evidence.® The authors further highlighted that
there is a paucity of HRV research in relation to traumatic
injuries, especially in military populations,® where the use of
HRYV has predominantly been limited as a triage tool in acute
trauma settings.” It was not until recently that the impact of
long-term CRTI on HRV4; was studied for the first time
in a sample of British servicemen. In this study, the authors
reported an inverse relationship between CRTI and HRV ;4.1
Notably, the striking impact of CRTI on HRV;4r was per-
sistent 8 years after injury. Injury severity and blast injuries
were also reported to be independently associated with lower
HRV j¢7.1°

To date, little is known about the underlying mechanism
to explain the observed lower HRV associated with CRTIL. It
is well known that depression,!! anxiety,'> and poor physical
health (e.g., lower physical functioning and relative obe-
sity)!*1* are linked to lower HRV. Along with the obvious
adverse physical sequelae,'>~!° CRTI has also been linked
to poorer mental health outcomes including increased lev-
els of anxiety, depression, and post-traumatic stress disor-
der.”” Good mental and physical health (physical fitness and
maintenance of normal body mass index [BMI]) are of vital
importance to deployed military personnel to ensure optimal
performance and resilience to injury.”!

To date, no study has explored the impact of these physi-
cal and mental health mediators on the long-term relationship
between CRTI and HRV. Consequently, in this study, we
sought to examine the influence of objective markers of phys-
ical and mental health on the relationship between CRTI, its
severity, and HRV in a sample of male British combat per-
sonnel. We hypothesized that both physical and mental health
would mediate the relationship between combat injury, its
severity and HRV.

METHODS

Study Design and Setting

This study involved the baseline analysis of the ArmeD Ser-
Vices TrAuma and RehabilitatioN OutComE (ADVANCE)
Cohort Study. In this study, combat veterans with CRTI were

frequency-matched to uninjured deployed servicemen by age,
rank, role, deployment (Afghanistan, 2003-2014), and time
of deployment.??> All participants voluntarily took part in the
study and provided written informed consent after reading
the participant information sheet. The data for this study
were collected at Headley Court (March 2016-August 2018)
and Stanford Hall (August 2018 onward). The ADVANCE
study has full ethical approval from the Ministry of Defence
Research Ethics Committee (protocol no.: 357/PPE/12).

Study Population

The study population has been described previously.'® All
participants were male British military personnel, and the
detailed inclusion/exclusion criteria have been previously
reported.”? The injured group consisted of servicemen who
experienced physical CRTI during their deployment that
required aeromedical evacuation for their injuries. Among the
injured group, the most common mechanism of injury was
blast followed by gunshot wounds and others.'® The uninjured
group consisted of servicemen deployed to the same conflict
at a similar time and in a similar role but was uninjured.

Sample Size

The sample size in the current study was a subset consist-
ing of 862 participants (75.3%) from the full ADVANCE
cohort (n=1144). This subset represented the total number
of participants from the full ADVANCE cohort who had full
arterial waveform data available that could be used to mea-
sure HRVygr. The current dataset was similar to the full
ADVANCE cohort!” in terms of key demographics and mil-
itary characteristics (data not shown but available from the
authors).

Study Variables

CRTI (yes or no) was the primary exposure variable. The sec-
ondary exposure variable was the New Injury Severity Score
(NISS) used as a measure of injury severity. The NISS were
calculated from the Abbreviated Injury Score (2008 update),
which was provided by the U.K. Joint Theatre Trauma Reg-
istry.?? The NISS was categorized as severe (NISS > 25) and
less severe (NISS<25) based on NISS’ predictive cut-off
for all-cause mortality?® with the uninjured as the reference
category.

The primary outcome variable in this study was the time
domain HRV measure of root mean square of successive
differences (RMSSD). RMSSD was calculated using consec-
utive IBI data over a 16-second recording of femoral arterial
waveform data during the measurement of pulse wave veloc-
ity using the Vicorder device. The detailed methods have been
described and published elsewhere. 10.22 Qyerall, RMSSD was
chosen given the length of arterial waveform recording and its
established reliability and validity in HRV ;gy analysis.*>*

For mediators, the 6-minute walk test (6MWT) and BMI
adjusted for amputation (hereafter referred to as BMI) were
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used as measures of physical health and fitness. The 6MWT
has been used as a valid test of physical function for able
bodies and amputees.>> The participants were asked to walk
back and forth over a 20-m flat hard surface for a total of
6 minutes at their own maximal pace. The distance (meters)
covered by each participant was noted and used for this
test.”? Height (meters) and weight (kilograms) required for
BMI calculation were measured using a stadiometer and
electronic scale, respectively. In the case of an amputa-
tion, height recorded before injury was used from the med-
ical record for BMI calculation.”> BMI was adjusted for
amputation.??

The scores of depressive and anxiety symptoms were used
to measure mental health. The data on depression was cap-
tured using the Patient Health Questionnaire (PHQ-9).2>20 It
is a nine-item self-reported questionnaire to screen the pres-
ence of depression and its severity with the scores ranging
from O to 27. Anxiety was measured using the Generalized
Anxiety Disorder (GAD-7).2>?’ In this seven-item question-
naire, the participants were asked to recall anxiety symptoms
over the preceding 2 weeks. The total score ranged from O to
21.

Rank at sampling was used as a proxy for the socioeco-
nomic status of the participants according to the National
Statistics Socio-Economic Classification.!?-17-20

The ranks were classified as lower (junior
non-commissioned officers and other lower ranks), middle
(senior non-commissioned officers), and senior (commis-
sioned officers).'?-!7-20 Ethnicity was defined into two cat-
egories: White and other ethnic groups (Black, Asian, and
Mixed).

Depression

..

CRT

Statistical Analysis
Descriptive statistics

The results are presented as mean + standard deviation (SD)
for normally distributed data or median and interquartile range
(IQR) for skewed continuous data. The normality of continu-
ous data was visually inspected through the histograms and
Q-Q plots. Appropriate parametric or non-parametric tests
were used to test the baseline differences between the injured
and uninjured groups. The number of missing values was neg-
ligible (GAD-7, n=2; PHQ-9, n=3; 6MWT, n=10), and
therefore, no data were imputed and were handled by default
complete case analysis. A P-value of <.05 was considered to
indicate statistical significance. All tests were conducted in
Stata 17 (StataCorp LLC, College Station, TX, USA).

Structural equation modeling

The effect of mediators on the exposure—outcome relationship
was quantified using structural equation modeling (SEM). It is
a statistical technique that is used to study the causal relation-
ships among variables.?® The eligibility of included mediators
was guided by the criteria recommended by Chmura, Kiernan,
Essex, and Kupfer.?” SEM was used to construct the path-
way between exposure and outcome variables in the presence
of mediators (BMI, 6MWT, depression, and anxiety) using
the maximum likelihood estimation. The SEM models were
adjusted for a priori confounders: time from injury, rank, eth-
nicity, and age at assessment. These were not shown on the
path diagrams for clarity purposes.

Two hypothesized pathway models were specified: One
with CRTT as the exposure variable (Figure S1) and the other
with injury severity (uninjured, NISS <25, NISS > 25) as the

P<0.05
. P2005
e, .00 <> Covariance
Model adjusted for time from

'-.,. Iinjury, rank, ethnicity, and age at
assessment

FIGURE 1. Path coefficients of adjusted mediation model on the CRTI-HRV g1 pathway. Abbreviations: 6MWT, 6-minute walk test; BML, body mass index
adjusted for amputation; CRTI; combat-related traumatic injury; HRVygr ultra-short-term heart rate variability; RMSSD, root mean square of successive
differences. The pathway includes four covariances between error terms of anxiety and depression, BMI and 6MWT, BMI and depression, and BMI and
anxiety. Depression, anxiety, BMI, 6 MWT, and RMSSD have been included in the SEM model as continuous variables. Model adjusted for age at assessment,

rank, ethnicity, and time from injury with uninjured as the reference category.
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exposure variable (Figure S2). These models consisted of the
direct effect of CRTI/injury severity on RMSSD mediated by
the physical and mental health mediators. The covariances
between depression and anxiety,*® BMI and 6MWT,*! BMI
and depression,*?> and BMI and anxiety*® were added based
on the literature.

The direct effect (exposure — outcome) was calculated.
The indirect effect was calculated as the product of two coef-
ficients: (exposure — mediator) and (mediator — outcome).
The unstandardized coefficients were reported for both direct
and indirect effects.”® The proportion of mediation (%) was
also reported. The chi-squared value (x?), the comparative
fit index (CFI), the Tucker—Lewis index (TLI), and the root
mean square error of approximation (RMSEA) were used to
assess the goodness of fit. A low x? value with an insignifi-
cant P-value represents an adequate fit. A value of.95 for CFI
and TLI is deemed to represent a good fit, whereas a value
of close to .06 for RMSEA is considered an acceptable fit.>*
The model was further inspected for the Heywood case—no
variances over 1 or negative were found (standardized coef-
ficients). The total, direct, and indirect effects were reported
using a bias-corrected bootstrapped CI with 1,000 resamples
as recommended.*

RESULTS

Of the 862 participants, 428 (49.6%) were injured (includ-
ing 133 [31.1%] amputees) and 434 (50.3%) were uninjured.
The overall mean age at assessment was 33.9 4+ 5.4 years.
The mean time from injury/deployment to assessment
was 7.9 4+ 2.1years. No significant differences were noted
between injured and uninjured servicemen in terms of age
at assessment, ethnicity, and time from injury/deployment
(Table S1). Stratified by injury status, only the difference in
time from injury/deployment and the 6MWT was found to be
statistically significant (Table S2).

The median RMSSD was significantly lower in injured
vs. uninjured participants (39.4ms [IQR: 27.77-59.77] vs.
46.2ms [IQR: 31.14-67.84]; P<.001). Servicemen with
NISS > 25 had non-significantly lower RMSSD compared
with those with NISS <25 (36.3 ms [IQR: 24.18, 58.54] vs.
40.1 ms [IQR: 29.57, 59.77]; P =.08). The median scores
of self-reported depression and anxiety symptoms were sig-
nificantly higher in injured servicemen than in the uninjured
servicemen. Injured servicemen covered a significantly lower
distance on the 6BMWT than uninjured counterparts and were
also more likely to be overweight with a higher BMI than
uninjured servicemen (Table S1).

Figure 1 presents the unstandardized estimates for the
adjusted CRTI model. The fit indices demonstrated a good fit
model (Table I). A significant total effect of CRTI on RMSSD
in the presence of mediators was —0.13 (95% CI: —0.21,
—0.05). The direct effects of 6MWT and BMI on RMSSD
were 0.36 (95% CI: 0.14, 0.65) and —0.01 (95% CI: -0.02,
—0.00), respectively. Mental health mediators (depression and
anxiety) had no significant direct effect on RMSSD.

TABLE I. Path Coefficients for the Pathway Between CRTI and
RMSSD in the Presence of Physical and Mental Health Mediators

RMSSD unstandard-
ized coefficients (BC
Variable 95% CI) P-value
Total effect Injury® -0.13 (-0.21, -0.05) <.01
Direct effect Injury® -0.08 (-0.16, -0.00)  <.05
Depression -0.00 (-0.01, 0.00) .29
Anxiety —-0.00 (-0.01, 0.01) .86
BMI -0.01 (-0.02, -0.00) <.01
6MWT 0.36 (0.14, 0.65) <.01
Indirect Anxiety -0.00 (-0.01, 0.01) .86
effect
through
Depression —-0.00 (-0.02, 0.00) 33

BMI -0.01 (-0.02, -0.00) .06

6MWT —-0.03 (-0.05, -0.01) <.01
Total indirect ~ All mediators —0.04 (-0.08, -0.02)  <.001
effect
Proportion Depression 7% -
mediated
BMI 10 % -
Anxiety 1% -
6MWT 27% -
RMSEA 0.00 95% C1
(0.00, 0.05)
TLI 1.01 -
CFI 1.00 -
x?2 1.08 58
BIC 27,102.99 -

Abbreviations: 6MWT, 6-minute walk test; BC, bias-corrected; BMI, body
mass index adjusted for amputation; BIC, Bayesian information criteria;
CFI, comparative fit index; CRTI, combat-related traumatic injury; RMSEA,
root mean square error of approximation; TLI, Tucker—Lewis index.

The pathway includes four covariances between error terms of anxiety and
depression, BMI and 6MWT, BMI and depression, and BMI and anxiety.
The total number of observations (n =857) included in the analysis (maxi-
mum likelihood without imputation).

“In comparison with the uninjured group.

A significant total indirect effect of all mediators on the
association between CRTI and RMSSD was —0.04 (95%
CI: —0.08, —0.02). However, only one significant indirect
pathway was identified: CRTI — 6MWT — RMSSD with an
estimate of —0.03 (95% CI: —0.05, —0.01). The ratio of indirect
effect/total effects (a measure of effect size) was 0.27, reflect-
ing that 27% of the effect of CRTI on RMSSD was mediated
by the 6MWT after accounting for the other mediators. BMI,
depression, and anxiety were not significant mediators of the
relationship. The direct effect of CRTI on RMSSD was —0.08
(95% CI: -0.16, —0.00) and was still significant even after
accounting for the mediators.

The unstandardized estimates for the adjusted injury sever-
ity model can be seen in Figure 2. A good model fit was
observed for the injury severity and RMSSD model (Table II).
The model showed a significant total effect of injury severity
on RMSSD (Table II). For lower injury severity, an insignifi-
cant direct effect on RMSSD was observed. The indirect effect

MILITARY MEDICINE, Vol. 00, Month/Month 2023

€20z Joquiaydag 0 uo Jasn sIsUIM AQ Z0G8SZ /L YEPESN/PBWIIW/EE0 L O |/I0P/2[01E-80UBAPE/PAL|IL/LIOS" dNO DIWSPEDE//:SA]Y WO, POPEOjUMOQ



The Influence of Physical and Mental Health Mediators on the Relationship between CRTI and HRV

— NISS<25
- NISS>25

— P 05

NISS<25

P<) 05

NISS>25

Model adjusted for time from
injury, rank, ethnicity, and age at
assessment

FIGURE 2. Path coefficients of adjusted mediation model on the Injury Severity- HRVygp pathway. Abbreviations: 6MWT, 6-minute walk test; BMI,
body mass index adjusted for amputation; HRV ¢t ultra-short-term heart rate variability; NISS, New Injury Severity Score; RMSSD, root mean square of
successive differences. The pathway includes four covariances between error terms of anxiety and depression, BMI and 6MWT, BMI and depression, and
BMI and anxiety. Depression, anxiety, BMI, 6BMWT, and RMSSD have been included in the SEM model as continuous variables. Model adjusted for age at
assessment, rank, ethnicity, and time from injury with uninjured as the reference category.

of lower injury severity on RMSSD through mental health fac-
tors was insignificant, whereas a borderline significant effect
was observed for physical health factors (Table II).

Only the 6MWT significantly mediated the relation-
ship between injury severity (NISS > 25 vs. uninjured) and
RMSSD with an estimate of —0.06 (95% CI: —0.12, —0.00).
BMI, depression, and anxiety showed no significant media-
tion. A significant direct effect of NISS > 25 on RMSSD was
—0.15 (95% CI: -0.29, —0.03) and was still observed in the
presence of mediators.

DISCUSSION

This study investigated the mediating effect of mental and
physical health on the relationship between CRTI, its severity
and HRYV in male British military combat personnel. We found
that depression, anxiety, and BMI did not mediate the relation-
ship between injury, its severity and HRV. The only significant
mediating pathway was observed through the 6MWT.

The present mediation analyses suggest that the associa-
tion between CRTT and higher injury severity (NISS > 25) and
RMSSD is mediated by the 6MWT; however, a direct effect
of CRTI and higher injury severity on RMSSD remained. The
6MWT was used as a proxy of physical function and exer-
cise® in the present study. The potential mechanism of action
for this pathway could be explained by the role of physical
exercise that has been evidenced to improve homeostasis and
promote anti-inflammatory processes, indicating the neuro-
logical and cardioprotective role of physical exercise.>’ This
might explain the mediating role of physical function on HRV
levels in our study sample. Furthermore, as servicemen are
encouraged to be physically fit to be able to perform their
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military duties,”! our findings emphasize the importance of

physical functioning, especially following CRTI as physical
functioning is strongly associated with the increased vagal
tone, HRYV, and overall health and well-being.*® More impor-
tantly, our findings are free of “learning effect” bias—this
may be observed when participants take the 6MWT in mul-
tiple trials and cover longer distances as a result**—this was
not the case in the present study. We also observed that those
with severe injuries covered significantly lesser distance on
the 6MWT as compared to those with less severe injuries
(Table S2) and uninjured (Table S1). The mediation analysis
also suggests that the servicemen with higher injury severity
are more likely to benefit from the mediating effect of phys-
ical function on elevating RMSSD than those who are less
severely injured. However, our findings are limited in direct
comparison with other studies because of a lack of evidence
on the CRTI-HRV mediating pathway.

Our hypothesis on the potential mediating effect of mental
health mediators (depression and anxiety) was not supported
by our findings. The finding of the insignificant effect of
depression and anxiety on the CRTI-RMSSD relationship is
unexpected given the increased mental health burden in our
sample as previously reported”’ and the association between
lower HRYV in relation to depression'' and anxiety.'> How-
ever, this may be explained by an insignificant direct effect of
depression and anxiety on RMSSD individually in the present
study, rendering the total indirect effect insignificant. Fur-
thermore, depression and anxiety were used as continuous
variables rather than binary (yes/no) in this study, which
might have under-represented their effect. Another plausible
explanation could be the higher physical activity levels of
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TABLE Il. Path Coefficients for the Pathway Between Injury
Severity (NISS <25 and NISS > 25) and RMSSD in the Presence of
Physical and Mental Health Mediators

RMSSD Unstan-
dardized Coefficient

Variable (BC 95% CI) P-value
Total effect NISS <25¢  -0.10(-0.18,-0.01) <.01
NISS >25¢ -0.23 (-0.35,-0.12)  <.001
Direct effect NISS<25¢  -0.06 (-0.15, 0.01) .10
NISS >25¢  -0.15(-0.29,-0.03) <.05
Depression  —0.00 (-0.02, 0.00) 27
Anxiety —-0.00 (-0.01, 0.01) .88
BMI -0.01 (-0.02, -0.00) <.01
6MWT 0.30 (0.03, 0.60) .02
Indirect effect Anxiety -0.00 (-0.02, 0.01) .88
through
(NISS<25)
Depression  —0.00 (-0.03, 0.00) 31

BMI -0.01 (-0.02, -0.00) .05

6MWT -0.01 (-0.02,-0.00) .05
Indirect effect Anxiety -0.00 (-0.01, 0.01) .88
through
(NISS > 25)
Depression  —0.00 (-0.03, 0.00) 47
BMI —-0.00 (-0.02, 0.00) 25
6MWT —-0.06 (-0.12,-0.00) <.05
Total indirect NISS<25¢  -0.03 (-0.05,-0.01) <.01
effect
Total indirect NISS >25¢ -0.07 (-0.14,-0.01) <.01
effect
RMSEA 0.01 95% CI
(0.00, 0.07)
TLI 0.99 -
CFI 1.00 -
x2 2.24 32
BIC 27,418.83 -

Abbreviations: 6MWT, 6-minute walk test; BC, bias-corrected; BIC,
Bayesian information criteria; BMI, body mass index adjusted for ampu-
tation; CFI, comparative fit index; RMSEA, root mean square error of
approximation; NISS, New Injury Severity Score; TLI, Tucker—Lewis index.
The pathway includes four covariances between error terms of anxiety and
depression, BMI and 6MWT, BMI and depression, and BMI and anxiety.
The total number of observations (n =857) included in the analysis (maxi-
mum likelihood without imputation).

“In comparison with the uninjured group.

the cohort, which might have reduced anxiety and depression
and were not accounted for in the present mediation analy-
ses. However, it is uncertain whether it is the pre-injury or
post-injury level of physical activity that seems to buffer the
effect.

To the authors’ knowledge, this is the first study to
explore the influence of physical and mental health medi-
ators on the relationship between CRTI, its severity, and
HRV. Other strengths include comparison with frequency-
matched uninjured servicemen who shared a similar experi-
ence as the injured group except for their injury. The use of
advanced SEM and reporting of bias-corrected bootstrapped
CI represents the statistical rigor of the mediation analyses
presented in this study.

The findings of this study should be interpreted under the
context of a few limitations. First, only selected measures
(6MWT and BMI; SC-PHQ9 and GAD-7) were included to
represent mental and physical health in the current study. This
might have limited the view of physical and mental health.
It is suggested to include other measures of physical and
mental health in future studies to fully capture their effects
on HRV. Second, the cardiac IBIs used to derive HRV were
sourced via the femoral arterial pulse wave data— contrary
to the gold-standard ECG data. Only a subset of RMSSD
data from the full ADVANCE dataset was used because of
the unavailability of arterial waveforms. Nevertheless, this
study did represent about 75% of the entire ADVANCE base-
line cohort. Our findings are only applicable to White, male
military personnel (with and without combat trauma) until
results are replicated in other populations. Moreover, medi-
ators included in this study were likely to be interrelated with
each other, which might have masked or enhanced the effect
of other mediators. However, to counter this, the covariances
were added among the mediators to minimize and account
for the interaction between them. It was also assumed that
there were no unmeasured confounders—if this assumption
was violated, this may have biased the results. Depression and
anxiety scores were included in the causal pathways as con-
tinuous variables instead of dichotomous variables (yes/no).
This might have under-represented their effect on RMSSD.
Conversely, the cut-off score for the diagnosis of depression,
anxiety, and its worsening severity is debatable. Furthermore,
mental health measures (mediators) and RMSSD (outcome)
were measured at the same time point, which may have
introduced temporal order bias in our results.*’ Lastly, the pre-
sented mediation pathways are limited by their cross-sectional
and exploratory nature, for which longitudinal studies are
warranted to validate these findings.

The findings offer implications for research, practice, and
policy. From a primary healthcare perspective, physical func-
tion should be promoted to enhance RMSSD (parasympa-
thetic tone) for the management and rehabilitation of people
with traumatic injuries. Policymakers may also consider our
findings to design policies targeted at promoting physical
function following combat trauma. While this study focused
on male British military personnel, it would be interesting to
replicate this study in other groups such as female combat-
ants and to explore the influence of sex on the presented causal
pathway. Furthermore, keeping the limitations in mind, future
research on HRV intervention may also consider our findings
to guide and design interventions for people with traumatic
injuries.

CONCLUSION

This study investigated the role of mental and physical health
mediators in the relationship between combat injury, its sever-
ity and HRV in a sample of British servicemen. Our findings
suggest that the 6OMWT as a measure of physical function
partially mediates the relationship between CRTIL, its severity
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and HRV. Greater physical function may enhance HRV lev-
els in populations with traumatic injuries. These findings have
implications for the development of interventions and inform
rehabilitation programs for the injured population.
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