Cardiac evaluation in the armed forces. A statement of the
European Association of Preventive Cardiology of the ESC
Mark Abela, Mats Borjesson, Lysette Broekhuizen, Silvia Castelletti, Elena Cavarretta,

Constantinos H Davos, Flavio D’Ascenzi, M Alaric Franzos, Norbert Guttler, Mark Haigney, David
Holdsworth, Edward Nicol, Kelly Stanton, Alessandro Biffi

9z0z Ainr 91 uo 1sanb Aq £6812/8/czcbemz/odline/gs0L 0 L/10p/a1omue-aoueApe/odiina/woo-dno-olwapese//:sdiy wouy papeojumoq



@ E S C European Journal of Preventive Cardiology (2026) 00, 1-14 CONSENSUS DOCU M ENT
@ https://doi.org/10.1093/eurjpc/zwag323 Sports cardiology

Cardiac evaluation in the armed forces.
A statement of the European Association
of Preventive Cardiology of the ESC

Mark Abela ® 1%3* Mats Borjesson ® *°, Lysette Broekhuizen®, Silvia Castelletti ® 7,
Elena Cavarretta ® °, Constantinos H. Davos ® 1°, Flavio D’Ascenzi ® 11,

M. Alaric Franzos'?, Norbert Giittler'®14, Mark Haigney'?, David Holdsworth?>1617,
Edward Nicol?”'181? Kelly Stanton?°?%, and Alessandro Biffi 22

Faculty of Medicine and Surgery, University of Malta, Biomedical Sciences Building, Msida, Malta; 2Department of Cardiology, Mater Dei Hospital, Triq Dun Karm Psaila,
Msida, Malta; 3Medical Centre, Armed Forces of Malta Headquarters, Luga, Malta; “Department of Acute and Cardiovascular Medicine, Sahlgrenska Academy, University
of Gothenburg, Gothenburg, Sweden; °Center for Lifestyle Intervention, Department of Medicine, Geriatrics and Emergency Care, Sahlgrenska University Hospital,
Region Vistra Gétaland, Gothenburg, Sweden; ®Department of Cardiology, Central Military Hospital, University Medical Center Utrecht, Utrecht, The Netherlands;
7Cardiothoracic Department, University Hospital Santa Maria Della Misericordia, Udine, Italy; ®Department of Medical-Surgical Sciences and Biotechnologies, Sapienza
University of Rome, Latina, Italy; °Advanced Cardiovascular Therapies Unit, Bambino Gesti Children’s Hospital, IRCCS, Rome, Italy; °Cardiovascular Research
Laboratory, Biomedical Research Foundation, Academy of Athens, Athens, Greece; *Department of Medical Biotechnologies, Sports Cardiology and Rehab Unit,
University of Siena, Siena, Italy; *?Military Cardiovascular Outcomes Research, Uniformed Services University, Bethesda, MD, USA; *3Internal Medicine and Cardiology,
German Air Force Centre of Aerospace Medicine, Cologne, Germany; **Cardiology, Justus Liebig University, University Hospital Giessen, Medical Clinic, Giessen,
Germany; °Oxford University Hospitals, NHS Foundation Trust, Oxford, UK; *®Department of Physiology, Anatomy and Genetics, University of Oxford, Oxford, UK;
17Royal Centre for Defence Medicine, Birmingham, UK; *Centre of Aviation Medicine, RAF Henlow, Henlow, UK; *Centre of Human Applied Physiological Sciences,
King‘s College, London, UK; ?°Cardiology Department Royal Brisbane and Women’s Hospital, Brisbane, Australia; 2*Faculty of Health, Medicine and Behavioural
Sciences, University of Queensland, Brisbane, Australia; and 2>Med-Ex - Medicine & Exercise S.r.l., Rome, Italy

Received 2 April 2026; revised 20 May 2026; accepted 2 June 2026; online publish-ahead-of-print 1 July 2026

Sudden cardiac death, although infrequent, is a well-documented reality in young, often asymptomatic individuals. The risk of cardiac
events is markedly amplified during high intensity physical activity, a circumstance commonly encountered in military environments.
In this setting, undetected cardiovascular disease can have profound operational, safety, and morale consequences, particularly dur-
ing high-demand duties where physiological stress is substantial and immediate medical support may be limited. This statement pro-
vides a structured approach to cardiovascular screening across all branches of military service, with the aim of promoting consistency
and uniformity.
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Introduction

Heart disease remains an important cause of morbidity and mor-
tality worldwide. Military service members are predominantly
young, fit, asymptomatic individuals. Sudden cardiac death or
cardiac arrest (SCD/SCA) in this population is a well-
documented reality, albeit uncommon occurrence,? as in
young athletic cohorts.®>~> Most sporting bodies have now en-
dorsed cardiac screening in competitive athletes.® In a military
context, undetected cardiovascular disease (CVD) can have pro-
found operational, safety and morale consequences, especially
during high-demand duties.” A similar prevalence of cardiovas-
cular disorders in sedentary individuals, accompanied with the
risk of SCD/SCA is now also well established in non-athletic
young populations, with several groups acknowledging that
ECG based cardiac screening programmes equally play a role
in non-athletic cohorts.?%*

The purpose of this statement is to outline the key considerations
and implications of a cardiac evaluation in all Armed Forces person-
nel. These recommendations should be implemented in all combat-
ant and career-based occupations, in line with the growing evidence
supporting cardiac screening in sedentary individuals.2®'* We pro-
vide practical advice to support the development of cardiovascular
screening approaches in service members, thereby helping medical
professionals involved in safeguarding the health and occupational
readiness of military personnel. In this unique clinical context, oper-
ational readiness often includes early identification of individuals at
risk, whilst also promoting physical and mental well-being. This
helps mitigate the occupational hazards that are fundamentally

present in military duties. Specifically, the target population of this
document is defined as asymptomatic Armed Forces personnel
>16 years, including those engaged in high-risk duties military op-
erations, without known cardiovascular conditions. This document
aims to establish a common foundation for evidence-based screen-
ing practices, complementing existing guidelines on cardiovascular
prevention and physical activity in athletes with CVD.81213

Writing committee structure and selection

process

The writing committee was constituted through formal nomina-
tions from national cardiovascular societies affiliated with the
European Society of Cardiology (ESC), ensuring broad geo-
graphic and professional representation. Active engagement
with military institutions was considered essential, particularly
regarding cardiac screening practices, operational responsibil-
ities, and the evaluation military personnel.

The group also included experts in cardiac screening of ath-
letes, whose experience in large-scale screening programmes
and interpretation of athlete-specific findings was considered
essential. This structure ensured that the committee reflected
both national perspectives and specialized expertise relevant
to cardiovascular evaluation in physically demanding and high-
performance environments.

Occupational and environmental hazards

Competitive athletes may occasionally encounter challenging
environmental conditions. These are however typically
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Figure 1 Acute cardiovascular impact of different operational environments.

regulated events can be modified, delayed, or cancelled to en-
sure participant safety. In contrast, military personnel are duty-
bound to perform in inhospitable environments, regardless of
weather, terrain, or operational adversity. This fundamental dif-
ference in duty and exposure may result in a markedly broader
and more sustained spectrum of cardiovascular and environ-
mental stressors for military personnel, exposing these indivi-
duals to heightened acute physiological responses (Figure 1).
Emergency action plans which allow the immediate rescue of
a competitive athlete succumbing to heat stroke, for instance,
are rarely available in a tactical environment. Factors that fur-
ther amplify the cardiovascular strain of tactical duties per-
formed in extreme heat, cold, altitude, or under water include
the consequences of mission failure or serious injury to self or
others. Service personnel with unrecognized CVD, whether in-
herited cardiac conditions or occult coronary artery disease
(CAD), are particularly vulnerable when exposed to environmen-
tal extremes and the intense cardiovascular strain of high-
strength, high-endurance exertion during life-threatening emer-
gencies. This combination helps explain the disproportionately
high rates of cardiovascular mortality observed in firefighters
and other high hazard duty occupations.??

Prevalence and causes of SCD in military

personnel

SCD in the military is a rare yet devastating event. The true incidence
is not known. Much of the data are extrapolated from athletes where
inherited cardiac conditions are the predominant cause of SCD in

14-21

young (<35 years).*?324 The incidence of SCD in athletes is approxi-
mately 1-2 per 100 000 athlete-years (<35 years).*?>

SCD in military personnel appears higher when compared
with the incidence rates reported in athletic individuals. Much
of the data on SCD in the military comes from the United
States (US), including a large military study that showed a sud-
den death rate of 6.7 per 100 000 person-years for males and
1.4 for females.?® Sudden death was attributed to a cardiac con-
dition in 79% of cases.?® A recently published study of 220 701
military personnel equally reported a high cardiac arrest rate of
10.8 per 100 000 person-years.?” Similar rates of SCD were re-
ported in US Air Force recruits from 1965 to 1985. Of the sud-
den deaths in this cohort 40% were attributed to a cardiac cause
with the main aetiology being myocarditis followed by anomal-
ous coronary arteries and hypertrophic cardiomyopathy
(HCM).28 Israeli data on SCD in military personnel over a
30-year period also found the leading cause of death to be car-
diac (47%) with 20% of causes undetermined.?

The rates of SCD are equally high during recruit training. The
incidence of SCD in military recruits has been reported as 8-11/
100000 per recruit-years.?? In a 25-year review of non-
traumatic deaths in US military recruits (1977-2001), most
deaths (86%) occurred during exercise.> A definite cardiac aeti-
ology was identified at post-mortem in 51% of cases. Within this
group, the leading causes were anomalous coronary arteries
(33%), myocarditis (20%), pre-mature CVD (16%), and HCM
(13%). The cause of a significant number of deaths was not de-
termined (~35%).! The proportion of coronary artery anomalies
in this study was significantly higher than in previous studies.>%°
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Cardiac screening of military recruits

The World Health Organization (WHO) screening principles tar-
get important health threats that can be detected early with test-
ing leading to effective treatment or risk mitigation.®! Evidence
in ESC guidelines support screening in athletes.>2 In contrast
to the individual-centric focus of competitive sports, military
medicine broadens screening to encompass risks to the unit, mis-
sion, service reputation, and the public. Most nations therefore
have a military screening programmes for CVD that typically in-
cludes a history and physical examination with focused questions
on symptoms and family history.3? Experience when screening
athletes suggests that the electrocardiogram (ECG) is 5 times
more sensitive than the history, and is 10 times more sensitive
than the physical examination.®®** This has led to several
European nations adopting a resting 12-lead ECG as part of their
screening protocol for athletes.3”

In 2002, the US Department of Defence (USA) withdrew the
requirement for resting 12-lead ECG in all applicants,*32¢ due
to the false positive rate being unacceptably high (20-25%), ac-
companied with a very low (<0.3%) incidence of disqualifying
conditions.>33* A resting 12-lead ECG may identify some disor-
ders linked to SCA/SCD, including cardiomyopathy, ion-channel
disorders or accessory pathways (Table 1).3” Its diagnostic sensi-
tivity is however highly variable, and some clinically affected in-
dividuals may inadvertently present with a normal ECG.%3%-42 |t
is unable to identify conditions like coronary anomalies, catecho-
laminergic polymorphic VT, idiopathic VF, aortopathy, and valvu-
lar heart disease, which is why some organizations do not
incorporate a resting ECG in their screening programmes.
Implementation of artificial intelligence (Al),*2 iterative improve-
ments in ECG interpretation, and consistent use of the
International ECG criteria when screening athletes has de-
creased the false positive rate to 2-4% without decreasing spe-
cificity.3* Contemporary ECG interpretation criteria have also
led to a substantial reduction in the cost per athlete screened
and the cost per diagnosis.'1**4~*¢ Inclusion of the ECG actually
led to a 36% cost reduction per new diagnosis linked to SCD,
when compared with a health questionnaire alone.*” Most
sporting bodies now mandate ECG acquisition during screening
in athletes. The latest American Heart Association/American
College of Cardiology (AHA/ACC) Scientific Statement up-
graded screening ECGs for competitive athletes from not re-
commended to reasonable,® provided adequately trained
clinicians are available. This is a significant milestone, given
the longstanding reluctance of the US to incorporate a resting
ECG when screening athletes.® Screening programmes in non-
athletic populations have now also highlighted the validity of
using ECG when screening young individuals.2**” A recom-
mendation for ECG based screening in all Armed Forces person-
nel would therefore seem reasonable.

Echocardiography is certainly valuable as a second-line inves-
tigation in individuals with an abnormal preliminary screen.
Recently published screening recommendations in adolescent
athletes have however deemed it reasonable for athletes to
undergo echocardiography at least once in their athletic car-
eer.®*® Extending this approach to military personnel is at best
questionable. Adopting such an approach would incur consider-
able financial and logistic burden. It will inevitably divert re-
sources away from patients with established disease.

Table 1 Cardiac disorders at risk of SCD potentially
identified with a resting ECG*2437:38

ECG anomalies Cardiac disorder

Likely/ Unlikely
possible
N Cardiomyopathy (hypertrophic,
non-dilated, dilated, arrhythmogenic)
Ng Long/short QT-syndrome
N Brugada syndrome
N Wolff Parkinson White syndrome
N Inflammatory myopericardial syndromes
N Congenital heart disease
N Atherosclerotic coronary artery disease
v Coronary anomalies
v Catecholaminergic polymorphic
ventricular tachycardia
v Valvular heart disease
v Aortopathy
v Commotio cordis

Echocardiography has nevertheless been incorporated into
screening algorithms for certain high-risk duty occupations,**+>°
despite poor evidence to support this approach. The diagnostic
yield of echocardiography as a first-line screening modality was
reported at 1.3-3.3% in two large aeromedical screening stud-
ies.*?>0 Most guidelines do not routinely recommend echocar-
diography as a first-line screening modality.8124%:5°

A few nations use exercise ECG testing in recruit screening. It
is reliable for predicting outcomes (prognosis), but the data in
the medical literature do not support its use as a general screen-
ing tool.>?

Screening personnel undertaking high hazard

occupations

While sudden death in athletes is tragic, a military cardiovascular
event carries the added risk of compromising the mission and
endangering unit members. Most nations use more detailed
screening for high hazardous military occupations (aircrew, di-
vers, special forces, reconnaissance troops, etc.).>? This usually
includes ECG and may include exercise ECG (though there is
considerable variation between nations and even between ser-
vices within the same nation).>® In many jurisdictions (with vari-
able frequency, usually determined by age), periodical medical
evaluation is undertaken with a health questionnaire, physical
examination and resting ECG. Again, echocardiography is not
performed routinely but reserved as a second-line investigation
for abnormalities in the health questionnaire, family and person-
al history, physical examination or ECG.

Screening older military personnel (>40

years)
Cardiovascular risk scores are used internationally to predict

cardiovascular risk in middle aged and older patients.
Examples include the SCORE2 (validated: 40-69 year olds) as

920z AInr 91 uo 1sanb Aq £681Z/8/czsbemz/odline/ca01 01 /10p/ao1e-00ueApe/adling/woo dno-olwspese//:sdny WoJj papeojumoq



Cardiac evaluation in the armed forces

recommended by the ESC;>* and the AHA/ACC pooled cohort
equation (validated: 40-79 year olds).>> It should be noted
that the application of population-based risk scoring to those
younger than 40 may lead to unnecessary investigation and re-
strictions.>® Exercise testing has played a key role in cardiovas-
cular risk stratification for decades. Current guidelines consider
it reasonable to perform exercise testing in asymptomatic indi-
viduals with high or very high cardiovascular risk who are not
known to have atherosclerotic CVD.%2 The test however has
limited sensitivity for detecting individuals with mild to moder-
ate obstructive CAD. Which restricts its diagnostic utility in
this subgroup.’”~>” Terminating exercise stress testing once
the target heart rate is achieved, before the individual reaches
the true physiological peak at exhaustion, also contributes to
its poor sensitivity for detecting cardiovascular disease.®®
Addressing modifiable risk factors through lifestyle interven-
tions and evidence-based preventive pharmacotherapy remains
central, as these measures reduce overall cardiovascular risk in
individuals with established atherosclerotic CVD. Coronary ar-
tery calcium score (CACS) has now emerged as a better predict-
or of coronary events in asymptomatic adults, independent of
traditional risk factors. The ACC/AHA recommend that CACS
‘should be’ considered in adults aged 40-75 with an intermedi-
ate 10-year risk (7.5-20%).61°2 However, in younger patients,
there is a higher risk of false negatives. CACS does not detect
non-calcified plaque disease, which (particularly in younger
and fitter cohorts) may be the cause of occupationally significant
disease.’® A recent study of asymptomatic military aircrew
(mean age 49) demonstrated the potential of computed tomog-
raphy coronary angiography (CTCA), identifying aeromedically
significant CAD (including non-calcified plaque) in 13% of parti-
cipants.® High-risk plaque features were also observed in 21%
of cases, one-fifth of these individuals not actually having signifi-
cant CAD.®* Unsurprisingly, 92% (n=24/25) of participants
with clinically relevant CAD had negative exercise testing (n =
1 ST segment depression) again highlighting its low sensitivity.®*
merging evidence increasingly suggests that CTCA, rather than
CACS, offers a more reliable method for detecting occupation-
ally significant CAD in younger individuals.®3%°

Unsurprisingly, 96% (n = 24/25) of participants with clinically
relevant CAD had negative exercise testing (n=1/25 ST seg-
ment depression) again highlighting its low sensitivity

ECG interpretation in military personnel
Experience from cardiac screening programmes in athletes has
shown that the ECG can effectively identify some individuals
harbouring conditions associated with SCA/SCD. Extending a
similar screening strategy to military personnel is therefore jus-
tifiable,®¢%” given the substantial physiological and psychologic-
al demands often required during military service and the
increased risk of cardiac arrest as a result of these stressors.
Two major types of ECG changes may be distinguished:
Training-related changes are those associated with physiological
adaptation of the heart. Training-related changes often take place
in those engaging in >4 h of physical activity weekly, with more
pronounced adaptation present in male endurance athletes. The
extent of such ECG findings in military personnel is largely un-
known, due to lack of studies.®¢® In addition, the prevalence of
exercise-induced changes, as described in athletes, will depend

on the extent and intensity of exercise, in addition to physiological
parameters such as body size, gender, and ethnicity.3”¢?

Borderline or pathological ECG patterns are those suggestive
of a potential underlying cardiovascular disorder. The likely aeti-
ology varies with age. In younger individuals, inherited
cardiac conditions represent the predominant causes of
exercise-related SCA/SCD?*7%; although CAD has also been a
reported as an important cause of sports related SCA/SCD in
young adults.”* CAD becomes increasingly prevalent in older in-
dividuals and is the most common cause of SCA/SCD above the
age of 35. Ethnicity also influences the diagnostic yield of car-
diovascular screening military populations. Studies demonstrate
that different Asian populations exhibit susceptibility to differ-
ent pathologies.”?>”3 However, there are currently no studies
evaluating the impact of Afro-Caribbean ethnicity on ECG find-
ings within military screening programmes. In the absence of
population-specific data, interpretation is generally extrapo-
lated from the established evidence base in Black athletes, rec-
ognizing the higher prevalence of physiological and pathological
ECG anomalies in this population.3#%%74-76

Guidelines on abnormal ECG findings in aircrew have been pre-
viously published.”” International criteria for athletes are alterna-
tively used by some Armed Forces.>” Physiological ECG changes
including sinus bradycardia, first-degree atrioventricular block, in-
complete right bundle-branch block, and voltage criteria for left
ventricular hypertrophy have to be evaluated in relation to the in-
dividual’s exercise history, and body habitus. Additionally, older
military personnel, with a long history of exposure to high-volume
exercise may share the physiological adaptations, and associated
ECG changes seen in master athletes.

Any physiological changes seen in military personnel must be
distinguished from ECG-markers of underlying relevant CVD, as-
sociated with SCA/SCD. Major findings associated with inherited
cardiac conditions (cardiomyopathies, long QT-syndrome, and
Brugada syndrome) include: abnormal T-wave inversion (Figures
2 and 3), complete left bundle-branch block (LBBB), supraventricu-
lar and ventricular arrhythmias and prolonged QT-interval.3”

Findings indicative of underlying CAD on resting ECG are not
diagnostically helpful, and are of both low sensitivity and speci-
ficity. They include ST segment-depression, pathologic Q-waves
and LBBB.%” It should be acknowledged that with advancing
age, underlying CAD is increasingly common but is typically
not associated with abnormalities on the resting ECG. Atrial fib-
rillation is also more common with age, those with cardiovascu-
lar risk factors, in those engaging in chronic endurance exercise
and with a long history of high-volume training. The ECG also
plays an important role in those individuals harbouring a high
CVD risk profile, identified using a validated risk score calcula-
tor, given that an exercise tolerance tests is non-diagnostic in in-
dividuals with certain underlying ECG abnormalities (e.g. LBBB).
A decision for coronary anatomical imaging or a functional as-
sessment to rule out ischaemia should be based on the predicted
risk and the clinical profile.*?

Current cardiovascular screening practices in
military personnel: results of a European
Association of Preventive Cardiology Survey

Data on screening practices in international armed forces has
previously been unexplored. In preparation for the presented
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Figure 2 An asymptomatic white male athletic individual undergoes screening as a new recruit. The resting ECG was found to have
lateral T-wave inversion (A). Cardiac magnetic resonance imaging later identified pathologically dilated ventricles (B), an atrial septal de-
fect (C), and a bicuspid aortic valve (D) with mild-moderate regurgitation.

consensus statements, an online based electronic questionnaire
including single- and multiple-choice questions that looked at
cardiac screening practices in military entities was developed
in 2024. This was distributed to national societies affiliated
with the ESC and completed by June 2025. As we have recently
reported,’® the survey was completed by 17 physicians respon-
sible for cardiovascular screening in the Armed Forces from 14
countries across 4 continents (Figure 4).

Pre-participation cardiovascular screening (PPCS) differed
across all countries, without any significant differences when

exploring screening practices between European and
non-European services. Most services reported conducting
PPCS in all their recruits (79%), often including a health ques-
tionnaire (100%), physical examination (91%), and a resting
12-lead ECG (91%). Despite the overwhelming evidence sup-
porting ECG use in screening athletes,®>?3” an ECG based
screening approach is still heavily underutilized in the military
sector. In our survey, only 71.4% of the 14 participating nations
(n=7 European and n =3 non-European) reported implement-
ing ECG based screening in recruits.>®> Some countries who
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Figure 3 A 22 year old white male underwent cardiac screening at recruitment. A resting ECG was found to have anterior/lateral
T-wave inversion (A). Cardiac magnetic resonance imaging later confirmed hypertrophic obstructive cardiomyopathy (B and C) with a
high scar burden (D and E). Genetics was positive for a MYBPC3 pathogenic variant.

routinely screen their recruits (n = 11) also include an exercise
test (18%) and echocardiogram (18%) in their screening proto-
col. A significant proportion also reported a different screening
approach in older individuals (n = 6/14, 43%). A third (n=5/14,
36%) reported changing their screening algorithm to specifically
rule out CAD, using validated cardiovascular risk scores (n = 5/4,
36%), exercise testing (n= 6/14, 43%), and/or CTCA (n=2/14,
14%).The individual’s role in the Armed Forces influenced the
screening strategy in half of the countries conducting PPCS.
Reasons for disqualification, the role of a multi-disciplinary
team and the logistical requirements for serial re-evaluation
have also been reported in a separate manuscript.>® The survey
served to provide practical insights and contextual grounding,
enabling the panel to assess whether the proposed recommen-
dations are feasible and reasonable in real world settings.

Advice

Based on the existing literature and as a result of the present
consensus, we propose that cardiovascular screening in military
recruits play an essential part in the early detection of cardiac
disease associated to SCA/SCD, with the ultimate aim to

mitigate the risk of SCD and acute (non-fatal) cardiovascular
events. It is worth acknowledging that the reported incidence
of SCA/SCD in females appears lower (compared with males)
in military cohorts, similar to data reported in female ath-
letes.”88° Nevertheless, the current level of evidence would
not justify a gender-specific screening strategy, similar to cur-
rent recommendations in competitive athletes.

Members of the writing group voted anonymously on key ad-
vice statements using an online electronic survey with >75%
agreement required for consensus. Questions which did not
reach a consensus at the initial voting stage were rediscussed
and reworded to enhance statement clarity. A second online elec-
tronic survey was then sent out with the revised statements.

Further detail regarding the explanation of evidence categories
was added (Table 2). Key studies supporting each statement are
provided in the relevant detailed sections in the manuscript.
Eleven questions had to be answered with three choices,
‘Advice’, ‘May be appropriate’, and ‘Area of uncertainty’. Table 3
summarizes the consensus questions and the votes that reached
consensus; Supplementary material online, Table S1 lists consen-
sus statements which did not receive >75% agreement.
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Pre-participation cardiovascular screening practices in military personnel:

Results of a European Association of Preventive Cardiology survey
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Figure 4 Survey results.

When a statement was based on robust evidence, it was de-
signated 4 stars. When a statement was predominantly based
on expert opinion, it was assigned 3 stars when all the authors
agreed (‘uniform consensus’). Statements were assigned 1 or 2
stars when >75% but not all authors were in agreement.
The distinction between 1 star and 2 stars was based on
‘some published evidence’ or ‘consensus opinion’, respectively.
Statements which did not reach consensus were not included in
the key consensus statements (Table 3).

Key statements about cardiovascular screening for military
recruits are provided in Table 3, indicating the strength of advice.
A step-wise practical approach to screening is illustrated in
Figures 5 and 6. Dissenting votes for statements that reached
agreement and those that did not reach agreement are provided
in Supplementary material online, Table S1.

For the purpose of this document, high hazard duty occupa-
tions are roles characterized by an increased cardiovascular re-
sponse elicited during active engagement in challenging
operational environmental conditions, including (but not limited
to) extreme temperatures, altitude and gravitational forces (re-
fer to Figure 1).

Proposed infrastructure including human
resources and facilities

All military personnel should undergo cardiac screening at re-
cruitment, irrespective of their role with the entity. The screen-
ing algorithm should be uniform across the board, with no
evidence supporting a modified approach in those undergoing
high-risk duty occupations. Cardiac screening should be

Table 2 The strength of advice based on the following
definitions

Clinical advice, based on robust published evidence ok

Clinical advice, based on uniform consensus of the writing ok

group
May be appropriate, based on published evidence **
May be appropriate, based on consensus of the writing

group
Area of uncertainty ?

implemented at entry, preferably conducted by an experienced
military physician.®* They should be competent in completing a
health questionnaire, conducting a physical examination, and
also performing and interpreting a resting 12-lead ECG. A pro-
posed screening algorithm to complement the reported consen-
sus statement is shown in Figures 5 and 6. This, however,
requires some experience in ECG interpretation, especially in
younger individuals to avoid over or under-interpretation of
ECG abnormalities.®” Most abnormal ECG patterns identified
at screening are physiological training-related variants. These
anomalies should be regarded as normal variants, as outlined
in the International Criteria for ECG in athletes,®” albeit devel-
oped for athletes, not soldiers.®” Serial re-evaluation in indivi-
duals with a normal initial screen would seem reasonable
(Figure 5), particularly in light of emerging evidence suggesting
that repeat assessment may enhance diagnostic yield.8282
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Table 3 Key statements

Topic

Screening advice

Cardiac screening should be performed in all new military recruits engaging in specific high

hazard duty occupations.
Screening algorithm

Explanation

Cardiac screening may be appropriate in all asymptomatic new military recruits.

The screening algorithm for all new military recruits should include a health questionnaire

Strength of
advice

(personal and family history), physical examination and a resting 12-lead ECG.

Symptomatic individuals or those with an abnormal screening should undergo a

*k

comprehensive evaluation. This may include echocardiography, stress ECG and other

exams as clinically appropriate.

A multi-disciplinary approach when evaluating abnormal screening outcomes in military

personnel is advised.
Screening considerations

A screening programmes should include the necessary infrastructure and resources which

*k

*%k

should have access to a multi-disciplinary team.

Inclusion of a cardiologist with expertise in Military Occupational Medicine as part of the

*k

multi-disciplinary team may be appropriate.

Screening in older individuals
(>40 years)

In addition to the standard screening algorithm, older individuals (>40 years) in the military

*okokok

should have a cardiovascular risk assessment using cardiac society endorsed validated

cardiovascular risk calculators. Those with a high or very high cardiovascular risk profile

should undergo further evaluation.

Frequency of screening

Periodic re-evaluation is warranted in individuals with abnormal screening results who

*k

nevertheless meet the military forces’ entry criteria.

However, the optimal interval for re-screening remains un-
defined, and any proposed frequency should take into account
local infrastructural and economic considerations. Referral for
a more in depth evaluation is warranted in symptomatic indivi-
duals, in cases of an abnormal examination, personal and/or
family history, or when the ECG is abnormal.3”#4 The frequency
of re-evaluation should be adjudicated on a case-by-case basis.

A modified screening algorithm for young recruits in high-risk
duty occupations remains an area of ongoing debate. At present,
there is no evidence supporting a different approach in asymp-
tomatic individuals with a normal family history and resting ECG,
nor data indicating that these recruits carry a higher baseline
risk. As outlined in a previous section, some organizations never-
theless adopt expanded protocols for those recruits engaging in
a high-risk duty occupation.**>% Any decision to implement
such an expanded approach should reflect local priorities and
be balanced against available resources and clinical expertise.

For older individuals, access to a laboratory is required to rule
out hyperlipidaemia (lipid profile) and hyperglycaemia (fasting
blood glucose and HbA1c).8° These results are key components
in cardiovascular risk calculators.® Risk factor management
with lifestyle modification and medical therapy, complimented
with repeat testing inevitably helps improve cardiovascular
outcomes.

For second- or third-line diagnostic tests, a multi-disciplinary
team is required.84-88 Inclusion of a cardiologist with expertise
in military occupational medicine as part of the multi-disciplinary
team may be appropriate. They should preferably have access to
exercise ECG (or cardiopulmonary exercise testing), echocardi-
ography, stress-echocardiography for functional testing, ECG
monitoring, and ambulatory blood pressure monitoring. The

multi-disciplinary team should ideally include a cardiac imaging
specialist. CTCA may be required if suspecting anomalous cor-
onary arteries. CTCA may also be used to confirm/exclude
CAD and in high hazard employees this may include its use in
asymptomatic individuals with an elevated CV risk. Cardiac mag-
netic resonance (CMR) may be required for tissue characteriza-
tion (suspicion of cardiomyopathy or myocarditis), stress
perfusion (ischaemia assessment), valvular heart disease (sever-
ity), or aortic dimensions.®? Nuclear imaging (i.e. for myocardial
perfusion imaging, positron emission tomography-computed
tomography, single photon emission computed tomography)
can be helpful.”” Genetic testing also plays a complementary
role in phenotyping and risk stratification of inherited cardiovas-
cular disorders. For certain high hazard duty occupations includ-
ing flying or diving, referral to an appropriately trained
specialists in aerospace or diving medicine is mandatory.

Risk stratification of asymptomatic older individuals is certain-
ly an area of uncertainty. As outlined in a previous section, CAD
is an important driver of cardiovascular morbidity above the age
of 35 years. Emerging evidence about the high prevalence of
coronary calcification and CAD in master athletes has also paved
the way for more elaborate phenotyping with CTCA.>® The
long-term clinical implications of ischaemia testing or coronary
anatomy assessment of asymptomatic individuals in high or
very high cardiovascular risk categories remains unclear, which
is why the recent EAPC/ACC clinical consensus statement on
the evaluation of Master Athletes does not commit to a uniform
approach.>® Similarly, the ideal approach in military personnel is
unclear. We suggest a pragmatic approach towards risk stratifi-
cation in this population (Figure 6), comprising of a history,
physical examination, resting 12-lead ECG, and validated
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First-line cardiac screening in military recruits <40 years*
Personal and family medical history
Physical examination
12-lead resting ECG
Normal personal and family history, Abnormal personal and family history and/or
physical examination, ECG physical examination and/or ECG
Second Line
Investigations
Abnormal
T Within limits / borderline screening
Clear for duty with indication to
Clear for duty periodic re-valuation Case by case

Periodic re-evaluation
(reasonable)

adjudication

Figure 5 Proposed screening algorithm for military recruits <40 years, irrespective of military branch (*). Second-line investigations may
include (but not limited to) echocardiography, exercise testing, ambulatory ECG monitoring, CTCA, cardiac magnetic resonance imaging,
cardiac genetics (Legend: white boxes: evaluations, green boxes: normal results, red boxes: abnormal results, yellow boxes: cleared for

duty but with indication for follow-up).

cardiovascular risk calculators. Notably, conventional risk cal-
culators are validated primarily for individuals aged 40 years
or older. The risk stratification algorithm should hence be indi-
vidualized in those individuals in the ‘grey zone’ (>35 and <40
years). Ultimately, the diagnostic pathway for all older service
members demands an individualized approach tailored to the
specific clinical scenario, level of concern, and available institu-
tional resources.

Given that delayed access to defibrillation and advanced
care is a recognized driver of cardiovascular mortality in tactic-
al settings, it is reasonable to highlight that broader emergency
preparedness, including access to automatic external defibrilla-
tors, first-responder training, and structured emergency action
plans, may offer additional layers of protection.”®* While spe-
cific recommendations fall outside the scope of this document,
acknowledging these elements provides a natural and action-
able complement to screening-based strategies.

Barriers to adopting a uniform approach

The main barrier to adopting a uniform approach to screening
for CV disease is the diversity of specializations within the
Armed Forces. Whilst 200 years ago, Armed Forces could
more or less be divided into infantry, artillery, cavalry, and
navy, all acting on the battlefield or the ocean, personnel now-
adays have very different tasks, including information

technology, cyberwarfare, etc. This sub-specialization is also
evident in the Air Force, with a marked difference when compar-
ing fighter pilots, pilots of other manned aircraft, pilots, and op-
erators of remotely piloted aircraft systems, personnel
operating reconnaissance satellites in space, operating missiles,
radar, or communication systems.

All of the different services and branches of the armed forces
have their own physical challenges, and many have their own
specialized medical personnel responsible for their specific
evaluation. Defining the balance between clinical risk and oper-
ational readiness across diverse environments remains challen-
ging. This is further complicated by the inherent tension
between a traditional model centred on patient autonomy and
a shared-decision-making framework. In military settings, the
decision making circle necessarily expands to include not only
the medical officer and the service member, but also the oper-
ational commander, whose considerations must reflect the exi-
gencies of military operations. The risk of sudden incapacitation
because of serious cardiac pathology (Table 1) or benign yet lim-
iting symptoms changes in different situations and environ-
ments. Individuals with an abnormal screening outcome
should be adjudicated on a case-by-case basis (Figures 5 and
6), factoring in personnel safety, operational requirements and
knowledge gaps.

Beyond reducing the risk of SCD, regular physical assess-
ments are often done to evaluate who is fit enough and best
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First-line cardiac screening in military personnel 240 years*
Personal and family medical history
Physical examination
12-lead resting ECG
Cardiovascular risk assessment with a validated risk calculator

Normal health questionnaire, physical examination, ECG

High / Very High
Cardiovascular Risk

Low / Intermediate
Cardiovascular Risk

Coronary Anatomy Imaging
or Functional Testing

Normal

Clear for duty
Clear for duty with
Periodic re-evaluation indication to periodic re-
(reasonable) evaluation

Abnormal

Case by case
adjudication

Abnormal health questionnaire and/or physical examination and/or ECG

Second Line Investigations including Coronary
Anatomy Imaging or Functional Testing

Abnormal Normal

Clear for duty

High / Very High
Cardiovascular Risk

Low / Intermediate
Cardiovascular Risk

Periodic re-evaluation
(recommended)

Periodic re-evaluation
(reasonable)

Figure 6 Proposed screening algorithm for military recruits <40 years, irrespective of military branch (*). Second-line investigations may
include (but not limited to) echocardiography, exercise testing, ambulatory ECG monitoring, CTCA, cardiac magnetic resonance imaging,
cardiac genetics, as clinically indicated (Legend: white boxes: evaluations, green boxes: normal results, red boxes: abnormal results, yel-

low boxes: cleared for duty but with indication for follow-up).

suited for military operations. As a result of varying force sizes,
defence budget constraints and level of current conflict, differ-
ent nations may have to take a very different approach to their
service personnel in terms of anticipated period of service, or
willingness to tolerate workforce attrition for medical reasons.
In spite of these variable factors, modern service personnel re-
main subject to the physical and environmental stressors out-
lined above. The ongoing threats to cardiovascular health that
these stressors present demand our attention, and require the
presentation of a coherent international consensus on recruit
screening, which protects the individual and the mission.

Economic feasibility and health inequality

A uniform cardiovascular screening model may not be feasible
across nations with widely varying military health budgets.
Factoring in financial considerations when adopting these
screening recommendations is paramount,®*® although the
cost of a baseline clinic assessment and a resting 12-lead ECG
are generally modest. A tiered framework, defining optimal
screening components while allowing a pragmatic focus on
higher-risk groups, enables armed forces in lower-resource set-
tings to implement a scalable approach without compromising
core risk-mitigation principles. Priority groups that warrant fo-
cused evaluation include personnel in high-risk occupations,
symptomatic individuals, and those with a family history of car-
diovascular disease. At a minimum, screening should consist of

an entry health questionnaire, physical examination, and resting
ECG. Use of cardiovascular risk calculators in older individuals
(>40 years) is also reasonable, provided these are validated for
the population at risk. Any screening programme must also be
supported by the necessary infrastructure for timely follow-up,
evaluation, and management, ensuring that identified abnormal-
ities can be appropriately addressed.

Knowledge gaps and future research

Data on the diagnostic yield of cardiac screening programmes
have been reported in the general population, including ath-
letes and non-athletes.224247:82.92 However, the yield of
screening in military cohorts remains to be fully determined.
Moreover, the evidence supporting ECG inclusive screening al-
gorithms is derived almost exclusively from young, physically
active populations. Its performance in older individuals (>40
years), including ageing military personnel, is far less certain.
Standardized screening algorithms and a properly defined de-
nominator for screened individuals may help address these
knowledge gaps. The impact of screening on cardiovascular
outcomes in the military context should also be explored in
large studies.

Owing to a paucity of data, conditions that may require occu-
pational restriction in the military are usually determined by ex-
pert consensus. Furthermore, military fitness test results are
rarely included in the health record. This represents a failure

920z AInr 91 uo 1sanb Aq £681Z/8/czsbemz/odline/ca01 01 /10p/ao1e-00ueApe/adling/woo dno-olwspese//:sdny WoJj papeojumoq



12

M. Abela et al.

to exploit prognostically significant data for risk prediction.”®
Capturing these data points, widespread implementation of mili-
tary trauma registries (including disease and non-battle injury),
and the creation of ‘mirror cohorts’ from huge clinical outcome
datasets available in civilian medicine are all being explored to fill
the existing evidence gaps.”*

The potential for Al to analyse vast clinical datasets offers a
potential paradigm shift in military medical screening. Instead
of relying on diagnostic tests that are qualitatively associated
with risk, Al offers quantitative prediction of clinical events: an
accurate, unbiased diagnosis directly tied to outcomes.
However, it is essential to appreciate that this approach is ex-
quisitely vulnerable to the quality, and applicability of the data
being analysed and that it risks potentially excluding those indi-
viduals who fall outside the normal distribution. The Al-ECG risk
estimation algorithm has been validated to predict short- and
long-term mortality risk from a single ECG.2¢ Exploring an
AI-ECG approach in military screening programmes is reason-
able and should be evaluated in large longitudinal studies.

There are excellent data on the prognostic power of CACS in
asymptomatic individuals.>®?> There are currently three active
studies exploring the prognostic significance of CTCA in asymp-
tomatic groups (Netherlands: SUSPECT cohort, USA: Aging
Warrior Study, Scotland: SCOT-HEART 2 Trial).6#?° Other novel
approaches such as the use of radiomic analysis of imaging data
also hold potential promise in risk prediction.>®

Conclusion

Cardiac screening in military personnel offers an excellent oppor-
tunity to identify individuals at risk of harbouring cardiovascular
conditions linked to SCA/SCD. It also helps identify those indivi-
duals who need periodic re-evaluation due to cardiovascular dis-
orders that are not linked to SCA/SCD, or in those with equivocal
yet non-diagnostic findings at evaluation. Uncovering these
anomalies has significant implications for the individual’s health,
operational readiness, and long-term cardiovascular risk. A previ-
ously high false positive rate when screening athletes with ECG
has discouraged widespread implementation of ECG based
screening programmes in military personnel. The improved sensi-
tivity and specificity of the latest international criteria, has how-
ever rekindled the role of the ECG when screening athletic
individuals.® The advice presented in this manuscript will hopeful-
ly streamline screening practices in military personnel, whilst en-
couraging ECG based screening algorithms. Future work should
explore the diagnostic yield of screening programmes within
the armed forces, and evaluate the long-term implications of
such screening on cardiovascular outcomes.

Supplementary material

Supplementary material is available at European Journal of
Preventive Cardiology.
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