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ABSTRACT

Exercise can produce transient elevations of cardiac
troponin (cTn) concentrations, which may resemble
the cTn release profile of myocardial infarction.
Consequently, clinical interpretation of postexercise
¢Tn elevations (ie, values above the 99th percentile
upper reference limit) remains challenging and

may cause clinical confusion. Therefore, insight

into the physiological versus pathological nature

of postexercise ¢cTn concentrations is warranted.

We aim to (1) establish resting and postexercise
reference values for recreational athletes engaged in
walking, cycling or running exercise; (2) compare the
prevalence of (sub)clinical coronary artery disease

in athletes with high versus low postexercise ¢cTn
concentrations and (3) determine the association
between postexercise cTn concentrations and the
incidence of major adverse cardiovascular events
(MACE) and mortality during long-term follow-

up. For this purpose, the prospective TRoponin
concentrations following Exercise and the Association
with cardiovascular ouTcomes (TREAT) observational
cohort study was designed to recruit 1500 recreational
athletes aged >40to <70 years who will participate in
Dutch walking, cycling and running events. Baseline
and postexercise high-sensitivity cTnT and cTnl
concentrations will be determined. The prevalence and
magnitude of coronary atherosclerosis on computed
tomography (eg, coronary artery calcium score, plaque
type, stenosis degree and CT-derived fractional flow
reserve) will be compared between n=100 athletes
with high postexercise cTn concentrations vs n=50
age-matched, sex-matched and sport type-matched
athletes with low postexercise ¢Tn concentrations. The
incidence of MACE and mortality will be assessed in
the entire cohort up to 20 years follow-up. The TREAT
study will advance our understanding of the clinical
significance of exercise-induced cTn elevations in
middle-aged and older recreational athletes.

Trial registration number NCT06295081.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Exercise can result in cardiac troponin (cTn) elevations
above the 99th percentile upper reference limit.

= Exercise-induced cTn elevations can mimic the cTn
kinetics of myocardial infarction, causing clinical
confusion when evaluating athletes with elevated
cTn concentrations following exercise.

= Previous research suggested that exercise-induced
cTn elevations following long-distance walking are
associated with worse prognosis in older individuals.

WHAT THIS STUDY ADDS

= Reference values for resting and postexercise c¢Tn
concentrations for male and female middle-aged
and older recreational athletes engaged in walking,
cycling and running.

= The prevalence of (sub)clinical coronary artery dis-
ease in individuals with high versus low postexer-
cise cTn concentrations.

= Insight into the clinical utility of postexercise cTn con-
centrations to predict major adverse cardiovascular
events and mortality during long-term follow-up.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The TRoponin concentrations following Exercise and the
Association with cardiovascular ouTcomes study will
advance our understanding of the clinical significance
of exercise-induced cTn elevations in middle-aged
and older recreational athletes participating in mass-

participation walking, cycling and running events.

INTRODUCTION

Cardiac troponin (cTn) is a crucial biomarker
in diagnosing acute coronary syndromes,
along with clinical symptoms, ECG and/or
imaging findings. Due to their cardiac-specific
isoforms,' assessing cTn T or I subunits (cTnT
and cTnl, respectively) is used to differen-
tiate acute myocardial infarction (AMI) from
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Prior to inclusion

* Age
* Exercise distance
 Participation in affiliated mass-participation sports event

Screening for: |
Within 5 days before exercise event ]
<

START

Exercise
S

Visit 1 — Baseline

Informed consent +

Baseline measurements:

* Height

* Weight

* Body composition

* Blood pressure

* Blood draw

* Online health questionnaire

* Online questionnaire on exercise history and training
status

<6 hours post-exercise ]

Visit 2 — Post-exercise

Post-exercise measurements:

* Blood draw

* Activity data from sports watch or bike computer

24-48 hours post-exercise ]

Optional visit 3 - Recovery
Recovery measurements:
* Blood draw

Within several weeks following visits 1, 2, and 3

A J

Biochemical analyses, including (at least):
* Hs-cTnT concentrations

* Hs-cTnl concentrations

* Creatinine concentrations

Followed by selection of highest versus lowest cTn
responders for CT scan

Within 3 months following visit 1

A

----------- {,
5

In subgroup (highest versus lowest cTn responders):
Cardiac CT scan including:

* Calcium scoring

* Coronary CT angiography

* CT-derived Fraction Flow Reserve

Up to 20 years following visit 1 J

Follow-up (20 years):
¢ Yearly: morbidity check using online questionnaires
¢ At 5/10/15/20 years: mortality check

Figure 1 Overview of study design with procedures per study visit. Hs-cTnT, high-sensitivity cardiac troponin T; hs-cTnl: high-

sensitivity cardiac troponin |.

other causes of chest pain in patients presenting at the
emergency department (ED).” A single ¢Tn value above
the assay-specific 99th percentile (the upper reference
limit, (URL)) indicates myocardial injury.” Furthermore,
resting ¢ITn concentrations are strongly associated with

future morbidity and mortality in population and patient
studies.” *

Exercise also produces transient ¢Tn elevations,’
mimicking ¢Tn elevations observed after AML® These
exercise-induced cTn elevations are commonly reported

2 Janssen SLJE, et al. BMJ Open Sp Ex Med 2024;10:e002070. doi:10.1136/bmjsem-2024-002070



Table 1
Inclusion criteria

Inclusion and exclusion criteria

Exclusion criteria

For phase 1:

» Participant in an affiliated
mass-participation exercise
event with a:

- Walking distance >20km
- Cycling distance >100km
- Running distance >15km

» Age: >40and <70 years old

» Able to understand and
perform study-related
procedures

For phase 2:

» Free from (known) » Renal transplantation
cardiovascular diseases in the past
(defined as myocardial » Contrast nephropathy
infarction, stroke, heart failure, in the past
peripheral vascular disease) » eGFR<30mL/min

Atrial fibrillation

Previous allergic

reactions to iodine

contrast

» Participation in other
studies involving
radiation

» Not willing to be
informed about
potential incidental
findings from the CT
scan

» (None)

vy

eGFR, estimated glomerular filtration rate.

in recreational athletes’ and are unrelated to cardiac
symptoms. For these reasons, exercise-induced cTn eleva-
tions were initially assumed to be benign. Still, outcome
studies for exercise-induced c¢Tn elevations were lacking,
and mechanisms explaining exercise-induced c¢In were
largely unclear. Novel studies that could aid in discrim-
inating between pathological (eg, acute coronary
syndrome) and physiological exercise-induced eleva-
tions are, therefore, eagerly anticipated. Our first aim
is to establish resting and postexercise reference values
for recreational athletes engaged in walking, cycling or
running exercise. For this purpose, we will collect data
from a heterogeneous group (regarding age, sex and
health status) of middle-aged amateur athletes partici-
pating in mass-participation exercise events.

Although exercise-induced cTn elevations are typically
not associated with acute coronary symptoms, we hypoth-
esise that postexercise cITn concentrations>URL may still
represent myocardial injury due to underlying subclinical
cardiac pathology. Indeed, participants with established
cardiovascular disease (CVD) demonstrated a higher
incidence of postexercise ¢Tn elevations.” Furthermore,
an increased risk for major adverse cardiovascular events
(MACE) and mortality was found among long-distance
walkers with postexercise c¢ITn concentrations>URL

compared with walkers with concentrations<URL.®
Possibly, exercise could unmask cardiac vulnerability,’
which might remain unnoticed under resting conditions.
Indeed, cyclists with obstructive CAD (n=9) demonstrated
higher ¢In concentrations at 24 hours postexercise
than healthy controls (n=109)." Thus, postexercise cTn
elevations may indicate subclinical CAD. Therefore, our
second aim is to compare CAD prevalence in a subgroup
of participants free from known CVD (MI, stroke, heart
failure, peripheral vascular disease) with high versus low
postexercise ¢In concentrations, matched for age, sex
and sport type.

Only one study has assessed the clinical significance
and predictive capacity of postexercise ¢I'n concentra-
tions for long-term cardiovascular outcomes.” Thus,
large-scale follow-up studies targeting younger athletes
and including different exercise types, such as long-
distance running or cycling, are warranted. Accordingly,
our third aim is to determine the association between
postexercise ¢In concentrations and the incidence of
MACE and mortality during long-term follow-up.

METHODS

Study design

The ‘cardiac TRoponin concentrations following Exer-
cise and the Association with cardiovascular ouTcomes’
(TREAT) study (NCT06295081) is a prospective cohort
study among 1500 recreational athletes. The TREAT
study consists of three phases (figure 1).

Phase 1: determining c¢Tn reference values

Visit 1 (baseline) will be scheduled within 5days pre-
exercise, depending on the exercise event’s organisation.
Participants will be asked to refrain from vigorous exer-
cise in the 48 hours before visit 1 to obtain valid baseline
measurements. Height, weight, body composition and
blood pressure will be measured using standard oper-
ating procedures, whereas a blood sample will be taken
for biochemical analyses of ¢Tn and creatinine concen-
trations. Participants will receive online questionnaires
about their health status, lifelong exercise history and
current training status. No interventions will occur during
the mass-participation exercise event, but participants
may register their exercise characteristics with a wearable
or heart rate monitor. Visit 2 (postexercise) will occur
within 6hours after exercise cessation and consists of a
blood withdrawal and registering exercise characteristics.
Visit 3 (recovery) is optional and comprises collecting a
blood sample 24—48 hours after exercise cessation.

Phase 2: cardiac CT scan

Following biochemical analyses, the highest versus the
lowest cTn responders free from known CVD and with
an estimated glomerular filtration rate (eGFR) >30mL/
min/1.73 m? will be invited for an extra visit consisting of
a cardiac CT scan to assess the prevalence of (subclinical)
CAD. The CT scan will take place within 3months after
inclusion.
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Table 2 Summary of exercise event characteristics

Distance(s) Elevation Maximum number of
Event Sport type (km) (m) athletes per event (n) Weblink to event organisation
Seven Hills Hike Walking 21/28 574/650 2000 www.zevenheuvelentrail.nl
Four Days Marches Walking 34/40/52 60/60/70 47000 www.4daagse.nl
Tour of Nijmegen Cycling 120/165 461/525 3200 www.rondevannijmegen.nl
KlimClassic Cycling 119/191 1100/2200 3500 www.klimclassic.nl
Seven Hills Trall Running 21/28/42 574/650/967 3000 www.zevenheuvelentrail.nl
Stevensloop Running 21.1 282 3000 www.stevensloop.nl
Seven Hills Run Running 15 140 25000 www.zevenheuvelenloop.nl

Phase 3: incidence of adverse health outcomes

All participants will be invited to complete an annual
online health questionnaire to assess the incidence of
MACE. Incident cardiovascular and all-cause mortality
will be evaluated via data linkage to the Dutch population
registry up to 20 years of follow-up.

Study setting and recruitment

We aim to recruit 1500 amateur athletes at Dutch mass-
participation exercise events stratified by sport type (ie,
walking, cycling, running). As exercise duration and exer-
cise intensity are known predictors for the magnitude of
exercise-induced elevations in c¢Tn concentrations,11 12
we will focus on long-distance events (ie, walking >20 km,
cycling 2100 km, running >15km).

Recruitment will occur via official websites and news-
letters of the associated exercise events and social media
channels of the events and Radboud University Medical
Center. Inclusion and exclusion criteria are summarised
in table 1. For phase 1, male and female amateur athletes
aged between >40and <70 years participating in walking,
cycling or running events will be eligible for inclusion. A
list of the selected sports events and their characteristics
is provided in table 2. For phase 2, additional inclusion
and exclusion criteria apply because CT scans will only be
conducted among the highest 6.6% vs lowest 3.3% cTn
responders free from CVD (defined as MI, stroke, heart
failure and peripheral vascular disease). The baseline
and postexercise high-sensitivity cardiac troponin (hs-
c¢TnT) and high-sensitivity cardiac troponin I (hs-cTnlI)
concentrations will be ranked to select participants. The
concentrations receive a rank number from highest to
lowest for the following biomarkers: hs-cTnT at baseline,
hs-cTnl at baseline, hs-cInT post-exercise and hs-cTnl
post-exercise. The four rank numbers will be summed,
and participants with the lowest sum score (and thus
the highest c¢In concentrations) will be considered
high responders. Subsequently, we will select high ¢Tn
responders, and age-type-matched, sex-type-matched
and sport-type-matched low c¢Tn responders in a 2:1
ratio. For screening, we will assess participants’ health
questionnaires and eGFR. We will only select participants
with an eGFR>30mlL,/min/1.73 m® for CT scanning
because contrast nephropathy is unlikely to occur in

these individuals. Before planning their CT scan, we will
contact participants to confirm and schedule it.

Public involvement

We implemented a public involvement approach,
allowing volunteers to sign up to assist the research team
with data collection. Furthermore, we sought collabora-
tion with exercise event organisers and media outlets to
communicate the rationale and importance of our study
and will continue doing so when disseminating our study
outcomes.

Outcome measures

The primary outcomes for phase 1 are baseline and
postexercise hs-cTnT and hs-cTnl concentrations. Other
study parameters include hs-cInT and hs-cTnl concentra-
tions at 24-48 hours postexercise (recovery), participant
characteristics, exercise characteristics (eg, exercise dura-
tion and intensity), cardiovascular health characteristics,
lifestyle factors, physical activity and training charac-
teristics, and other cardiac biomarkers (eg, creatinine,
cholesterol, albumin, cardiac myosin binding protein C).
A complete data catalogue is provided in table 3.

The primary outcome of phase 2 is the prevalence of
(subclinical) CAD as determined using coronary artery
calcium score, plaque characteristics (calcified/partially
calcified/non-calcified) and coronary artery stenosis
degree according to Coronary Artery Disease Reporting
and Data System 2.0 (CAD-RADS 2.0)."* Secondary
outcomes include CT-derived Fractional Flow Reserve
per coronary artery with 225% to 90% stenosis.

For phase 3, the primary outcome is the incidence of
MACE and all-cause and cardiovascular mortality during
the 20-year follow-up period.

Measurements

Anthropometrics

Height (in cm) will be measured with a wall-mounted
measuring tape. Weight (kg) and body composition will
be measured by the validated InBody 770 Body Composi-
tion Analyzer (InBody, Seoul, South Korea).'* Participants
will be asked to stand upright for at least 5min and
remove any items affecting measurements, such as shoes
and jewellery. For safety reasons, those with a pacemaker
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or implantable cardioverter-defibrillator will be excluded
from the body composition measurement.

Blood pressure

Following =5 min of seated rest, at least three consecutive
blood pressure measurements will be performed using
an automatic device (Omron M3, OMRON Healthcare,
Kyoto, Japan).

Blood sampling

Blood samples will be drawn from an antecubital vein.
For visit 1, blood will be collected in serum tubes (serum
separator tubes, SSTII advance, BD Vacutainer, Becton
Dickinson, Franklin Lakes, New Jersey, USA) and
lithium-heparin plasma tubes (plasma separator tubes,
PSTII, BD Vacutainer). For visits 2 and 3, blood will
be collected in serum tubes and BD Barricor lithium-
heparin plasma tubes (Barricor plasma blood collection
tube, BD Vacutainer), providing high-quality plasma
suitable for gel filtration chromatography, a method to
separate different ¢cTnT fragments on molecular size.'
All blood samples will be centrifuged according to the
manufacturer’s instructions, and aliquots will be stored
at —80°C in the study location freezer. After biochemical
analysis, blood samples will be stored for a maximum of
20 years in case additional analyses are warranted.

Questionnaires

Participants will receive an email with a personal weblink
to an online questionnaire (Castor Electronic Data
Capture, Castor, Amsterdam, the Netherlands). The
questionnaire will collect general and cardiovascular
health characteristics, cardiovascular risk factors, family
history of CVD, COVID-19 status and medication use.

Furthermore, lifetime exercise history will be assessed,
including sport type, years started and quitted, number of
days per week and months per year, session duration, and
intensity at which exercise was performed. To quantify
lifetime exercise history, a validated questionnaire will be
used.'®'7 In addition, the validated Muscle-Strengthening
Exercise Questionnaire, which was long form,'® was trans-
lated into Dutch and will be used to quantify participation
in muscle-strengthening exercises. Furthermore, lifetime
participation in endurance races will be asked.

Once exercise history data have been collected, a meta-
bolic equivalent of task (MET) score will be assigned
for all reported sports to calculate the lifelong exercise
volume per sport by multiplying the MET score for the
specific sport with the exercise volume (session dura-
tionxfrequency/week), months of exercise per year and
total years of training.

Exercise characteristics and data from wearables

During visit 2, participants will be asked the following
exercise characteristics: exercise type (walking/cycling/
running), distance covered (km), start and finish time,
pause time if applicable, exercise duration if measured,
average speed (km/hour or min/km) and average heart
rate (bpm). In addition, we will derive activity data (such

as continuous heart rate, speed and power measurements
during exercise) from participants’ (own) personal sports
watches or bike computers. We will export .FIT- or .CSV
files from participants’ wearables at the study site or ask
participants to send the raw data files to the study team
via email.

cTn analyses

hs-cTnT concentrations will be analysed on a Cobas pure
€402 (Elecsys Troponin T hs Gen 5 STAT, Roche Diagnos-
tics, Mannheim, Germany). The limit of detection (LoD)
is 3ng/L, and the overall 99th percentile URL is 14ng/L,
according to the package insert. Hs-cTnl concentrations
will be analysed on an ALINITY ci-series analyser (Alinity
I STAT High Sensitive Troponin-I Reagent Kit, Abbott
Diagnostics, Abbott Park, Illinois, USA) with an LoD
of 0.7-1.6ng/L and an overall 99th percentile URL of
26ng/L, according to the package insert.

Other biomarker analyses

Creatinine concentrations will be analysed on a Cobas
pure c303 (CREP2 Creatinine plus V.2, Roche Diag-
nostics) with an LoD of 5pmol/L, LoQ of 10pmol/L
and expected values of 45-84pmol/L for females and
59-104pmol/L for males, according to the package
insert. Creatinine concentrations in the baseline blood
samples will be used to calculate the eGFR according to
the CKD-EPI equationlg. Furthermore, total concentra-
tions of triglycerides, cholesterol, high-density lipoprotein
and low-density lipoprotein (LDL) cholesterol, albumin
and cardiac myosin binding protein C (cMyC) will be
assessed. LDL cholesterol will be calculated according to
the Martin-Hopkins equation.*

Cardiac CT scan
Volumetric CT scans will be performed on a 640-section
CT scanner (Aquilion ONE PRISM, Canon Medical
Systems, Tokyo, Japan). The participants will be asked to
abstain from caffeine for 12 hours before the CT scan.
Before scanning, participants will receive an intravenous
cannula in an antecubital vein. Subsequently, partici-
pants will be positioned in the scanner and connected to
an ECG monitor. Ideally, the heart rate is <60 bpm during
scanning to avoid motion artefacts. Participants with
a heart rate >60bpm will be administered intravenous
metoprolol (up to 10mg). In addition, all participants
will receive nitroglycerin sublingually (0.8mg) to dilate
their coronary arteries directly before CCTA scanning.
The imaging protocol consists of a scout view, followed
by a prospective ECG-triggered coronary artery calcium
(CAC) scan to detect and quantify the calcification in
the coronary arteries. Subsequently, an ECG-triggered
coronary CT angiography (CCTA) will be acquired after
injecting iodinated contrast fluid with a concentration
of 300, 350 or 400mg/mL. The CCTA is performed
with a widened data acquisition phase during diastole
(70%-99% of the R-R interval) in patients with a heart
rate <60 bpm. This widened window allows us to perform

Janssen SLJE, et al. BMJ Open Sp Ex Med 2024;10:e002070. doi:10.1136/bmjsem-2024-002070 7



clSxcls
G2'0/S0

oelpJe) ‘IO
SOA

%08-%0¢

60

(9G2) uonesidsu|
G.2¢0

ov :as
(AX-0Ine) 021-08
9J00S WNIoed WolH

G'0%091 LD swinjoA

09| ‘uibrew wo | ‘xade 0} BULED WO

(wdq9<dH #) Aydesboibue | 95 Ateuoso)

S'S

S

Sy

(s/qw) a1es uonoalul
S

Sy

%

(s/7w) a1e4 uonoaluj

'SNOUBARJIUI \| ‘D).l Leay ‘HYH ‘©AIasal MOJ [Buolloel) ‘Y44 ‘einuiw Jad syeaq ‘wdq euibug pl-1es|D uabi|@iul padueApy ‘JOIV

clSxclS
Gc'0/S0

oelpJe) ‘IO
SoA

%66—%0.L

60

(9G2) uonesidsu|
G.¢0

ov :as
(A-0Ine) 021-08
9J00S WNIoed WolH

G'0%091 LD swinjoA

091 ‘uibiew wo | ‘xade 0} BULED WO

(wdq095YH #) Hdd yum AydesBoibue | Aeuoto)

08
0.
09
(qw) esoq
0/
09
0S
(qw) esoq

48234 5%%

€

21 D4 ‘uonosfoid yoeq paseyi4
ON

%08-%0.

60

(9%G2) uoneuidsu|

G/¢0

GG ‘as

och

|esaie| Yousisodossiuy
G'0%09} LD Swn|oA

091 ‘uibrew
wo | ‘xade 0} (sayoue.q Aleuolo9 *|oul) BULBO WO

19 2409s wniojes Aiope Aieuolod

XlJJeW UOI10NnJ1suodal abew|

(Www) Juswaloul pUB SSBUXDIY} B21|S UOI}ONIISU0IDY
[2UJS) PUE POY}BW UOI}ONIISUOIaY

1SBJIUOD A

‘|leAJSIUl HY MOpuim uolisinboe ejeq

;Ui ‘ezIs jods [o04

asloiaxa Bulyyealg

(s) swiy uoneloy

[oA8| osiou jeb.e}
80UBJ8)8) UOIIR|INPOW JUBLIND 8N} PeleWwoIny

(dA) ebeyjon agnp
SUBdS JaSI|e207

(WW) YIpIm Mo 1010838p ‘Opow UBOS

(ww) ebuel UBDS SIXe-Z [eDlWoieuy
J9)oweled

sio)oweled Buluueoss

"8WIN|OA paJslsiuiLpE 8y} ybnoiyy Aemjjey ‘epoe Buipusosep Ul Bupjoely snjog

00€/05€ uoswo|
00€/0S€ uoiswo|
00€/0G€ UoIBWO]
pinjy 1sejuo)
00f uoJawo|

00f UoJawo|

00F UoJawWo|

pinjy 1senuod

Bx0LL<

Bx0LL-G2

Bx6/>

wbram Apog

B0} 1<

Bx0LL-G.

BxG/>

wbiem Apog

ajeld :O_H.ow_c_ pue awn|oA jseljuo)

peay 8y} 9A0ge Swle ‘1sJl} 1994 ‘auldns :uoilsOd «

MBIA JO PIal} UBDS BPISINO jusWwaoe|d Jox3ols HD3 <«

Bw g ‘Aeids uusoA|boipu enbuigng -

wdq9<yH § Bw | 03 dn ‘|jojoidojow snousaenu] —

:uonedipsiN «

wie yBu Ul Ajgessjeld ‘einuued Al HY| :SSOO0E SNOUSABIU| «
"UBDS B} 81048q SINOY ¢ 8y} Ul S}onpoid paleuloyed oN <«

uoneJsedaid juedionied

(/2]
(/2]
(V)
(3]
%)
@©
c
(V]

slejowesed ueos |000j0id uolsinboe |9 oeipie)  § aqeL

Janssen SLJE, et al. BMJ Open Sp Ex Med 2024;10:e002070. doi:10.1136/bmjsem-2024-002070



CT fractional flow reserve (CT-FFR) analysis to assess the
haemodynamic relevance of coronary stenoses >25% to
90%. In patients with a heart rate of >60bpm despite
metoprolol administration, the scanning protocol will
be adapted to a more narrow window, as CT-FFR will
not be feasible within acceptable radiation dose limits in
patients with a higher heart rate. The scanning protocols
are displayed in table 4.

An established analysis software (TeraRecon iNtu-
ition, TeraRecon, Durham, USA) will determine the
Agatston score”’ and density and volume scores.”” We
will also calculate the Multi-Ethnic Study of Atheroscle-
rosis percentile® based on participant characteristics.
The CCTA will be evaluated and interpreted following
the CAD-RADS 2.0" and Society of Cardiovascular CT
(SCCT) guidelines.** The diagram of the SCCT guideline
will be used to indicate where the stenoses are located.**
Plaque type (if present) will be categorised as calcified,
partially calcified or non-calcified. Calcified lesions
consist entirely of calcified plaque and have a density
>130 Hounsfield units (HU). Partially calcified plaques
are composed of both calcified and non-calcified areas.
Non-calcified plaques have an internal attenuation of
<30HU and consist entirely of non-calcified areas. In
addition, the stenosis involvement score (ie, the total
number of coronary artery segments with an atheroscle-
rotic plaque from 18 segments) will be determined.

We will perform CT-FFR analyses to determine the func-
tional significance of coronary artery stenoses >25% to
90%. CT-FFR postprocessing analysis will be performed
on a dedicated workstation (Vitrea, Vital Images, Canon
Group, USA). First, we will semiautomatically segment
the coronary artery tree following the above-mentioned
SCCT guidelines. Second, we will determine the CT-FFR
values at the beginning and end of vessels and before and
after a significant stenosis. A CT-FFR value <0.75will be
considered suggestive of ischaemia, between 0.76 and
0.80 indeterminate and a lesion-specific CT-FFR>0.80
suggestive of no ischaemia.” The most distal CT-FFR
values will be computed in coronary artery segments with
a diameter 21.5 mm.

An experienced cardiothoracic radiologist will assess
all CAD-RADS classifications and stenoses’ severity (or
absence). Two researchers will independently perform
all other CT analyses (Agatston score and CT-FFR). In
case of discrepancies, the additional assessment by the
cardiothoracic radiologist will be decisive.

Follow-up

The incidence of MACE will be assessed yearly, and cardio-
vascular and all-cause mortality will be assessed up to 20
years of follow-up. MACE will be collected from annual
questionnaires and is defined as MI, stroke, heart failure,
cardiac revascularisation (both acute and elective) or
sudden cardiac arrest during follow-up. Medication use
will be evaluated to ensure it matches the reported diag-
noses. Mortality data will be retrieved from the Dutch

National Register of Deceased Persons (National Death
Registry).

Data management and accessibility

All data will be stored in a digital research environment
(myDRE, anDREa BV, Nijmegen, the Netherlands) for at
least 20 years, adhering to the General Data Protection
Regulation, Good Clinical Practice and Good Laboratory
Practice guidelines. Standard software packages will be
used for data handling and statistical analyses (eg, Castor
EDC, IBM SPSS, R, Microsoft Excel). In line with open
science and the FAIR principles (Findable, Accessible,
Interoperable and Reusable), data from the TREAT study
will be made available for reuse on reasonable request via
the corresponding author. A data catalogue is presented
in table 3.

Sample size

As we aim to establish reference values for resting and
postexercise ¢Tn concentrations in participants of mass-
participation exercise events, sufficient observations are
needed to determine the 99th percentile URL in the
whole cohort, as well as in specific subgroups (ie, sport
type/sex/age). For this purpose, we aim to include
500 participants per sport type, a common sample size
aligning with the Clinical and Laboratory Standards Insti-
tute recommendations.”® Within each sport type, we strive
to balance inclusion rates for sex (male/female) and age
(40-49/50-59/60-69 years). If more people register
for participation than we may include, we will distribute
participants evenly over the different subgroups. Addi-
tional volunteers will be placed on a reserve list and can
only participate if we have not reached the maximum
number of inclusions for the particular sport type.

Statistical analysis

Statistical analyses will be performed by using SPSS
statistics V.29 or higher (IBM). Collected data will be
checked for normal distribution (visual and Shapiro-Wilk
tests). Normally distributed continuous variables will be
presented as mean+SDn and non-parametric distributed
variables as median (IQR). Categorical variables will be
expressed as numerical values and percentages. All statis-
tical tests will be two sided, and p values <0.05will be
considered statistically significant.

Reference values for hs-cTnT and hs-cTnl will be estab-
lished using descriptive statistics. Upper reference values
will be defined at the 95th percentile and 99th percentile
URL, including sex and sport-specific values following
recommendations by Ichihara et al*” For this purpose,
non-parametric analyses will be performed with outlier-
adjusted 99th percentiles calculated using Tukey’s outlier
detection method. Furthermore, multiple regression
analysis will identify factors that influence the test values
in the reference population.

Conditional logistic regression analysis will compare
the prevalence of CAD between the high versus low ¢In
responders. When comparing three or more groups (eg,
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walkers vs cyclists vs runners), one-way analysis of variance
(ANOVA) or Kruskal-Wallis tests will be used. Categor-
ical variables will be compared using % or Fisher’s exact
tests. Because the high versus low ¢In responders will be
matched (if possible, at the individual level and otherwise
at the group level), these paired data will be analysed using
paired analytical methods. Conditional logistic regression
will determine the prevalence of coronary atherosclerosis
and lumen stenosis >50% (dichotomous variables) between
participants with high versus low postexercise cIn concen-
trations. Coronary atherosclerosis will be compared between
high versus low cTn responders by analysing plaque char-
acteristics (calcified/partially calcified/non-calcified) using
conditional multinomial logistic regression and CAC scores
using ANOVA with a blocking factor, respectively. Following
logarithmic transformation of CAC scores (In(CAC+1)) and
cIn concentrations (In(cIn concentration) due to right
skewness, univariate regression analyses and mixed model
analyses will be used to study the association between post-
exercise cI'n concentrations and CAC scores.

To evaluate and depict survival plots of incident
MACE and mortality, Kaplan-Meier curves will be gener-
ated for ¢Tn concentrations above and below a certain
threshold (threshold to be determined). Logistic regres-
sion analyses will be used to study the relation between
exercise-induced cTn elevations and the prevalence
of MACE. Unadjusted and adjusted HRs for the inci-
dence of MACE and mortality will be calculated using
Cox proportional hazards regression analyses. More-
over, Kaplan-Meier curves and Cox proportional-hazards
models will be generated to investigate the association
between cTn concentration changes (AcTn=postexercise
cTn-baseline ¢Tn) and MACE and mortality, as was done
previously by our research group.”

DISCUSSION

The TREAT study aims to improve the interpretation of
exercise-induced cTn elevations and to assess its clinical
importance. For this purpose, we will (1) establish resting
and postexercise cIn reference values among recreational
athletes engaged in walking, cycling or running exercise,
(2) compare the prevalence of (sub)clinical CAD in athletes
with high versus low postexercise ¢In concentrations and
(3) determine the association between postexercise ¢In
concentrations and the incidence of MACE and mortality
during long-term follow-up. Given the large sample size
and prospective study design, the TREAT study is expected
to advance our knowledge of the clinical relevance of ¢In
elevations in amateur athletes.

Previous studies evaluating exercise-induced cTn
release focused on young male athletes, had small
sample sizes or were performed in controlled exercise
laboratory settings.” " * These study characteristics
limit the generalisability of findings as most recreational
athletes participating in mass-participation exercise
events are middle-aged, and more and more females
join in vigorous endurance exercise. Therefore, we aim
to include a large and diverse group of amateur athletes

aged 240 to <70 years and of both sexes to study their cTn
release following real-world exercise. Moreover, this will
be the largest field study investigating exercise-induced
cTn release in amateur athletes.

In current studies, there is significant heterogeneity in
the prevalence of postexercise cTn values exceeding the
99th percentile URLs. An explanation could be that for
each c¢Tn assay, the 99th percentile URL is determined
by the manufacturer using its own reference popula-
tion. Furthermore, these assays were developed to aid
in diagnosing acute coronary syndromes. Consequently,
the current clinically used URLs do not help determine
whether exercise-induced cTn elevations are (ab)normal.
We take the initiative to establish reference values for
pre-exercise and postexercise ¢ITn concentrations to gain
more insight into what might be expected in middle-aged
amateur athletes.

The NEEDED study used CCTA to identify obstructive
CAD and found that participants with occult obstruc-
tive CAD had prolonged cTnl elevation following
strenuous exercise. However, the haemodynamic
relevance of subclinical CAD is often unclear, espe-
cially in athletes, as coronary artery size and dilating
capacity are increased among athletes compared with
control subjects.”” Tonino et al showed that only 35%
of moderate stenoses (50%-70% lumen stenosis) are
haemodynamically relevant (ie, FFR<0.80) in patients
with multivessel coronary artery disease,” which may
be even lower in athletes. These findings highlight the
need to assess the functional significance of stenoses
found on CCTA. Therefore, we will extensively quan-
tify coronary atherosclerosis and perform an additional
CT-FFR on our participants with stenoses 225% to 90%
on their CCTA.

cI'n concentrations at rest predict cardiovascular
morbidity and mortality in both population and patient
studies. Exercise-induced c¢Tn release has been considered
the only exception and was believed to be benign because
elevations are relatively mild and highly prevalent in appar-
ently healthy athletes, usually returning to baseline within
24-48hours’, and there were virtually no studies investi-
gating long-term outcomes. However, a recent study showed
that exercise-induced cTnl elevations >99th percentile
following 30-55km of walking independently predicted
higher mortality and cardiovascular events in older long-
distance walkers.® The NEEDED trial did not confirm these
findings as they found no higher risk for cardiovascular
events in participants with postexercise cIn concentrations
>99th percentile.”’ However, the low event rate and short
follow-up duration (12 events in 1002 healthy subjects
during 5-year follow-up) may have contributed to the fact
that they found no higher risk in participants with ¢In
elevations. So far, no consensus has been reached on the
clinical relevance of exercise-induced c¢Tn elevations. With
a follow-up of up to 20 years and a cohort of 1500 partici-
pants, the TREAT study will increase our knowledge of the
potential value of ¢ITn concentrations as a new marker for
subclinical or future CVD.

10 Janssen SLJE, et al. BMJ Open Sp Ex Med 2024;10:e002070. doi:10.1136/bmjsem-2024-002070



Conclusion

The TREAT study will evaluate ¢Tn release in male and
female amateur athletes following long-distance walking,
cycling and running events. We will establish reference
values for pre-exercise and postexercise cIn concentra-
tions in an amateur athlete population. Furthermore,
we will compare the prevalence of (sub)clinical CAD in
amateur athletes with high versus low postexercise ¢Tn
concentrations. During follow-up, we will investigate the
association between c¢Tn concentrations and cardiovas-
cular events and mortality incidence.
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