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ABSTRACT

Exercise is a pivotal physiological activity, associated with benefits. Whilst the
importance of physical activity is consensual along different steps of the cardiovascular
(CV) continuum, there has been interest in assessing the CV adaptations to vigorous
exercise. Indeed, exercise can be associated with increases in cardiac biomarkers, though
the scope of this observation remains elusive. Interleukin 1 receptor related protein,
Suppression of tumorigenicity 2 (ST2) is a biomarker related to the pathophysiology of
fibrosis, having shown promise in the study of heart failure. Knowledge of ST2 kinetics
could improve understanding of the mechanistic pathways related to CV adaptations to
exercise. To assess the current state-of-the-art concerning ST2 levels after exercise in
healthy individuals. A systematic review was carried out on three databases (Pubmed, ISI
Web of Science and Scopus), up to October 2020, using the queries “ST2” or “ST-2” +
“exercise” or “running”. A total of six studies were included in the review, encompassing
349 subjects (73% male gender) in which ST2 was assessed. Most studies reported
increases in ST2 levels after exercise. Three studies, encompassing a total of 219
individuals, described a cut-off level of 35 ng/dL for ST2. In these, 92.7% of subjects had
ST2 levels above this cut-off after exercise (running in all studies). Most studies report
increased levels of ST2 after exercise, with an important number of individuals exceeding
the 35 ng/dL threshold. Given the small number of individuals represented and the lack
of imaging data and long-term follow-up, further prospective larger studies should target

this.



INTRODUCTION

Physical activity (PA) is one of the pillars of a healthy lifestyle [1-3]. Exercise is
associated with a myriad of beneficial effects, ranging from reductions in the prevalence
of several cardiovascular diseases and the incidence of different cancers, to improvements
in quality of life and an overall increased longevity [3-5]. Given this background,
promotion of regular moderate PA has gained a spotlight among contemporary preventive
approaches [1, 6].

Exercise can affect several distinct systems, exerting its effects by a plethora of
mechanisms ranging from improvements in the cardiovascular and respiratory systems,
to musculoskeletal and metabolic adaptations [7-10]. Whilst the positive effects of regular
moderate PA are currently consensual over a wide range of settings, ranging from healthy
individuals to those with different pathologies [11-14], the overall effects of prolonged
strenuous exercise have become a source of interest [15-17]. Indeed, different reports
have shown potentially deleterious cardiovascular effects of prolonged strenuous
exercise, though the specific mechanisms underlying these as well as their relative impact
remain to be further ascertained [16, 18-21].

Biomarkers of cardiac injury and strain, such as troponins and natriuretic peptides, play
a paramount role in the contemporary diagnosis and management of several
cardiovascular pathologies [22-24]. Interestingly, exercise such as marathon running and
triathlon can be associated with increases in the levels of different cardiac biomarkers
[25-27]. Whilst this, the full scope of cardiac biomarker elevations after exercise remains
elusive [25, 28, 29]. Given the current number of individuals undergoing intense exercise,
further knowledge on the cardiovascular adaptations as well as on the mechanistic

pathways associated is of importance, as to further refine this relationship [24, 28].



Over the years, several novel biomarkers have been under study in the context of
cardiovascular disease [22]. Among these, suppression of tumorigenicity 2 protein (ST2),
a member of the interleukin (IL)-1 receptor family, which can be expressed in several
cells in different settings, has been the focus of interest [30-34]. This biomarker can be
expressed by both cardiac and extracardiac sites, playing a role in the pathophysiological
mechanisms of myocardial fibrosis and remodeling [32, 34-36]. Notably, some studies
have shown the potential of ST2 in heart failure, further reinforcing its clinical importance
[37-39]. Given this background, the profile of ST2 kinetics among athletes could further
improve the current knowledge underlying cardiac adaptations (and potential
maladaptations) in the face of exercise training [24, 40, 41].

This review aimed at addressing the impact of exercise in ST2 levels among healthy
individuals, and to present a pragmatic appraisal of the current literature on this field.
This is, to the best of our knowledge, the first systematic review on this specific topic and
could thus further improve current knowledge on the kinetics of different cardiac

biomarkers after exercise, a topic of considerable translational relevance.



METHODS

Search Strategy

The study started with a search on three databases, Medline (PubMed), ISI Web of
Science and Scopus, using the queries “ST2” or “ST-2" + “exercise” or “running” (Figure
1).

The search took place between September and October 2020, and no articles were
excluded based on publication date. The aim of the search was to identify studies
evaluating levels of ST2 before and after exercise. The query resulted in 105 articles on
the PubMed database, 97 on ISI Web of Science and 68 on Scopus. No additional studies

were found after searching the references of previous review articles.

Inclusion Criteria

Only human studies were included. It was mandatory for the studies to evaluate the levels
of the selected biomarker (ST2) before and after exercise (regardless of type, intensity,
or duration). Though assessing levels of this biomarker after a pre-specified period of
training could be of interest, the aim of this review was to assess ST2 variation after an
acute bout of exercise.

To be included in the quantitative synthesis, the study had to report the cut-off used to

define the upper reference limit (normal range) used.

Exclusion criteria
This review aimed at presenting data concerning healthy (or presumably healthy)
subjects. As such, articles in which individuals were selected because they had a specific

pathology were excluded. Additionally, case reports as well as articles written in



languages other than English and studies containing less than ten subjects were also

excluded.

Summary Measure

The main summary measure in the quantitative synthesis was the number of individuals
exceeding the reference levels (as defined in the different studies) after exercise.

The number of participants in some studies was calculated from the published value

corresponding to the percentage.

Quality assessment of studies and data extraction

Study quality and eligibility were individually assessed by three investigators. The
investigators individually assessed if studies addressed ST2 levels after vigorous exercise,
and if all inclusion/exclusion criteria were met. Primarily it was done through title and
abstract analysis, and then, if abstracts were deemed acceptable, through full-text
assessment. Additionally, the investigators specifically sought whether the articles
described the number of individuals under study. Data extraction (see Tables 1 and 2)
was individually done from the data published in the articles, and then compared by the
investigators. Different opinions regarding the relevance of articles were solved by
consensus between the authors.

Global article quality assessment was carried out according to the method used by Haffar

and colleagues [42].



RESULTS

From title and abstract analysis, ten articles were included, and this set of articles was
analyzed by the authors [24, 29, 43-50]. Two studies were subsequently excluded, as they
lacked ST2 assessment both before and after exercise [47, 50]. Two other studies were
excluded as they did not assess ST2 levels after an acute bout of exercise, analyzing its
levels after a period of training [44, 46]. A flowchart depicting the literature search
method, as well as the resulting number of articles selected, is displayed in figure 1.

A total of six articles, published between 2016 and 2020 and encompassing a total of 349
subjects in which ST2 was assessed were included [24, 29, 43, 45, 48, 49]. Table 1
presents the main characteristics of the different studies. The most common type of
exercise was running, and most subjects (73%) were male. Most studies reported on
increases in ST2 levels after exercise, as reported in Table 2.

Table 3 shows the number of participants with ST2 levels above the reference level (as
defined in the different studies) after exercise (up to three hours after). As shown, after
exercise (running in all studies in the quantitative synthesis) 92.7% exceeded this cut-off,
whereas at baseline a total of 49.8% of individuals had ST2 levels above the pre-specified
threshold.

The results of global article quality assessment carried out according to the method used

by Haffar and colleagues [42] are presented in Supplementary File 2.



DISCUSSION

In the present report, a systematic review was undertaken to assess the current state-of-
the-art concerning ST2 kinetics after exercise, a pivotal physiologic activity, among
healthy individuals. Most studies reported on increases in the levels of ST2 after exercise

(running in most cases), as shown in Table 2.

Physical exercise and resistance training can be associated with changes in different
cardiac biomarkers, such as troponin [10, 16, 25, 51]. Since the first descriptions of
exercise-induced cardiac troponin increase over thirty years ago, several underlying
mechanisms have been proposed, ranging from reversible cell injury (with ensuing
increased membrane permeability) to myocardial necrosis [10, 52]. Importantly, though
the high range of individuals presenting elevated cardiac troponin levels (namely when
assessed by high-sensitivity assays) after intense exercise as well as the kinetics of this
biomarker in this setting would argue, in most individuals, in favour of a reversible
phenomenon, the specific pathophysiological mechanisms underlying this observation as
well as its long-term implications are still not fully specified [10, 53, 54].

Some studies have suggested that the accumulation of multiple acute bouts of high-
intensity exercise during prolonged training could induce detrimental cardiac adaptations
[25, 55]. Interestingly, exercise can have a distinct hemodynamic impact in the left and
right ventricles, and some studies report that athletes have a higher rate of fibrosis [21,
55, 56]. However, different studies reporting increases in cardiac troponin after exercise
have not shown evidence of fibrosis, when assessed by cardiac magnetic resonance
imaging (MRI) [57, 58]. Interestingly, increases in galectin-3 (a marker of fibrosis) levels
after exercise in the absence of myocardial fibrosis by cardiac MRI has also been

reported, and postulated to be of extracardiac origin [59]. Given the role of fibrosis as a



fundamental component of the adverse structural remodeling of the myocardium in the
failing heart, these complex data have garnered interest [16]. Whilst this, as recently
expertly reviewed by Malek et al., the significance of these findings remains to be further
characterized [20]. Moreover, recent data derived from the UK Biobank cohort do not
report on an increased risk of cardiovascular disease among healthy individuals
undergoing vigorous exercise [60]. Additionally, a different study, also based on the UK
Biobank cohort, did not show an increased risk of ventricular arrythmia among
individuals performing vigorous PA [61]. As such, the overall effect of intense PA on the
cardiovascular system remains a topic under active investigation.

ST2 is a promising and comprehensive biomarker, with an important role in several
diseases [34, 36, 38]. ST2 has two isoforms, a transmembrane (ST2L) and a circulating
(or soluble, sST2), which interact with IL-33 having protean effects, namely in terms of
fibrosis and the inflammatory response [31, 32, 62]. sST2 can bind to IL-33 and limit the
interaction between IL-33 and ST2L, thus hindering its beneficial effects [31, 39]. Studies
have illustrated the potential of sST2 levels in terms of prognostication, namely in the
setting of heart failure [33, 37, 62, 63]. Though sST2 levels vary in accordance with
several factors (such as patient gender and extra-cardiac conditions), levels above 35
ng/mL have been associated with a worse prognosis in this context [31, 36, 64-66]. Given
this background, assessing the ST2 response to acute exercise could provide further
insights the cardiac (and overall cardiovascular) effects of exercise.

Most studies in this review reported increases in ST2 levels after exercise [24, 29, 43, 45,
48]. Increases in ST2 levels were related, in some studies, to exercise duration as well as
type of PA [24, 29, 45]. In addition, when assessing studies which provided data on the
number of individuals exceeding the cut-off of 35 ng/mL, a total of 92.7% of individuals

exceeded this level [24, 29, 45]. Interestingly, while Le Goff ef al. reported that ST2
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levels continued to increase three hours after exercise, two studies which assessed levels
further after exercise showed that these returned to baseline 48 hours and 48 hours to
seven days after (respectively) [24, 43, 45]. On the other hand, some studies highlighted
that an important number of subjects already displayed ST2 levels above the 35 ng/mL
cut-off at baseline [24, 29, 45].

The current data, although available for only a relatively limited number of individuals,
concurs as to the impact of exercise in ST2 levels, with increases after PA. This could
reflect the hemodynamic stress associated with exercise (particularly in the case of intense
exercise) [29, 41, 67]. Also, the notion that among this population baseline levels could
exceed current cut-offs should also be mentioned, as exercise history could thus be
important when interpreting these results [29]. Interestingly, prior data suggests ST2
increases in relation to diastolic load, and with a predominantly extra-myocardial origin
[24, 29, 35]. As such, the mechanisms underlying the modulators of both baseline and
post-exercise ST2 levels among athletes, as well as the biological significance of these
adaptations and their potential clinical relevance, should be the focus of further larger

long-term studies.
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STUDY LIMITATIONS

There are several limitations which should be acknowledged when interpreting the
present data. Firstly, the heterogeneous nature of the current data (in terms of different
study designs, namely encompassing the population under study, type of exercise and
timing of samples) as well as the potential for confounding factors (such as pathological
issues, particularly cardiovascular disease) should be considered. Furthermore, and as
highlighted in the Discussion, only a relatively small number of individuals were
represented, and most of these were male. Given potential differences in ST2 physiology
and in the response to exercise training in terms of gender, this point should be pondered
with [31, 62, 68].

Secondly, data pertaining to imaging analysis (by means of cardiac MRI) were also not
present.

Finally, studies included were of short duration, and as such the long-term significance

of ST2 level variation in this setting should be the focus of further studies.
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CONCLUSION

Most studies assessing ST2 levels after exercise training among healthy individuals
showed increases in this biomarker. Though data were available for only a relatively small
number of individuals, 92.7% had ST2 levels above the cut-off of 35 ng/mL after
exercise, pointing to a rather generalized phenomenon. Baseline levels of ST2 were also
above this threshold in some individuals. No studies presented cardiac magnetic
resonance imaging data or assessed clinical outcomes.

Further studies are needed to assess the clinical significance, if any, as well as the long-
term prognosis associated with ST2 kinetics in the setting of intense exercise. Imaging
studies could play an important role in unravelling the mechanisms underlying exercise-

induced ST2 level changes.
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Records identified
through initial
database searching
using queries “ST2
AND exercise”, “ST-
2 AND exercise”,
“ST2 AND running”,
“ST-2 AND running”
(n =105 in PubMed;
n =97 in ISI — Web

Additional records
identified through
other sources (n = 0)

l

l

Records after title and abstract analysis and
duplicate removal (n = 8 in PubMed; n =1
additional record in ISI — Web of Science; n =1
additional record in Scopus)

Full-text articles
assessed for
eligibility
(n=10)

Full-text articles
excluded, with

reasons
(n=4)

Studies included in
the qualitative
synthesis

(n=06)

Studies included in
the quantitative
synthesis
(n=3)

Figure 1. Flowchart showing the literature search method.

Legend: n = number
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Table 1. Overview of the selected studies.

Study (year) n Male/fema | Mean Type of Biomarkers | Time of
le ratio age exercise assessed sample
(years) collection
Bekos et al. 34; 36 24/10; 36.8; Running ST2 Before,
(2016) [43] 19/17 36.9 different CRP immediately
lengths: CK, CK-MB | after and 2-7
marathon, CKI18 days after the
half-marathon | GGT race
HMGBI
IL-1RA
IL-33
Lactate
Na,
creatinine
RAGE
RBC, WBC,
platelets
Roca et al. 79 57/22 39 Running ST2 Before, after
(2017) [24] (marathon) CK (1-2 hours) and
hsTnT 48 hours after
NT-proBNP | the race
Ho et al. 41 17/24 17 Maximal ST2 Baseline, just
(2017) [48] exercise test BAP after and 4
(treadmill) CITP hours after
Gal-3 exercise
hsTnl
Periostin
PICP
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NT-proBNP

Sanz-de la 17 13/4 50.0 Maximal ST2 Baseline and
Garza et al. exercise test hs-IL-6 just after
(2018) [49] (bicycle VEGF exercise

ergometer)
Aengevaeren 82 65/17 48 Running ST2 Before and
etal. (2019) (marathon) hematocrit*, | after the race
[29] Hg*

hsTnl
Le Goff et al. 14; 19; 60/0 37.7; Running ST2 Before, just
(2020) [45] 27 42.0; different CK-MB after and 3
453 lengths: 1h hs-CRP hours after the

(control), Gal-3 race

circa 4h hematocrit,

(marathon, Hg

42.195km), hsTnT

circa 8h NT-proBNP

(ultra-

marathon,

67km)

Legend: BAP = bone alkaline phosphatase; CITP = C-terminal telopeptide of type I collagen; CRP = C-
reactive protein; hs-CRP = high-sensitivity C-reactive protein; CK = creatine kinase; CK/8 = cytokeratin
18; CK-MB = creatine kinase isoform MB; HMGBI = high mobility group box 1; Hg = hemoglobin; Gal-
3 = galectin-3; GGT = gama-glutamil transferase; /L-/RA = interleukin-1 receptor antagonist; As-IL6 =
high-sensitivity interleukin-6; /L-33 = interleukin-33, n = number of individuals; Na = sodium; NT-proBNP
= N-terminal pro-hormone of brain natriuretic peptide; PICP = C-terminal propeptide of procollagen type
I; RAGE = receptor of advanced glycation endproducts; RBC = red blood cells; ST2 = suppression of
tumorigenicity 2 protein; AsTnl = high-sensitivity troponin I; #s7nT = high-sensitivity troponin T; VEGF =

vascular endothelial growth factor; WBC = white blood cells; * = determined in a subset of individuals
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Table 2. Major findings concerning ST2, in the six articles included in the systematic

review.
Study Major findings
(year)
Bekos et al. | ST2 increased significantly after a marathon, returning to baseline levels

(2016) [43]

after 2 to 7 days of recovery.

Roca et al.

(2017) [24]

ST2 levels above the cut-off (35 ng/dL) in 48.7% of individuals at
baseline.

ST2 increased significantly immediately after a marathon, returning to
baseline levels 48 hours post-race.

ST2 elevations directly related to race time.

Ho et al.

(2017) [48]

ST2 levels increased 4 hours after exercise.

Sanz-de la
Garza et al.

(2018) [49]

No difference in ST2 levels after exercise.

Aengevaeren

et al. (2019)

ST2 levels above the cut-off (35 ng/dL) in 48% of individuals at baseline.

ST2 levels were higher in faster runners.

[29]

Le Goff et ST2 levels above the cut-off (35 ng/dL) at baseline in 71.4% of controls,
al. (2019) 63.2% of marathon runners and 40.7% of ultra-marathon runners.

[45] ST2 levels increased significantly immediately after running and

continued to increase at the three-hour mark.
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Table 3. Number of participants with ST2 levels above the reference level (as defined in

the different studies) after exercise (up to three hours).

Roca et al. (2017) [24]

69/79

Aengevaeren et al. (2019) [29]

75/ 80

Le Goff et al. (2020) [45]

13/ 14 (control)
19/ 19 (marathon)

27 /27 (ultra-marathon)

Total

203 /219 (92.7%)

26




Supplementary file 1

ATTACHMENTS

Did the
Were all
patient(s) Was the Was the
Were other | important Global
represent the | diagnosis outcome
important data cited quality
Authors whole correctly correctly
diagnosis in the assessment
case(s) of made? ascertained?
excluded? report?
the medical
center?
Bekos et al.
No Yes Yes Yes Yes Moderate
(2016)
Roca et al.
Yes Yes Yes Yes Yes Good
(2017)
Ho et al.
Yes Yes Yes Yes Yes Good
(2017)
Sanz-de la
Garza et al. Yes Yes Yes Yes Yes Good
(2018)
Aengevaeren
No Yes Yes Yes Yes Moderate
et al.
Le Goffet
Yes Yes Yes Yes Yes Good

al. (2020)




Supplementary file 2: full search details for Medline (Pubmed) database.

The search on the Medline (Pubmed) database was done between September and October 2020, using the
following queries (individually): “ST2 AND exercise”; “ST-2 AND exercise”; “ST2 AND running”; “ST-
2 AND running” (see below detailed queries).

The aim of the database search was to identify studies assessing the ST2 levels after vigorous exercise, and
no articles were excluded based on publication date (see main document for further inclusion and exclusion
criteria). This search resulted in a total of 105 articles (query “ST2 AND exercise” 53 articles; “ST-2 AND
exercise” 38 articles; “ST2 AND running” 8 articles; “ST-2 AND running” 6 articles).

The abstracts were then individually assessed by three investigators (regarding study quality and
eligibility), and duplicates (same study present in more than one of the queries) were removed. After title
and abstract analysis, the full-text articles were then included for analysis (please refer to the Results section

and Figure 1 of the main document for specification).



User query using pre-defined search terms
ST2 AND exercise

Query translation

"st2"[All Fields] AND ("exercise"[MeSH Terms] OR "exercise"[All Fields] OR "exercises"[All Fields]
OR "exercise therapy"[MeSH Terms] OR ("exercise"[All Fields] AND "therapy"[All Fields]) OR
"exercise therapy"[All Fields] OR "exercise s"[All Fields] OR "exercised"[All Fields] OR "exerciser"[All
Fields] OR "exercisers"[All Fields] OR "exercising"[All Fields])

Individual Translations

exercise: "exercise"[MeSH Terms] OR "exercise"[All Fields] OR "exercises"[All Fields] OR "exercise
therapy"[MeSH Terms] OR ("exercise"[All Fields] AND "therapy"[All Fields]) OR "exercise
therapy"[All Fields] OR "exercise's"[All Fields] OR "exercised"[All Fields] OR "exerciser"[All Fields]
OR "exercisers"[All Fields] OR "exercising"[All Fields]



User query using pre-defined search terms
ST-2 AND exercise

Query translation

"st-2"[All Fields] AND ("exercise"[MeSH Terms] OR "exercise"[All Fields] OR "exercises"[All Fields]
OR "exercise therapy"[MeSH Terms] OR ("exercise"[All Fields] AND "therapy"[All Fields]) OR
"exercise therapy"[All Fields] OR "exercise s"[All Fields] OR "exercised"[All Fields] OR "exerciser"[All
Fields] OR "exercisers"[All Fields] OR "exercising"[All Fields])

Individual Translations

exercise: "exercise"[MeSH Terms] OR "exercise"[All Fields] OR "exercises"[All Fields] OR "exercise
therapy"[MeSH Terms] OR ("exercise"[All Fields] AND "therapy"[All Fields]) OR "exercise
therapy"[All Fields] OR "exercise's"[All Fields] OR "exercised"[All Fields] OR "exerciser"[All Fields]
OR "exercisers"[All Fields] OR "exercising"[All Fields]



User query using pre-defined search terms
ST2 AND running

Query translation

"st2"[All Fields] AND ("running"[MeSH Terms] OR "running"[All Fields] OR "runnings"[All Fields])

Individual Translations

running: "running"[MeSH Terms] OR "running"[All Fields] OR "runnings"[All Fields]



User query using pre-defined search terms
ST-2 AND running

Query translation

"st-2"[All Fields] AND ("running"[MeSH Terms] OR "running"[All Fields] OR "runnings"[All Fields])

Individual Translations

running: "running"[MeSH Terms] OR "running"[All Fields] OR "runnings"[All Fields]
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Section/topic

# Checklist item

Reported on page and paragraph/
table #

TITLE

Title |dent|fy the report as a SyStematiC review, meta'anaIYSiS, or both. Page 1 “Suppression of tumorigenicity 2 after
exercise: a systematic review”

ABSTRACT

Structured summary

Provide a structured summary including, as applicable: background; objectives; data
sources; study eligibility criteria, participants, and interventions; study appraisal and

synthesis methods; results; limitations; conclusions and implications of key findings;

systematic review registration number.

Page 3 “Exercise is a pivotal physiological
activity (...) should target this.”

INTRODUCTION

Rationale

Describe the rationale for the review in the context of what is already known.

Page 5 “Notably, some studies have shown
the potential of ST2 in heart failure, further
reinforcing its clinical importance. Given this
background, the profile of ST2 kinetics among
athletes could further improve the current
knowledge underlying cardiac adaptations
(and potential maladaptations) in the face of
exercise training.”

Objectives

Provide an explicit statement of questions being addressed with reference to participants,
interventions, comparisons, outcomes, and study design (PICOS).

Page 5 “This review aimed at addressing the
impact of exercise in ST2 levels among
healthy individuals, and to present a pragmatic
appraisal of the current literature on this field.
This is, to the best of our knowledge, the first
systematic review on this specific topic and
could thus further improve current knowledge
on the kinetics of different cardiac biomarkers
after exercise, a topic of considerable
translational relevance.”

METHODS

Protocol and registration

Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address),
and, if available, provide registration information including registration number.

Not available

Eligibility criteria

Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics
(e.g., years considered, language, publication status) used as criteria for eligibility, giving
rationale.

Page 6 “Only human studies were included. It
was mandatory for the studies to evaluate the
levels of the selected biomarker (ST2) before
and after exercise (regardless of type,
intensity, or duration). Though assessing levels
of this biomarker after a pre-specified period of
training could be of interest, the aim of this
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review was to assess ST2 variation after an
acute bout of exercise. To be included in the
quantitative synthesis, the study had to report
the cut-off used to define the upper reference
limit (normal range) used.”

Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with Page 6 “The search took place between
study authors to identify additional studies) in the search and date last searched. September and October 2020, and no articles
were excluded based on publication date. The
aim of the search was to identify studies
evaluating levels of ST2 before and after
exercise. The query resulted in 105 articles on
the PubMed database, 97 on ISI Web of
Science and 68 on Scopus. No additional
studies were found after searching the
references of previous review articles.”
Search 8 | Present full electronic search strategy for at least one database, including any limits Page 6 “The study started with a search on
used, such that it could be repeated. three databases, Medline (PubMed), I1SI Web
of Science and Scopus, using the queries
“ST2” or “ST-2” + “exercise” or “running”.”
Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic Page 22
review, and, if applicable, included in the meta-analysis).
Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in Page 7
duplicate) and any processes for obtaining and confirming data from investigators.
Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) Page 7 “The main summary measure in the
and any assumptions and simplifications made. quantitative synthesis was the number of
individuals exceeding the reference levels (as
defined in the different studies) after exercise.”
Risk of bias in individual 12/ | Describe methods used for assessing risk of bias of individual studies (including Page 7 “Study quality and eligibility were
studies / Risk of bias across 15 | specification of whether this was done at the study or outcome level), and how this individually assessed by three investigators.
studies information is to be used in any data synthesis. Different opinions regarding the relevance of
articles were solved by consensus between
the authors.”
Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). Non applicable, since this review does not
include a meta-analysis
Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, Non applicable, since this review does not
including measures of consistency (e.g., 1% for each meta-analysis. include a meta-analysis
Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-

regression), if done, indicating which were pre-specified.

Non applicable, since this review does not
include a meta-analysis

RESULTS
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Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, Page 22
with reasons for exclusions at each stage, ideally with a flow diagram.
Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, Pages 23 and 24
PICOS, follow-up period) and provide the citations.
Risk of bias within and 19/ | Present data on risk of bias of each study and, if available, any outcome level Pages 25 and 26
across studies 22 | assessment (see item 12).
Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple Non applicable, since this review does not
summary data for each intervention group (b) effect estimates and confidence intervals, include a meta-analysis
ideally with a forest plot.
Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures | Non applicable, since this review does not
of consistency. include a meta-analysis
Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta- | Non applicable, since this review does not
regression [see ltem 16]). include a meta-analysis
DISCUSSION
Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; | page 11 “The current data (...) should be the
consider their relevance to key groups (e.g., healthcare providers, users, and policy focus of further larger long-term studies.”
makers).
Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level Page 12 “There are several limitations (...)
(e.g., incomplete retrieval of identified research, reporting bias). significance of ST2 level variation in this
setting should be the focus of further studies.”
Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and Page 13 “Further studies are needed to assess
implications for future research. the clinical significance, if any, as well as the
long- term prognosis associated with ST2
kinetics in the setting of intense exercise.
Imaging studies could play an important role in
unravelling the mechanisms underlying
exercise- induced ST2 level changes.”
FUNDING
Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of Page 2 “Supportive foundations: none.”

data); role of funders for the systematic review.

From: Moher D, Liberati A, Tetzlaff J,
doi:10.1371/journal.pmed 1000097
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