
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 exer-
cise. 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 tumorigenic-
ity 2 (ST2) is a biomarker related to the pathophysiology of fibro-
sis, 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” + “exer-
cise” 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 individ-
uals, 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 (run-
ning 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 spot-
light 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 car-
diovascular and respiratory systems, to musculoskeletal and meta-
bolic adaptations [7-10]. Whilst the positive effects of regular mod-
erate PA are currently consensual over a wide range of settings, rang-
ing 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 exer-
cise, 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 sev-
eral cells in different settings, has been the focus of interest [30-
34]. This biomarker can be expressed by both cardiac and extrac-
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ardiac sites, playing a role in the pathophysiological mechanisms
of myocardial fibrosis and remodelling [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 poten-
tial 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 consider-
able 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 pre-
vious review articles.
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Figure 1. Flowchart showing the literature search method.
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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 individu-
als 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. Different opinions regarding the relevance of
articles were solved by consensus between the authors. 

Results

From title and abstract analysis, ten articles were included, and
this set of articles was analyzed by the authors [24,29,42-49]. Two
studies were subsequently excluded, as they lacked ST2 assess-
ment both before and after exercise [46,49]. 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 [43,45].
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 [24,29,42,44 47,48]. Table 1 presents the main char-
acteristics of the different studies. The most common type of exer-
cise was running, and most subjects (73%) were male. Most stud-
ies 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 (run-
ning 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. 

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 exer-
cise (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
[10,16,25,50]. Since the first descriptions of exercise-induced car-
diac troponin increase over thirty years ago, several underlying
mechanisms have been proposed, ranging from reversible cell
injury (with ensuing increased membrane permeability) to myocar-
dial necrosis [10,51]. Importantly, though the high range of indi-
viduals 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 specif-
ic pathophysiological mechanisms underlying this observation as
well as its long-term implications are still not fully specified
[10,52,53]. 

Some studies have suggested that the accumulation of multiple
acute bouts of high-intensity exercise during prolonged training
could induce detrimental cardiac adaptations [25,54]. 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 [21,54,55]. However, different studies reporting
increases in cardiac troponin after exercise have not shown evi-
dence of fibrosis, when assessed by cardiac magnetic resonance
imaging (MRI) [56,57]. Interestingly, increases in galectin-3 (a
marker of fibrosis) levels after exercise in the absence of myocar-
dial fibrosis by cardiac MRI has also been reported, and postulated
to be of extracardiac origin [58]. Given the role of fibrosis as a fun-
damental component of the adverse structural remodelling 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 char-
acterized [20]. Moreover, recent data derived from the UK
Biobank cohort do not report on an increased risk of cardiovascu-
lar disease among healthy individuals undergoing vigorous exer-
cise [59]. Additionally, a different study, also based on the UK
Biobank cohort, did not show an increased risk of ventricular arry-
thmia among individuals performing vigorous PA [60]. 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 iso-
forms, 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 [31,32,61]. 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 [33,37,61,62]. Though sST2
levels vary in accordance with several factors (such as patient gen-
der and extra-cardiac conditions), levels above 35 ng/mL have
been associated with a worse prognosis in this context [31,36,63-
65]. Given this background, assessing the ST2 response to acute
exercise could provide further insights into the cardiac (and overall
cardiovascular) effects of exercise.

Most studies in this review reported increases in ST2 levels
after exercise [24,29,42,44,47]. Increases in ST2 levels were relat-
ed, in some studies, to exercise duration as well as type of PA
[24,29,44]. 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
[24,29,44]. Interestingly, while Le Goff et al. reported that ST2
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Table 1. Overview of the selected studies. 

Study (year)                               n          Male/female               Mean age                 Type of                   Biomarkers               Time of sample
                                                                       ratio                        (years)                  exercise                     assessed                      collection

Bekos et al. (2016) [42]                    34; 36             24/10; 19/17                         36.8; 36.9                Running different                          ST2                                       Before,
                                                                                                                                                                    lengths: marathon,                     CRPCK,                         immediately after
                                                                                                                                                                         half-marathon                       K-MBCK18                            and 2-7 days 
                                                                                                                                                                                                                               GGT                                after the race
                                                                                                                                                                                                                            HMGB1
                                                                                                                                                                                                                             IL-1RA                                           
                                                                                                                                                                                                                               IL-33                                             
                                                                                                                                                                                                                            Lactate
                                                                                                                                                                                                                      Na, creatinine
                                                                                                                                                                                                                              RAGE
                                                                                                                                                                                                                               RBC, 
                                                                                                                                                                                                                              WBC,
                                                                                                                                                                                                                           platelets 
Roca et al. (2017) [24]                         79                      57/22                                     39                    Running (marathon)                    ST2CK                               Before, after
                                                                                                                                                                                                                              hsTnT                                 (1-2 hours)
                                                                                                                                                                                                                         NT-proBNP                           and 48 hours 
                                                                                                                                                                                                                                                                        after the race
Ho et al. (2017) [47]                             41                      17/24                                     17                  Maximal exercise test             ST2BAPCITP                    Baseline, just after
                                                                                                                                                                            treadmill)                               Gal-3                             and 4 hours after
                                                                                                                                                                                                                              hsTnI                                    exercise
                                                                                                                                                                                                                           Periostin
                                                                                                                                                                                                                     PICPNT-proBNP                                  
Sanz-de la Garza et al. (2018) [48]    17                       13/4                                     50.0                 Maximal exercise test                      ST2                              Baseline and just
                                                                                                                                                                                                                             hs-IL-6                              after exercise
                                                                                                                                                                                                                (bicycle ergometer)                              
                                                                                                                                                                                                                              VEGF                                            
Aengevaeren et al. (2019) [29]          82                      65/17                                     48                    Running (marathon)                       ST2                                    Before and 
                                                                                                                                                                                                                       hematocrit*,                         after the race
                                                                                                                                                                                                                          Hg*hsTnI
Le Goff et al. (2020) [44]              14; 19; 27                60/0                            37.7; 42.0; 45.3            Running different                         ST2                                   Before, just
                                                                                                                                                                  engths: 1h (control),                   CK-MB                           after and 3 hours 
                                                                                                                                                         circa 4h (marathon, 42.195km),          hs-CRP                              after the race
                                                                                                                                                        circa 8h (ultra-marathon, 67km)           Gal-3
                                                                                                                                                                                                                      hematocrit, Hg
                                                                                                                                                                                                                              hsTnT
                                                                                                                                                                                                                         NT-proBNP
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; CK18,cytokeratin 18; CK-MB,creatine kinase iso-
form MB; HMGB1,high mobility group box 1; Hg,hemoglobin; Gal-3,galectin-3; GGT,gama-glutamil transferase; IL-1RA,interleukin-1 receptor antagonist; hs-IL6,high-sensitivity interleukin-6; IL-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; hsTnI,high-sensitivity troponin I; hsTnT,high-sensitivity troponin T; VEGF,vascular endothelial growth factor; WBC,white blood cells; *determined in a subset
of individuals.

Table 2. Major findings concerning ST2, in the six articles included in the systematic review.

Study (year)                              Major findings

Bekos et al. (2016) [42]                       ST2 increased significantly after a marathon, returning to baseline levels 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) [47]                             ST2 levels increased 4 hours after exercise
Sanz-de la Garza et al. (2018) [48]   No difference in ST2 levels after exercise
Aengevaeren et al. (2019) [29]          ST2 levels above the cut-off (35 ng/dL) in 48% of individuals at baseline
                                                                  ST2 levels were higher in faster runners
Le Goff et al. (2019) [44]                    ST2 levels above the cut-off (35 ng/dL) at baseline in 71.4% of controls, 63.2% of marathon runners and 40.7%
                                                                  of ultra-marathon runners
                                                                  ST2 levels increased significantly immediately after running and continued to increase at the three-hour mark
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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) [24,42,44]. On the other hand, some studies high-
lighted that an important number of subjects already displayed ST2
levels above the 35 ng/ml cut-off at baseline [24,29,44]. Notably,
though myocardial production should be acknowledged, extra-
myocardial origin (namely in pulmonary tissue) should be consid-
ered, as increased hemodynamic load in response to chronic train-
ing could induce ST2 elevations in athletes [24,29,32,35]. In this
background, the fact that in one of the studies included in the quan-
titative synthesis ST2 and troponin levels (which exceed cut-off
values in 69% of athletes after exercise) were not correlated at any
time point should also be pondered with [29]. Furthermore, the
effects of exercise in terms of the overall inflammatory response
should also be kept in mind, as these could be of potential impor-
tance when assessing the variation in ST2 levels [8,29].

The current data, although available for only a relatively limit-
ed number of individuals, concurs as to the impact of exercise in
ST2 levels, with increases after PA. This could reflect the hemody-
namic stress associated with exercise (particularly in the case of
intense exercise) [29,41,66]. Also, the notion that among this pop-
ulation baseline levels could exceed current cut-offs should also be
mentioned, as exercise history could thus be important when inter-
preting these results [29]. Interestingly, and as mentioned above,
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 (in terms of both the cardiovascu-
lar system as well as the possible modulation of inflammatory
pathways) and their potential clinical relevance, should be the
focus of further larger long-term studies.

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 underlying cardio-
vascular disease) should be considered. Secondly, follow-up (as
well as sampling timing) after exercise differed. As detailed in the
Discussion, whereas ST2 levels continued to increase three hours
after exercise in one study, these had returned to baseline in two
others which assessed levels further after exercise [24,42,44].
Given reports on the dynamic changes in ST2 concentrations

among acute heart failure patients under treatment, showing rapid
decreases, as well as the concept that chronic volume and pressure
overload could markedly impact its levels, it would be of interest
to have more data on ST2 kinetics after acute bouts of exercise, as
to be able to address its major determinants [34,67,68].
Interestingly, Billebeau et al. reported that heart failure patients
who underwent a cardiac rehabilitation program had significant
decreases in ST2 levels (when assessed 4-6 months after), these
being more pronounced according to changes in peak oxygen con-
sumption. As such, the overall effect of chronic exercise in ST2
levels, across different populations, remains to be further ascer-
tained [69]. Thirdly, as highlighted in the Discussion, only a rela-
tively 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 [31,61,70]. Furthermore, data per-
taining 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 set-
ting should be the focus of further studies.

Conclusions

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 indi-
viduals. 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 kinet-
ics 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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