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SUMMARY

Aim: Drowning causes about five hundred thousand deaths in the world every year. There is a higher risk of adverse medical
events and death from cardiac causes in participants of cold water swimming (CWS).

Material and methods: Eight swimmers (five men, three women), with a median age of 40 years (range 31-71), were exa-
mined during winter swimming competition in November 2014. Six swimmers (four men, two women) swam 500 m long
distance, one woman swam 750 m and one man swam 1000 m long distance. The swimmers’ body temperatures were
measured immediately after the swim. Concentrations of high sensitivity troponin | (hsTnl), high sensitivity troponin T (hsTnT)
and aminoterminal pro-BNP (NT-proBNP) were examined one day before, immediately after, two hours after and 24 hours
after the competition. Trends of hsTnl, hsTnT and NT-proBNP were tested using the Analysis of Variance (ANOVA).
Results: Swimming times ranged from 9 min and 36 s to 26 min and 48 s depending on distance and velocity. The median
body mass index (BMI) of swimmers was 24.8 kg.m? (range 22.1-27.9). There was a statistically significant increase of
hsTnl two hours after CWS (p=0.048 for quadratic trend). Trends of hsTnT and NT-proBNP did not exhibit statistically sig-
nificant differences (p=0.19 and p=0.57, respectively).

Conclusion: CWS can be connected with release of cardiac troponins. However, it is not connected with release of NT-
proBNP. Future research should clarify whether release of cardiac troponins during CWS can be connected with presence
of arrhythmias, higher cardiovascular risk or probability of incidental heart failure.
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SOUHRN

Broz P., Rajdl D., Racek J., Zeman V., Novak J., Trefil L.: Vztah mezi zimnim plavanim a zvySenim hladiny kar-
dialnich markert: pilotni studie

Cil: Zjistit mozZnou souvislost mezi zimnim plavanim a koncentracemi bézné uzivanych kardidlnich markerd.

Soubor a metody: 8 plavct (5 muzt), median véku 44 (31-71) let, bylo vySetfeno béhem soutéze v zimnim plavani v listo-
padu 2014. Sest plavch (4 muzi) plavalo 500 m dlouhou trat, 1 Zena 750 m dlouhou trat a 1 muz plaval 1000 m dlouhou
trat. Teplota vody byla 8,2°C. Koncentrace vysoce senzitivniho troponinu T (hsTnT), vysoce senzitivniho troponinu | (hsTnl)
a NT-proBNP byly vySetfeny den pred zavodem, ihned po zdvodé, 2 hodiny po zdvodé a 24 hodin po zavodé. Pribéhy
hladin hsTnl, hsTnT a NT-proBNP byly testovany uzitim ANOVA analyzy.

Vysledky: Doba plavani tcastnik’ byla 9 min 36 s - 26 min 48 s v zavislosti na zvolené trase a rychlosti zavodnika. Median
body mass index (BMI) byl 24,8 (22,1-27,9) kg.m2. Byl zjiStén statisticky vyznamny vzestup hladiny hsTnl 2 hodiny po zavo-
dé (p=0,048, kvadraticky trend). Nebyly zjiStény statisticky vyznamné zmény v koncentracich hsTnT a NT-proBNP (p=0,19,
p=0,57 resp.).

Zavér: Zimni plavani mize byt asociovano s uvolnénim kardidlnich troponind, nicméné neni spojeno se zvysenim hladiny
NT-proBNP. Dalsi vyzkum by mél odhalit moznou spojitost mezi uvolnénim troponint béhem zimniho plavani a pritomnosti
arytmii, pfipadné zvySenym rizikem kardialni prihody.

Klicova slova: zimni plavani, tonuti, vysoce senzitivni troponiny, natriuretické peptidy, nahla srdecni smrt.

Introduction

Drowning causes about five hundred thousand
deaths in the world every year [1]. Many people par-
ticipate in cold water swimming (CWS). With increasing
numbers of CWS participants, there is a higher risk of
adverse medical events and cardiac-related deaths. The
presence of arrhythmias can be connected with hypo-
thermia or cold shock response after immersion [2].

In the USA between 2003 and 2011, 79% of deaths
in triathlons occurred during the swim. The most pro-
bable cause seems to be cardiac death rather than hy-
pothermia, because the immersion time was often too
short to cause hypothermia [2,3]. During winter swim-

ming, there are more frequent arrhythmias than in the
summer, but many arrhythmias remain undetected [2].
Some authors see a possible explanation in a trigger
called “autonomic conflict” caused by the combination
of the cold shock and the diving response provoked by
a rapid submersion in cold water (<15°C) [4]. Moreo-
ver, the probability of sudden cardiac death in CWS
is more frequent in competitive situations rather than
in non-competitive situations because of stress, angetr,
extended breath holding, or aspiration of water into the
nasopharynx [5-7].

High sensitivity troponin (hsTn) examination is a
modern assessment widely used in the diagnostic work
up of patients where a myocardial lesion is suspected
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[8,9]. In comparison with conventional troponin assays,
hsTn assays can detect minimal amounts of cardiac
troponins (cTn) released by the myocardium even in
healthy individuals [10,11]. High sensitivity troponin can
be used as a predictor of cardiovascular disease, and
increased levels are associated with increased risk of
cardiovascular death or incidental heart failure [12,13].
Some authors published increased troponin or hsTn
levels in healthy individuals after heavier physical ac-
tivity [14,15]. To our knowledge, the influence of cold
water swimming on hsTn levels hasn’t been published
yet.

Natriuretic peptides, especially brain natriuretic pep-
tide and aminoterminal pro-BNP (NT-proBNP), their ef-
fects on haemodynamics and electrolyte homeostasis
and their role in the diagnostic algorithm in patients with
dyspnea is well known [16,17]. Their role in asympto-
matic persons and the association with prognosis and
mortality have been studied. Natriuretic peptides can
predict the risk of death, heart failure, stroke or tran-
sient ischemic attack [18,19]. Water immersion is con-
nected with an increase in cardiac filing and central
venous pressure and also with a decrease in heart rate.
Elevation of natriuretic peptide levels after prolonged
strenuous exercise [20,21] and after scuba diving can
be present [22].

The goal of our pilot study was to examine changes
in high sensitive troponin | (hsTnl), high sensitive tro-
ponin T (hsTnT) and NT-proBNP levels before and after
winter swimming competitions.

Methods

Eight swimmers from 10 volunteers (seven men,
three women) participating in winter swimming com-
petitions in November 2014 were included in the
study. Two swimmers (males) were excluded because
of a previous history of cardiovascular disease. One of
those excluded had a history of arterial hypertension
treated for five years, and the other one had a history
of stable angina with coronarography stenting two
years ago. The median age of the swimmers inclu-
ded was 40 years (range 31-71). All swimmers were
well adapted to CWS and trained regularly 1-3 times
per week. Five possible distances could have been
chosen (100, 250, 500, 750 and 1000 metres). The
swimming time for all swimmers was measured. The
water temperature was 8.2°C. The body temperature
of all swimmers was measured rectally immediately
after the swim.

Blood samples were taken one day before (re-
ferred to as “before”), immediately after (“after”), two
hours after (“2h after”) and 24 hours after (“24h af-
ter”) the swim. After collection, blood samples were
immediately transported to the laboratory and cen-
trifuged at 2000 g for 10 minutes. Samples were
stored at -70°C prior to analysis. All samples were
analysed batch-wise. Levels of hsTnl were analysed
using the Abbott system (STAT High Sensitive Tro-
ponin-I, Abbott Architect i2000SR, Abbott), and

hsTnT and NT-proBNP levels were analysed us-
ing the Cobas system (Cobas 8000 Analyzer - Co-
bas e602 module, Roche Diagnostics). The limit of
quantification for hsTnl was 2 ng/l and for hsTnT was
5 ng/L. In all swimmers, routine screening (erythro-
cyte and leukocyte count, C-reactive protein, urea,
creatinine and glucose levels) was performed using
the sample “before”.

Trends of hsTnl, hsTnT and NT-proBNP levels
were tested using the Analysis of Variance (ANOVA).
Statistical significance was set at p<0.05. For statisti-
cal analysis, MedCalc software was used (MedCalc
Software, version 12.0, MedCalc Software bvba, Os-
tend, Belgium).

The study was approved by the local ethics com-
mittee and all participants signed written informed con-
sent to participate in the study.

Results

Six swimmers (four men and two women) swam
500 m long distance, one woman swam 750 m long
distance and one man swam 1000 m long distance.
Swimming times ranged from 9 min and 36 s to 26
min and 48 s depending on distance and velocity. The
median (min-max) body mass index (BMI) of swim-
mers was 24.8 (22.1-27.9) kg.m=. The median body
temperature after the swim was 36.2°C (range 33.4-
36.9°C). Trends in hsTnl levels exhibited statistically
significant differences (p=0.048 for quadratic trend). In
four cases (62.5%), hsTnl values (2h after compared
to the sample before) had a tendency to increase and
then to decrease back to the imaginary baseline in
three of samples (in one case sample 24h after was
not obtained). In three cases (37.5%), hsTnl levels did
not exhibit a tendency to change (or differences were
too small or values were below the limit of detection).
In one case (12.5%), there was a further tendency to
increase (24h after compared to the sample 2h after).
Individual trends of hsTnl levels are shown in Fig. 1.
Concentrations of hsTnT showed similar trends but
did not reach statistical significance (p=0.19).

We did not observe statistically significant diffe-
rences in concentrations of NT-proBNP (p=0.57).
However, one case showed significantly higher levels
of NT-proBNP in all samples (before, after, 2h after and
24h after) compared to the median of the other swim-
mers (before: 217 vs. 35.5 ng/L, after: 240 vs. 43.0
ng/L, 2h after: 255 vs. 44.0 ng/L, 24h after: 200 ng/L
vs. 64.0 ng/L). The trends of measured parameters of
all swimmers are summarised in Fig. 2.

We found no correlation (p = ns) between body
temperature and differences in hsTnl, hsTnT and NT-
proBNP levels (difference between sample before and
2h after). However, the male swimmer with a swim
distance of 1000 m had the greatest difference in cTn
levels (sample before in comparison with 2h after), and
in this case we measured the lowest temperature im-
mediately after the swim (33.4°C).
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Fig. 1 Individual levels of hsTnl measured before, immediately after, two hours after and 24 hours after the swim. Body tempera-
ture measured rectally immediately after the swim is noted in plots. The number of swimmers in study included in upper right
corner of each graph, individual parameters stated in Table 1. F-female, M-male. Swim distances: 500 m, 750 m, 1000 m.

Table 1 Individual parameters of each swimmer.

Sex . Time Body tem-
Swimmer Age (M-male, BMI_ S TE of swimming perature after
e F-female) [kg-m] i [min:sec] the swim [°C]
1 47 F 23.0 500 11:33 35.3
2 38 M 23.8 500 9:36 36.9
3 41 M 26.7 500 12:47 36.9
4 38 M 221 1000 26:48 33.4
5 31 M 24.6 500 11:29 36.6
6 34 F 251 750 12:34 36.7
7 55 F 27.9 500 11:28 35.8
8 71 M 25.6 500 15:33 35.8
Discussion the heart can provoke fatal arrhythmias [4]. When muscle

Studies focused on cTn levels after physical exercise
describe arelease of cTn after prolonged or extreme exer-
cise, e.g. iron man, marathon or ultra-marathon com-
petitions [14]. The mechanism of cTn release in healthy
individuals is not fully understood [15]. In contrast with
the studies mentioned above, exposure to cold water in
our study was for a relatively short period of time. The
recent work by Shattock and Tipton (2012) suggests that
in CWS, simultaneous activation of the sympathetic and
parasympathetic nervous systems and their influence on

temperature decreases below 27 °C, reduced contractile
force due to reduced enzyme activity is expected, as well
as decreased rates of diffusion and decreased repolari-
sation [27]. A consequence of cooled muscles is a left
shift of the oxygen-haemoglobin dissociation curve and
an earlier rise in lactate concentration [27—-29]. Compared
to the normal environment, higher oxygen consumption
during CWS contributes to higher energy expenditure [2].
Peripheral vasoconstriction and hydrostatic pressure can
cause “cold diuresis”, and the circulation volume can be
reduced by 24%. Muscular function can be decreased in
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Fig. 2 Trends of hsTnl, hsTnT and NT-proBNP before, after,
two hours after and 24 hours after the swim.

this situation [30]. After CWS, body temperature can fur-
ther decrease because of temperature gradients the body
establishes while in the water [2].

This is the first report of an increase in cardiac tro-
ponin after moderate physical exercise (swimming) in
cold water. In the case of one male swimmer with a
swim distance of 1000 m, we observed the greatest dif-
ference in cTn and the lowest temperature after the swim
(83.4°C). It is uncertain whether the release of cardiac
troponin was caused by exercise or the cold water ef-
fect or both. The small number of swimmers in this study
can explain why there was no correlation between body
temperature after the swim and differences in cTn levels.
We admit that monitoring of body temperature before
and after the swim would be more suitable for assessing
the relationship between cTn values and hypothermia.
Finally, the trends in hsTnT were similar to those in hsTnl,
however they were not statistically significant. One pos-
sible explanation for this observation is the differences in
the analytical characteristics of each troponin kit, as the
hsTnl assay is considered to be “more sensitive” than
the hsTnT assay [23].

Our results did not show any statistically significant
changes in NT-proBNP levels, in contrast with studies
focused on changes after prolonged strenuous exer-
cise or scuba diving [20-22]. A possible explanation for
this is the short period of time spent in the water, the

shallow depth of immersion or the fact that the exercise
was not significantly strenuous. One case with signifi-
cantly higher levels of NT-proBNP in all samples was
the oldest participant of our study (71 years compared
to the median age of 44 years). There was no history
of cardiac disease in this swimmer. Moreover, this was
the only case where hsTnl and hsTnT concentrations
were higher in sample 24h after compared to sample
2h after. Thus, it is possible that cardiovascular disease
was present in this case or that this could be a “physio-
logical” pattern of markers in the elderly.

There were some limitations of this pilot study. First,
the number of participants was small. All swimmers
did not swim the same distance, and the time spent
in cold water differed as well. The subjects were exa-
mined during the competition, and competitions are
usually more stressful than non-competitive situations.
To elucidate hsTn and NT-proBNP release during CWS,
a comparison of each swimmer in cold water and wa-
ter with a temperature of approximately 25 °C would
be beneficial. Monitoring the temperature before and
after the swim can clarify the influence of hypothermia.
A detailed questionnaire and medical examination be-
fore swimming and ECG monitoring before and after
swimming would be beneficial to assess whether ar-
rhythmias as a consequence of CWS-induced hypo-
thermia could be present in connection with the release
of ¢Tn or natriuretic peptides. Finally, future studies
should clarify whether there is a higher incidence of
arrhythmias or risk of cardiac events in the group of
swimmers with elevated cTn.

Conclusions

Cold water swimming can be connected with the
release of cardiac troponins; however, it is not con-
nected with the release of NT-proBNP. The highest
increase in cTn was observed in the participant with
the lowest body temperature after the swim and who
swam the longest distance.
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