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Abstract We investigated the effect of exercise in the
heat on both intracellular and extracellular Hsp72 in ath-
letes with a prior history of exertional heat illness (EHI).
Two groups of runners, one consisting of athletes who had
a previous history of EHI, and a control group (CON) of
similar age (29.7 & 1.2 and 29.1 + 2 years CON vs. EHI)
and fitness [maximal oxygen consumption (VO,max)
657 £2 and 64.5 4+ 3 ml kg”' min~' CON vs. EHI]
were recruited. Seven subjects in each group ran on a
treadmill for 1 h at 72 % VO,max in warm conditions
(30 °C, 40 % RH) reaching rectal temperatures of ~39.3
(CON) and ~39.2 °C (EHI). Blood was collected every
10 min during exercise and plasma was analysed for
extracellular Hsp72. Intracellular Hsp72 levels were mea-
sured in both monocytes and lymphocytes before and
immediately after the 60-min run, and then after 1h
recovery at an ambient temperature of 24 °C. Plasma
Hsp72 increased from 1.18 £ 0.14 and 0.86 + 0.08 ng/ml
(CON vs. EHI) at rest to 4.56 + 0.63 and 4.04 & 0.45 ng/ml
(CON vs. EHI, respectively) at the end of exercise
(p < 0.001), with no difference between groups. Lym-
phocyte Hsp72 was lower in the EHI group at 60 min of
exercise (p < 0.05), while monocyte Hsp72 was not dif-
ferent between groups. The results of the present study
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suggest that the plasma Hsp72 response to exercise in
athletes with a prior history of EHI remained similar to that
of the CON group, while the lymphocyte Hsp72 response
was reduced.
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Introduction

Heat stroke is a potentially fatal illness which can present
in two forms, classic heat stroke which affects the elderly
or very young, and exertional heat stroke which is found
mainly in young fit individuals following intense prolonged
exercise (Moreau and Deeter 2005; Sawka et al. 2011).
Diagnosis is based on an elevated body temperature
(>40 °C) and the presence of neurological symptoms
(Bouchama and Knochel 2002). Even with treatment, the
illness is often fatal, or the patient is left with neurological
sequelae (Leon and Helwig 2010). Postmortem analysis
has shown that one of the most striking features of exer-
tional heat stroke is that many organs are affected with
haemorrhages (Malamud et al. 1946). Other findings
include liver damage, renal dysfunction and disseminated
intravascular coagulation that is a common, and in some
cases fatal, complication of heat stroke (Sutton 1984; Leon
and Helwig 2010).

The heat shock proteins (Hsps) range in size from 15 to
110 kDa and function by refolding other proteins and
moving them between cellular compartments (Horowitz
and Robinson 2007). The most studied member of this
group, heat shock protein 72 (Hsp72), is strongly induced
by heat, and can be protective against a subsequent stress
that may be the same or of a different form (Kregel 2002).
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In cellular models, injection of Hsp70 antibody renders the
cell extremely sensitive to heat stress (Riabowol et al.
1988). Yang et al. (1998) found that upregulation of Hsp72
by both heat and chemical stress in a rodent model pro-
tected against a subsequent heat stress that normally
induced heat stroke. Such studies point to the possible role
of Hsp72 in the prevention of heat stroke in humans.

There is a natural variability in the basal synthesis and
inducibility of Hsp72 in a human population (Lyashko
et al. 1994; Boshoff et al. 2000) and it is possible that
impaired Hsp72 expression and/or inducibility may lead to
a greater susceptibility to exertional heat stroke. This is
supported by observations in the elderly, where diminished
induction of liver Hsp72 in response to heat stress is
thought to be associated with increased mortality in con-
ditions of high ambient temperature (Zhang et al. 2006).

While intracellular Hsps have a well-established role in
protecting the cell against subsequent stress, the function of
plasma Hsp72 is less well documented. It is thought that
Hsp72 acts as a chemokine in the plasma, initiating an
inflammatory response (Dybdahl et al. 2002). Recently, it
has been suggested that lymphocytes are a major source of
Hsp72 in the plasma during intense exercise (Heck et al.
2011). Hence, lower levels of leucocyte Hsp72 may also be
reflected by reduced levels of plasma Hsp72. Analysis of
plasma Hsp72 is more straightforward than leucocyte
Hsp72, and this could form a useful screening test to
identify athletes at risk of developing exertional heat illness
(EHI).

Thus, the aim of this study was to determine the intra-
and extracellular Hsp72 responses during exercise in the
heat in athletes with a prior history of EHI compared with a
control group who had never suffered from heat illness. We
hypothesised firstly that plasma Hsp72 concentration
would be reduced during and following an exercise chal-
lenge in the heat in athletes with a history of EHI compared
with control athletes, and secondly that a similar difference
between these groups of athletes would be found in lym-
phocytes and monocytes.

Methods
Subjects

Fourteen healthy young men (<40 years) participated in
the study which was approved by the University of Sydney
Human Ethics Committee. All subjects were medically
screened and written informed consent was obtained after
an explanation of the experimental protocol and possible
risks were given.

The EHI group consisted of seven subjects who had
previously experienced an episode of heat illness. Criteria
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Table 1 Anthropometric and aerobic fitness values

Control EHI
Age (years) 297 £ 1.2 29.1 £2.2
Weight (kg) 73.8 £ 34 778 £ 2.6
Height (m) 1.79 £ 0.03 1.81 + 0.02
Vo, max (ml/kg/min) 65.7 £ 2.0 64.5 £ 2.7

Values are mean £ SE

EHI exertional heat illness group, VO,max maximal oxygen
consumption

for inclusion in the EHI group included treatment during or
after a running event by medical personnel as well as a high
rectal temperature (>41.0 °C), and/or rhabdomyolysis,
and/or signs of neurological dysfunction such as loss of
consciousness or confusion and/or combative behaviour.
The control group (CON) consisted of seven subjects of
similar age and aerobic fitness level as the subjects with
heat illness. The main criterion for inclusion in the CON
group was that they were athletes in training who had not
experienced an episode of heat illness. Subjects were
excluded from the study if they were taking medication or
if they were suffering from cardiovascular or metabolic
disease. Anthropometric and aerobic fitness levels of all the
subjects in the study are presented in Table 1.

Exercise tests

On the first visit to the laboratory, all subjects undertook a
standard incremental gradient exercise test to volitional
exhaustion on a treadmill in a temperate environment
[20 °C, 40 % relative humidity (RH)] to determine their
maximal oxygen uptake (VO,max). The incremental test
consisted firstly of running for 4 min at four submaximal
velocities (10, 12, 14 and 16 km hfl), followed by a rest
period, and secondly an increase in incline (2 % at 2 min
intervals) until volitional fatigue while running at
10 km h™'. The running velocity corresponding to 72 %
VO,max was calculated from the VO,: running velocity
relationship. Expired respiratory gas was collected using
Douglas bags during the last minute of each work load
while ventilation volume was measured with a Harvard dry
gas metre (Harvard Ltd., Edenbridge, UK) and the volume
was corrected to standardised temperature, pressure and
dry gas (STPD). Pml1111E oxygen and IrI507 carbon
dioxide analysers (Servomex, Sugar Land, USA) enabled
the fractions of oxygen and carbon dioxide, respectively, to
be determined.

The subjects returned for the exercise-heat test approx-
imately 1 week after the VOzmaX test. Subjects were asked
to refrain from vigorous physical activity and consumption
of caffeine and alcohol in the preceding 24 h. On
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presentation to the laboratory, subjects were weighed, a
cannula was inserted into an antecubital vein and a resting
blood sample was collected. The exercise-heat test was
performed at a running velocity that elicited 72 % of the
subject’s VOzmax in a climate chamber set to 40 % RH
and ambient temperature of 30 °C. A fan was turned on
after 10 min of exercise and set to an air velocity of
10 km h™'. A blood sample (5-10 ml) was taken at 10-min
intervals during exercise and immediately after the end of
the exercise-heat test. The test was terminated after 1 h of
running, at exhaustion, if the subject’s core temperature
increased beyond 39.9 °C, or whichever occurred first. A
final blood sample was taken 1 h after the cessation of
exercise.

During the exercise-heat test, heart rate was monitored
continuously using a T-31 Polar transmitter—receiver
(Kempele, Finland) and recorded every 10 min. Every
15 min, subjects were asked to rate their level of perceived
exertion using the Borg category scale (Borg 1982) and
thermal comfort was evaluated using the Bedford Thermal
Comfort Scale (Bedford 1936).

Rectal temperature (7,..) was measured and recorded on
a Digisense 400 series portable data logger (Cole Parmer,
IL, USA) as an index of core temperature using a YSI 400
series thermistor probe (Mallinckrodt Medical, MO, USA)
inserted to a depth of 10 cm past the anal sphincter. Skin
temperature was measured at four sites using iButtonTM
temperature sensors/data loggers (Maxim Integrated Pro-
ducts, Sunnyvale, USA). An area-weighted mean skin
temperature was calculated from the four sites (Ramanthan
1964). Rectal temperature was measured every 5 min while
skin temperature was acquired every minute. Sweat rate
was estimated by weighing the subject and their clothes
before and after exercise, with corrections made for the
water ingested during exercise and sweat contained within
running attire. Expired gases were collected during the heat
test at 10, 20 and 55 min and analysed as described pre-
viously. Subjects were permitted to drink water ad libitum
during the exercise period.

Biochemical analysis

Samples for flow cytometry, plasma Hsp72 and for hae-
matology measures were collected into EDTA tubes at rest,
after 60 min of exercise and 1 h post exercise (1 h post)
with additional samples for plasma Hsp72 collected every
10 min during the exercise period. The sample for plasma
Hsp72 was immediately placed on ice, while samples for
haematology and flow cytometry were kept at room tem-
perature. Haematology analysis was performed using a
Sysmex KX-2IN instrument (Sysmex, Kobe, Japan) and
lymphocyte and monocyte counts were corrected for

changes in plasma volume as described previously (Dill
and Costill 1974). Plasma Hsp72 was analysed using a
commercial kit (catalogue number DYC1663, R and D
Systems, MN, USA). Samples were diluted 1/5 in PBS
containing 1 mM EDTA and 0.5 % Triton X-100 and
assayed according to the manufacturer’s instructions and
previous research (Molvarec et al. 2009).

The expression of Hsp72 in monocytes and lymphocytes
was measured by flow cytometry on a FACSCalibur (BD
Biosciences, USA) as previously described (Simar et al.
2007). Briefly, 100 pul of EDTA-treated blood was mixed
with 5 pl of anti-CD14 phycoerythrin (PE) conjugated or
the corresponding isotype control and incubated in the dark
for 20 min at room temperature. The erythrocytes were
then lysed by incubating the cells in a solution consisting of
0.1 mM NaEDTA, 166 mM NH,CIl and 10 mM KHCOs;,
and then washing with phosphate-buffered saline (PBS, pH
7.4) supplemented with 1 % bovine serum albumin (BSA).
Leucocytes were fixed using 100 pl of the reagent A from
an Intrastain Fixation and Permeabilization Kit for flow
cytometry (Dako, Glostrup, Denmark). For the permeabil-
isation step, 100 pl reagent B was mixed with the cells and
1 png of either anti-Hsp72 FITC conjugated (Assay
Designs, MI, USA) or the FITC-labelled mouse isotype
control (BD Biosciences Pharmingen, CA, USA) were
added and the cells incubated for 20 min on ice. After
washing with PBS, the cells were fixed with 1 % parafor-
maldehyde (PFA) and stored at 4 °C in the dark until
analysis. Monocytes and lymphocytes were differentiated
according to size and granularity and using CD14 positive
staining with a minimum of 10,000 cells included in the
analysis. Data were analysed using Cytobank software
(Cytobank Inc, CA, USA). The expression level of Hsp72
within each cell population was measured using the median
fluorescence intensity (MFI) and background fluorescence
was accounted for using the isotype control.

In vitro heat shock experiment

A resting blood sample from each subject was heated for
2 h at 42 °C and the cells were analysed by flow cytometry
for monocyte and lymphocyte Hsp72. A similar heat shock
protocol has been used previously (Fehrenbach et al. 2001).

Statistics

Statistical analysis was carried out using SPSS 19.0. Non-
paired Student’s ¢ test was used to compare anthropometric
parameters including weight, height, age, VO,max, maxi-
mum heart rate, skin temperature and sweat rate. A com-
parison was made between the two groups for monocyte
and lymphocyte Hsp72 in the heat-shocked blood samples
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using Student’s ¢ test. For other measures, a two-way
ANOVA was conducted with repeated measures on time.
To correct for violations of the assumption of sphericity
with the repeated factor, the Huynh-Feldt correction was
applied to the F ratio. Post hoc comparisons (Bonferroni)
were used to further analyse the time effect where it was
significant. When a group difference was found, each time
point was assessed using a non-paired Student’s 7 test.
Plasma Hsp72 during exercise was tested for a linear trend
with respect to time. A significance level of p < 0.05 was
selected and results are reported as mean £ SE.

Results
Subjects

All runners in the EHI group had serious symptoms at the
time of collapse (either signs of CNS dysfunction, and/or
rhabdomyolysis). T, at collapse was 41.5 + 0.4 °C (range
39.7-42.9 °C, n = 6). Rectal temperature was obtained
either from the medical record (n = 2), or by self report.
Time since collapse ranged from 6 weeks to 10 years.

There were no significant differences between the
groups with respect to age, weight, height and aerobic fit-
ness (Table 1).

Physiological responses to heat stress

Two subjects in the EHI group and one in the CON group
reached a T of 39.9 °C resulting in an early termination
of the exercise-heat test at 50-55 min. Sweat rate at the end
of exercise did not differ between groups (1.7 & 0.1 vs.
1.4 + 0.2 1/h CON vs. EHI). Heart rate increased over time
during the exercise test (p < 0.001) with no difference
between the two groups.

Tiec is shown in Fig. 1 with a similar response for the
two groups. The T, after 60 min of exercise was
39.32 + 0.18 and 39.19 £ 0.41 °C (p > 0.05, CON vs.
EHI). Time since collapse did not affect T, since when the
EHI group was further divided into those with col-
lapse <1 year and >1 year, there was no difference when
these subgroups were compared with the CON group
(p > 0.05). This suggests that runners had recovered from
any abnormal thermoregulatory responses that may have
precipitated their collapse previously. Skin temperature
was 33.43 4+ 0.42 vs. 33.28 + 0.35 °C after 60 min of
exercise with no difference between groups (p > 0.05)
(CON vs. EHI, respectively). There was a significant time
effect for the rating of perceived exertion (p < 0.001)
increasing from 12.4 & 0.4 and 11.5 & 0.5 (15 min) to
15.3 £ 0.6 and 14.7 £ 0.8 (CON vs. EHI) after 60 min of
exercise with no difference between groups. There was a
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Fig. 1 Rectal temperature (7}..) during prolonged exercise in the
heat. EHI exertional heat illness group. A significant time effect was
observed in both groups (p < 0.001)

time effect for thermal comfort (p < 0.005) but no signif-
icant difference between groups.

Haematology

Lymphocyte and monocyte counts increased with time
(Table 2; p < 0.001). Lymphocyte numbers were the same
for both groups while there was a group effect for mono-
cyte number (p < 0.05). There was no significant interac-
tion between group and time. Post hoc analysis found a
higher monocyte count in EHI compared with the CON
group at 60 min and 1 h post exercise (p < 0.05).

Hsp72 expression

There was a significant time effect for plasma Hsp72
(p < 0.001) with no difference between groups (Fig. 2).
Further post hoc analysis of the time effect showed that
plasma Hsp72 was higher at 10 min of exercise compared
to pre (p < 0.005) and all other time points were higher
than pre (p < 0.001). The increase during exercise could be
described by a linear trend line (p < 0.001).

Lymphocyte Hsp72 was significantly lower in EHI
compared with the CON group (Fig. 3a, group effect,
p < 0.05) with no time effect and no group by time inter-
action. The groups were significantly different at 60 min of
exercise (p < 0.05) with a trend to significance at pre- and
post-1 h (p = 0.060 and 0.065, respectively). Hsp72
expression in monocytes was not significantly different
between groups (p > 0.05) and showed a significant
increase with time (Fig. 3b; p < 0.005), with post hoc
analysis demonstrating that post 1 h was greater than rest
and 60 min (Fig. 3b; p < 0.005).
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Table 2 Haematological parameters

Group 0 min 60 min 1 h post Group effect Time effect
Monocyte count (x 10°/1) Control 04 £ 0.1 0.5 £ 0.1%* 04 £ 0.1%* p < 0.05* p < 0.005
EHI 0.6 £ 0.1 0.8 £ 0.1 0.5+ 0.1
Lymphocyte count (x 10°1) Control 1.5+£02 28 £03 1.1 £ 0.1 NS p < 0.001
EHI 1.5+£0.1 32+03 12 £0.1

Values are mean £ SE

Hsp72 heat shock protein 72, EHI exertional heat illness group, NS not significant

*QGroups were significantly different p < 0.05; **post hoc testing showed significant differences between Control and EHI groups at these time

points (p < 0.05)
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Fig. 2 Plasma Hsp72 during prolonged exercise in the heat. There
was a significant time effect (p < 0.001) with no difference between
groups

In vitro heat shock experiment

Blood collected at rest was heated in a water bath for 2 h
and the leucocytes analysed for Hsp72 expression. There
was no significant change in leucocyte number following
in vitro heat shock (p > 0.05, n = 13). There was a sig-
nificant induction of Hsp72 in both lymphocytes and
monocytes with heating (Fig. 4; p < 0.001). In the heat-
shocked samples, there was no difference between groups
for monocyte Hsp72 while there was a trend for lympho-
cyte Hsp72 to be lower in the EHI group (p = 0.086).

Discussion

The aim of this study was to determine the Hsp72
responses in lymphocytes, monocytes and plasma during
exercise in the heat in athletes with a prior history of EHI
compared with a control group who had never suffered
from heat illness. A unique feature of the present study was

that the EHI athletes in this study were recruited on the
basis of their medical history, and were not heat intolerant
as determined from their rectal temperature rise during the
exercise session (Fig. 1). Our study found that lymphocyte
Hsp72 was lower in the EHI compared with the CON
group, while no difference was found for monocyte and
plasma Hsp72.

Plasma Hsp72 increased approximately fourfold with
exercise, with no observed group difference. Similar
increases in plasma Hsp72 have been noted previously at
this exercise intensity and duration (Whitham et al. 2006).
It has been suggested that Hsp72 is secreted into plasma via
exosomes which are small vesicles that cross the plasma
membrane (de Maio 2011). Various cells and organs have
been identified as possible sources of plasma Hsp72
including lymphocytes (Heck et al. 2011), liver (Febbraio
et al. 2002) and brain (Lancaster et al. 2004). Plasma
Hsp72 functions as a signalling molecule, potentially act-
ing as a danger signal in the cell and activating a pro-
inflammatory response (Asea et al. 2002). An interesting
observation was the rapid increase in plasma Hsp72 com-
pared with rest after only 10 min of exercise (p < 0.005)
(Fig. 2). Over the course of the exercise period, the plasma
Hsp72 increased in a linear function. Most studies have
only collected data on plasma Hsp72 before and after
exercise, so serial data points every 10 min during exercise
add to the limited information on the kinetics of plasma
Hsp72. Further studies are needed to determine the source
and role of Hsp72 in plasma.

In the present study, we found that athletes with a his-
tory of prior EHI had lower lymphocyte Hsp72 levels
compared with the CON group. The finding of a lower
lymphocyte Hsp72 level in EHI runners is consistent with
previous research linking higher Hsp72 levels with pro-
tection against thermal stress (Yang et al. 1998). A previ-
ous study that categorised participants as heat intolerant in
response to a 2 h walk in the heat found lower lymphocyte
Hsp72 1 h post exercise (Moran et al. 2006), which is
consistent with the present study. However, the athletes in
the present study were no longer heat intolerant, suggesting
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Fig. 3 Lymphocyte and (a)
monocyte heat shock protein 72 14
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(Hsp72) expression as measured *
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intensity (MFI) before and after
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and EHI athlete is shown to the
right of each graph (arbitrary
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that the impaired Hsp72 response was not a temporary
response to the EHI episode, but an innate characteristic. A
refinement of the present study was that lymphocytes and
monocytes were differentiated by flow cytometry while the
results in the aforementioned study (Moran et al. 2006)
were based on a mixed lymphocyte/monocyte preparation.
Such a difference in lymphocyte Hsp72 may prove useful
in screening athletes at risk of developing EHI especially
when simpler methods become available for performing
the analysis. It should be noted that the present study is
limited by the small number of subjects, and the fact that
only young males were included. Further studies are nee-
ded with more subjects including females and older indi-
viduals to confirm the study findings.

Many studies on heat stress in athletes have examined
the leucocytes partly because of their accessibility, but also
because these are circulating cells that are exposed to the
same temperatures and stressors as the various organs of
the body (Sonna et al. 2002; Lovell et al. 2008). Leuco-
cytes are often used in human studies because of their ease
of isolation and it is tempting to infer that lymphocyte
Hsp72 levels could be a reflection of levels in other tissues,
although this is yet to be confirmed. In patients who
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underwent cardiac surgery, no correlation between heart
muscle and lymphocyte Hsp72 levels was reported, sug-
gesting that lymphocyte Hsp72 levels could not predict
myocardial levels (Demidov et al. 1999). While our study
has identified lower levels of Hsp72 in lymphocytes from
the EHI group, this cannot be generalised to other organs.
Hsp72 levels were approximately four times higher in
monocytes than in lymphocytes and this is consistent with
other studies (Oehler et al. 2001; Bautmans et al. 2005;
Simar et al. 2007). During the inflammatory process, higher
Hsp72 levels may be important in protecting monocytes
against reactive oxygen species (Oehler et al. 2001). Sur-
prisingly, we did not find a difference between EHI and
CON subjects in monocyte Hsp72. Monocytes have a
shorter life cycle in the circulation compared with lym-
phocytes, and they are more responsive to stress with
increases in monocyte Hsp72 occurring at lower tempera-
tures than lymphocyte Hsp72 (Oehler et al. 2001). It is
possible that monocyte Hsp72 is more variable than lym-
phocyte Hsp72 with a rapid response to local stressful
events.

We did not find any difference between the two groups
in terms of Hsp72 inducibility in monocytes following a
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Fig. 4 Lymphocyte and monocyte heat shock protein 72 (Hsp72)
expression as measured using median fluorescence intensity (MFI)
before and after heat stress (HS) in Control and exertional heat illness
(EHI) groups. A typical example of flow cytometric analysis of blood

2 h in vitro heat shock, while lymphocyte Hsp72 levels
tended to be lower in the EHI group (p = 0.086). In
another study, induction of Hsp72 in lymphocytes from
EHI patients did not differ from a control group shortly
after the heat stress episode; however, 6 months later the
recovered EHI patients tended to show higher levels of
Hsp72 following heat shock (Xiao et al. 2003). The dif-
ferent trend in the present study may be due to regional/
seasonal differences (the previous study was conducted in
China) as it has been shown that the climatic conditions in
which people live can have an impact on the cellular
response to heat shock (Lyashko et al. 1994). The severity
of the EHI suffered by the athletes prior to the present
study was also greater with core temperatures usually
exceeding 41 °C at the time of collapse, whereas in the
Xiao et al. (2003) study mean oral temperature was
39.1 °C.

As leucocytes are a source of extracellular Hsp72, it was
of interest to determine white blood cell number. A higher

Monocytes

——

30.00 105.00 180.00

from a Control and EHI athlete is shown to the right of each graph
(arbitrary units). 0, resting sample; HS, sample incubated for 2 h at
42 °C. *Significant temperature effect (p < 0.001). FITC fluorescein
isothiocyanate

monocyte count was found in the EHI athletes with no
difference in lymphocyte count between the two groups.
It is known that trained athletes have higher numbers of
total monocytes as well as the inflammatory subset
CD14+4CD16+ compared with untrained individuals
(Selkirk et al. 2009). However, both groups of subjects in
the present study were well matched in terms of VO,max
and age, and as such it is unlikely that training status can
explain the difference in monocyte count. Inflammatory
monocytes are responsible for transcription of cytokines
(Selkirk et al. 2009) and are more sensitive to lipopoly-
saccharide. It should be noted that monocyte number for
EHI runners was still in the normal range established for
athletes previously (Horn et al. 2010). A higher monocyte
count is potentially significant, given the ability of these
cells to synthesise proinflammatory cytokines—thus fur-
ther research is needed to measure monocyte number (both
total and the inflammatory subset) in individuals with a
prior history of EHI.
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Conclusion

Our hypothesis that athletes with a prior history of EHI
would demonstrate lower plasma Hsp72 concentration
during exercise in the heat was not confirmed in this study.
Our second hypothesis was partly confirmed with a sig-
nificantly lower lymphocyte Hsp72 concentration in EHI
runners, while monocyte Hsp72 was unchanged. The
interesting possibility that a lower lymphocyte Hsp72
concentration during exercise might predispose these run-
ners to develop EHI needs to be confirmed by further
research.
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