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Abstract \
Background: The change in N-terminal pro-B-type natriuretic peptide (NT-proBNP) levels follows a paradox imposed by strenu-
ous endurance exercise. Previous reports showed significant body weight (BW) loss was common in ultramarathon runners. This
study investigated whether the BW change and renin—-angiotensin-aldosterone system activation contribute to exercise-induced
NT-proBNP release.

Methods: A total of 26 participants who finished a 100 km ultramarathon in Taiwan were enrolled. For each participant, blood
samples and spot urine samples were collected 1 week before the race, as well as immediately and 24 hours after the finish. BW
change was recorded to monitor the hydration status.

Results: Prolonged endurance exercise led to a substantial increase in NT-proBNP. Compared with prerace values, NT-proBNP
levels significantly increased immediately after the race (24.3 + 20.2 pg/mL to 402.9 + 305.9 pg/mL, p < 0.05) and maintained
high levels until 24 hours after the race (143.7 = 126.1 pg/mL, p < 0.05). The fractional excretion of sodium values was below
1% in three different time points. The 100 km ultramarathon resulted in significant BW loss and elevated renin and aldosterone
levels. However, only 24 hours after the race, a positive significant relationship was found between NT-proBNP and aldosterone
levels (p = 0.007, r> = 0.267), but a negative significant relationship between NT-proBNP and BW increased during the recovery
phase (p < 0.001, r? = 0.372).

Conclusion: The mechanism of NT-proBNP release immediately following the race was multifaceted. During the recovery phase,
rehydration might lead to the decrease of NT-proBNP. Our observations with regard to aldosterone and NT-proBNP might be in
response to help the body maintains hydration state.
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1. INTRODUCTION

Ultramarathon, which is a running race longer than an offi-

metabolic responses to finish the competition.® Ultramarathon
running is associated with a wide range of considerable changes

cial marathon (42.195 km or 26.2 miles), has gained increased
popularity in recent decades worldwide.* During this long-
distance event, the participants excite a huge physiological and
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in hematological parameters.">* In addition, the high physiolog-
ical demands required during an ultramarathon running may
be associated with an increased risk for health, as electrolyte
imbalance,’ rhabdomyolysis, acute kidney injury,>® and cardiac
arrest.” Hence, understanding of athletes’ hematological, physi-
ological and cardiovascular consequences during these exhaus-
tive exercise are becoming more important.

Taiwan is not an exception to these events. The number of
races held in Taiwan has increased from a single race in 2005
to 124 races in 2018.® However, the increasing popularity of
extreme endurance exercise necessitates a clear understanding
of the cardiovascular consequences associated with such races.
The prolonged duration of exercise performed during ultramar-
athon events is particularly important, considering that these
races require increased cardiac work. In our previous study,
up to 80.7% of finishers exhibited detectable levels of cardiac
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troponin I after 100 km ultramarathon.* Long-distance running
stimulates an increase in cardiac biomarkers, not only cardiac
troponin but also N-terminal pro-B-type natriuretic peptide
(NT-proBNP).*10

NT-proBNP belongs to the cardiac natriuretic peptide family
that is released from the heart in response to overloaded volume
and pressure.!" NT-proBNP level increases with the severity of
left ventricular dysfunction and/or hypertrophy; therefore, it has
become a useful biomarker for the diagnosis and prognosis of
heart failure.!?> The change in NT-proBNP levels is associated
with this kind of strenuous exercise-imposed paradox. Running
a half marathon and a marathon induced slight changes in
NT-proBNP levels, with no data exceeding the upper range
limit of 125 pg/mL."** Meanwhile, NT-proBNP increment
after endurance exercise had been revealed by some maratho-
ners.!%!5 Serrano-Osta and colleagues reported that NT-proBNP
increase is associated with exercise duration but not exercise
intensity.'® NT-proBNP expression is related to extreme exer-
cise, increases vasodilatation, and inhibits sympathetic nerves to
protect the cardiac myocytes.'® During a 246 km ultramarathon
foot race event, NT-proBNP increased remarkably.'” Scott and
colleagues demonstrated that a 160 km ultramarathon resulted
in a mild decrease of left ventricular function and a significant
NT-proBNP release.'* However, the mechanisms related to these
responses have not been extensively explained.

The release of NT-proBNP has been associated with various
physiological functions, such as vasodilatation, diuresis, sodium
excretion, inhibition of renin secretion, and suppression of
aldosterone synthesis.!”? The disorders of the heart and kid-
neys whereby acute or chronic dysfunction in one organ might
induce acute or chronic dysfunction of the other.?! A weak but
significant correlation was found among the fluctuating param-
eters representing the cardiac and renal system in ultramarathon
runners.??? Furthermore, a substantial body weight (BW) loss
is common in 100 km ultramarathon runners.? The renin-angio-
tensin-aldosterone system (RAAS) can be activated when blood
volume loss is manifested, such as in dehydration. The RAAS
is a group of related hormones that regulates blood pressure
and fluid and electrolyte balance. Therefore, the purpose of the
present study was to investigate the relationship between BW
change, serum renin, aldosterone, and NT-proBNP levels. It was
hypothezied that BW loss and RAAS activation possibly con-
tribute to exercise-induced NT-proBNP release.

2. METHODS

2.1. Study population

Institutional Review Board approval (VGHIRB No: 2011-
01-0611IC) was obtained from the Ethics Committee of Taipei
Veterans General Hospital. The protocol was approved by the
Chinese Taipei Association of Ultrarunners. Amateur runners
were scheduled to participate in the 2011 Soochow University
100 km ultramarathon in Taipei, Taiwan. Athletes volunteered
for the study and provided written consent before participation.
We excluded subjects with a history of cardiovascular disease
(including congenital heart disease, coronary heart disease, and
congestive heart failure). Subject characteristics and medical and
training history were collected using predesigned clinical ques-
tionnaire forms that were personally filled out by the subjects.
Variables included subject height, training load, previous mara-
thon completion times, medical history, and medicine used within
the past week. The route was based on the university stadium
track (400m track circumference). Food and drink stations were
set up and accessible along the route. BW change, fluid intake, and
urine excretion were recorded to monitor the hydration status.
To improve the accuracy of BW measurements, we maintained
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calibration and verification logs for our scale. Furthermore, we
used the same scale and performed all scale measurements twice.
BW was measured right before the competition, immediately fol-
lowing the race, and 24 hours after the race. All runners were
allowed to have a short period to towel-dry before making BW
measurements immediately after the race. BW change was the dif-
ference between prerace and immediate or 24 hours postrace and
shown as percentage change from prerace measurements.

A total of 26 runners (25 male and 1 female) were recruited
into our study. The training load of each subject and the com-
pleted 100 km running time are described in previous reports.!?
The ultramarathon was held in a sunny day, with temperature
range of 24.9-28.7 °C, humidity of 66%-87%, and wind speed
range of 0-6.5 m/s (Central Weather Bureau). All subjects have
previous marathon experience, as well as training schedule. The
average experience of running marathon was 5.4 = 3.4 times,
and the average best marathon time was 211.3 = 21.2 minutes.
Moreover, 4 runners (15%) had a weekly training of <40 km,
15 runners (58%) had a weekly training of 40-100 km, and 7
runners (27%) had a weekly training of >100 km.

2.2. Data collection

Blood (20mL) was drawn from the antecubital vein by sterile
techniques 1 week before, immediately following, and at least
24 hours after the race, as well as urine samples. All specimens
were refrigerated and transported to the laboratory within 4
hours of sampling. None of the specimens demonstrated signs
of hemolysis. Plasma samples were assayed on the Cobas 6000
analyzer. NT-proBNP levels were measured with an electrochem-
iluminescence sandwich immunoassay (Elecsys ProBNP, Roche
Diagnostics) using the Roche €601 system. For subjects aged <75
years, the upper normal range limit was 125 pg/mL. Aldosterone
and renin levels were determined by Architect I-2000 analyzer
(Abbott Diagnostics, Abbott Park, IL, USA), which demon-
strates a chemiluminescent microparticle immunoassay. Other
serum samples were assayed on the Siemen Dimension RXL
Max Integrated Chemistry System using reagents supplied by
the manufacturer. Spot urine samples were also collected to ana-
lyze the electrolyte levels and specific gravity.

2.3. Fractional excretion of sodium

Fractional excretion of sodium (FeNa) calculation predicts the
likelihood of patient of acquiring acute renal failure due to pre-
renal, intrinsic, or postrenal pathology.?® The following formula
calculates the FeNa by using plasma sodium and creatinine con-
centrations (P[Na] and P[Cr]) and spot urine sodium and creati-
nine levels (U[Na] and U[Cr]) obtained simultaneously.

FeNa = (U[Na] x P[Cr])/(P[Na] x U[Cr]) x 100

FeNa > 2% suggests post-glomerular failure, whereas FeNa
< 1% suggests prerenal azotemia (volume depletion). We then
measured the FeNa levels of ultramarathon runners at prerace,
immediate, and 24 hours postrace.

2.4. Statistical analysis

All data were shown as mean = standard deviation.
NT-proBNP, renin, and aldosterone levels were analyzed. We
used Shapiro-Wilk normality test to test whether the measured
values of parameters followed normal distribution. The results
suggested 11 parameters out of 15 (3 time points x weight,
NT-proBNP, aldosterone, renin, and FeNa) were significantly
different with normal distribution (p < 0.05). Therefore, all
statistical analyses were compared using the Wilcoxon signed-
rank test with R (3.5.1) statistics environment. The Pearson
correlation coefficient was used to evaluate the association of
NT-proBNP /renin/aldosterone/BW changes. Differences were
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statistically significant when p < 0.05. In addition, the coef-
ficient of determination calculated from linear regression was
reported to evaluate the proportion of the variance explained
by the linear model.

3. RESULTS

3.1. Clinical variables of subjects

A total of 26 runners were enrolled in this study. All of them
completed a 100-km ultramarathon. None had relevant medi-
cal problems during or 24 hours after the race. Table 1 shows
the clinical variables of the 26 participants. The average age of
the participants was 46.9 = 9.0 years. Their BMI was 23.0 =
2.2kg/m?. All 26 subjects completed a 100-km ultramarathon

Demographic data and outcome measurement of 100 km
ultramarathon runners

Variable n=26
Age () 46.9+9.0
Gender, n (%)
Males 25 (96.2%)
Females 1(3.8%)
Height (cm) 1679+75
BW (kg) 65.0 + 9.4
BMI (kg/m?) 230+22
Outcomes
Finished time (min) 670.0 £ 85.3
Total drinking consumed (mL) 6906 + 2687
Amount of urine excreted (mL) 252.5+166.6
BW change (immediate postrace), % -2.6+1.6%
BW change (24 hours postrace), % -1.1+£2.0%

BW = body weight; BMI = body mass index.
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and finished the race in 670.0 = 85.3 minutes. No missing data,
as well as undetectable data, were noted.

3.2. Serum NT-proBNP levels

The prerace values of NT-proBNP were placed within the lower
and middle ranges of normal distribution. Compared with the
prerace values, NT-proBNP levels significantly increased imme-
diately after the race (24.3 = 20.2 pg/mL to 402.9 = 305.9 pg/
mL, p < 0.05) and maintained the lasting high levels until 24
hours after the race (143.7 = 126.1 pg/mL, p < 0.05). Overall, 24
(92.3%) out of the 26 participants had NT-proBNP levels above
the upper normal range limit immediately after the race without
adverse clinical sequelae (Fig. 1).

3.3. Hydration status evaluation

Hydration status evaluation was based on BW change. During
the race, subjects consumed an average of 6906 = 2687 mL of
fluid. However, BW was significantly decreased from prerace
measurements to all postrace measurements. We observed that
BW changes were -2.6% = 1.6% immediately following the
race. Furthermore, -1.1% = 2.0% of BW change was found 24
hours after the race, as shown in Table 1.

3.4. FeNa evaluation

FeNa typically decreases (<1%) as the volume depletes. The
FeNa levels were all below 1% in the prerace, immediate, and
24 hours postrace (Fig. 2).

3.5. Correlation of NT-proBNP with renin and aldosterone

Postexercise serum aldosterone and renin values were signifi-
cantly (p < 0.05) increased compared with the prerace values
(Table 2). NT-proBNP did not correlate with renin and aldos-
terone before the race and immediately after the race, whereas
NT-proBNP did not correlate with renin 24 hours after the race.
However, a positive significant relationship was found between

o
o _
9
i |
£ES |
o<
o
S’
o
=
S
| -

(=]
3 -
=

R jrat

prerace

immediately postrace

24 hours postrace

Fig. 1. Serum NT-proBNP levels of ultramarathon runners at prerace, immediate postrace, and 24 hours postrace. The horizontal lines denote the upper normal
range limit of NT-proBNP (125 pg/mL). Dots represent the NT-proBNP concentrations of the participants. The NT-proBNP concentrations of the same participant
at different time points are linked by dotted lines. Statistical significance was evaluated using the paired t test. * indicates a significant value (o < 0.05).
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Fig. 2. Time course of the fractional excretion of sodium (FeNa) levels of ultramarathon runners at prerace, immediate postrace, and 24 hours postrace. Data
are expressed as median value, interquartile range, and 5 and 95 percentile range.

Clinical and laboratory parameters throughout the 100-km
ultramarathon race (n = 26)

Parameter Prerace Immediate postrace 24 hours postrace
NT-proBNP (pg/mL) 24.3 +20.2 402.9 + 305.9? 143.7 +126.1°
Aldosterone (pg/mL)  118.1 + 48.8 717.0 + 301.9° 201.4 + 169.0°
Renin (ng/L) 13.3+5.3 84.3 + 48.5° 26.4 +16.6
BW (kg) 65.0 +9.4 63.3+9.12 64.2 + 8.9°

*p < 0.05 versus prerace values.
BW = body weight.

NT-proBNP and aldosterone levels 24 hours after the race
(p =0.007,7* = 0.267) (Fig. 3).

3.6. Correlation between NT-proBNP and BW changes

BW immediately after the race (63.3 = 9.1kg) and 24 hours after
the race (64.2 = 8.9kg) was significantly lower than the prerace
values (65.0 = 9.4kg). We then analyzed the correlation between
the BW changes and serum NT-proBNP levels. No correlation
existed between the two abovementioned parameters immedi-
ately after the race. However, 24 hours after the race, a negative
significant relationship existed between the NT-proBNP values
and BW increase (p < 0.001, 7> = 0.372) (Fig. 4).

4. DISCUSSION

Similar to previous results,''® our data showed that a pro-
longed endurance exercise can lead to a substantial increase
in NT-proBNP levels immediately after the race and lasted for
24 hours after the race. Furthermore, 100-km ultramarathon
resulted in significant BW loss and RAAS activation immediately
and 24 hours after the race. There was no correlation between
NT-proBNP and renin, aldosterone, or BW changes immedi-
ately after the race. Also, NT-proBNP levels did not significantly
correlate with renin values 24 hours after the race. However,
a positive significant relationship existed between NT-proBNP
and aldosterone levels 24 hours after the race, and a negative
significant relationship existed between the NT-proBNP values
and BW increase during the recovery phase. Our results indi-
cated that changes in the aldosterone concentrations and BW
increase were associated with the changes in the NT-proBNP
levels only in the 24 hours after the race.
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Our study showed that 92.3% of the subjects had elevated
NT-proBNP levels above the upper normal range limit immedi-
ately after the race without adverse clinical sequelae. NT-proBNP
increase is associated with exercise duration.'®'® Furthermore,
NT-proBNP expression is related to extreme exercise, increases
vasodilatation, and inhibits the sympathetic nerves to protect
the cardiac myocytes.!® The average time for the studied subjects
to complete the 100 km course was 670 minutes (10+ hours).
Our results in terms of extent and changes over time support the
recent reports following a 246-km ultramarathon foot race and
a 160-km ultramarathon.'”'® In both publications, NT-proBNP
changes occurred during the exercise.

Ultramarathon runners developed a significant BW loss and
subsequently induced RAAS activation immediately after the
race. RAAS is associated with the acute and chronic defense of
plasma volume, blood pressure, and fluid and electrolyte bal-
ance during exercise and recovery.?* Dehydration induced by
diuretic administration led to an increase in renin activity and
aldosterone concentrations.”® Our results demonstrated that
serum renin and aldosterone concentrations were significantly
increased immediately after the race. Cardiac and renal systems
communicate and cooperate with each other precisely to main-
tain hemodynamic stability and perfect perfusion in essential
organs. Their interaction is bidirectional, and cardiorenal syn-
drome is defined as the simultaneous dysfunction of both the
heart and the kidney.?* However, changes in serum renin and
aldosterone concentrations were not associated with changes in
the NT-proBNP levels immediately after the race. NT-proBNP
release is associated with various physiological functions, such
as vasodilatation, diuresis, sodium excretion, inhibition of renin
secretion, and suppression of aldosterone synthesis.'”** The
100-km ultramarathon resulted in an immediate large-scale
stimulation of cytokine storms and sympathetic activation.?”
Endurance-induced hypoxia exerts a tremendous stress on the
heart, resulting in NT-proBNP release.?® The RAAS activation
might be one of the multifaceted mechanisms of NT-proBNP
release immediately following the race.

During the recovery phase, NT-proBNP levels dropped but
maintained the lasting high levels for 24 hours after the race. In
addition, BW increased, and serum renin and aldosterone levels
decreased. Notably, NT-proBNP levels had a negative significant
relationship with BW increase and a positive significant rela-
tionship with aldosterone levels 24 hours after the race. Thus,
rehydration might lead to the decrease of NT-proBNP in the
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Fig. 4. Correlation between body weight changes and NT-proBNP. (A) immediate postrace. (B) 24 hours postrace.

recovery state. Alzand et al*’ had presented a case with dehydra-
tion with high NT-proBNP levels. Normalization of NT-proBNP
level was achieved by the cessation of diuretics and the adminis-
tration of normal saline.?’

A change in BW might not be equal to the change in hydra-
tion status during a prolonged exercise.’**! The effects of BW
loss from substrate use, release of water bound with muscle
and liver glycogen, and production of water during substrate
metabolism required to maintain body water balance for an
ultramarathon runner.’! As much as 2%-3% of BW should
have been lost to maintain euhydration in the participants of
this event.’> However, the amount of BW loss would vary among
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individuals, largely depending on the individual energy cost and
energy intake. The BW loss for the runners in this study could be
<1% BW immediately after the race. Possibly, 24-hour BW loss
may comprise a substrate that has remained unreplenished to
a large degree. Given these theoretical calculations for the sub-
strate loss alone, the volunteers were possibly not dehydrated to
any extent following the 100-km ultramarathon event, consider-
ing that they consumed ~6L of fluid and more fluid may have
come from any food consumed. When considering that some
body mass should be lost to maintain euhydration, our observa-
tions with regard to aldosterone and NT-proBNP might be in
response to help the bodies maintain hydration status.
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We recognize several limitations to this noninterventional
study. First, the sample size is limited. Some small sample biases
may be present. Second, considering the paucity of the long-term
data >24 hours after the race, the integral variation of this heart
failure marker in response to ultramarathon cannot be well rec-
ognized. Third, hydration status was calculated from pre- to
postrace BW measures. However, these measures were not cor-
rected for fluid/food intake or sweat/urine/feces excretion. The
100 km ultramarathon event was long enough such that sub-
strate losses would be appreciable and would alter the post-BW
measures. These views might alter the findings and conclusions
of this study. Finally, the amount of individual sweating was not
recorded in this study. We do not know whether it is possible
that the increase of NT-proBNP is due to the sweating instead of
diuresis and vasodilatation. Further study is needed.

In our study, we highlight the findings of the contribution
of the RAAS activation and BW change to endurance exercise-
induced NT-proBNP release. A positive significant relation-
ship was found between NT-proBNP and aldosterone levels at
24 hours after the race, but a negative significant relationship
between NT-proBNP and BW increased during the recovery
phase. Our study represented the confluence of heart-kidney
interactions across several interfaces during an ultramarathon
run. These include alterations in hydration status, neurohormo-
nal, and inflammatory pathways, central to which are activa-
tion of the sympathetic nervous system, inflammatory storms,
and RAAS activation. Our study also provided biomarkers of
aldosterone and N'T-proBNP may provide valuable information
to indicate early cardiovascular responses and the repair pro-
cess during this long-distance event. A previous study regarding
“heart-gut-brain” axis found that exogenous BNP administra-
tion modulated ghrelin, hunger, and satiety in healthy men,*
while ghrelin comprised acyl ghrelin and des-acyl ghrelin which
might exert distinct biological actions.>** In our study, we did
not measure this hungry gastric hormone in ultramarathon run-
ners. Further study is needed to clarify this issue.

In conclusion, 100-km ultramarathon resulted in elevated
NT-proBNP levels, BW loss,and RAAS activation immediately and
24 hours after the race. The mechanisms of immediate NT-proBNP
release following the race were multifaceted. During the recovery
phase, rehydration might lead to the decrease of NT-proBNP. Our
observations with regard to aldosterone and NT-proBNP might be
in response to help the bodies maintain hydration state.
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