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Abstract

Objective and method: To examine the effect of altitude swimming training on BNP (Brain natriuretic peptide) and ANP
(Atrial Natriuretic Peptide) levels, and evaluate if BNP and ANP can be hemodynamic markers of hypoxia- and training-
induced stress, Ten collegiate swimmers (Tr) who participated in the altitude training camp at 1900m and 5 healthy
subjects (Con) were participated in this study. Blood samples were obtained before the training (dayO: Pre), during the
training (day5: T1, 10: T2, 16: T3), and after the training (5th after descent: Post). Results: Chronologically, BNP of Tr
decreased immediately after ascent and increased thereafter, however the changes were not significant. ANP levels
were almost unchanged in Tr, whereas there was an increase at T1 in Con compared with Tr (P<0.05). BNP/ANP ratio
was significantly higher in Tr (P<0.05) than Con at T3. The results of our study indicate that swimming training at an
altitude of 1900m may influence ANP and BNP in the different way, and the stimuli of training is dominant to the
hypoxic stress. Conclusion: Our results suggest that we can evaluate the training and hypoxic stress based on natriuretic
peptide levels, and predict the hemodynamics or dehydration state by monitoring the natriuretic peptide levels during
altitude training.
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INTRODUCTION

At present, many athletes playing various sports have undergone altitude training, and this has been the
trend in Japan also. In general, athletes may experience greater physiological stress during competition
and training at an altitude as compared to that at the sea level. Two of the most important physiological
changes that occur are altitude-induced decrements in arterial oxyhemoglobin saturation and maximal
oxygen consumption. Acclimatization as well as physiological response to high altitude, eg, hypobaric-
hypoxic stimuli, can influence altitude training. Therefore, it is believed that altitude training can improve
physical function by inducing erythrocytosis [ 2 31, However, exhaustive altitude training is required in
order to adapt to the stress and maintain the physical condition. Maladaptation to high altitude, usually
2400m above the sea level, includes high mountain sickness (HMS) and high altitude pulmonary edema
(HAPE) 1. Cardiovascular response at an altitude has been examined in some of the classic altitude
studies, which were conducted at relatively high elevations (>3,100m/10,170ft) using either untrained or
moderately trained subjects. Nevertheless, it is probably safe to assume that similar, but perhaps
attenuated, cardiovascular responses occur in well-trained or elite athletes upon exposure to more
moderate elevations where altitude training is typically conducted B, There are few altitude training sites
in Japan, therefore almost all Japanese athletes have conducted altitude trainings in the foreign countries
such as USA, Mexico, China. In 2005, we experienced a Japanese elite swimmer’s sudden death during the
altitude training, so we thought it was an urgent problem to confirm the physiological reaction particularly
in relation to the heart at the actual altitude training.

The natriuretic peptide family proteins, including brain natriuretic peptide (BNP) and atrial natriuretic
peptide (ANP), are known to regulate the body fluid balance and blood pressure; these are mainly
secreted from the dilated ventricle or atrium or by myocyte stretching > & 71, ANP secretion from the
atrium is stimulated by hypoxic condition, which results in hydration by urine and causes
hemoconcentration. However, the effect of altitude on BNP, which is mainly secreted from ventricle,
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causes hemoconcentration. However, the effect of altitude on BNP,
which is mainly secreted from ventricle, has not been reported. The
gene encoding BNP does not encode ANP [& 91, Furthermore, BNP was
suggested to exhibit less hourly variation [0 111 and was more sensitive
to myocardial injury or cardiac function as compared to ANP [12 13]
hence, BNP has been widely used as the marker of heart failure. The
main purpose of this study was to examine the effect of altitude
swimming training on BNP and ANP levels, and evaluate if BNP and
ANP can be hemodynamic markers of hypoxia- and training-induced
stress.

METHOD

Subjects: Ten collegiate swimmers who participated in the altitude
training camp were selected in the training group (Tr), whereas 5
healthy subjects were selected in the control group (Con) in this study.
The swimming training camp was conducted at Kunming in China for 17
days. Kunming is located at about 1900m above the sea level. All
swimmers had practiced regularly before and after the altitude
training, and this was their first experience in altitude training. One
swimmer was excluded from analysis because she could not undergo
training because of the occurrence of a personal reason. The subjects
in the Con and Tr groups were exposed to high altitude; however, the
former did not exercise or had no training before, during, and after
staying at high altitude. The profiles of the 2 groups are shown in Table
1. Except age, there were no significant differences between Tr and
Con.

Table 1: The characteristics of the groups.

Tr Con
(n=9) (n=5)
Age (yr) 196 + 12 246 + 36 *
Height (m) 169 + 005 169 + 0.06
Weight (Kg) 633 + 46 676 * 11.0

Values were mean+SD. * P<0.05 between groups
There was a significant difference in age. *: P< 0.05

Training: The training loads are shown in Fig 1. The training was
planned by experienced coaches, with reference to the previous
studies of altitude training.
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The average swimming training load was 7433m/day.

Blood samples were obtained before the training (day0: Pre), during the training (day5: T1,
10: T2, 16: T3), and after the training (5th after descent: Post), as shown in the arrows in
the figure.

Figure 1: Daily training loads with the sampling points.

Sampling and Measurement: Blood was obtained from the vein in the
forearm before (Pre, during (T1,72,T3), and after (Post) altitude

training in the morning with the subject at rest in a sitting position.
Subsequently, all samples were centrifuged (2000g,10 min) to separate
the plasma or the serum, and frozen below -20 degrees Celsius for up
to 6 h. Frozen samples were transferred to the laboratories (SRL Inc,
Tokyo, Japan and Kotobiken Medical Laboratories Inc, Tokyo, Japan).
Plasma BNP and ANP values were determined by chemiluminescence
enzyme immunoassay (CLEIA). Plasma renin activity and aldosterone
concentration were analyzed by radioimmunoassay (RIA). Serum
sodium (Na), serum glucose (Glucose), and serum urea nitrogen (BUN)
were also analyzed, and serum osmolality (sOsm) was calculated from
the osmolality equation formula below.

Serum osmolality (mOsm/kg)=1.86 X Na+Glucose/18+BUN/2.8

Statistical analysis: Obtained data were expressed as mean=SEM
unless otherwise stated, and P>0.05 was determined as statistically
significant. With regard to ANP, BNP, and BNP/ANP values, the
difference between the groups was determined by Mann-Whitney’s U
test and the chronological change in each group was evaluated by
using Kruskal Wallis test with Steel-Dwass. Other parameters were
analyzed by two-sided unpaired Student’s t test and Welch’s test
between groups and analysis of variance (ANOVA) followed by Tukey’s
post hoc tests with chronological change in each group. These
statistical analyses were performed by using Excel-Toukei 2006™
(Social Survey Research Information Co, Ltd, Tokyo, Japan).

Ethics: This study was approved by the Ethical Committee of University
of Tsukuba Graduate School of Comprehensive Human Sciences Health
and Physical Education. All subjects provided informed written
consent.

RESULT

Plasma BNP and ANP values of each group are shown in Fig 2.
Chronologically, BNP of Tr decreased immediately after ascent in T1
and increased thereafter, and there was a significant increase (P<0.05)
between T1 and T2; otherwise, there was no significant change in BNP
values between the sampling points. The BNP levels of 1 subject in the
Tr group were high (24.3pg/mL at T1 and 20.7 pg/mL at T3) (normal
range, 0 to 18.2 pg/mL). The BNP levels in Con group gradually
decreased during their stay at high altitude; however, there was no
significant difference in BNP levels between the sampling points. The
difference between BNP levels in Tr and Con groups was significant at
T1, T2, and T3 (P<0.01, P<0.05, and P<0.05, respectively).
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The difference between Tr and Con was significant at T1-T3 (**: P<0.01, *: P<0.05).

Figure 2a: BNP values of the Tr and Con.
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Significant difference between Tr and Con at T1 (*: P< 0.05)
Figure 2b: ANP values of the Tr and Con.

The plasma ANP levels were almost unchanged in Tr subjects before,
during, and after the altitude training. However, there was an increase
in plasma ANP levels at T1 in Con compared with Tr (P<0.05), but the
values were below 43.0 pg/mL which is the normal limit. Further, there
was a decrease in plasma ANP level after T1, and there was no
significant difference between plasma ANP levels in the groups after
T1. The BNP/ANP ratio is shown in Fig 3. Although the chronological
change in BNP/ANP from T1 and T2 was significant (P<0.05), no other
change was obtained at altitude compared with sampling points in

both the groups. Between the groups, the BNP/ANP ratio of the Tr was
significantly higher than that of Con at T3.
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Figure 3: BNP/ANP ratio was higher in Tr at T3(*: P<0.05) than Con.

The data of plasma renin activity, plasma aldosterone, serum sodium,
serum glucose, serum BUN, and calculated serum osmolality are
summarized in Table 2. Na and sOsm at Post and BUN at T2 were
different between Tr and Con. There were no chronological changes in
both the groups, except that serum glucose levels at T2 and T3 of Tr
were significantly lower than those at Pre.

Table 2: Plasma renin activity, plasma aldosterone concentration, serum Na, Glucose, BUN, and calculated serum osmolality.

T2 T3

Pre T1 Post

Plasma Renin Activity (ng/mL/hr)

Tr 25 + 02 42 + 20 25 +03 20 + 03 21 03

Con 28 + 04 18 + 05 18 + 05 19 + 01 29 02
Plasma Aldsteron (ng/dL)

Tr 188 £ 31 198 £ 54 189 + 24 17.0 £ 2.7 140 % 1.8

Con 172 + 20 143 + 19 138 + 18 158 + 186 243 + 59
Serum Na (mEg/L)

Tr 1399 + 05 1399 + 04 138.7 £ 0.3 1402 + 06 1395 = 05 *

Con 1408 + 06 140 + 05 141 + 10 1388 + 10 1378 + 02
Serum Glucose (mg/dL)

Tr 876 + 26 834 + 28 744 + 30 # T44 £ 11 # 826 + 27

Con 816 + 43 786 + 31 73 £ 25 734 £ 11 828 + 26
Serum BUN (mg/dL)

Tr 175 £+ 13 141 + 10 162 +08 * 145 + 07 177 + 186

Con 127 £+ 18 125 + 186 104 + 08 135 £ 13 124 + 09
Serum Osmolality (mQsm/Kg)

Tr 2710 = 1.0 2698 = 0.7 2678 + 0.7 2701 = 11 2702 =12 *

Con 2709 + 09 2692 + 1.1 2700 + 21 2671 + 21 2653 + 04

*. P<0.05 between Groups #: P <0.05 compared with Pre

DISCUSSION

According to our results, natriuretic peptide levels showed different
responses in Tr and Con groups with change in altitude, while there
were no differences between the responses of Tr and Con groups at
the sea level. BNP and ANP responded differently to altitude training.
BNP was higher at T3 in the late phase of the training, and BNP/ANP
ratio at T3 of Con was lower than that of Tr, which implied that BNP
and ANP showed different responses to altitude training. ANP
increased at T1 in Con while it did not increase in Tr. There were no

differences in neurohumoral and fluid balance indices such as renin
activity, aldosterone, or sOsm between Tr and Con with changes in
altitude.

With regard to the effect of high altitude stress on natriuretic peptide,
it has been reported that there is an association between high
mountain sickness (HMS) and ANP level [14 151, however, there have
been almost no studies about the influence of altitude changes on BNP.
ANP is encoded by a hypoxia-responsive gene and is secreted within
48h of hypoxic exposure 8, Further, chronic low oxygen and pressure
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can increase the ANP level; however, endurance training with altitude
acclimatization attenuates the increase in ANP level [26],

The change of ANP in Con group is consistent with a previous study
which reported that hypoxic stress stimulated ANP secretion [17. 18,
however, the change in Tr was not consistent with the previous
reports.

Concerning the effect of exercise on natriuretic peptide levels, plasma
BNP concentrations were within the normal range in all professional
football players approximately 24h after a football training session (191,
In the study of ultra-endurance triathlon, BNP increased in every
athlete and the mean increased significantly (12.2 vs 42.5 ng/L;
P<0.001) after the exercise 20, Swimming induces the release of ANP
mainly from the right atrium to plasma, with the recovery of ANP in the
right atrium requiring almost 1 day in rats [21],

The normal value of BNP was determined by studies on healthy
subjects over 50 years old, and the range is reported to increase with
age [22 231 |n this study, ANP and BNP levels were measured using
immunoradiometric assays based on a 2-site sandwich antibody system
(Shionogi, Japan). Wang et al. reported almost the same upper
reference limits for BNP in subjects between 20 and 49 years and those
between 50 and 59 years. In this study, there was significant difference
between the average age in subjects of Con and Tr groups; however,
the influence of age on the values of natriuretic peptides was
negligible. Based on the data of college athletes, the median BNP level
was 8 pg/mL and there was a weak correlation between BNP level and
exercise training load 111,

Further, some investigators suggest that BNP/ANP value is more
sensitive and can be used to predict heart failure or other heart
diseases 2425, 26,27 Hence, we measured the natriuretic peptide during
altitude training after overnight fast in the morning. There was a very
small increase in BNP induced by exercise in a patient with congestive
heart failure (CHF) [28], and BNP levels showed only minor changes with
vigorous exercise. Therefore, it is unlikely to classify normal subjects as
having CHF based on the BNP level obtained after activity [2°]. Since
prior activity does not influence BNP levels in patients with CHF, a
marked change in the BNP level of patients may reflect a real change in
their condition 291, We hypothesized that BNP and BNP/ANP should be
strong indicators of the heart function.

Further, ANP level was elevated on the 21st day after ascent in rats,
and the expression of ANP/BNP mRNA was enhanced by hypobaric-
hypoxic stimuli and also by endurance exercise 39, The decreased ANP
during sub maximal exercise after altitude acclimatization and the time
course of ANP appears to be different from that of plasma renin
activity and aldosterone 131,321,

ANP was mostly affected by exercise intensity and to a lesser extent by
exercise duration; hypoxia had no effect on ANP at rest and reduced
the exercise response 33]; and extended ANP response was observed in
a severe state of dehydration was not restored by water intake during
the workload 134,

Hence, the first interest of this study was to determine the interaction
between natriuretic peptide and altitude-induced hypoxic stress and
exercise stress, and the second to evaluate whether there is a
difference in the ANP and BNP levels in response to the altitude and
exercise stress.

A previous study reported that the changes in ANP and BNP syntheses
in the cardiac tissues of rats showed similar response to hypobaric
hypoxic environment 351, ANP was stimulated by hypobaric hypoxic
stress; hence, ANP of Con group was elevated in T1; in contrast, there
might not be hypervolemia causing elastic stimula of light ventriclein
Tr, and the training suppressed the ANP and BNP elevation in Tr. In the

case of impairment of heart function, BNP expression should be
dominant, and consequently the training load might impose the stress
on the heart of Tr in T3. Hence, we suggest that ANP and BNP were
mainly dependent on the training stress rather than on hypobaric-
hypoxia and that ANP secretion at rest after ascent might be
suppressed by training or other various stresses such as dehydration.

The training intensity was appropriate from the safety point of view,
because no ANP and BNP values were above the normal upper limit.
This result was not consistent with the previously reported finding that
climbing at high altitude or exercise induced an increase in natriuretic
peptide (24 301 Previous studies have been conducted at 2000m above
the sea level, while in this study training was conducted at 2000m
below the sea level. Cardiovascular responses at an altitude have been
evaluated in some of the classic altitude studies, which were
conducted at relatively high elevations (>3100m) using either
untrained or moderately trained subjects. Nevertheless, cardiovascular
responses were observed in well-trained or elite athletes upon
exposure to more moderate elevations 1.

We suggest that natriuretic peptide can be helpful for the management
of altitude training and to determine the deconditioning, overload, or
the timing of hydration during altitude training. In the altitude training,
ANP increases after ascent, which causes hemoconcentration due to its
diuretic effect. Therefore, in sports, ANP can be considered as a stress
marker of hemodynamics or dehydration.

One limitation of this study is that we could not examine the change of
ANP and BNP in the early phase of altitude training. There are no
altitude training sites in Japan and we have a limited access to altitude
training and large samples; further, the subject may experience
hypobaric-hypoxic stress starting from the flight up to reaching the
point at altitude. Furthermore, if we perform the training in an
extreme artificial experimental environment or at higher altitude, the
response of ANP and BNP to hypoxic stress might be clearer.

In conclusion, the results of our study indicate that swimming training
at an altitude of 1900m may influence ANP and BNP in the different
way, and the stimuli of training is dominant to the hypoxic stress. Our
results suggest that we can evaluate the training and hypoxic stress
based on natriuretic peptide levels, and predict the hemodynamics or
dehydration state by monitoring the natriuretic peptide levels during
altitude training.
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