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Background: Brain natriuretic peptide (BNP) reflects myocardial wall stress. BNP activities are similar to those 
of atrial natriuretic peptide, including diuresis, natriuresis, hypotension and smooth muscle relaxation as well 
as ability to inhibit the rennin aldosterone system. It is mainly produced and released into the circulation by 
the ventricle in response to increased ventricular wall pressure or stretching. Therefore, BNP can be served as 
a marker of left ventricular dysfunction. The aim of this study was to investigate effect of various professional 
exercises on plasma BNP levels.      
Methods: We enrolled 20 consecutive healthy professional athletic males from different sporting disciplines in-
cluding 5 football players, 5 volleyball players, 5 bodybuilders and 5 water- polo players. Plasma BNP samples 
were taken immediately before and 1 hour after exercise. 
Results: Plasma BNP level was significantly increased after exercise (30.01 ± 23.46 vs. 16.72 ± 10.86 pg/ml; 
P= 0.042). The highest increase in BNP level was found among volleyball players (mean values: 19.12 to 43.38 
pg/ml; 126.3% increase after volleyball) compared to other exercises.    
Conclusion: Exercise can increase plasma BNP levels, particularly among volleyball players. 
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Introduction

Brain natriuretic peptide (BNP) belongs to 
cardiac-derived mediators.1,2 By affect-

ing both blood volume and pressure, it plays 
a key role in cardiovascular homeostasis.1- 4 
BNP is mainly secreted from the left ventricular 
myocytes. Its measurement is used as a bio-
logical hormonal marker in the diagnosis and 
prognosis of ischemic cardiac dysfunction and 
heart failure.1,5,6-8 In practice, there is increas-
ing recognition of the importance of BNP in 
the pathophysiology, diagnosis and treatment 
of certain cardiac disorders. In addition, BNP 
may facilitate the early diagnosis of heart fail-

ure by detecting asymptomatic left ventricular 
dysfunction or myocardial ischemia and may 
be used as an objective blood test for these in-
dications.9-14 In a study on athletes, participat-
ing in a 100-km ultra- marathon, the increase 
in BNP correlated to the increase in cardiac 
Troponin-T after the run and was interpreted 
as the result of exercise-induced sub-clinical 
myocardial cell damage.4 

To our knowledge there is no published re-
port regarding BNP level changes after profes-
sional exercises. The aim of this study was to 
evaluate BNP level changes after vigorous ex-
ercises among healthy professional athletes.     

Patients and Methods 
A total of 40 blood samples from 20 healthy 
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professional athlete males aged from 20 to 
30 years were collected for measurement of 
plasma BNP. All of the subjects were healthy, 
normotensive volunteers and free from cardio-
vascular disease. We enrolled 20 consecutive 
healthy men professional athletes from differ-
ent sporting activities comprising  5 football, 
5 volleyball and 5 water polo players, as well 
as 5 bodybuilders. Plasma BNP samples were 
taken immediately before and 1 hour after 
exercise. All patients gave written informed 
consent before participation. Specimens were 
collected into tubes containing EDTA. Plasma 
BNP concentrations were determined by a 
commercial kit. 

Statistical Analysis
The results are presented as mean ± SD. P 

values less than 0.05 was considered statisti-
cally significant. 

Results
The plasma values of BNP level of the stud-

ied subjects are shown in Table 1,where the 
plasma BNP level was significantly increased 
immediately after exercise as compared with 
baseline values (30.01±23.46 vs. 16.72±10.86 
pg/ml; P=0.042). The highest increase in BNP 
level was found among volleyball players (mean 
values: 19.12 to 43.38 pg/ml; 126.3% increase 
after volleyball) compared to other exercises. 

Discussion 
Possible mechanisms of BNP rise after vig-
orous exercise 
1-Myocardial cell injury 

In a study on athletes, participating in a 
100-km ultra- marathon, the increase in 
BNP correlated to the elevation in cardiac 
Troponin-T after the run and was interpret-
ed as the result of exercise-induced sub-
clinical myocardial cell damage.4 Beside 
myocardial cell necrosis, an alternative ex-
planation for the exercise-induced release 
of troponin in healthy athletes seems to be 
the release of cytoplasmic free Troponin-T 
and I by leaking across the myocytes’ mem-
brane due to a transient increase in mem-
brane permeability.4 In our study, significant 
increases in plasma BNP immediately after 
exercise may reflect sub-clinical myocardial 
cell injury. 

2-Hemoconcentration
Hemoconcentration is a common phe-

nomenon encountered in subjects after 
acute exercise.10-19 Circulating hormonal 
values after exercise may reflect acute 
trans-capillary passage of water, which re-
solves shortly after exercise ceases.19,20 In 
previous studies, positive correlations be-
tween BNP, Aldosterone, ACTH, T3, and 
T4 values with hematocrite suggested that

Baseline one hour after 
exercise

Football 26.3 ± 12.9 48.5 ± 18.4
Volleyball 19.1 ± 11.8 43.4 ± 30. 6
Water Polo 9. 5 ± 2.1 12.4 ± 4.3
Bodybuilding 12.0 ± 5.9 15.7 ± 5.6

Data are presented as mean ± SD

Table 1. Effect of various exercises on brain natri-
uretic peptide

hemoconcentration affects the concentra-
tions of circulating hormones.21-23 In our 
study, significant increases in plasma BNP 
immediately after exercise may reflect the 
presence of hemoconcentration. However, 
a significant increase in BNP values im-
mediately after exercise, even after correc-
tion for Hct, was also found in a previous 
study,24 suggesting that factors other than
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hemoconcentration might contribute to the 
secretion of BNP immediately after exer-
cise.

3-Angiotensin-converting enzyme Gene 
Polymorphism

The effect of exercise on changes in plas-
ma BNP concentration has been related 
to angiotensin-converting enzyme (ACE) 
gene polymorphism.11,18 Increased BNP lev-
els with training were found to be depen-
dent on ACE genotype. Exercise-induced 
BNP increase also occurred in individuals 
with cardiovascular disorders.15,19 These re-
sults suggest that factors, such as volume 
overload, wall stretch, and hemodynamics 
as well as neurohormones may contribute 
to exercise-induced increases in BNP.24-26 
On the other hand, it was also found that 
increased BNP might serve as a protective 
and compensatory mechanism against fur-
ther deterioration. Systolic blood pressure 
and plasma epinephrine values were found 
to be related to BNP release suggesting that 
sympathetic stimulus may also play a role.27

 
4-Volume-Related Stimulus 

Plasma BNP values could also be related 

to volume-related stimuli, such as a high-
sodium diet, passive leg raising or the sit-
ting position.27 

In summary, prolonged strenuous exercise in-
duces independent increases in BNP and Tro-
ponin, and consequently, different causes of 
release have to be assumed. Even when clini-
cal values are exceeded, the release of BNP 
during and after exercise may reflect myocar-
dial damage but may have cyto-protective ef-
fects. In conclusion, measurement of circulat-
ing BNP values is a clinically available method 
for evaluating patients with suspected cardio-
vascular dysfunction. A significant increase in 
plasma BNP was found in healthy subjects 
immediately after exercise. Thus, we suggest 
that for clinical measurement of BNP, plasma 
samples should not be taken immediately after 
exercise to avoid possible physiologic varia-
tions. 

Acknowledgement  
This work was financially supported by Vice 

Chancellor for Research of Shiraz University 
of Medical Science. The authors declare that 
they have no conflicts of  interest.

References
1 Maisel A. B-type natriuretic peptide levels: a potential novel “white 

count” for congestive heart failure. J Card Fail 2001;7:183-93. 
[11420771]

2 Hall C. Essential biochemistry and physiology of (NT-pro) BNP. 
Eur J Heart Fail 2004;6:257-60. [14987573]

3 Lubien E, DeMaria A, Krishnaswamy P, et al. Utility of B-na-
triuretic peptide in detecting diastolic dysfunction. Circulation 
2002;105:595- 601. [11827925]

4 Almeida S, Azevedo A, Castro A, et al. B-type natriuretic peptide 
is related to left ventricular mass in hypertensive patients but not in 
athletes. Cardiology 2002;98:113-5. [12417808]

5 Mizuno Y, Yoshimura M, Harada E, et al. Plasma levels of A- and 
B-type natriuretic peptides in patients with hypertrophic cardio-
myopathy or idiopathic dilated cardiomyopathy. Am J Cardiol 
2000;86:1036-40. [11053725]

6 Villa GL, Stefani L, Lazzeri C, et al. Acute effects of physiologi-
cal increments of brain natriuretic peptide in humans. Hypertension 
1995;26:628-33. [7558223]

7 McDonagh TA, Robb SD, Murdoch DR, et al. Biochemical detec-
tion of left-ventricular systolic dysfunction. Lancet 1998;351:9-13. 
[9433422]

8 Kinnunen P, Vuolteenaho O, Ruskoaho H. Mechanisms of atrial and 
brain natriuretic peptides from rat ventricular myocardium: Effect 
of stretching. Endocrinology 1993;132: 1961-1970.

9 Jortani SA, Pradbu S, Valdes R Jr. Development of biomarkers in 
congestive heart failure. Clin Chem 2004;50:265-78. [14656906]

10 Suzuki T, Hayashi D, Yamazaki T, et al. Elevated b-type natri-
uretic peptide levels after anthracycline administration. Circulation 
1998;136:362-3. [9704703] 

11 Yamamoto K, Burnett J, Jougasaki M, et al. Superiority of brain 
natriuretic peptide as a hormonal marker of ventricular systoloic 
and diastolic dysfunction and ventricular hypertrophy. Hyperten-
sion 1996;28:988-94. [8952587]

12 Nakagawa O, Ogawa Y, Itoh H, et al. Rapid transcriptional activa-
tion and early mRNA turnover of brain natriuretic peptide in cardio-
cyte hypertrophy. Evidence of brain natriuretic peptide as an emer-

Iranian Cardiovascular Research Journal    Vol.3, No.4, 2009                                                                                                                                215



gency cardiac hormone against ventricular overload. J Clin Invest 
1995;96:1280-7. [7657802]

13 13. Molkenth JD, Lu JR, Anto CL, et al. A calcineurin-dependent 
transcriptional pathway for cardiac hypertrophy. Cell 1998;93:215-
28. [9568714]

14 Jernberg T, Stridsberg M, Venge P, et al. N-terminal pro brain natri-
uretic peptide on admission for early risk stratification of patients 
with chest pain and no ST-segment elevation. J Am Coll Cardiol 
2002;40:437-45. [12142108]

15 Tulevski I, Hirsch A, Sanson B, et al. Increased brain natriuretic 
peptide as a marker for right entricular dysfunction in acute pul-
monary embolism. Thromb Haemost 2001;86:1193-6. [11816706]

16 Scharhag J, Urhausen A, Herrmann M, et al. No difference in N-ter-
minal pro-brain natriuretic peptide (NT-proBNP) concentrations be-
tween endurance athletes with athlete’s heart and healthy untrained 
controls. Heart 2004;90:1055-6. [15310701]

17 Herrmann M, Scharhag J, Miclea M, et al. Post-race kinetics of car-
diac troponin T and I and N-terminal pro-brain natriuretic peptide in 
marathon runners. Clin Chem 2003;49:831-4. [12709384]

18 Ohba H, Takada H, Musha H, et al. Effects of prolonged strenu-
ous exercise on plasma levels of atrial natriuretic peptide and brain 
natriuretic peptide in healthy men. Am Heart J 2001;141:751-8. 
[11320362]

19 Wiese S, Breyer T, Dragu A, et al. Gene expression of brain natri-
uretic peptide in isolated atrial and ventricular human myocardium: 
Influence of anbiotensin II and diastolic fiber length. Circulation 

2000;102:3074-9. [11120697]
20 Struthers AD. Ten years of natriuretic peptide research: a new dawn 

for their diagnostic and therapeutic use? BMJ 1994;308:1615-9. 
[8025431]

21 Cowie MR, Struthers AD, Wood DA, et al. Value of natriuretic pep-
tides in assessment of patients with possible new heart failure in 
primary care. Lancet 1997;350:1347-51. [9365448]

22 Bruce RA, Kusumi F, Hosmer D. Maximal oxygen intake and no-
mographic assessment of functional aerobic impairment in cardio-
vascular disease. Am Heart J 1973;85:546-62. [4632004]

23 Van Beaumont W. Evaluation of hemoconcentration from hemato-
crite measurements. J Appl Physiol 1972;32:712-3. [5038863]

24 Smallridge RC, Whorton NE, Burman KD, et al. Effects of exercise 
and physical fitness on the pituitary-thyroid axis and on prolactin in 
male runners. Metabolism 1985;34:949-54.[ 4046839]

25 Montgomery HE, Clarkson P, Dollery CM, et al. Association of an-
giotensin-converting enzyme gene I/D polymorphyism with change 
in left ventricular mass in response to physical training. Circulation 
1997;96:741-7. [9264477]

26 Nicholson S, Richards M, Espiner E, et al. Atrial and brain natri-
uretic peptide response to exercise in patients with ischemic heart 
disease. Clin Exp Pharmacol Physiol 1993;20:535-40. [8403535]

27 Kohno M, Yasunari K, Yokokawa K, et al. Plasma brain natriuretic 
peptide during ergometric exercise in hypertensive patients with left 
ventricular hypertrophy. Metabolism 1996; 45: 1326-9. [8931634]

216                                                                                                                              Iranian Cardiovascular Research Journal    Vol.3, No.4 , 2009                                                                                                                              

                                                                                             H Sheikhani Shahin, et al.                                                                              www.icrj.ir                                                          


