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Abstract. To determine the effects of physical exercise on serum prostate specific 

antigen (PSA), prostate acid phosphatase (PAP), and hormone levels, a group of 

twelve patients with bacterial prostatitis and twelve healthy volunteers were 

examined before and after a graded physical exercise test. Our results indicate that 

incremental physical exercise leads to metabolic, hormonal and prostate markers 

changes; the effects are more pronounced in patients with prostate disease. The 

serum PSA concentration and PAP activity in both investigated groups during 

physical exercise test was different and proportional to exercise intensity. In 

patient group serum PSA concentrations depend on basal levels of circulating 

testosterone.                                                                  (Biol.Sport 21:93-102, 2004) 
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Introduction 

 

 Both prostate specific antigen (PSA) and prostate acid phosphatase (PAP) are 

serum markers which are useful in early detection of prostate diseases, and 

especially of prostate cancer [12,17]. The main factors considered in prostate 

cancer are: prolonged androgenic stimulation, high intake of fat-derived calories 

[18,22], increase levels of circulating testosterone [24,26], and anabolic steroid 

supplementation [20,21].  

 It was observed that men who participate in vigorous physical activity might 

have lower levels of testosterone, which can protect subjects against prostate 

cancer [24]. There are no reports regarding the influence of the factors mentioned 

in the above section on other prostate diseases such as chronic bacterial prostatitis. 

It is evident that digital rectal examination, cystoscopy, biopsy and postoperative 

condition of a patient all influence serum PSA levels [16]. Stamey et al. [19] 

reported that the serum PSA level decreased in hospitalized inactive men while 
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physical exercise would enhance the activity of the enzyme. Leventhal et al. [9] 

confirmed that statistically significant difference existed between inpatient and 

outpatient serum PSA levels. However, graded exercise test caused no significant 

change in prostate markers levels [9]. The aim of the present study was to test 

whether graded physical exercise stimulates the secretion of prostate specific 

markers; and if any possible changes could be related to reproductive hormones 

concentrations. 

 

Material and Methods 

 

 Subjects: Twelve healthy untrained men (group A) and twelve patients with 

chronic bacterial prostatitis (group B) participated in the study. All of them were 

free from medication for three months preceding the study. Before giving their 

voluntary consent to participate, the subjects were informed about procedures and 

possible risk involved. The studies were approved by the Ethics Committee of  the 

Silesian School of Medicine in Katowice.  

 Subjects characteristics are summarized in Table 1. 

 

Table 1 

Basic characteristics of subjects (x SD); group A-healthy men (n=12); group B-

patients with chronic bacterial prostatitis (n=12)  

 

  Age 

(years) 

Body mass 

(kg) 

Height 

(cm) 

BMI 

(kg·m
2-1

) 

Group A 

n=12 

x  

SD 

30.42 

  2.35 

75.54 

10.40 

177.50 

   5.34 

23.88 

  2.59 

Group B 

n=12 

x  

SD 

32.50 

  3.42 

81.90 

  5.90 

175.40 

   5.77 

26.99 

  2.17 

 

 Protocol: The subjects performed treadmill exercise test with graded increase 

initial running speed of 6 km
.
h

-1
 with increments of 2 km

.
h

-1
 every 3 minutes up to 

12 km
.
h

-1
. The slope of the treadmill was constant (5). At rest and in the third 

minute of each exercise load, blood samples were obtained from antecubital vein 

for the determination of prostate specific antigen (PSA) concentration and prostate 

acid phosphatase (PAP) activity. Moreover, small blood samples (0.05 ml) were 

drawn from finger tip for the determination of lactate concentration (LA). 

Additionally, in group B, concentration of such hormones as testostrone (T), 
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progesterone (PE), follicle-stimulating hormone (FSH), and luteinzing hormone 

(LH) were determined. Heart rate (HR), pulmonary ventilation and oxygen 

consumption were also measured at rest and during exercise at the same time 

points as blood samples were taken. 

 Measurements: Beckman Measurement Chart was used for measuring oxygen 

consumption and pulmonary ventilation. Heart rate was continuously recorded 

using PE-3000 Sport-Tester (Polar Inc., Finland).  

 The concentrations of T, PE, FSH, LH were measured by radioimmunoassays. 

PSA was detected by chemiluminesce test, PAP activity by BIO-Merieux test while 

LA by enzymatic method using commercial kits (Boehringer, Mannheim, 

Germany). 

 Statistics: All data are means SE. The unpaired Students t-test was used to 

detect statistical significance between groups. The relationship between enzymes 

activity was checked by Pearson correlation coefficient regression analysis. In each 

statistical analysis the level of significance was set at P<0.05. 

 

Results 
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Fig. 1 

Mean values (SE) of prostate specific antigen (PSA) concentrations at rest and 

during graded physical exercise in healthy men (GR A) and patients (GR B) 

(*significant differences between rest and post-exercise concentration *P<0.05; 

**P<0.01; ***P<0.001) 
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 There were no significant differences in mean serum concentrations of prostate 

specific antigen (PSA) between healthy men (Group A) and patients (Group B) 

(Fig. 1) whereas serum PAP activities were significantly higher in patients than in 

healthy men both at rest and at each treadmill speed (Fig. 2). The activities of both 

markers tended to be higher during exercise than at rest. Serum PSA concentration 

reached the level of statistical significance at a speed of 10 and 12 km·h
-1

 in 

healthy men and at a speed of 4, 8, 10 and 12 km·h
-1

 in patient group (Fig. 1).  

 

 

Fig. 2 

Mean values (SE) of prostate acid phosphatase (PAP) activities at rest and during 

graded physical exercise in healthy men (GR A) and patients (GR B)  

*significant differences between rest and post-exercise concentration *P<0.05; 

**P<0.01; ***P<0,001;  

#significant differences between both investigated groups #P<0.05; ##P<0.01  

 

 

 In comparison to rest values PAP activities were higher at each exercise speed 

in patient group, and at a speed of 6, 8, 10 and 12 km
.
h

-1
 in healthy men (Fig. 2). 

Activities of both serum prostate enzymes correlated significantly only at rest. The 

correlation coefficients for healthy men reached r=0.76 (P<0.01), but in patient 
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group with chronic bacterial prostatitis this value was equal to r=0.72 (P<0.01). 

Moreover, a significant correlation was found at maximal exercise speed between 

PSA serum concentration and testosterone blood concentration in patients with 

chronic bacterial prostatitis (r=-0.51; P<0.05). There were no further correlations 

between blood hormone concentration and prostate function markers. Oxygen 

uptake was significantly higher in healthy subjects during very intensive exercise 

(P<0.05). Opposite pattern was observed at lower exercise intensities (Fig. 3). 
 

Fig. 3 

Oxygen uptake in relation to body mass (VO2/kg) during graded physical exercise 

in healthy men (GR A) and patients (GR B)  

*significant differences between both investigated groups *P<0.05; **P<0.01; 

***P<0.001 (means SE) 

 

 

 In both investigated groups blood lactate concentration (LA) showed an 

exponentional pattern during graded exercise; this allowed us to calculate lactate 

threshold. In healthy subjects the treshold occurred at higher treadmill speed than 

in patients (P<0.05) (Fig. 4). 
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Fig. 4 

Blood lactate concentration (LA) and lactate threshold during graded physical 

exercise in healthy men (GR A) and patients (GR B)  

significant differences between lactate threshold of both groups *P<0.05 (means 

SE)  

 

Discussion 

 

 The results of our studies indicate that the concentration of PSA and the activity 

of PAP increased after physical exercise in the group of healthy subjects as well as 

in investigated patients with chronic bacterial prostatitis. It was observed that 

serum PSA concentration correlated to the running intensity on the treadmill, and 

also depended on the volume of the prostate. In addition we demonstrated the PSA 

and PAP concentrations were more pronounced in patients with chronic bacterial 

prostatitis in whom the prostate gland was enlarged. The quantity of prostate 

markers secreted into blood depends on prostate response to run-induced 

mechanical massage in this kind of physical exercise. As previously reported, 

mechanical pressure on the prostate during medical examination, e.g., digital rectal 

examination, causes an increase in the level of these markers [16,17,22,25]. Similar 

changes in the level of these antigens were detected in subjects after routine every 

day activity [1,13]. 

 In the study of Leventhal et al. [9] changes in serum PSA concentration 

between inpatients and outpatients were significant, but exercise stress test had no 
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effect on the antigen. An opposite suggestion was made by Stamey et al. [19], who 

reported that physical exertion would cause an increase in serum PSA level. Dejter 

et al. [3] demonstrated no evidence of daily variability of these prostate markers in 

men.  

 In the light of such variation in serum concentrations of these markers, the use 

of serum PSA level for early diagnosis of prostate diseases should be considered 

controversial. 

 The higher activity of PAP, and the tendency to higher level of PSA in patients 

in comparison to healthy subjects is related to more intensive mechanical 

stimulation of the prostate during walking and running because of its enlargement. 

It was reported before, that serum PSA and PAP levels are indicators of prostate 

[2,10,17]. According to literature data significan correlation was found between 

both prostate markers in both groups examined, but only at rest. Our observations 

are in agreement with those of Stamey et al. [19], however the absence of such 

relationship during exercise is difficult to explain. 

 Additionally, an increase in serum PSA concentration and PAP activity was 

observed proportional to the increase in oxygen uptake and blood lactate 

concentration during physical exercise. It is well-known, serum PSA and PAP 

levels are not indices of exercise intensity. Higher values of oxygen uptake and 

lactate threshold in healthy subjects indicate greater physical capacity than in the 

case of patients with chronic bacterial prostatitis. Lower physical work capacity of 

patients is not a result of prostate disease, but rather a result of inactivity and 

sedentary work [20]. The patients in our study were not active physically. It is 

known that motivation to undertake physical effort is decreased in patients with 

prostate diseases [6] even if they are encouraged to engage in physical exercise 

[5,15].  

 There are numerous literatue data regarding physical activity and prostate 

cancer [7,8,15]. One of the main reasons for increased risk of prostate diseases is 

enhanced serum testosterone level [11]. Paffenbarger et al. [14] and Wheeler et al. 

[23] reported that the post-exercise level of prostate markers depended on 

enhanced serum testosterone concentration. In our study this concentration was 

enhanced in the group of patients in comparison to its basal value, and correlated 

significantly with serum PSA level. This relationship was not observed at rest. As 

suggested before, post-exercise serum PSA and PAP level might be associated with 

mechanical prostate massage during running and walking. On the other hand, 

serum PSA enhancement is a well known effect of increasing serum testosterone 

concentration [2,4]. We do not know if these relationships exist in healthy subjects 

in whom we did not measure the concentration of these hormones. According to 
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literature data, trained athletes may have lower basal concentration of circulating 

testosterone than untrained men [20,23], which may result in lower risk of 

developing prostate cancer in athletes than in untrained subjects [7,8]. Basal 

concentration of testosterone might be more relevant to the risk of developing 

prostate cancer than sudden changes of this hormone which would occur after 

exercise. Whether physical activity decreases the risk of other prostate diseases, 

remains to be investigated.  

 Our results indicate that incremental physical exercise leads to changes in 

metabolism, hormone secretion and prostate markers levels. Some of these effects 

are more pronounced in patients with chronic bacterial prostatitis. The post-

exercise changes of PSA and PAP levels are different and may depend on basal 

levels of circulating testosterone. Moreover, the physical performance of subjects 

with prostate diseases is lower than that of healthy men. 

 In conclusion, our results are in agreement with previous reports that physical 

exercise may cause clinically significant elevations in serum PSA concentration 

and PAP activity. We therefore conclude that, diagnostic blood sampling towards 

these prostate markers should not be performed after physical effort. The role of 

circulating blood testosterone in PSA and PAP level changes may be essential, 

however it requires further research. 
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