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Abstract
Purpose. The infinite tone phenomenon (ITP), defined as the absence of Korotkoff phase V during 

blood pressure measurement, is observed more frequently in sports medicine following con-
trolled physical exercise than in general clinical practice. Despite reported prevalence rates of 
up to 57.5% among athletes, its clinical significance and the need for individual clinical assess-
ment remain debated. The aim of this study was to determine the prevalence of ITP following 
submaximal PWC170 testing in adolescent male athletes aged 11–17 years.

Materials & Methods. A retrospective cross-sectional study was conducted using data from routine 
medical examinations at the Zaporizhzhya Medical and Sports Dispensary (2021–2022). The 
study included 471 male athletes aged 11–17 years (soccer, swimming, handball) divided 
into two groups: ITP group (n=249) and non-ITP group (n=222). Physical work capacity was 
assessed using the PWC170 submaximal test. HR and BP were measured at rest, after each 
exercise bout, and during recovery. 

Results. ITP was identified in 249 (52.9%) of 471 pubertal male athletes. Athletes exhibiting ITP 
demonstrated significantly higher absolute (208.3 [171.6; 236.1] vs. 175.7 [142.9; 220.4] 
W; p<0.001) and relative (3.0 [2.5; 3.3] vs. 2.7 [2.3; 3.2] W/kg; p=0.002) physical work ca-
pacity compared with the non-ITP group. ITP prevalence was significantly higher among ath-
letes aged 18–36 years than in adolescents aged 11–17 years (OR=1.35; 95% CI 1.07–1.71; 
p=0.013). ITP was significantly more frequent among athletes with higher athletic qualification 
(1st class – MS: 60.7%) compared with lower qualification (3rd–2nd class: 39.8%) (OR=2.34; 
95% CI 1.60–3.42; p<0.001).

Conclusions. The dystonic response with ITP following submaximal PWC170 test was identified in 249 
(52.9%) of 471 male athletes aged 11–17 years, with significantly higher prevalence among 
athletes aged 18–36 years, confirming that pubertal age is not a primary factor contributing 
to ITP occurrence. High physical work capacity in ITP athletes may indicate the absence of 
overtraining and does not necessitate withdrawal from training. ITP occurrence was associated 
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with higher athletic qualification; the higher prevalence among swimmers was attributable to 
the greater proportion of highly qualified athletes within this group.

Keywords: infinite tone phenomenon, pubertal period, adolescent male athletes, physical work ca-
pacity, athletic qualification.

Introduction
The infinite tone phenomenon (ITP), which 

involves “spontaneous audibility of the brachial 
artery without any compression by the sphygmo-
manometer cuff”, was first described by Yanovsky 
in 1911 [1]. However, scientific works dedicated 
to the appearance of dystonic response to exer-
cise with the ITP in young individuals or young 
athletes aged 11–17 years are scarce. One of the 
earliest reports of ITP in young people appears 
in Stein [2], citing Wilburne [3], who described 
a “benign cardiovascular syndrome characterized 
by transient ‘zero’ diastolic pressure, normal or 
elevated systolic pressure, tachycardia, and nerv-
ous tension, typically occurring in young individ-
uals”. Wilburne believed that this syndrome had 
a psychosomatic nature and that, although the 
true diastolic blood pressure (DBP) was likely not 
zero, it was most likely lower than normal. The 
reduced DBP in the brachial arteries, according to 
Wilburne, was likely due to vasodilation of periph-
eral vessels [3].

Ukrainian authors have reported the appear-
ance of the ITP in children and adolescents during 
the pre- and pubertal periods [4-6], as well as in 
individuals who had suffered infectious diseases, 
overtraining, and strenuous exercise [4-9]. Some 
studies suggest that the increased vasomotor la-
bility associated with impaired neural regulation, 
which is common in autonomic nervous system 
disorders and overtraining, is the cause of this 
phenomenon in athletes [3-9]. However, other 
works indicate that DBP is rarely below 50 mm 
Hg, and the so-called ITP, often observed follow-
ing brief, intense exercise, is essentially an aus-
cultatory phenomenon. When present, the true 
DBP measurement never has a zero value, and 
the dystonic response should be considered an 
atypical response [10, 11].

Several studies propose that the physiologi-
cal status of such athletes should be evaluated as 
unsatisfactory or low, and the dystonic response 
should be considered a pathological type of cardi-
ovascular system response to exercise [12]. They 
recommend conducting more thorough clinical 
examinations to exclude hidden pathology. Spe-
cifically, most authors report that for the dyston-
ic response, the heart rate (HR) is markedly in-
creased — more than 100%; there is a substan-
tial increase in systolic blood pressure (SBP), with 
values sometimes exceeding 200 mm Hg; the 

DBP drops to zero (infinite tone phenomenon), 
which lasts for more than two minutes (a dura-
tion of the phenomenon within two minutes is 
considered a variant of a physiological response); 
and there is a prolonged recovery period. Such a 
type of response is considered unfavorable and 
may indicate excessive vasomotor lability, which 
is attributable to a marked impairment of vascular 
regulation [4-9, 12-16].

According to Pickering [17], this phenomenon 
has limited physiological significance. Voors et al. 
[18] reported its occurrence in children and preg-
nant women. There are isolated reports from in-
ternational studies on the behavior of blood pres-
sure during physical exercise in children and ad-
olescents, and even fewer publications on young 
high-class athletes after exercise testing on a cy-
cle ergometer [19]. Only De Mey [20] and Glen-
ning et al. [21] reported the presence of the ITP 
during such testing.

The origin of Korotkoff sounds remains a sub-
ject of debate for over a century. Korotkoff de-
scribed three, and later five, phases of the ar-
terial sound: appearance (K1), softening (K2), 
sharpening (K3), muffling (K4), and disappear-
ance (K5). According to Beevers et al. [22], the 
first phase consists of clear tapping sounds heard 
for at least two consecutive beats (systolic blood 
pressure), the second phase involves the soften-
ing of the tapping sounds and the addition of a 
whistling sound, the third phase returns to the 
tapping sounds as in the first phase, but with in-
creased sharpness and intensity, the fourth phase 
involves the sharp muffling of the sounds with 
the appearance of softness and a blowing quality, 
and the fifth phase is the complete disappearance 
of all sounds (diastolic blood pressure). In inter-
national sources, it is accepted that if Korotkoff 
sounds are auscultated to zero pressure in the 
cuff, i.e., phase K5 is absent, the DBP is taken as 
the pressure in the cuff at the beginning of phase 
K4 (muffling of the sound) [23]. Figure 1 sche-
matically illustrates the phases of DBP in athletes 
exhibiting ITP [24].

According to O’Sullivan et al. [25], among 
70 children aged 11 years, 40% exhibited all five 
phases. Alpert et al. [26] suggest using phase K4 
in the absence of phase K5 in children aged 3 to 
18 years. Freedman et al. [27] consider the rel-
ative importance of phases K4 and K5 as indica-
tors of DBP in children to be uncertain. By ex-

© 2026 Mykhaliuk et al.
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amining 11525 adolescents aged 5 to 17 years, 
they investigated inter-rater differences and the 
correlation of these two phases with blood pres-
sure levels and hypertension in adulthood. A ret-
rospective analysis was conducted among 2156 
children who were re-examined at the age after 
25. Phase K4 demonstrated lower inter-rater var-
iability compared to phase K5, and 7% of chil-
dren had at least one (of six) K5 values equal to 0 
mm Hg. The analysis showed that phase K4 was 
more strongly associated with blood pressure 
levels and hypertension in adulthood. In a corre-
lation analysis of 1848 participants who did not 
take antihypertensive medications in adulthood, 
phase K4 was more strongly correlated with DBP 
in adulthood than phase K5 (r=0.22 vs. 0.17; 
P<0.01). The studies conclude that compared 
to phase K5, phase K4 exhibits lower inter-rater 
variability and is more strongly associated with 
hypertension in adults. Moreover, the devel-
opment of hypertension in these individuals at 
the age after 25 represents scientific interest in 
terms of preventive measures for hypertension.

Exercise testing on a cycle ergometer of 90 
children (mean age 12.3±3.5 years) conducted 
according to Bruce’s protocol (R. Bruce, 1971) 
showed that 29% exhibited phase K4 after ex-
ercise, and 37% exhibited phase K5. Notably, 
physical work capacity was associated with more 
frequent absence of phase K5 after the test, and 
reliable DBP values based on K5 could not be ob-
tained in 59% of cases (p<0.001) [23].

It is known that the absence of phase K5, 
referred to as the ITP in clinical medicine, is rel-
atively rare. However, in sports medicine, it is 
observed more frequently after controlled phys-
ical exercise. According to Viru [28], from 8% 
to 58% of adults and children exhibit this phe-
nomenon, and in the examination of 3914 ath-

letes of both sexes and sports veterans, it was ob-
served in 57.5% of cases [11, 16]. Published data 
demonstrate the occurrence of this phenomenon 
in children and adolescents without emphasizing 
sex, the frequency of its appearance in the age 
range of puberty. There are reports where the ITP 
is often observed in the examination of apparent-
ly healthy athletes, and the interpretation of the 
phenomenon solely as a sign of fatigue has not 
been supported by physiologists. The fact that the 
ITP can occur in athletes in good physical condition 
necessitates a strict individual assessment by the 
physician, thus requiring a re-evaluation of com-
monly accepted views in sports medicine. Moreo-
ver, non-zero DBP values are determined using the 
oscillometric method [16].

The aim of the study was to determine the 
prevalence of the infinite tone phenomenon fol-
lowing submaximal PWC170 testing in pubertal 
male athletes.

Materials and methods
Study design
A retrospective cross-sectional study was con-

ducted using data from medical examinations of 
athletes undergoing routine health checkups at 
the Zaporizhzhya Medical and Sports Dispensa-
ry, Zaporizhzhia, Ukraine, during 2021-2022. The 
study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki (WMA, 2024) 
and current Ukrainian legislation. All participants 
or their legal representatives (for individuals under 
18 years of age) provided written informed con-
sent for routine medical examination and the use 
of anonymized data for scientific purposes. Ethi-
cal review was waived for this study as it involved 
retrospective analysis of completely anonymized 
routine clinical data, with no patient identifiers re-
tained.

Participants
A total of 1231 male athletes aged 11 to 36 

years were examined (soccer players — 741, hand-
ball players – 220, swimmers – 270). A conveni-
ence sample was selected from the overall cohort, 
comprising 471 adolescents aged 11 to 17 years 
(median age 16 [15; 17] years), corresponding 
to the pubertal age range in males (11-17 years) 
according to [29]. The adolescent athletes par-
ticipated in handball (n=45), soccer (n=249), 
swimming (n=177), and had athletic qualifications 
ranging from 3rd class athlete to Master of Sport 
(MS). Inclusion criteria included completion of a 
comprehensive medical examination. Participants 
were divided into two groups based on the pres-
ence or absence of the ITP after 2nd exercise bout: 
the ITP group (n=249) and the comparison (non-
ITP) group (n=222).

A

В

Figure 1. Graphic representation of Korotkoff 
sounds during blood pressure measurement (A); when 
the infinite tone phenomenon is present, Korotkoff 
phase V (K5) is absent (B).
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Assessment of Physical Work Capacity
Physical work capacity was assessed using the 

PWC170 submaximal test according to Karpman 
on a Corival (Lode) cycle ergometer. The subject 
was instructed to perform two successive moder-
ate-intensity exercise bouts on the cycle ergom-
eter Corival (Lode) at a pedal cadence of 60–80 
rpm, separated by a 3-minute rest interval. Pri-
or to testing, the handlebar and, particularly, the 
saddle height of the cycle ergometer were adjust-
ed to match the participant’s height. The saddle 
height was set such that the foot of the subject 
was slightly flexed at the knee joint in its lower 
position, thereby neutralizing their body height. 
Each exercise bout lasted 5 minutes. The 1st exer-
cise bout was selected based on body mass, phys-
ical fitness level, and training orientation [16].

The 2nd exercise bout was determined as fol-
lows: if, after the initial workload of 50, 67, 83, 
100, 117, 133, and 150 W, HR was within the 
range of 100–109 beats·min–¹, then the 2nd work-
load was set at 157–152, 182–177, 215–210, 
248–243, 282–277, 298–293, and 315–310 W. If 
HR after the initial workload was within the range 
of 110–119 beats·min-¹, then the second work-
load was set at 132–127, 148–143, 182–177, 
215–210, 248–243, 265–260, and 282–277 W 
[30].

The PWC170 index is calculated using the fol-
lowing formula:

PWC170=W1 + (W2 – W1) × (170 – f1) / (f2 – f1),

PWC170 – the physical work capacity at a 
heart rate of 170 beats·min-¹;

W1 and W2 – the power output during the first 
and second exercise bouts, W;

f1 and f2 – the HR at the end of the first and 
second exercise bouts.

Measurement of Heart Rate and Blood Pressure
Heart rate (HR) and blood pressure (BP) were 

measured at rest while seated on a cycle ergom-
eter (HR0, BP0), after the 1st (R1, BP1) and 2nd (R2, 
BP2) exercise bouts, as well as during the 5-min-
ute recovery period (HR3, BP3). At the end of each 
exercise bout, heart rate was measured by aus-
cultation over 30 seconds. The resulting heart 
rate values were doubled to obtain HR per minute 
(beats·min-¹). BP was measured using an aneroid 
sphygmomanometer (Romed, Netherlands) on 
the right arm while seated after 5 minutes of rest. 
The cuff size was selected based on individual arm 
circumference measured at mid-bicep: a paediat-
ric cuff (9×18 cm) for arm circumference<22 cm, 
a small adult cuff (12×22 cm) for 22–26 cm, a 
standard adult cuff (16×30 cm) for 27–34 cm, 

and a large adult cuff (16×36 cm) for 35–44 cm, 
in accordance with AHA Council on High Blood 
Pressure Research recommendations [31]. The 
procedure involved palpating the brachial artery 
to position the cuff correctly, followed by inflating 
the cuff to 20–30 mmHg above the level at which 
the radial pulse disappeared. Deflation of the cuff 
occurred at a rate of 2–3 mmHg per second. BP 
was measured three times, with the lowest read-
ing used for analysis [5]. All BP measurements 
were performed by the same physician, thus ex-
cluding inter-rater variability.

Statistical Analysis
Statistical analysis was performed using R 

(version 4.5.3; R Core Team, Vienna, Austria). 
The normality of the distribution of quantitative 
variables was assessed using the Shapiro–Wilk 
test separately for each group. As the assump-
tion of normality was not met for the majority of 
variables, data are presented as median, 1st, and 
3rd quartile (Me [Q1; Q3]). Between-group com-
parisons of quantitative variables were performed 
using the Mann–Whitney U test. The rank-biserial 
correlation coefficient (r) was used as a measure 
of effect size for the Mann-Whitney U test; values 
of r<0.3, 0.3–0.5, and >0.5 were interpreted as 
small, medium, and large effects, respectively.

The association between the ITP and categor-
ical variables was assessed using Fisher’s exact 
test. For two-group comparisons, a standard 2×2 
Fisher’s exact test was applied, with results re-
ported as odds ratio (OR) with 95% confidence 
interval (CI). For multi-group comparisons, Fish-
er’s exact test for r×c contingency tables was ap-
plied with Monte Carlo simulation (B=10000 per-
mutations) to obtain p-values. Pairwise post-hoc 
comparisons were performed using Fisher’s exact 
test with Bonferroni correction for multiple com-
parisons.

To assess whether the ITP was equally dis-
tributed within each age subgroup, an exact bi-
nomial test was applied (H0: p0=0.5). To account 
for multiple comparisons across age subgroups, 
the Bonferroni correction was applied. Results for 
categorical variables are expressed as absolute 
numbers and percentages. Differences were con-
sidered statistically significant at p<0.05.

Results
Among the 471 adolescents aged 11–17 

years, 249 (52.9%, 95% CI [48.4%; 57.4%]) 
athletes exhibited a dystonic response with the 
ITP to graded physical exercise during the sub-
maximal PWC170 test, whereas 222 (47.1%) did 
not exhibit this phenomenon (exact binomial test, 
p=0.209), indicating no statistically significant 
difference from an equal distribution. 

© 2026 Mykhaliuk et al.
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Adolescents exhibiting the ITP demonstrated 
a marginally higher age (16.0 [15.0; 17.0] vs. 
16.0 [14.0; 17.0] years, p=0.018; rank-biseri-
al r=0.122), greater body height (179.0 [173.0; 
183.0] vs. 175.5 [168.2; 181.0] cm, p<0.001), 
and greater body mass (68.0 [63.0; 75.0] vs. 
66.0 [60.0; 72.8] kg, p=0.004) compared to 
those without the ITP.

Resting HR was significantly different between 
the ITP and non-ITP groups (72.0 [60.0; 78.0] 
vs. 72.0 [66.0; 78.0] beats·min-¹, p=0.017), 
although the effect size was small (rank-biseri-
al r=0.125). The difference was driven primarily 
by a lower first quartile in the ITP group (Q1=60 
vs. 66 bpm), suggesting a higher proportion of 
athletes with lower resting HR among those ex-
hibiting the ITP. SBP (120.0 [110.0; 130.0] vs. 
120.0 [110.0; 120.0] mm Hg, p=0.164) and DBP 
(75.0 [70.0; 80.0] vs. 75.0 [70.0; 80.0] mm Hg, 
p=0.444) measured while seated on a cycle er-
gometer showed no statistically significant differ-
ences between the two groups.

Average power output during the 1st and 2nd 
exercise bouts of the cycle ergometer test was 
significantly higher in athletes with ITP — specifi-
cally, 98.0 [85.7; 122.5] vs. 85.7 [73.5; 98.0] W 
(p<0.001) and 208.2 [166.6; 232.7] vs. 171.5 
[134.7; 196.0] W (p<0.001), respectively. Signif-
icantly higher HR (170.0 [162.0; 170.0] vs. 165.5 
[160.0; 170.0] beats·min-¹, p<0.001) and SBP 
(170.0 [150.0; 180.0] vs. 160.0 [140.0; 170.0]  
mm Hg, p<0.001) in athletes with ITP were ex-
plained by the greater power output during the 
2nd exercise bout. 

However, by the 5th minute of recovery, no 
significant between-group differences were ob-
served for HR (90.0 [84.0; 102.0] vs. 90.0 [84.0; 
99.5] beats·min⁻¹, p=0.407) or DBP (70.0 [60.0; 
80.0] vs. 70.0 [60.0; 80.0] mm Hg, p=0.912) in 
either the ITP or comparison group. A statistical-
ly significant difference in SBP was observed be-
tween the groups at the 5th minute of recovery 
(120.0 [110.0; 130.0] vs. 120.0 [110.0; 125.0] 
mm Hg, p=0.017), although the effect size was 
small (rank-biserial r=0.144).Absolute physi-
cal capacity (PWC170) was significantly higher 
in athletes with the ITP: 208.3 [171.6; 236.1] 
vs. 175.7 [142.9; 220.4] W (p<0.001). Relative 
physical capacity (PWC170/kg) was also signifi-
cantly higher in this group: 3.0 [2.5; 3.3] vs. 2.7 
[2.3; 3.2] W/kg (p=0.002).

Comparison of the frequency of the ITP in ad-
olescents aged 11–17 years (Figure 2) was per-
formed using the exact binomial test (H0: equal 
proportions, p0=0.5); a Bonferroni correction was 
applied for multiple comparisons (α=0.007). At 
age 11, the ratio was 3 vs 2 (p=1.000); at age 
12, it was 2 vs 4 (p=0.688); at age 14, it was 

27 vs 26 (p=1.000); at age 15, it was 45 vs 38 
(p=0.510); at age 16, it was 73 vs 55 (p=0.133); 
and at age 17, it was 92 vs 71 (p=0.117), indicat-
ing that the number of athletes with and without 
the ITP did not differ significantly. The exception 
was the group of 13-year-olds, where the ITP was 
significantly less frequent: 7 vs 26 (p=0.001).

Figure 2. Number of athletes aged 11–17 years 
with and without ITP.

Figure 2 illustrates a trend toward an in-
creased incidence of the ITP with advancing age. 
To test the hypothesis that pubertal age is not a 
primary factor contributing to the occurrence of 
this phenomenon, the frequency of the ITP was 
compared between adolescents aged 11–17 years 
and adult athletes aged 18–36 years. Among 760 
athletes aged 18–36 years (handball and soccer 
players, and swimmers), the ITP was identified in 
458 cases (60.3%). Comparison of the frequen-
cy between the groups aged 11–17 years (249 
out of 471; 52.9%) and 18–36 years (458 out of 
760; 60.3%), using Fisher’s exact test, showed 
a statistically significantly higher frequency in 
the older group (OR=1.35; 95% CI 1.07–1.71; 
p=0.013). Thus, the data suggest that ITP is not 
more prevalent during the pubertal period; on the 
contrary, its prevalence was significantly higher in 
adult athletes, indicating that pubertal age is not 
a primary contributing factor.

When analyzing the distribution of the phe-
nomenon among athletes aged 18–36 years (Fig-
ure 3) using the exact binomial test (H0: p0=0.5) 
with Bonferroni correction applied to account for 
multiple comparisons (k=19; αadj=0.0026), no 
statistically significant differences were found be-
tween the number of athletes with and without 
the ITP in any age group. The highest propor-
tions of the phenomenon were observed at ages 
18 (102 out of 165; 61.8%), 20 (59 out of 91; 
64.8%), and 19 (68 out of 112; 60.7%). In smaller 
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groups – age 22 (42 out of 61; 68.9%) and age 26 
(20 out of 27; 74.1%) – the proportions were also 
notably higher, but after Bonferroni correction the 
differences remained non-significant (p=0.004 
and p=0.019, respectively; threshold p<0.003).

Comparison of the frequency of the ITP ac-
cording to athletic qualification in adolescents 
(11–17 years, n=471) revealed the following 
results. Among athletes with low qualification 
(3rd–2nd class, n=176), the ITP was identified in 
70 cases (39.8%), whereas among athletes with 
high qualification (1st class – MS, n=295), it was 
identified in 179 cases (60.7%). The difference 
was statistically significant (Fisher’s exact test: 
OR=2.34; 95% CI 1.60–3.42; p<0.001): the odds 
of having the ITP were more than twice as high in 
highly qualified athletes compared to those with 
low qualification. Detailed analysis by qualifica-
tion revealed a trend toward increasing frequency 
of the phenomenon with higher qualification: 3rd 
class – 35.2% (19 out of 54), 2nd class – 41.8% 
(51 out of 122), 1st class – 56.9% (95 out of 167), 
Candidate Master of Sports (CMS) – 65.6% (59 
out of 90), and MS – 65.8% (25 out of 38). This 
association was confirmed by Fisher’s exact test 
for r×c tables (p<0.001).

Figure 4. Frequency of the infinite tone phenome-
non (ITP) by sports specialization (%). Fisher’s exact 
test: p=0.015; post-hoc pairwise comparison: soccer vs 
swimming, p=0.006 (Bonferroni correction).

The potential influence of sports specializa-
tion on the occurrence of the ITP was assessed 
using Fisher’s exact test for r×c tables. As illus-
trated in Figure 4, among 45 handball players, the 
ITP was identified in 26 cases (57.8%); among 
249 soccer players, in 116 cases (46.6%); and 
among 177 swimmers, in 107 cases (60.5%). The 
overall Fisher’s exact test revealed a statistically 
significant difference between sports (p=0.015). 
Pairwise comparisons with Bonferroni correction 
(α=0.017) identified a significant difference be-
tween soccer and swimming (OR=0.571; 95% CI 
0.386–0.843; p=0.006), indicating that soccer 
players had significantly lower odds of having the 
ITP compared to swimmers. No significant differ-
ences were found between handball and soccer 
(OR=1.569; 95% CI 0.826–2.981; p=0.196) or 
between handball and swimming (OR=0.895; 
95% CI 0.461–1.739; p=0.737). 

However, this difference is likely attributable 
to the markedly different qualification structure 
across sports — the proportion of highly qualified 
athletes among swimmers (88.1%) was signifi-
cantly higher compared to soccer players (44.6%; 
p<0.001) and handball players (62.2%; p<0.001) 
— suggesting that athletic qualification, rather 
than sports specialization per se, may be the pri-
mary factor underlying the observed sport-specif-
ic variation in ITP prevalence (Table 1).

Table 1. ITP prevalence and qualification struc-
ture by sport

Sport n ITP (%)

Low 
qualification: 
3rd – 2nd class 

(%)

High 
qualification: 
1st class – MS 

(%)
Soccer 249 46.6% 55.4% 44.6%
Handball 45 57.8% 37.8% 62.2%
Swimming 177 60.5% 11.9% 88.1%

Collectively, the data suggest that the oc-
currence of the ITP in adolescents aged 11–17 
years does not depend on age and is primarily 
associated with athletic qualification, with high-

Figure 3. Number of athletes aged 16–36 years with and without ITP.
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ly qualified athletes showing more than twice the 
odds of having the ITP compared to those with 
lower qualification (OR=2.34; 95% CI 1.60–3.42; 
p<0.001). The apparent sport-specific difference 
in ITP prevalence likely reflects the confounding 
effect of qualification structure rather than an in-
dependent influence of sports specialization.

Discussion
Sports physiologists have shown that the ITP 

occurs during intense muscle activity in elite ath-
letes with hearts possessing high contractility. 
This interesting phenomenon should be consid-
ered physiological, resulting from a large stroke 
volume, elevated peak SBP, and reflex vasodila-
tion. The dystonic response associated with ITP 
is frequently observed in adolescents and young 
men during puberty (i.e., the pre- and pubertal 
periods) [4-6], but is very rarely found in mid-
dle-aged and elderly individuals. It is important to 
note that none of the studies provide data on the 
frequency of this phenomenon among athletes 
aged 11–17 years, the types of sports they en-
gage in, or its distribution between boys and girls, 
except for Viru [28]. Following an exercise test 
consisting of 20–35 squats (depending on age), 
she found the phenomenon in 16% of boys aged 
11–12 years, 26% of those aged 13–14 years, 
and 30% of those aged 15–16 years. She further 
demonstrated that among older athletes, ITP was 
more frequently observed during a 3– to 5–min-
ute cycle ergometer test than during a 30– to 60–
second exercise test (the Martine-Kushelevsky 
test) [28].

Based on these findings, it can be assumed 
that when a sports physician administers the Mar-
tine-Kushelevsky test to children and adolescents, 
the dystonic response characterized by ITP is ob-
served less frequently, owing to the lower exercise 
intensity compared with submaximal PWC170 cy-
cle ergometer test. In our previous study involv-
ing 285 athletes of both sexes aged 11–16 years, 
the dystonic response with the ITP was found in 
58.2% after the submaximal PWC170 test [32]. 
Regarding international literature on changes in 
BP in young athletes during physical exercise for 
functional assessment, Wuestenfeld et al. [19] 
report that currently only a few studies focus on 
the BP response to physical exercise in children 
and adolescents, and even fewer involve testing 
high-level young athletes on a cycle ergometer. 
In this regard, Wilburne [3] observed transient 
“zero” DBP in young individuals, though the type 
of physical exertion was not specified. Previous 
studies justifiably emphasize that studying the 
correlation between elevated BP following exer-
cise testing and potential cardiovascular pathol-
ogy in children and adolescents is paramount, as 

this non-invasive procedure yields additional in-
formation on cardiovascular risk profiles [23, 25].

According to Alvarez-Pitti et al. [33], exercise 
stress testing can detect elevated BP respons-
es in children and adolescents; consequently, it 
is suitable for widespread use in athlete assess-
ment. Several reports indicate  that interpreting 
BP values during physical exercise in childhood 
and adolescence requires age– and sex–specific 
reference ranges, and they emphasize the need 
for further research due to elevated BP reactivity, 
the risk of developing cardiovascular disease, and 
increased mortality in later life.

A large cohort study (n=739) established per-
centiles for BP during cycle ergometer exercise 
testing in young athletes aged 10–20 years (mean 
age: 15.8 years; males: 442, females: 297) from 
various sports. These data allow for more precise 
evaluation of BP regulation in young athletes at 
different ages and sexes [19]. It should be noted 
that a sports medicine physician may encounter 
the ITP during exercise testing in young athletes; 
in Western literature, this phenomenon is more 
commonly described as the absence of Korotkoff 
phase V [2, 27]. In such cases, it is crucial to de-
termine whether this phenomenon may indicate 
underlying cardiovascular pathology, as this will 
dictate whether the athlete should continue sports 
training and competition. According to most au-
thors [4, 7, 8], one cause of the dystonic BP re-
sponse characterized by ITP is a recent infectious 
illness (most often viral respiratory infection). In 
our cohort, anamnestic data, physical examina-
tions by specialists, and resting 12-lead ECGs ex-
cluded this etiology and confirmed the absence of 
contraindications for exercise ECG testing.

Confirming the association between the emer-
gence of this phenomenon and previous infectious 
diseases, previous studies consider that a dyston-
ic response to physical exercise accompanied by 
the ITP is unfavorable, indicating an unsatisfac-
tory or low functional status. Such athletes are 
recommended to engage in preparatory (provided 
there are no contraindications) or special medical 
groups training under gentle training regimens 
[5]. When ITP occurs in athletes, Klapchuk et al. 
[13] suggest adjusting training loads; however, 
no specific implementation guidelines are provid-
ed.

Given such recommendations, and consid-
ering that ITP prevalence ranges from 16% to 
30% among adolescents aged 11–16 years [28], 
57.5% among 3914 athletes across 13 sports 
[11, 16], 52.4% among 741 soccer players [16, 
34], and 52.9% in the present study, affecting 
over half of the athletes, these individuals should 
be withdrawn from training and competition and 
offered a therapeutic exercise program. This is-
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sue has received limited attention among Ukrain-
ian scientists and sports medicine physicians, de-
spite its clinical relevance regarding restrictions 
and contraindications for sports participation fol-
lowing ITP detection. Furthermore, no scientific 
works describing accidents involving athletes with 
the ITP or their exclusion from training and com-
petitive processes have been found in the liter-
ature. It should be noted that the causes of this 
phenomenon described by Ukrainian authors are 
primarily based on assumptions regarding the de-
velopment of cardiovascular pathology, without 
reporting actual consequences.

Notably, Ukrainian scientific literature fre-
quently reports a dystonic response to exercise 
accompanied by the ITP appearing after a load of 
20 squats in 30 seconds, i.e., following the Mar-
tine-Kushelevsky test. Viru [28] demonstrated 
that this phenomenon occurred more frequently 
during high-intensity exercise on a cycle ergome-
ter lasting 3–5 minutes compared to shorter du-
rations (30–60 s), which provided the basis for 
testing athletes using the submaximal PWC170 
test protocol. This protocol involves two exercise 
bouts on a cycle ergometer, each lasting 5 min-
utes. In the available scientific literature, only a 
few studies have reported the occurrence of ITP 
in adolescents during exercise testing, including 
Viru [28], Duff et al. [23], and O’Sullivan et al. 
[25]. While Viru [28] and O’Sullivan et al. [25] 
used a cycle ergometer for exercise testing, Duff 
et al. [23] used a treadmill with two protocols 
(original and modified Bruce protocol), which are 
recommended for clinical assessment of physical 
work capacity in children.

Previously, we demonstrated that among soc-
cer players with higher athletic qualifications 1st 
class–CMS (n=251, 64.7%; mean age 20.1±0.22 
years), who were older than those with the ath-
letic qualification 3rd–2nd class (n=69, 17.8%; 
mean age 15.8±0.21 years, p<0.001), the ITP 
was observed more frequently. Therefore, it is 
not appropriate to claim that ITP predominantly 
appears in adolescents during puberty. Further-
more, we noted that the relative physical work ca-
pacity of soccer players with athletic qualification 
1st class–CMS exhibiting the ITP was significantly 
higher than in athletes of the same qualification 
ranks without this phenomenon (3.188±0.036 vs 
3.050±0.045 W·kg-1, p=0.016) [34].

Freedman et al. [27] reported valuable data 
examining inter-rater differences between Korot-
koff phases IV and V and their association with 
BP levels and hypertension in adulthood, based 
on a sample of 11525 children and adolescents 
aged 5–17 years. The analysis included 2156 in-
dividuals who were re-examined at after age 25; 
among them, 401 adults were diagnosed with hy-

pertension based on either a report of antihyper-
tensive medication use, or SBP ≥ 140 mm Hg, or 
DBP ≥ 90 mm Hg. Thus, the prevalence of arterial 
hypertension in this cohort was 18.6%. Scientific 
literature data, without emphasizing the presence 
or absence of the ITP, may indicate that in the 
age group of 18–39 years, arterial hypertension 
is observed in 22.4% [35]. According to Fryar et 
al. [36], prevalence was 23.4% for both men and 
women combined. In contrast, Hinton et al. [37] 
reported BP data for adults aged 20–29 years: 
12.7% in men and 7.4% in women, increasing to 
18.4% and 12.6%, respectively, at ages 30–39 
years. Among urban residents of India aged 18–35 
years, the prevalence of hypertension was 24.8% 
(28.3% among men and 20.4% among wom-
en) [38]. Thus, data from these studies suggest 
that within the age range cited by Freedman et 
al. [27], arterial hypertension occurs even slight-
ly more frequently than in the 18.6% observed in 
their cohort. Therefore, there is no basis for linking 
the presence of the ITP in children and adolescents 
aged 5–17 years to the subsequent development 
of hypertensive disease beyond age 25.

It is of particular interest to determine which 
exercise bout preceded ITP occurrence in the ex-
amined children and adolescents, as well as their 
sex, given that significant differences were re-
ported between males and females in the afore-
mentioned studies. The results obtained suggest 
that the hypothesis proposed by existing evidence 
may indicate the cause of the ITP in young ath-
letes is correct for the pre– and pubertal periods. 
However, compared with athletes without this 
phenomenon, the differences were not statisti-
cally significant; therefore, there is no basis to 
consider the pubertal period as the primary cause 
of this phenomenon’s appearance. Viru [28] also 
concluded that the ITP is associated with “con-
siderable mobilization of cardiovascular system 
function and its frequent occurrence against a 
background of high functional capacity of this sys-
tem”. Thus, the dystonic response characterized 
by ITP does indeed occur following graded sub-
maximal PWC170 cycle ergometer testing in pu-
bertal male athletes aged 11–17 years engaged 
in soccer, swimming, and handball. However, we 
do not consider pubertal age (10–17 years) to be 
the primary factor contributing to ITP occurrence, 
but rather view the dystonic response as an atyp-
ical response that does not appear to represent a 
health risk for athletes [16].

Conclusions
1. The dystonic response with ITP following 

the submaximal PWC170 test was identified in 
249 (52.9%) of 471 pubertal male athletes and 
was absent in 222 (47.1%), with no significant 

© 2026 Mykhaliuk et al.



201

PHYSICAL REHABILITATION AND RECREATIONAL HEALTH TECHNOLOGIES 
ISSN (print) 2522-1906, ISSN (online) 2522-1914

Vol. 11 No. 3, 2026

difference from an equal distribution (p=0.209), 
suggesting that age 11–17 years is not the prima-
ry factor contributing to ITP occurrence.

2. Among 760 male athletes aged 18–36 
years, ITP was observed in 458 individuals 
(60.3%), a significantly higher prevalence than in 
adolescents aged 11–17 years (60.3% vs. 52.9%, 
p=0.013), providing direct evidence that pubertal 
age does not appear to represent a primary factor 
contributing to ITP occurrence.

3. High absolute and relative physical work 
capacity in athletes aged 11–17 years exhibiting 
ITP, compared with their age-matched peers with-
out ITP, may indicate the absence of overtraining 
or physical overexertion and does not necessitate 
withdrawal from the training process.

4. The dystonic response with ITP in puber-
tal male athletes aged 11–17 years occurs sig-
nificantly more frequently among individuals with 
higher athletic qualification. The observed higher 
prevalence of the ITP among swimmers compared 
to soccer players appears to reflect differences in 
qualification structure across sports rather than 
an independent effect of sports specialization.

5. Analysis of the available literature reveals 
that the hemodynamic mechanisms underlying 
ITP occurrence following graded exercise test-
ing in athletes remain poorly understood, owing 
to a lack of experimental evidence, with most 
researchers relying solely on empirical observa-
tions of its frequency. Consequently, it is difficult 
to concur with the views of certain authors who 
characterize the physiological status of such ath-
letes as unsatisfactory or poor and recommend 
their referral to a therapeutic exercise program.
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