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Blood pressure, heart rate and enjoyment responses to exercises

INTRODUCTION
Cardiovascular diseases represent the primary cause of mortality and 
morbidity worldwide [1,2]. Moreover, it has been shown that car-
diovascular disease and especially a high level of BP are becoming 
more premature among young and paediatric populations [3,4]. 
Moreover, physical inactivity and lifestyle-related diseases during 
childhood and adolescence are associated with an increased risk of 
cardiovascular disease and greatly contribute to the burden of disease, 
death, and disability during adulthood [5-7].

Despite the potential benefits of exercise, some estimates suggest 
that many adolescents do not achieve recommended levels of phys-
ical activity [8]. This is probably due to the lack of enjoyment and 
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motivation frequently related to classical intervention modes such 
as continuous exercise, therefore leading to low adherence [9-11]. 
It is well acknowledged that enjoyment is one of the most influential 
factors to increase participation in physical activity, particularly in 
paediatric populations [12]. Thus, it is important to investigate train-
ing strategies capable of increasing physical activity levels among 
adolescents, in order to effectively reduce cardiovascular risk and 
improve their health.

Recently, sprint interval training or repeated sprint (RST) and 
small-sided soccer games (SSG) have emerged as feasible and ef-
ficacious strategies for addressing the lack of motivation for partici-
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started with a brief dynamic warm-up (7 min: jogging + active dy-
namic stretching) followed by the exercise session (20 min). All 
sessions and measurements were performed at the same time of day 
(i.e., between 1:00 and 3:00 pm) at temperature ranging from  
18 to 23°C.

Anthropometric and maturity assessment
Body mass and height were measured in standard conditions with 
minimal clothes. Four skinfolds (biceps, triceps, suprailiac, sub-
scapular) were obtained by an experienced evaluator using a Harpen-
den caliper (Lange, Cambridge, MA, USA). Age at peak height veloc-
ity (PHV) was used as an indicator of maturity, representing the time 
of growth spurt during adolescence [20]. The PHV was calculated 
using sex-specific equations based on anthropometric measures (body 
mass, height, leg length, sitting height) [20].

Heart rate and blood pressure assessment
Measurement of HR peak was performed by means of the Yo-Yo inter-
mittent recovery test level 1 [21]. The test consisted of a repeated 
20-m run back and forth between 2 markers/lines, with progressive 
velocity adjusted using an audio player specific band. Participants 
were allowed to recover for 10 s in between each 40-m bout. The 
test was completed when the participant failed twice to maintain the 
running pace or reached voluntary exhaustion. The HR was measured 
by heart rate monitors (Polar S-810, Polar-Electro, Kempele, Finland, 
recording one value each 5 s), and the maximal HR achieved during 
the test was recorded as HR peak. A recent study by Póvoas et al. [22] 
demonstrated that Yo-Yo IRT test performance and HR peak are cor-
related and reliable in 9-16 year-old footballers and recreationally 
active boys.

Twenty-four hours before the experimental sessions, all subjects 
were instructed to avoid any strenuous physical activity or caffeine 
intake. Heart rate data were continuously collected at baseline, dur-
ing the training session and 30 min after each session. Resting HR 
was evaluated during 10-min rest in a sitting position. Procedures 
for BP measurement followed the American Heart Association guide-
lines [23]. Resting SBP and DBP were measured in duplicate, using 
an automatic upper-arm blood pressure monitor (PK-HEM-7200; 
OMRON M3, Japan), with the subjects seated in a comfortable 
position in a quiet room for a minimum of 15 min. Post-exercise BP 
was measured in duplicate each time point at 10 min, 20 min and 
30 min after interventions. An automated BP measurement system 
was used in order to prevent investigator bias in the reading of blood 
pressure between trials.

Perceived effort and enjoyment assessment
Within the first 10 minutes of post-exercise recovery, the RPE was 
assessed by means of Borg’s CR-10 point scale [24]. Enjoyment 
level after each intervention was also evaluated using a modified and 
validated Physical Activity Enjoyment Scale (PACES) [25]. This ques-
tionnaire includes 16 items concerning different aspects of enjoyment, 

pation in physical activity. Firstly, RST can induce high neuromus-
cular and metabolic stress, with significant involvement of the 
aerobic system [13]. Furthermore, it represents an attractive training 
strategy compared with continuous aerobic running or cycling exer-
cises [14,15]. Secondly, a growing amount of research has high-
lighted the health benefits from recreational SSG training in sedentary 
healthy and unhealthy individuals [16-18]. In comparison with con-
tinuous exercises, higher exercise intensities might be achieved dur-
ing SSG with a lower rate of perceived effort [19], which supports 
its application as a strategy to improve health and increase physical 
activity levels in sedentary individuals.

Despite these promising applications, physiological and enjoyment 
responses to SSG and RST have not been investigated in untrained 
adolescents. Given the increasing interest in health benefits related 
to repeated sprint running exercise and recreational soccer training, 
the present study aimed to compare the acute effects of RST and 
SSG on heart rate and post-exercise blood pressure in untrained 
adolescents. Additionally, the degree of physical activity enjoyment 
and RPE were assessed.

MATERIALS AND METHODS 
This study was designed to compare the acute effects of an RST 
training session and SSG on HR during exercise, post‑exercise HR 
recovery, SBP, DBP, RPE, and enjoyment in healthy untrained ado-
lescent boys. Using a randomized counterbalanced design, after 
baseline testing and familiarization sessions, 2 experimental sessions 
(RST and SSG) were conducted with 48-72 h intervals in between. 
The 2 familiarization sessions included measurement of resting HR 
and BP and performing the RST and SSG in each session. The ex-
perimental sessions included the measurements of HR and BP that 
were performed before (after 15 min of seated rest) and every 10 
minutes for 30 minutes after each session. RPE and physical activ-
ity enjoyment were also evaluated 5 min after each intervention.

Subjects
Twelve untrained healthy adolescent boys (age 15.8±0.6 years, 
body mass 59.1±3.7 kg, height 1.7±0.1m, and BMI 20.0±1.6) 
were recruited for the study. During the study, participants were 
involved only in regular physical education programmes. All partici-
pants were fully informed of risks and discomforts associated with 
the experimental procedures, and their parents signed informed con-
sent providing authorization to participate in the study. The experi-
mental protocol was approved by the Institutional Ethical Committee 
in conformity with the Declaration of Helsinki for human  
research.

Procedure
Participants were randomly allocated to two groups. After baseline 
assessment of body composition and HR peak, participants performed 
either a small-sided soccer game session (SSG) or repeated sprint 
running session (RST) in a counterbalanced design. Each session 
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which are rated according to a 5-point Likert-type scale. The sum of 
scores was used for analysis.

Small-sided soccer game session
During the SSG, participants performed 3 repetitions of 3 min of an 
adapted 3 vs. 3 players’ soccer game, interspersed with 2 min of 
passive rest in between (approximately 12 min total time). In order 
to progressively increase the exercise intensity, the pitch size was 
increased from 20 m (length) x 12 m (width), to 25 m x 15 m, and 
to 30 m x 18 m, in the first, second, and third repetition, respec-
tively [26]. Participants were asked to maintain high exercise inten-
sity during each training session and to avoid intensive or forceful 
contacts and movements to avoid injuries.

Repeated sprint running session
Participants performed two sets of 6 repetitions of 30-m sprint with 
a 180° change of direction (15m +15m). Twenty seconds of recov-
ery were allowed between sprints and 4 min between the two 
sets [27]. The session lasted approximately 10 min excluding warm-
up duration.

Statistical analysis
Statistical analyses were processed using the SPSS 16.0 software 
(SPSS Inc., Chicago, IL, USA). Results are presented as mean ± SD. 
The assumption of normality was confirmed by the Kolmogorov-
Smirnov test. Test-retest reliability of measurements was assessed 
by the Cronbach interclass correlation coefficient (ICC). Firstly data 
were analysed using a two-way analysis of variance (ANOVA) with 
repeated measures. Pearson’s correlation coefficient was used to 
evaluate the association between baseline BP and the magnitude of 
BP decrease after the two interventions. Cohen’s d effect size (ES) 
was also calculated to determine the magnitude of changes or dif-
ference between interventions. ES was classified according to Cohen’s 
d as follows: < 0.2 was defined as trivial; 0.2– 0.6 was defined as 

small; >0.6–1.2 was defined as moderate; >1.2–2.0 was defined 
as large; > 2.0-4.0 was defined as very large; and >4.0 was defined 
as extremely large.

RESULTS 
Participants’ baseline measures are presented in Table 1. Post-exer-
cise blood pressure and heart rate after the two interventions are 
displayed in Table 2. Perceptual and enjoyment responses are shown 
in Figures 1 and 2.

The intra-class correlation coefficients for test-retest reliability  
(n = 8) were high for resting HR (r = 0.9, P<0.01), SBP (r = 0.8, 
P = 0.01) and DBP (r = 0.8, P = 0.01).

No significant change vs. baseline values was detected in SBP or 
DBP at 10, 20 and 30 min of post-exercise recovery after the two 
interventions (all P>0.05, ES<0.6). However, Pearson’s correlation 
revealed a significant large and inverse association between baseline 
BP and the magnitude of decline after RST and SSG. After an SSG 
session, a significant correlation was found for SBP at 10 min  
(r = -0.8, P = 0.01), at 30 min (r = -0.6, r = 0.04) and for DBP 
at 10 and 20 min (both r > 0.7, P < 0.05). After an RST session, 
a significant correlation was found for SBP at 20 min (r = -0.7,  
P = 0.01) and at 30 min (r = -0.6, r = 0.05); Table 3. In regard 
to HR, both sessions similarly induced significant increases after 
exercise compared with baseline. However, post-hoc analysis revealed 
significant lower values after SSG compared with RST at 30 min 
after interventions (82.3 ± 6.5 versus 91.6 ± 14.3 beats/min,  
P = 0.04, ES = 0.8, respectively). Finally, significantly lower RPE 
was noted after SSG compared with RST (P=0.02, ES=1.1), while 
perceived enjoyment scores did not differ between groups (P=0.92, 
ES=0.04).

DISCUSSION 
The present study sought to compare cardiovascular, effort-perception 
and enjoyment responses to small-sided soccer games compared 

TABLE 1. Mean ± SD of age, body composition, blood pressure and maturity characteristics at baseline of the adolescent subjects.

Variables Values (M±SD)

Age (years) 15.8 ± 0.6

Y-PHV 0.8 ± 0.5

Height (m) 1.7 ± 0.1

Body mass (kg) 59.1 ± 3.7

Sum of skinfolds (mm) 25.4 ± 2.8

HR peak (beats/min) 200 ± 5.6

SBP (mm Hg) 113.2 ± 6.2

DBP (mm Hg) 64.9 ± 1.5

SBP: systolic blood pressure; DBP: diastolic blood pressure; Y-PHV: years to/from age of peak height velocity.
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Furthermore, the % HR peak observed within exercise sessions was 
similar in SSG and RST, suggesting that high metabolic stress was 
provoked by both types of training.

It has been systematically shown that SBP and DBP can be re-
duced for several hours after a single session of resistance training [32] 
and aerobic-based training [33], which has been referred to as post-
exercise hypotension. Furthermore, this response has been sug-
gested to be clinically desirable, since chronic BP reduction due to 
aerobic training could be related to the summation of acute hypo-
tensive responses following exercise sessions [34]. Since benefits of 
recreational soccer training for BP have been reported [29,35], we 
considered it relevant to test whether SSG and RST would be able 
to induce post-exercise hypotension. This hypothesis was not con-
firmed, since differences in SBP and DBP compared to pre-exercise 
values were not detected after either intervention at any of the time-
points during recovery. So far, no other study has aimed to investigate 
the effects of recreational soccer on post-exercise BP, which limits 
the discussion of the present data. Nonetheless, the present findings 

with repeated sprint running in untrained healthy adolescents. The 
main findings are that the two training methods elicited similar ex-
ercise intensity, without any repercussion for post-exercise BP. The 
effort perception was significantly lower after SSG than RST, with no 
difference in the perceived enjoyment between groups. Furthermore, 
HR value declines after interventions were at similar magnitude 
during the first 20 min. However, HR values were significantly low-
er after SSG than RST at 30 min after intervention.

During the last few years, a growing body of research has high-
lighted the benefits of organized soccer training for health indicators 
in healthy or unhealthy young and adults individuals [28-30]. Al-
though there is evidence demonstrating the efficacy of soccer train-
ing as a strategy to improve health status, specific research about 
the acute physiological and perceptual responses is scarce, espe-
cially in paediatric populations. Our findings demonstrated that SSG 
might elicit moderate to vigorous exercise intensity (over 70%  
HR peak), which is compatible with the improvement of aerobic ca-
pacity and equivalent to values previously reported for adults [31]. 

TABLE 2. Effects of small-sided game and repeated sprint on BP and HR recovery (results presented as mean ± SD).

Pre 10 min %Δ ES 20 min % ES 30 min %Δ ES

HR (beat/min)

RST 75.5 ± 16.3 94.2 ± 16.8 24.8* 1.1 93.5 ± 13.3 23.8* 1.2 91.6 ± 14.3 21.3* 1

SSG 72.4 ± 9.9 92.9 ± 10.2 28.3* 2 88 ± 11.6 21.5* 1.4 82.3 ± 6.5 13.6* # 0.9

SBP (mm Hg)

RST 116.5 ± 8.6 116.7 ± 11 0.2 0.9 114.5 ± 5.9 -1.7 0.48 115 ± 7.3 -1.3 0.5

SSG 114.7 ± 6.9 112.4 ± 4.4 -2 0.2 116 ± 9.1 1.2 0.27 112.7 ± 5.3 -1.7 0.3

DBP (mm Hg)

RST 68.5 ±6.3 70.5 ± 5.7 2.9 0.3 69.3 ± 7.7 1.2 0.71 69.8 ± 7.2 1.9 0.6

SSG 68.8 ± 5.4 69.8 ± 6.2 1.4 0.2 66.8 ± 6.2 -2.9 0.3 65 ± 6.2 -5.5 0.7

Note: HR: heart rate, RS: repeated sprint, SSG: small-sided game; SBP: systolic blood pressure; DBP: diastolic blood pressure.
*: denotes significant difference compared with baseline (pre).
#: denotes significant difference between interventions.

TABLE 3. Relationship between baseline BP and post-exercise changes.

10 min 20 min 30 min

Resting SBP
SSG

r = -0.8 *  
P = 0.01 

r = -0.2  
P = 0.5

r = -0.6 *
P = 0.04

RST
r = 0.3
P = 0.4

r = -0.7*
P = 0.01

r = -0.6*
P = 0.05

Resting DBP
SSG

r = -0.8*
P = 0.01

r = -0.7*
P = 0.02

r = -0.5
P = 0.1

RST
r = -0.5
P = 0.1

r = -0.5
P = 0.1

r = -0.5
P = 0.1

Note: SSG - small-sided game, RST - repeated-sprint training
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concur with several prior studies that did not observe post-exercise 
hypotension in normotensive individuals [36,37]. Despite the fact 
that significant BP reduction was not detected after SSG and RST, 
our data corroborate the hypothesis of a relationship between resting 
BP and the magnitude of post-exercise hypotension. Despite the short 
period of BP assessment after exercise, in both SSG and RST, subjects 
who had higher initial BP exhibited greater reduction in BP (r>0.81, 
P < 0.05). In the present study, the subjects were healthy and of 
normal weight, which might have been related to the normal BP 
values that were observed at rest. Further studies should further 
develop the findings of the present research by controlling post-ex-
ercise blood pressure for more than 30 min post-exercise recovery. 
Furthermore, although the benefits of soccer-based training for rest-
ing BP have been demonstrated in healthy and hypertensive adults 
subjects [29,35], there are no data on the long-term effects of SSG 

on blood pressure in adolescents, and this should be addressed in 
future studies.

Heart rate values during the recovery period after the two interven-
tions were significantly higher at 10, 20 and 30 min compared with 
baseline values. However, at 30 min, HR was significantly higher 
after RST compared with SSG, suggesting that RST may result in 
more post-exercise fatigue/stress than SSG. These results are in line 
with the study of Buchheit et al. [14]. These authors demonstrated 
that parasympathetic reactivation assessed through HR recovery and 
HR variability is highly impaired after RST exercise in moderately 
trained subjects and appears to be mainly related to the anaerobic 
processes that are highly taxed during RST. Thus, the low parasym-
pathetic reactivation after RST and SSG should be taken into account 
by clinicians and specialists wishing to prescribe these two types of 
training especially in clinical patients.

It has been shown that motivation represents an important com-
ponent to start doing physical activity; it is the first step and is 
particularly important in children and adolescents because they are 
strongly influenced by motivation and enjoyment of physical activ-
ity [38]. The SSG has been acknowledged as an effective tool for 
enhancing adherence to physical activity in untrained individuals. 
Furthermore, it represents a social activity which produces larger 
improvements in maximal oxygen uptake than continuous moderate-
intensity endurance running or strength training [39]. Altogether, 
our findings suggest that both SSG and RST should be considered 
as strategies for replacing traditional continuous exercise training 
regimens, in order to counteract the lack of motivation, which is a 
key component in physical inactivity [40]. In regard to effort and 
enjoyment perception, the present results showed that SSG elicited 
significantly lower RPE than RST, but similar enjoyment (PACES). 
Since the exercise intensity was similar across the two types of 
exercise, a first analysis might suggest that the inferior fatigue per-
ception during SSG is related to a higher level of motivation in 

FIG 2. Heart rate data measured before (Pre) and after 10, 20 and 
30 min of a repeated sprint training session (RST) or a small-sided 
game session (SSG). * Significantly different from Pre  
(P ≤ 0.05). # Significant difference between the two interventions 
(P ≤ 0.05).

FIG 1. Differences between repeated sprint session (RST) and small-sided game session (SSG) in terms of rating of perceived exertion (A), 
physical activity enjoyment scale (B) and mean heart rate (C); *: denotes significant difference compared to baseline (p < 0.05).
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CONCLUSIONS 
In summary, the present study shows that SSG and RST elicited 
higher exercise intensity (HR values exceeds 70% of HRpeak). How-
ever, significant effects on BP up to 30 minutes after exercise were 
not detected. Furthermore, effort perception was significantly lower 
after SSG than RST, although the enjoyment level was similar across 
conditions. Additional research is necessary to investigate whether 
SSG and RST can induce post-exercise hypotension in adolescents 
with high resting BP, as well as to ascertain potential determinant 
factors of perceived fatigue and enjoyment within different types of 
activity in this population.
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practising soccer than performing repeated sprints. On the other 
hand, this could be questioned based on the fact that a significant 
difference in enjoyment score was not detected between exercise 
modes. Actually, previous studies have consistently shown that RST 
may be a motivating activity for adolescents, at least in comparison 
with continuous exercise [12,14]. Therefore, differences in fatigue 
perception could possibly be due to either physiological issues, such 
as the proportion of aerobic-anaerobic metabolism, or a combination 
of physiological and motivational aspects (such as the existence of 
goals and collective competition). Evidently, further research is war-
ranted to evaluate these speculations.

Some limitations of the present study should be considered. 
Firstly the sample size is small, and thus it is difficult to draw a 
general conclusion. Furthermore, the two kinds of exercise were 
different in terms of motor recruitment and biomechanical aspects, 
and therefore future studies should include the assessment of the 
workload applied for both exercises, because it has been shown that 
differences in exercise workload may influence either metabolic or 
cardiorespiratory responses [41].
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