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Abstract: Background: To analyze the effects of a single session of Muay Thai (MT) on blood pressure
and heart rate in adolescents with overweight/obesity. Methods: A total of 27 adolescents with
overweight/obesity (12.85 ± 2.08 years), 13 girls and 14 boys, performed 60 min of MT composed of
general and modality-specific exercises, as well as combat at the end. Anthropometric measurements
were taken and body fat (BF) was measured using DEXA. Excess weight was attested via the body
mass index (BMI) and BF. Systolic blood pressure (SBP), diastolic blood pressure (DBP) and heart
rate (HR) were measured by an oscillometric device before, immediately after MT, and 10, 20 and
30 min of recovery. Results: SBP decreased in boys after 20 min (d = −0.73) and 30 min (d = −0.78)
of recovery, and in girls after 20 min (d = −0.56). DBP decreased in girls immediately after the
session (d = −0.90) and after 10 min (d = −1.00); for the total sample, when analyzed across sex, DBP
decreased immediately after the session (d = −0.70) and after 10 min (d = −0.52). No effect of MT
on HR recovery was observed. Conclusions: A single MT session induces positive changes in blood
pressure, with a greater impact on SBP in girls.
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1. Introduction

Obesity is one of the biggest public health concerns in the 21st century [1]. It is
associated with many serious consequences, from foot disorders, foot and lower limb pain,
to metabolic and cardiovascular problems [2–4]. In Brazil, the prevalence of children with
overweight/obesity is around 30% [5], and considering that childhood obesity problems
are likely to persist and become even worst in adulthood [6], it is necessary to develop
effective treatment options.

Obesity is associated with other diseases, such as endocrine and metabolic disorders [7].
This is because, in childhood and adolescence, high values of heart rate (HR), systolic blood
pressure (SBP) and diastolic blood pressure (DBP) predispose a greater risk of developing
cardiovascular problems in adulthood [8]. Cardiovascular diseases are the main causes of
death worldwide, with systemic arterial hypertension being one of the main risk factors [9],
reaching 22–44% of the Brazilian population [10]. On the other hand, recent studies have

Obesities 2022, 2, 94–102. https://doi.org/10.3390/obesities2010009 https://www.mdpi.com/journal/obesities

https://doi.org/10.3390/obesities2010009
https://doi.org/10.3390/obesities2010009
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/obesities
https://www.mdpi.com
https://orcid.org/0000-0002-0902-0433
https://orcid.org/0000-0001-5046-4522
https://orcid.org/0000-0002-1891-3153
https://orcid.org/0000-0002-8121-2616
https://orcid.org/0000-0002-6192-4667
https://doi.org/10.3390/obesities2010009
https://www.mdpi.com/journal/obesities
https://www.mdpi.com/article/10.3390/obesities2010009?type=check_update&version=1


Obesities 2022, 2 95

shown that movement quality and motor competence can improve sports commitments,
improving the general health as well as the well-being of overweight and obese adults and
youth [11,12], and interventions implementing quality of movement can be more efficient
for the treatment of overweight and obesity than conventional exercises [12].

Studies suggest a positive effect of a single exercise bout on BP, a phenomenon called
post-exercise hypotension [13]. This effect was found in several types of exercises [14,15],
and also in martial arts like Tai Chi Chuan [16], Judo [17] and Karate [18], in diverse
populations. However, it is worth noting that most of the above-mentioned studies concern
the performance of athletes.

Furthermore, it is noteworthy that the American College of Sports Medicine [19]
recommends intermittent activities for the young population, since these are similar to their
daily activities, and thus, the martial arts become an alternative practice. Still, studies using
the practice of martial arts are incipient in children and adolescents, especially with Muay
Thai, which is characterized as an intermittent modality of moderate to high intensity [20].
However, the long-term practice of Muay Thai, i.e., 16 weeks, has already been shown to
be beneficial in improving the body composition of adolescents with overweight/obesity,
such as increasing lean mass and reducing body fat [21]. However, its acute effects on
cardiovascular parameters are still unclear. In this sense, our hypothesis is that according
to the aforementioned evidence, a Muay Thai session can contribute to a reduction in blood
pressure and the resting heart rate of overweight adolescents. The aim of this study is to
describe the effects of a Muay Thai session on the recovery of blood pressure and heart rate
in adolescents with overweight/obesity.

2. Materials and Methods
2.1. Subjects

Adolescents were recruited through local media (television and newspapers) and
social media advertisements. The inclusion criteria were: (a) not having performed phys-
ical exercises for at least six months; (b) not having any disease that would prevent the
adolescent from practicing fighting activities; and (c) not taking any kind of medication.

The sample consisted of 27 adolescents (aged 10 to 17 years old) with overweight/obesity
according to Cole et al. [22] and a percentage of body fat according to Williams et al. [23].
Before completing the training protocol, the participants underwent a period of adapta-
tion/familiarization of the practice of supervised Muay Thai three times a week, for 90 min,
for two months. The study was conducted in the first half of 2016 and all returned with
the Free and Informed Consent Form signed by their parents or guardians, allowing the
adolescent to join the project. The project was approved by the Research Ethics Committee
of the institution responsible for the study (CAAE: 26702414.0.0000.5402).

2.2. Muay Thai Session

The adolescents underwent 60 min of Muay Thai training comprised of 20 min of
general exercise (warm-up, stretching, co-ordination, speed), 20 min of specific Muay Thai
movements (Thai pad, gauntlets, kickers and gloves, through kicks, elbows, knees and
punches) and 20 min of combat (a sparring technique performed by the instructors who
only received and defended the students’ blows—four 4 min rounds were performed with
30 s of rest). At the end of the session, Borg’s subjective perception of effort scale [24],
adapted by Foster [25], was presented and remained between 15–20, which is considered
as high intensity. At the beginning of the session, the individuals remained seated at rest
for 15 min and then were submitted to the session; after, the same adolescents returned to
rest, seated, to complete 30 min of recovery.

2.3. Anthropometry

Anthropometric measurements were performed to measure body mass and height
using the Fillizola digital scale (Plenna, Brazil) and Sanny’s fixed stadiometer with a
maximum length of two meters, respectively. All measurements were performed according
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to the methodology proposed by Freitas Jr et al. [26]. BMI was calculated using the equation:
body mass in kg divided by height in meters squared.

2.4. Body Fat

To assess body fat (%), dual energy X-ray absorptiometry equipment (DEXA) was used,
with the GE Lunar-DPX-NT model equipment. All participants, wearing light clothing
and barefoot (with no metal in the body), were placed on the equipment in a supine
position throughout the exam, remaining immobile for an approximate time of 15 min. The
results were expressed using specific software provided with the equipment. The analysis
procedures were reported in a previous study by Saraiva et al. [27]. The precision of the
DEXA in terms of coefficients of variation was tested in a pilot study with 30 volunteers
who were not involved in this study, and resulted in an error lower than 1%.

2.5. Sedentary Behavior

Sedentary behavior was assessed through screen time in order to characterize the
sample, in which different types of screen time behaviors were evaluated by self-report. The
adolescents reported the number of hours per day during the week and on weekends that
they used TVs, computers, video games, and cell phones/tablets. The sedentary behavior
on weekdays and weekends was added and divided by the seven days of the week to
have the sedentary behavior of hours per day. Those above 2 h per day were considered as
sedentary [28].

2.6. Blood Pressure and Heart Rate

SBP, DBP and HR were measured at rest, pre-exercise and in the 1st, 10th, 20th and
30th minutes post-exercise. All measurements were performed between 6:00 p.m. and
7:30 p.m. Those evaluated were advised not to practice physical exercises 24 h before
the training session. Measurements were performed by an automatic blood pressure
monitor (Omron Healthcare, Inc., IntelliSense, model HEM 742 INT, Bannockburn, Illinois,
USA) validated for BP in adolescents [29], presenting good reproducibility with intraclass
correlation coefficients (ICCs) for boys (SBP from 0.71 to 0.87 and DBP from 0.46 to 0.74)
and for girls (SBP from 0.70 to 0.87 and DBP from 0.69 to 0.86). The same device was also
validated for HR in adolescents [30], presenting good reproducibility (ICCs from 0.82 to
0.95 for boys, and from 0.66 to 0.96 for girls). Appropriate adjustment cuffs were also used
for the circumference of the evaluated arm [31]. The adopted position was seated, and on
the right side with the arm at the heart line. Only one measurement was performed in each
period collected and the same was used for the analyses.

2.7. Statistical Analysis

The Shapiro–Wilk normality test and the t-test for independent samples were used
to compare the initial period between boys and girls. Descriptive analysis was performed
to express the data as the mean and standard deviation. Cohen’s d was used to check the
effect size by comparing the initial period with each recovery period within each group, in
which a value of 0.20–0.49 is considered small, 0.50–0.79 is medium and 0.80–1.29 is large,
according to Cohen [32]. A paired t-test was also performed to compare baseline with each
post-session recovery measure. A significance level of 5% (p-value ≤ 0.05) was adopted
using the Statistical Package for Social Sciences software (SPSS) for Windows (version 15.0,
SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Sample Characterization

A total of 27 adolescents with overweight/obesity (18 obese and 9 overweight;
age = 12.85 ± 2.08; BMI = 28.87 ± 4.67; BF = 44.82 ± 6.37), 14 boys and 13 girls, participated
in this study. There were no differences in age, sedentary behavior, and anthropometric
variables when comparing boys and girls. Similar results were found with SBP, DBP, and
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HR at rest. However, a difference was found between body fat, in which the girls presented
higher values (Table 1).

Table 1. Characterization of adolescents with overweight/obesity according to sex.

Boys (n = 14) Girls (n = 13)
Variables Mean (SD) Mean (SD) p-Value

Age (years) 12.93 (2.16) 12.77 (2.08) 0.847
Body mass (kg) 76.50 (19.84) 72.76 (15.54) 0.589

Height (cm) 161.47 (10.28) 157.97 (7.87) 0.329
BMI (kg/m2) 28.83 (4.71) 28.92 (4.81) 0.961

BF (%) 41.22 (5.97) 48.70 (4.24) 0.001 *
SB (h/day) 3.33 (1.18) 3.85 (0.88) 0.211

SBP (mmHg) 122.00 (10.23) 117.30 (12.16) 0.287
DBP (mmHg) 66.14 (8.39) 72.53 (8.25) 0.057

HR (bpm) 90.85 (11.88) 95.84 (12.72) 0.302
SD = standard deviation; BMI = body mass index; BF = body fat; SBP = systolic blood pressure; SB = sedentary
behavior; DBP = diastolic blood pressure; HR = heart rate; kg = kilogram; cm = centimeter; kg/m2 = kilogram per
square meter; mmHg= millimeters of mercury; bpm = beats per minute; h/day = hours per day; * = p-value < 0.05.

3.2. Effects of a Muay Thai Session on Systolic Blood Pressure

When comparing the values of the Borg scale during the Muay Thai session between
boys and girls, a statistical difference was observed (p-value = 0.044), in which girls had
higher values (boys = 16.93 ± 1.32; girls = 18.00 ± 1.29). The effect size was analyzed
in relation to the SBP response at the beginning and 10, 20 and 30 min after the end of
the Muay Thai training session (Table 2), and it was found that when compared to rest,
immediately after the end of the session, there were significant increases in SBP (9 mmHg)
for boys, girls (11 mmHg) and when the two groups (10 mmHg) were considered together.
After the first 10 min of the Muay Thai session, the SBP values decreased in relation to the
baseline value, and this reduction becomes significant after 20 min for boys (−6 mmHg)
and girls (−5 mmHg). After 30 min, only boys continue to reduce SBP, while in girls it
stabilizes (Table 2).

Table 2. Effect of a Muay Thai session on systolic blood pressure recovery in adolescents with
overweight/obesity.

Systolic Blood Pressure (mmHg)
Mean (SD) Mean (SD) d Mean (SD) D Mean (SD) d Mean (SD) d

B Post B vs. Post 10 B vs. 10 20 B vs. 20 30 B vs. 30

Boys 122 (10) 131 (18) 0.89 a 118 (14) −0.40 c 116 (9) −0.73 b 114 (8) −0.78 b,*
Girls 117 (12) 128 (14) 0.69 b,* 115 (9) −0.22 c 112 (8) −0.56 b 112 (13) −0.40 c

Total 120 (11) 130 (16) 0.80 a,* 116 (12) −0.26 c 114 (9) −0.44 c,* 113 (11) −0.47 c,*

B = baseline; vs. = versus; mmHg = millimeters of mercury; SD = standard deviation; d = effect size by Cohen’s
d; 10 = 10 min; 20 = 20 min; 30 = 30 min; a = high Cohen’s d; b = medium Cohen’s d; c = low Cohen’s d;
* = p-value < 0.05.

3.3. Effects of a Muay Thai Session on Diastolic Blood Pressure

There was no significant reduction in the effect size of DBP in overweight/obese
adolescent boys (−3 mmHg). In girls, however, the magnitude of DBP reduction was
greater immediately after the training session (−9 mmHg) and after the first 10 min
(−6 mmHg), but with 20 and 30 min of recovery, this magnitude decreased. The results
were similar when the sample was analyzed together (both sexes) (Table 3).
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Table 3. Effect of a Muay Thai session on diastolic blood pressure recovery in adolescents with
overweight/obesity.

Diastolic Blood Pressure (mmHg)
Mean (SD) Mean (SD) d Mean (SD) D Mean (SD) d Mean (SD) d

B Post B vs. Post 10 B vs. 10 20 B vs. 20 30 B vs. 30

Boys 66 (8) 66 (9) −0.18 66 (8) 0.00 67 (10) −0.18 63 (8) −0.42 c

Girls 73 (8) 64 (10) −0.90 a,* 66 (6) −1.00 a,* 70 (8) −0.47 c 71 (13) −0.34 c

Total 69 (9) 65 (9) −0.70 b,* 66 (7) −0.52 b 69 (9) 0.03 67 (11) −0.20 c

B = baseline; mmHg = millimeters of mercury; SD = standard deviation; d = effect size by Cohen’s d; 10 = 10 min;
20 = 20 min; 30 = 30 min; a = high Cohen’s d; b = medium Cohen’s d; c = low Cohen’s d; * = p-value < 0.05.

3.4. Effects of a Muay Thai Session on Heart Rate

There was a significant increase in the size of the resting heart rate effect right after the
end of the session, both in the sample stratified by sex (boys, 40 bpm; and girls, 32 bpm)
and in the joint analysis of the sexes (37 bpm) (Table 4). Despite the reduction in heart
rate at rest compared to the post-session period, the values were not equal to or lower
than the initial period 10 min (boys, 24 bpm; girls, 18 bpm; and both, −21 bpm), 20 min
(boys, 29 bpm; girls, 23 bpm; and both, −26 bpm) and 30 min after the end of the training
session (boys, 31 bpm; girls, 25 bpm; and both, −28 bpm). Heart rates remained high in the
sample 30 min after the end of the training session, without recovery from baseline levels
(Figure 1).

Table 4. Effect of a Muay Thai session on heart rate recovery in adolescents with overweight/obesity.

Heart Rate (bpm)
Mean (SD) Mean (SD) d Mean (SD) D Mean (SD) d Mean (SD) d

B Post B vs. Post 10 B vs. 10 20 B vs. 20 30 B vs. 30

Boys 91 (12) 131 (18) 2.67 a,* 107 (11) 0.96 a,* 102 (11) 0.64 b,* 100 (10) 0.59 b,*
Girls 96 (13) 128 (14) 2.04 a,* 110 (10) 1.20 a,* 105 (13) 0.78 b,* 103 (11) 0.52 b,*
Total 93 (12) 130 (16) 2.03 a,* 109 (11) 1.03 a,* 104 (12) 0.64 b,* 102 (10) 0.59 b,*

B = baseline; bpm = beats per minute; SD = standard deviation; d = effect size by Cohen’s d; 10 = 10 min;
20 = 20 min; 30 = 30 min; a = high Cohen’s d; b = medium Cohen’s d; c = low Cohen’s d; * = p-value < 0.05.
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Figure 1. Cardiovascular parameters in adolescents with overweight/obesity after a Muay Thai
training session.

4. Discussion

The present study investigated the effects of a single Muay Thai training session on the
recovery of blood pressure and heart rate in overweight/obese adolescents according to sex.
The results of this study indicate that a single session of Muay Thai was able to cause hy-
potension in SBP after 20 min of exercise in boys and girls, and post 30 min in boys only, and
in DBP in girls and both sexes shortly after exercise and after 10 min. For HR, however, there
was no recovery from initial values, regardless of sex in overweight/obese adolescents.
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4.1. Systolic and Diastolic Blood Pressure

A possible explanation for the fact that only male SBP continued to decrease after
30 min is that females would have less support for autonomic tone to regulate blood
pressure, as well as a lesser effectiveness of the components that regulate the baroreflex [33].
On the other hand, there was a reduction in SBP after 20 min for both sexes, and the
present study corroborates in parts with Dantas et al. [16] who, despite using different
samples, observed a reduction in SBP in patients with peripheral arterial disease after a
40 min session of Tai Chi Chuan, compared to a control group session. However, there
was an increase in DBP after 50 min of exercise and there was no change in HR in the
study by Dantas et al. [16]. The difference between the increase in DBP in the study
by Dantas et al. [16] and the present study may have happened due to differences in the
specificities of the sample between the studies.

Sales et al. [18] analyzed the effect of hypotension after a 50 min session of contact
karate in young male athletes compared to a control session, in which individuals remained
seated at all times. Blood pressure before and after sessions every 15 min until 60 min of
recovery was analyzed, and it was observed that the contact karate session was effective
in reducing BP in young normotensive individuals, and that the reduction can last for at
least 60 min after exercise. Possible mechanisms responsible for post-exercise hypotension
are decreased sympathetic activity, baroreflex sensitivity, the release of nitric oxide by the
endothelium and also by reducing cardiac output [34]. It is recognized in the literature
that the reductions in this period are 3.2 mmHg in SBP and 1.8 mmHg in DBP [35], but
the reduction is greater during the first hours after exercise. Thus, the reduction in SBP
obtained by Muay Thai (8 mmHg) in boys can be considered clinically relevant for this
audience, since the literature indicates that reductions above 5 mmHg reduce the risk of
death from cardiovascular diseases by 9% [36].

Considering martial arts, but with different characteristics from Muay Thai, Simao et al. [17]
evaluated blood pressure in unmedicated hypertensive judo athletes after 60 min of Judo
training, every 10 min until 60 min of recovery after exercise, and did not observe signif-
icant differences when compared to resting values. The Judo modality has an anaerobic
predominance, which may explain the findings of Simao et al. [17], since aerobic exer-
cises are the most recommended to promote hypotension in normotensive individuals or
with hypertension [37], while Muay Thai is a predominantly aerobic modality, thus being
able to explain the post-exercise hypotension effect on SBP. Furthermore, weight status
impacts the mechanisms of post-exercise hypotension [38]. Overweight individuals are
observed to have greater reductions in cardiac output and post-exercise systolic volume, as
well as smaller reductions in total peripheral resistance, when compared with eutrophic
individuals [39].

Significant reductions in DBP were observed right after the session and after 10 min of
recovery in the girls’ group and in the group with both sexes. One hypothesis is that the girls
presented higher values of body fat, and consequently required greater effort and reported
greater intensity. Despite this, studies like Springer et al. [40] and O’Connor et al. [41] show
that females tend to overestimate intensity using the Borg scale. It is worth mentioning that
the protocol and the exercises administered were the same for both sexes.

4.2. Heart Rate

Some types of treatment have been used for the cardiovascular health of obese subjects,
such interferential current application [42], for example. In this sense, physical activity
can also be another type of treatment for cardiovascular health in obese people, including
pediatric populations. For HR, studies with other exercise modalities found an increase in
HR during the recovery period [43], due to the increase in sympathetic modulation to the
heart [44], which in addition to increasing HR, also increases stroke volume and cardiac
output [45]. These findings were similar to those observed in the present study, in which
after 30 min of recovery from the Muay Thai session, HR values did not return to the resting
state. However, Nikolaidis et al. [46] observed that after a intervention consisting of five
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weekly sessions during a preparatory competition period (each session lasting 60–90 min)
in adolescent Taekwondo athletes of both sexes, there was a decrease in HR values (14 bpm).
This discrepancy in the results can be justified not only by the individuals in the present
study being overweight, since the literature indicates that obesity reduces the activity of
the autonomic system [47], but also because they are insufficiently physically preventing
the return of HR values to resting levels. In addition, the Taekwondo practitioners were
athletes, eutrophic and had higher levels of physical fitness.

Buchheit et al. [48] observed that the recovery from parasympathetic activity occurs
1 to 48 h post-exercise and this can vary according to the changes induced by exercise.
Thus, another explanation for the non-recovery of HR, as well as the absence of greater
hypotensive effects of BP, may be due to the intensity of the training session, in which
it presented high intensity. This is considering that studies show that even in trained
individuals, the greater the intensity, the recovery of HR is significantly slower [49]. On
the other hand, overweight adolescents tend to have sympathetic vagal dysfunction of the
heart that impairs CF baroreflex control mechanisms [50].

Weight status is important within recovery mechanisms, since overweight/obesity
is associated with decreased HR recovery, delayed vagal reactivation, and impaired post-
exercise hypotension in young females [38]. Moreover, the literature shows that conditions
such as specifically abdominal obesity, just like BMI, reduce the recovery of HR [38,50]. In
addition, the recovery time (30 min) may not have been enough, and perhaps with a longer
recovery time it would cause a difference.

4.3. Limitations

Among the limitations of this study, we can consider the short recovery time, since
other studies have observed better results with longer recovery times [16,18]. Failure to
assess metabolic factors such as blood glucose, cholesterol and diabetes should also be
considered, since they may have influenced this relationship. Moreover, the adaptation
and familiarization time and the lack of a control group may have had an effect. Strengths
of the study include the type of sport used, Muay Thai, and the specificity of the sam-
ple, composed of overweight adolescents, a population that is more likely to develop
cardiovascular problems.

5. Conclusions

In conclusion, a single session of Muay Thai was able to reduce the SBP of boys and
girls, and the DBP of girls, and when analyzed, across both sexes in the same group. For HR,
the 30 min recovery was not enough to recover the values of the initial period, and these
findings were similar for boys, girls, and when analyzing both sexes in the same group.
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