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ABSTRACT
Introduction: Regular physical exercise, or a more active lifestyle, are important to prevent cardiovascular 

diseases, reducing not only cardiovascular mortality but also promoting a reduction in the risk factors related 
to these diseases. Objective: To assess the association between physical inactivity and heart rate variability 
(HRV) in adolescents. Methods: This was a cross-sectional study of the Diagnostic Type with Level of Evidence 
II according to the Oxford table. One hundred and twenty-nine adolescents were evaluated, aged 15 and 17 
years old, divided into four groups: male teenagers who were insufficiently active (IAM n = 28) or physically 
active (FAM n = 29), and female teenagers who were insufficiently active (IAF n = 42) or physically active 
(FAF n = 30). The level of physical activity was assessed by the IPAQ. The HRV was evaluated in the time and 
frequency domains. Results: Reduced pulse interval variance was observed in the insufficiently active male or 
female groups (5089 ± 378 ms² and 4335 ± 276 ms² respectively) compared to the physically active groups 
(9106 ± 606 ms² and 6182 ± 366 ms² respectively). Moreover, the insufficiently active groups presented higher 
cardiac sympathetic/vagal balance values (0.81 ± 0.05 and 0.80 ± 0.05 respectively) compared to the physically 
active groups (0.63 ± 0.05 and 0.55 ± 0.05 respectively). Conclusion: A physically active lifestyle was associated 
with better cardiovascular autonomic modulation in adolescents. Level of Evidence II; Diagnostic Studies - 
Investigating a Diagnostic Test.

Keywords: Sedentary lifestyle; Autonomic nervous system; Adolescent health.

RESUMO
Introdução: A prática regular de exercícios físicos ou o estilo de vida mais ativo são importantes na prevenção de 

doenças cardiovasculares, reduzindo não somente a mortalidade cardiovascular, mas também favorecendo a redução 
dos fatores de risco relacionados com essas doenças. Objetivo: Avaliar a associação entre inatividade física e varia-
bilidade da frequência cardíaca (VFC) em adolescentes. Métodos: Este foi um estudo transversal do tipo Diagnóstico 
com Nível de Evidência II segundo a tabela de Oxford. Foram avaliados 129 adolescentes com idades entre 15 e 17 
anos, divididos em quatro grupos: adolescentes insuficientemente ativos (IAM, n = 28) ou fisicamente ativos (FAM, n 
= 29) do sexo masculino e adolescentes, insuficientemente ativos (IAF, n = 42) ou fisicamente ativos do sexo feminino 
(FAF, n = 30). O nível de atividade física foi avaliado por meio do IPAQ. A VFC foi avaliada no domínio do tempo e 
da frequência. Resultados: Nos adolescentes do sexo masculino e feminino, foram observados valores menores na 
variância do intervalo de pulso nos grupos insuficientemente ativos (5.089 ± 378 ms² e 4.335 ± 276 ms², respectiva-
mente) quando comparados com os grupos fisicamente ativos (9.106 ± 606 ms² e 6.182 ± 366 ms², respectivamente). 
Além disso, os grupos insuficientemente ativos apresentaram maiores valores de balanço simpato-vagal cardíaco 
(0,81 ± 0,05 e 0,80 ± 0,05, respectivamente) comparados aos dos grupos fisicamente ativos (0,63 ± 0,05 e 0,55 ± 0,05, 
respectivamente). Conclusão: A vida fisicamente ativa foi associada à melhor modulação cardiovascular autonômica 
em adolescentes. Nível de Evidência II; Estudos diagnósticos – Investigação de um exame para diagnóstico.

Descritores: Estilo de vida sedentário; Sistema nervoso autônomo; Saúde do adolescente. 

RESUMEN
Introducción: La práctica regular de ejercicios físicos o el estilo de vida más activo son importantes en la prevención 

de enfermedades cardiovasculares, reduciendo no sólo la mortalidad cardiovascular, sino también favoreciendo la 
reducción de los factores de riesgo relacionados con esas enfermedades. Objetivo: Evaluar la asociación entre inacti-
vidad física y variabilidad de la frecuencia cardíaca (VFC) en adolescentes. Métodos: Este fue un estudio transversal del 
tipo Diagnóstico con Nivel de Evidencia II según la tabla de Oxford. Se evaluaron 129 adolescentes con edades entre 
15 y 17 años, divididos en cuatro grupos: adolescentes insuficientemente activos (IAM, n=28) o físicamente activos 
(FAM, n=29) del sexo masculino y adolescentes insuficientemente activos (IAF, n=42) o físicamente activos del sexo 
femenino (FAF, n=30). El nivel de actividad física fue evaluado a través del IPAQ. La VFC fue evaluada en el dominio 
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del tiempo y de la frecuencia. Resultados: Los adolescentes del sexo masculino y femenino insuficientemente activos 
presentaron valores menores  en la varianza del intervalo de pulso (5.089 ± 378; y 4.335 ± 276 ms², respectivamente) 
cuando se compararon con los grupos físicamente activos (9.106 ± 606 y 6.182 ± 366 ms², respectivamente). Además, 
los grupos insuficientemente activos presentaron mayores valores del balance simpático-vagal cardíaco (0,81 ± 0,05 y 
0,80 ± 0,05, respectivamente) comparados a los grupos físicamente activos (0,63 ± 0,05 y 0,55 ± 0,05, respectivamente). 
Conclusión: La vida físicamente activa fue asociada a la mejor modulación cardiovascular autonómica en adolescentes. 
Nivel de Evidencia II; Estudios de diagnósticos - Investigación de un examen para diagnóstico.

Descriptores: Estilo de vida sedentario; Sistema nervioso autónomo; Salud del adolescente.
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INTRODUCTION
Physical activity levels in children and adolescents have shown 

a significant reduction, which may be related to the increase in the 
use of computer games and television.1 According to the I Guidelines 
for the Prevention of Atherosclerosis in Childhood and Adolescence, 
depending on the criteria used, there is a prevalence of 42% to 93.5% 
of sedentarism in this population2 and a 60–70% risk of developing 
hypertension,3 which does not occur with regular exercise, which is 
efficient in reducing cardiovascular mortality.4

There is evidence that cardiovascular autonomic dysfunction plays an 
important role in the development and worsening of various diseases.5 In this 
sense, heart rate variability (HRV) analysis has been a non-invasive tool for the 
evaluation of cardiovascular autonomic modulation, demonstrating that HRV 
reduction is associated with increased cardiovascular morbidity and mortality.6

Due to the cardiovascular benefits, such as reduced resting heart rate, 
metabolic benefits, inhibition of insulin secretion stimulating lipolysis in 
adipose tissue7,8 and improved autonomic control, many investigators 
suggest physical training as a non-pharmacological conduct in the 
prevention of various diseases, such as systemic arterial hypertension, 
heart failure, diabetes and obesity.8,9

Despite consensus on the importance of physical activity in the 
treatment of cardiovascular dysfunctions, few studies have demons-
trated the importance of this practice in adolescents. The objective of 
this study was to evaluate the association between physical inactivity 
and HRV in adolescents.

METHODS
This is a cross-sectional Diagnostic with Level of Evidence II type of 

study according to the Oxford table, approved by the Ethics Commit-
tee of Universidade São Judas Tadeu (090/2009) and according to the 
Declaration of Helsinki, revised in 2008. At first, Informed Consents were 
sent to the parents of adolescents from a state school in São Paulo, of 
which 113 were not returned or did not contain the requested data. The 
study included 129 male and female adolescents aged between 15 and 
17, according to the flowchart. (Figure 1)

To assess physical activity levels, the participants filled out a self-reported 
IPAQ short version. For the purposes of setting up the groups, the adoles-
cents were classified as active, irregularly active (A and B) and sedentary. A 
statistical analysis using Student’s t-test to compare the irregularly active 
groups found no significant differences for anthropometric, metabolic, 
hemodynamic and autonomic variables between them. Therefore, these 
individuals (male or female) were included in the so-called insufficiently 
active groups. We then distributed the individuals in four groups, (Figure 2), 
namely: Insufficiently active males (IAM, n=28) or females (IAF, n=42) and 
physically active males (PAM, n=29) or females (PAF, n=30).

Body weight and height were measured barefoot in orthostatic 
position, feet joined and facing forward, using Filizola digital scales and 
Sanny stadiometer, respectively.® From these data, body mass index 
(BMI) was calculated. BMI, age, height and body mass (Kg) percentiles 
were entered into the software STAT GROWTH CHARTS™, version 2.04 
of the Austin Physician Productivity for iPod. The adolescents who had 

Figure 1. Flowchart.
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equal or lower percentiles (<5) were classified as low weight; those 
with equal or lower percentiles (> 5 and <85) were classified as healthy 
weight; percentiles lower than 95 were classified as overweight (> 85 
and <95); and percentiles (≥95) were classified as obese.

Measurements of waist circumference (WC) were taken with the 
adolescents in an orthostatic position, with relaxed abdomen, on the 
narrower portion of the trunk, using a flexible Sanny tape measure placed 
on the horizontal plane.®

Measurements of blood pressure (BP) were taken with the adolescents 
sitting at rest, at three moments: two measurements at the beginning 
of collection and one measurement immediately after the evaluation of 
autonomic modulation, whereby the first measurement was disregarded 
and the mean of the last two measures was taken. The method used was 
auscultatory with Missouri® aneroid sphygmomanometer and Littmann® 
stethoscope in the right arm. All measurements were taken by the same 
evaluator and the BP percentiles were derived from the analysis of the 
data entered into the STAT GROWTH CHARTS™, complying with and 
classified according to the VII Brazilian Guidelines on Hypertension (2016). 

The RR interval was recorded with the adolescents sitting and instruc-
ted to perform minimal voluntary movements for three minutes, using 
a S810 Polar frequency meter. On the frequency meter, the transmitting 
belt detects the beat-to-beat electrocardiographic signal and transmits it 
through an electromagnetic wave to the Polar wrist receiver where this 
information is scanned, displayed and filed. The system detects ventricular 
depolarization corresponding to the electrocardiogram R wave with a 
500 HZ sampling and a time resolution of one ms10 previously validated 
against standard Holter electrocardiography.11 

The log files were transferred to the Polar Precision Performance 
Software through the Infrared Interface, or IrDA, which allows bidirectio-
nal data exchange. RR series variances were evaluated for time domain 
and frequency domain.12 After acquisition and storage of the data in the 
computer, the RR intervals (IP) from the frequency meter were converted 
and stored in Excel files to select the sections to be analyzed by visual 
inspection in order to identify and/or correct any incorrect markings. Then, 
the time series of each signal to be studied (tachogram) was generated. 
The data were analyzed and tabulated using the MATLAB program in the 
Fast Fourier Transform (FFT) format. After this mathematical remodeling, 
the absolute power was derived in the relevant pre-determined frequency 
bands: low frequency (LF: 0.04–0.15 Hz, indicative of cardiac sympathetic 
modulation) and high frequency (HF: 0.15–0.4 Hz, indicative of cardiac 
parasympathetic modulation). Data are expressed in absolute values and 
standard units. The LF/HF ratio represents the sympathovagal balance. 
Detection of RR intervals from the frequency meter followed the same 
criteria described above for setting up the time series of the frequency 
domain variability. For this study, mean standard deviation (SD) and total 
variance (PI VAR) were used as an index in the time domain.13 

Metabolic measurements were performed with adolescents pre-
viously instructed to fast for 12 hours. The collection took place in an 
environment of controlled access, in the school building, using individual 
sterilized disposable Roche Accu-Check Safe T-ProUno lancets. Asepsis 
of the index finger was done with MEDLINE® 70% alcohol SWAB. Roche 
Accutrend Plus® portable reflectance photometry monitors were used 
for specific measurements of blood glucose, cholesterol and triglycerides. 

Body composition evaluation was performed with the individual 
lying in dorsal decubitus in an environment reserved by the method 
of electrical bioimpedance with Biodynamics BIA® 450 equipment. To 
perform this procedure, the adolescents were instructed to fast for 12 
hours, abstaining from caffeine, alcohol and exercise for at least 24 hours, 
not ingesting water for four hours and emptying their bladder 30 minutes 
before the procedure. Immediately before the placement of electrodes, 
the contact areas were cleaned with 70% alcohol and plain cotton. One 
emitter electrode was placed close to the metacarpal phalangeal joint 
of the dorsal surface of the right hand and another one distally from 
the transverse arch of the upper surface of the right foot. One detector 
electrode was placed between the distal prominences of the radius and 
ulna of the right wrist and another one between the medial and lateral 
malleoli of the right ankle, following the manufacturer’s recommendations. 

Statistical analysis
The results are presented by sex, as mean ± standard error of the 

mean for numerical variables and as frequency and percentage for ca-
tegorical variables. To analyze the categorical variables, chi-square test 
was used using the software SPSS version 18.0. The variances of the other 
anthropometric, metabolic, hemodynamic and autonomic variables of 
the groups were compared by two-way ANOVA, followed by Student 
Newman Keuls post hoc using the software STATISTICA version 9. The 
significance level adopted in this study was p<0.05. The power of the 
sample was calculated subsequently considering the group variances 
for the following variables: sympatho-vagal balance and pulse interval 
variance. A β of 0.99 was derived for LF/HF and a β of 1.00 for PI VAR.

RESULTS
Regarding the regular practice of physical activity, we found that 

54% of the total sample of adolescents were considered insufficiently 
active according to the IPAQ evaluation criteria. Among male adoles-
cents, 49% were classified as insufficiently active, and 58% of females 
were classified as such. (Figure 2)

Regarding the participation in physical education classes at school, 
27.5% of male adolescents and 51.4% of female adolescents reported 
not attending the classes regularly. 

Among male adolescents, we found no differences regarding age, 
BMI and systolic and diastolic blood pressure considering the level of 
physical activity (Table 1). In heart rate variability evaluations, we found 
lower mean SD and PI VAR values in the IAM group (74 ± 4 ms and 
5089 ± 378 ms2, respectively) compared to the PAM group (90 ± 4 ms 
and 9106 ± 606 ms2, respectively) (Figure 3). Also, we found higher low 
frequency (LF) band and sympathetic/vagal balance (LF/HF) values in 
the IAM group (42 ± 1.5% and 0.81 ± 0.05, respectively) compared to 
the PAM group (35 ± 1.7% and 0.63 ± 0.05, respectively) (Figure 3). In 
the high frequency (HF) band, the IMA group presented lower values 
(58 ± 1.5%) compared to the PAM group (64 ± 1.7%).

In female adolescents, we did not find any difference of age, BMI and 
systolic and diastolic BP. (Table 1) In the heart rate variability evaluations, 
we found lower SD and PI VAR values in the IAF group (61 ± 3 ms and 
4335 ± 276 ms2, respectively) compared to the PAF group (73 ± 4 ms 
and 6182 ms ± 366 ms2, respectively). (Figure 3) In the LF band and in 
the IP LF/HF, the IAF group presented higher values (40 ± 1.4% and 0.80 

Figure 2. Percentage of male or female adolescents according to the level of phy-
sical activity.

Male adolescents Female adolescents

Physically active                  Insufficiently active
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± 0.05, respectively) compared to the PAF group (32 ± 1.6 % and 0.55 ± 
0.05, respectively). (Figure 3) In the HA band, the IAF group presented 
lower values (59 ± 1.4%) compared to the PAF group (67 ± 1.7%).

DISCUSSION
Considering that sedentarism may be one of the main risk factors for 

cardiovascular diseases and that few studies investigated the prevalence 
and its implications in adolescents of both sexes, this study evaluated the 
association between physical activity and HRV in young people aged 14 to 17.

We observed that female adolescents have a lower participation in 
physical education classes at school compared to male adolescents. In 
this sense, a longitudinal study conducted with female adolescents found 
that girls after the puberty period presented a 50% decline in the level 
of physical activity. The same was not observed in male adolescents.14 
Other studies found that the prevalence of physical inactivity in female 
adolescents was higher (58.4%) than in male adolescents (48.3%).14,15,16 
Moreover, investigations using data from the questionnaire proposed 
by the National Children and Youth Fitness Study I show that male ado-
lescents are 15 to 25% more active than female adolescents.17 

Although there are insufficient epidemiological data describing the 
prevalence of physical activity habits among Brazilian adolescents, according 
to the I Guidelines for Prevention of Atherosclerosis in Childhood and Ado-
lescence, which includes studies conducted with different criteria, there is a 
prevalence of 42% to 93.5% of sedentarism in childhood and adolescence.2 

It is worth noting that other studies that associated low levels of 
physical activity with important cardiovascular risk factors such as excess 
fat mass, hyperglycemia, hyperinsulinemia, hypertension and dyslipide-
mia, demonstrated strong associations of these diseases with decreased 
regular exercising.18, 19 In addition to that, different studies with adults 
suggest that regularly practicing some kind of physical activity may 
be beneficial in the treatment of various diseases and effectively helps 
preventing the onset of cardiovascular diseases.9

In addition to physical inactivity, autonomic dysfunction can be con-
sidered an independent factor and a predictor of mortality for different 
populations,20 since the modulation of autonomic sympathetic and 
parasympathetic activity on the heart may be associated with multiple 
clinical and functional conditions that may be determinants in cardio-
vascular conditions.21, 22 Particularly, increased sympathetic activity is 
considered a major contributor to increased index of chronic diseases.23

Because it is an accessible tool and mainly a non-invasive method, 
HRV analysis has been increasingly used and very reliable and reprodu-
cible data has been generated.24 

A study in adults with autonomic control dysfunctions demonstra-
ted a strong relationship between HRV dysfunction and lifestyle, since 
adults with sedentary habits demonstrate lower HRV values.25 In this 
study, adolescents classified as insufficiently active showed lower SD 
and PI VAR values compared with groups of physically active individuals. 
Corroborating with our results, a study comparing male adolescent 
athletes with male sedentary adolescents also found reduced PI VAR in 
the sedentary group.26 Likewise, lower SD and PI VAR values were also 
observed in adolescents with lower levels of physical fitness and with 
excess weight.27 Also, in our study, we observed significantly higher LF 
and LF/HF values, representative of cardiac sympathetic modulation, in 
the groups of insufficiently active adolescents compared with physically 
active groups. In fact, in a study comparing athletic and sedentary male 
adolescents, it was found that the group of athletes presented reduced 
cardiac sympathetic modulation represented by decreased LF and LF/HF.26 

It is worth noting that most of the studies evaluating HRV and its 
relationship with a sedentary lifestyle were performed in adult males 
or in mixed samples. In this sense, in this study, we found that adoles-
cents with lower levels of physical activity, regardless of sex, present 
reduced cardiac parasympathetic modulation. Our results corroborate 
data from Alom et al., who found increased vagal cardiac modulation in 
adolescent athletes compared with sedentary adolescents.26 Further-
more, literature data show that sedentary behavior in women induces 
impaired autonomic cardiac modulation at rest and in response to 
physiological stress.28 Interestingly, increased sympathetic modulation 
concomitant with decreased cardiac parasympathetic modulation also 
occurs in obese adolescents compared with eutrophic adolescents.29 
In this sense, it is worth mentioning that obesity in adolescence is 
significantly associated with a sedentary lifestyle,30 which may lead to 
increased cardiovascular risk in adulthood.

CONCLUSION
Thus, we can conclude that regardless of sex, a physically active life 

was associated with better cardiovascular autonomic modulation in 
adolescents. In this context, we suggest that physical activity should be 
integrated into the daily routine of adolescents of both sexes. 
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Table 1. Characterization of groups of insufficiently active male adolescents (IAM) or 
physically active male adolescents (PAM) and insufficiently active female adolescents 
(IAF) and physically active female adolescents (PAF).

Groups IAM PAM IAF PAF
Age (years) 16 ± 0.1 16 ± 0.2 16 ± 0.2 16 ± 0.2
BMI (kg/m²) 22 ± 1.0 21 ± 0.6 22 ± 0.5 23 ± 0.7
SBP (mmHg) 119 ± 2.6 116 ± 2.0 109 ± 1.2 108 ± 1.3
DBP (mmHg) 72 ± 1.8 66 ± 1.0 66 ± 1.1 67 ± 1.2

Values representing mean ± standard error of the mean. Body mass index — BMI, systolic blood pressure — SBP, 
diastolic blood pressure — DBP, standard deviation — SD.

Figure 3. Pulse interval variance and cardiac sympathovagal balance of the groups 
of insufficiently active male adolescents (IAM) or physically active male adolescents 
(PAM) and insufficiently active female adolescents (IAF) female adolescents and 
physically active female adolescents (PAF).
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